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REPORT.
i

The Geological Survey for the year 1893 has been engaged in the

continuation of the work on the surface formations of the State, on
the greensand marl beds and the associated beds of the Cretaceous and

Tertiary ages, on the study of stream-flow and the general questions
of water-supply and water-power and on the examination of the clays

of the State. The collection of artesian or deep-bored well records

has also been continued. The preparation of collections representing
the geology and the mineral resources of the State for a State exhibit

at the World's Columbian Exposition at Chicago and the installation

of this exhibit in the Mines and Mining building, have taken a part of
the ycir. The division of the work has been in accordance with

these several lines of investigation or study, and the chief or head of

each department or division has directed the work in its details, fol-

lowing the general plan approved by the State Geologist. In this
way the results have been reported, passing over the details of methods

of work. Following this introductory and administrative report
there are--

Part I. Surface Geology--Report of Progress.

Part II. Cretaceous and Tertiary Geology--Report of Progress.

Part III. Report on Archeau Geology.
Part IV. Water-Supply and Water-Power.

Part V. Artesian Wells in Southern New Jersey.
Part VI. Minerals of New Jersey, with Notes on Mineral

Localities.

SURFACE OEOLCGY

Professor Rollin D. Salisbury, of the University of Chicago, ha_
been retained as geologist in charge of this division of the surface

formations or surface geology. He was in the field five months and
1
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2 ANNUAL REPORT OF

had five assistants during a part of the season. The State has had

the advantage of the employment of Professor Salisbury and this

corps of assistants trained by him for the work, at comparatively
small cost, on account of his ability to give to it the vacation from

his uulversity duties, which was practically the whole of the field

season. The allotment for this division is $3,000_ which covers both

field expenses and services while engaged in the preparation of the
maps and reports.

This study of the surface geology was begun by Professor Salisbury
in 1891 and reports of progress were published in the annual reports

for 1891 and 1892. The mapping of the surface formations was

begun the first season, and was continued last year. During 1893 it
has been pushed vlgoreusly and great progress has been made. The

greater part of the work of the last field season was in the northern and

central parts of the State, including considerable parts of the areas

covered by the sheets Nce. 2, 3, 5, 6, 7, 8 and 9 of the topographic
atlas. Accordlvg to county lines the areas already mapped cover

about one-half of Warren county, nearly all of Morris and Passaic

counties, all of Bergen, ]_udson, Essex, Union, Somerset and Hun-

terdon counties, nearly all of Middlesex and Mercer counties, and
about one-half of Monmouth county. Some reconnoissance work

has been done in the southern part of the Stats, preparatory to the

detailed mapping. As was said in the report of last year, the great
variation in the nature of the surface within short distances and the

gradations from one type to another in these surface beds make it
difficult to separate them, and determine their limits of outcrop and
their relation to one another. The most casual observer of the surface

can appreciate this fact of variation in the surface and the work to

make a map of all of the varieties. The farmer looks upon them as

soils and subsoils. The geologist is obliged to take into account the
deeper beds also, including the soil as the weathered part. While

the surface formations are the basis for a classification of soils they

are noL simply the soils in all their endless variety, but they are

generic, embracing the latter as species.

The preparation of geological maps of the surface formations,

separate from that of the underlying strata or solid beds, is new in
our country, and _Tew Jersey is again in the advance in beginning the

publication of such maps. The topographic sheets are the basis for

these new geological maps, which may be said to make a new series,
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THE STATE GEOLOGIST. 3

distinct from the topographic by their geology and from the older
geological maps in the absence of any representation of the older and
underlying rock formations, except so far as the latter crop out and
make the surface. They show the nature of the soils and subsoils in
general, and the deposits of sands, gravels, peat, shell marls, and
other earthy beds and also the bowlder-covered areas of the glacial
drift. Sheet No. 6 of the atlas has been prepared for publication,

and the edition has been orderedprinted, as the first one to be issued.
The other sheets are to be published as fast as they can be gotten
ready.

One of the applications of these maps will be in the study of the
soils and their proper classification according to origin rather than
differences of physical constitution or texture, which are somewhat
wide in variation and not clearly defined in classes or groups. The
reference to origin in classification is scientific as well as practical.

The relation of the surface to forestry is another direction in which
the work is of practical application. Wherever the ground is encum-
bered with bowlder drift, where the soil and subsoil are gravelly and
open, or where the residuary formations of rock are unfitted on
account of the thin earth covering to make a deep soil, the land is,
l_erhaps, more productive in the cropping of wood than in tillage or
even pasturage. The surface geology teaches us approximately the
areas thus unsuited to profitable agriculture and better reserved for
timber. Reference to this point was made in the report of last year.
The renewed interest in the subject of forestry calls for the repetition
of this particular application.

The description and maps of the peat or muck deposits, of the beds
of clay, sand and gravel, and the broken-rock or talus areas, give in-
formation of value concerning the location and extent of valuable
economic materials.

The discoveries of the probable outlet of the Upper Passaic valley
and the old drainage lines previous to the coming of the glacier and
the rise of the Lake Passaic may also have some important bearing
upon the natural lines along which the reclamationof these undrained
lands to agriculture may yet be accomplished with entire success.

Professor Salisbury has given on pages 325--328 some economic
considerations in the last part of the section on Lake Passaic.

The general features of the glacial drift were outlined in the
annual report for 1880, and the existence of a glacial lake (Passaic)

NEW JERSEY GEOLOGICAL SURVEY



4 ANNUAL REPORT OF

was indicated. The extra-morainic drift was in part referred to as
"transported glacial drift," and the yellow _and and gravel were
designated as "pre-glacial drift." Professor Salisbury has studied
thoroughly these several groups of glacial and pre-glacial formations,
and has presented a clear and full report which corrects some of the
earlier descriptions and adds largely to the delails as to localities. He
has succeeded in proving the extension of the ice beyond the line of
the terminal moraine, and as far south as a line running from Somer-
ville to Riegelsville_ on the Delaware. The line of the terminal
moraine is now accurately located on the State map accompanying
the report, as also the localities where the extra-morainic drift is
found. Much of this drift is apparently older than the last ice
epoch. The probable southern limit of the ice also is shown on this

map. Particular attention is called to this map as a most graphic
illustration of the report and representative of the most careful and
thorough detailed study of all that complex group of deposits here-
tofore termed glacial drift. It is desirable that this map should
replace those of earlier reports, and also that the later namesgiven to
the several subdivisions should now be used. The solution of the

problems regarding the extension of the ice, and the glacial character
of much of the drift, and the determination of its relation to that of
the terminal moraine, marks a great advance in geological investi-
gation in the State, and is a contribution to the science of geology.
The history of these ice invasions of our territory is interesting as
deciphered in these deposits, aside from the practical results.

The existence of the glacial Lake Passaic has been fully made out,
and the old shore-line has been surveyed and mapped. It is shown
in detail on atlas sheet No. 6. The features of the old shore-line and

its deposits of water-worn gravel, the wave-cut terraces and the deltas

or deposits in the lake from the old shore drainage are shown. The
northeastern limit_ where the glacier, as a dam, shut in the waters of
the lake, also is indicated. The islands, now parts of Long hill,
Hook mountain, Riker hill, Prcakness mountain and some of the
high ground n¢ar Convent, and the long peninsulas of the New Ver-
non hills and the Basking ridge, are prominent fcatures of the map.
Probably no fact in our present geography is better attested than that
of this lake, and the evidence is fully stated in connection with the
description. The geological history heregiven will be the more fully
appreciated as the drainage works of the valley are completed andt

NEW JERSEY GEOLOGICAL SURVEY
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the adjacent hill country is more fully occupied asresidential territory
by the inhabitants of our cities.

The study of the yellow gravels of the central and southern parts
_)f the State has resulted in resolving this complex and hitherto per-
plexing group or series into clearly defined and characteristic mem-
bers. Their relations to one another are traced out, and their earlier

age demonstrated, although not yet correlated with entire certainty.
The names Beacon hill, Peneauken and Jamesburg are taken from
typical localities. The work of tracing the limits of these several
formations is now ready to be done, and it can he carried forward
with steady progress over a large part of southern New Jersey. This
work on the yellow gravel is justly regarded as one of great import-
ance in the domain of what may be called surface geology, and
capable of wide application. The problem had been given much
time, and the efforts of earlier years to solve it were unsucceesful, and
the work on it was felt to be a failure. The success of Professor
Salisbury is, therefore, recognized as worthy of this particular ref-
_erence,and as one which throws a flood of light upon the geology of
the southern part of the State. The elevations and submergences of
the geologic age antedating that of the glacier or ice invasion, indi-
cated by these several gravel and sand formations, are apparently
part of a series of movements in our coastal region which are recog-
nized as continuing in our times.

CRETACEOUS AND TERTIARY FORMATIONS.

The work in the greensand marl belt and in the newer formations
_ofTertiary age overlying the marl beds has been continued, and in
co-operation with the United States Geological Survey. It is in
_chargeof Prof. William B. Clark, of Johns Hopkins University,
Baltimore. The Geological map published in last year's report, on

the base of the United States Geological Survey sheets, shows the
.extent of outcrop of these marl beds in eastern l_onmouth county.
No attempt is made in this survey of the marl beds to show the
limits of the later surface formations. The work already done on
_threesheets of the United States Geological Survey series is valuable
for a new geological map of the State in a revised form and in much
greater detail than that of the map published in 1868, and later on a
State map on a smaller scale in 1888. The progress in the work has
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6 ANNUAL REPORT OF

been steady although not as rapid as it might have been under more
favorable conditions of larger appropriation and more help. The
recent revival in the greeasand marl trade in some parts of the State
and the return to the use of this natural fertilizer, characteristicof the
southern part of the State, so widely distributed and so accessible for
extraction, suggest the importance of continuing the survey of the
marl belt.

The investigation of the fertilizing action of the marls and the
methods of application to the soil in order to the best results from

their use has been suggested as important although not strictly in the
line of geological studies. It m_y follow the completion of the map-
as an application of geologic science to agriculture.

The areal work of the year has covered 235 square miles, and the
country between the Lakewood meridian on the east and that of New
Egypt on the west. The limits north and south are the parallels of
Freehold and Manchester, respectively. It is represented by the
Caesville sheet of the United States Geological Survey. On account
of the more resent surface formations concealing the Cretaceous beds
over large areas, the determination of the geological boundaries was
much more difficult than it was in the eastern part of Monmouth
county, where the topography favored the work. By means of boring_
the upper marl bed has been discovered at points hitherto unknowur
thus proving the continuity of tha_bed further southwest.

Surveys were made of five section lines crossing the marl belt in
northwest-southcast direction and in the line of the dip of the beds.

The results appear to corroborate the statements of previou_
surveys of the marl belt as to the more important and more generaJ
facts of dip, thickness and the order of succession of the beds, but
they do not give any additional information upon the variation i_
strike and in the thickness of beds, nor do they indicate any further
subdivision, referred to in the earlier reports of the Survey. The
topographic maps were used without the help of a detailed instru-
mental survey, essential to the accurate determination of the pesltiov,
of the beds in their relation to the topography.

Following the methods of the United States Geological Survey
place names have been given to the large subdivisions. They are
regarded as provisional. The old names, taken from the position of
the beds and their mineralogical characters, have been used so long
and have become so well known and familiar to the people living iI_

NEW JERSEY GEOLOGICAL SURVEY
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this part of the State that it seems unwise to replace them by names
which are not altogether representative of typical localities. An
exhaustive survey_ aided by instrumental observations, is necessary to
determine the characteristic subdivisions of the beds as now known.
These minor subdivisions were described in the earlier reports of the
Survey and were recognized in the later studies of the marl beds.*
Other subdivisions, particularly of the complex member of the series,
known as "clay marls," are highly probable. The geologic units as
accepted in this report are too large and are complex in character.
Their subdivision must precede the adoption of any system of names.
For the use of the farmers, the old names were practical and readily
learned.They answerpresentneeds.Thereforetheproposednames
arenothereacceptedasfinal,butastemporaryandtobereplacedby
others,aftera more thoroughsurveyshallhave beenmadeof the
whole Cretaceous and Tertiary series of formations--from the plastic
clays to the upper marl bed and the later clays, sands and gravels.
The present popular names may then give way to names representa-
tive of the several subdivisions in their typical localities.

ARCHEAN GEOLOGY.

The survey of the crystalline rocks of the Highlands has been
carried forward by the United States Geological Survey, and has
been in charge of Dr. J. E. Wolff, of Harvard University, Cam-
bridge, Massachusetts. He was in the field through the summer and
a part of the autumn. The work of mapping the several kinds of
crystalline rocks is done on two sheets of the United States Survey,
which are known as the Hopatcong and the Morristown sheets, or a]a
area of about 450 square miles, although a partof the country covered

by these §hsets is of later age and not properly included in the limits
of thissnrvey.The topographicmaps affordbaseforplattingal}
fieldobservationsandthearealworkdoneindetailgivesan accurate
representationofalltherockoutcropsor exposuresintheirproper
relationstooneanother.The earlierwork oftheStateSurveyin
the crystalline-rockregionof the Highlandslackedmaps forthe
accuratedelineationof results,and was therefore,of necessity,
limitedto attemptsat generalizationsou thedivisionof thewhole

*Geology of New Jersey 1868_ pp. 241, et seq.
Annual Report State Geologist_ 1886, pp. 157, 167_ 172, 173_ 175_ 176, 181,182.
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8 ANNUAL REPORT OF

into well-marked belts or districts characterized by predominant rock
species and types, or on the establishment of different horizons of
gneissic rocks by stratigraphic work.

Dr. Wolff has prepared a paper on the geological structure in the
vicinity of Hibernia in Morris county and its relations to the iron-
ore deposits, which is published by permission of the director of the
United States Survey, as Part Ill. of this annual report. The paper
has a short reference to opinions on the occurrence and origin of these
rocks given in previous publications of the Survey. A general
description of the Hibernia region follows, with some details of the
kinds of rock occurring there. The geological structure is considered,
particularly in reference to the iron-ore deposits and their probable
extension beyond the mine limits. The results of the detailed survey
of this Hibernia mine district are discussed in their relations to the

crystalline schists of the Highland region and the conclusions reached
are clearly and succinctly stated.

The studies of Dr. Wolff bring out clearly the pitch structure and
its relation to the foliation and the mineralogical constitution of the
rocks. It is shown that pitch and foliation replace one another and
that they are the results of compressing forces which acted contem-
poraneously with the metamorphosing agents. It is proper here to
refer to the work done by Dr. Cook in his studies of the structural
relations of the iron-ore beds.* The importance of a recognition of
this type of structure was appreciated by the practical managers of
the iron-mining companies and their mine superintendents.

Another important conclusion is that the whole series of rooks is
of sedimentary origin and of A]gonkian age. That they were once
stratified and were subsequently altered to their crystalline structure
and were not eruptive masses, corroborates the opicione and published
statements of Dr. Cook on the sedimentary origin and bedded struc-
ture of the iron ores and the associated rock% as opposed to the earlier
views held by Prof. Henry D. Rogers and other writers.'[" The
theory that these deposits of iron ore were once beds in shallow basins
and of comparatively limited extent which afterwards were covered
by deposits of earthy materials, not unlike formations now in progress,

Geology of Now Jersey, 1868, pp. 55, 333.

Ann. Rep. State Geologist, 1_83, pp. 54-57,

Ann. Rep. State Geologist, 1886, pp. 95-97.

+ Geology nf .New Jersey, 18t;8, pp. 331,332, 532_53t.
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is certainly consistent with facts of occurrence and analogous to what

is going on at the present time.
The work of Dr. Wolff" suggests as a practical lesson the search

for the extension of the Hibernia ore-bed in a northwest direction,

following the trend of the rock horizons above the ore which are
traceable to the northwest. It also suggests the extension of this

detailed survey over the whole territory of the Highlands and the

• areful study of its structure.

WATER-SUPPLY AND WATER'POWER.

The subjectsnf water-supplyand water-powerhave been further

_nvestlgatedand studiedby Mr. C. C.Vermeule,consnltingengineer

and topographerof theSurvey. The resultsof hisstudiesand sur-

veys have been publishedin part in the annual reportsfor1890,

1891 and 1892. Daring the year the collectionand tabulationof

,datafor the volume on water-supplyhave beencarriedsteadilyfor-

ward. Gaugingshave beencontinuedon theRsritan,Passaic,Dela-

ware and Great Egg Harbor .rivers.A series_seventeenyearsin

length,hasbeencomputedforthePassaic,amost importantcontribu-
tiontotheavailablestatisticsof stream-flow.The datacollectedfor

thereporton water-supplyhavebeenofvalueinsnswerlngtheques-
tionson thecharacterand extentof the flood.flowson the Passaic

civetin connectionwith thedrainageworks now beingexecutedon

thatstream,and Mr. Vermeule hasgivensome timetotheinvestiga-

tionof theseflood-flowsfortheuseof thecommitteeof theBoard of

Managers of theSurveyappointedto examine the conditionof the

Passaic:Drainageworks.

Mr. Vermenle has preparedforthisreporta map of the State,

showing thevariouswater-shedswhich areutillzedforpublicwater

systemsand thosewhich are stillavailable.The highwater-sheds

whencea gravityflowmay behad arealsoindicated.Itisa graphic

,illustrationof thetabulatedstatementof thepublicwatersystemsof

theStateasgivenon pages378 and 379 of thisreport.

8o much has been saidin thevariousreportsof the Surveyon

thesubjectof water-supplyforthecitiesand townsof theState,that

any additionalstatementsmight be regardedasunnecessarywere it

notthattheimportanceof abundantsuppliesofwholesomewaterfor

theneedsofthecitieswhich aresofastcoveringtheterritorybetween
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the Hudson and the Watchung or First mountain is so great as te,
justify a repetition of what has been given in previous reports. The
gathering-grounds in the Highlands are valuable on account of their
sparse population and the large part of the territory which is in.
forest. The red sandstone country southeast of the Highlands i_
more cleared up and also more or less densely populated. And the
population is advancing toward the hill-country of the Highlands_
and, in places, towns, as Pompton, Boonton and Morristown, are

spreading over the adjacent hills. The available sources of supply
from the red sandstone are therefore destined soon to be iu danger of
pollution from the density of population. Besides, the water of its
streams is more apt to be turbid by the material washed from the
surface in heavy rainstorms. Hence the necessity of the cities to
find their supplies in the streams flowing out of the hills. The height
of the water-sheds of the Highlands also is in their favor, affording
gravity supplies.

For the purity and healthfulness of the water of the streams in the

Highlands, it is important that they be not exposed to the danger of
pollution from the sewage of villagea and towns_and also that the
country which they drain be kept in forest. Tillage, with ito
ploughed fields and bared surfaces, tends to the more rapid delivery
of the rains and the carrying away of the finer earthy materials in the
soil, thereby loading the streams with matter in suspension. The more
rapid discharge of the surface-watersmeans also the contamination of
the stream-water by whatever noxious matters may occur in the soil.
The multitudinous rootlets, the mass of fallen tree limbs and branch-
lets, the matted growth of lowly plant forms and the carpet of leaves,
which mark the forested lands, hold back the waters and allow of
their more equable discharge into the streams. They cover and pro-
tect the soil and prevent the steady degradation which is so charac-
teristic of all bare ]ands. The difference in the degree of clearness or
in the _urbidity of the waters of streams flowing from woodland and
from cleared, farm-land is well known to all careful observers. The
Highlands of northern New Jersey are remarkable for the large part
of their area in wood and so near to the great centers of population.
The beauty of the scenery also makes it valuable as a great natural
park, and as such it is an ideal territory in which to gather good
water for the supply of our cities. The natural drainage toward the
southeast seems to point to it as the district to which to look for this
supply.
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It is important for the conservation of an equable flow of water that
the country be kept in forest. Deforestation carried to the ultimate
Hmit would make the streams draining this part of the State torren-
tial in the wet seasons, and dry water-courses in the summer, and the
amount of matter carried from the soil would be increased greatly.
Such a condition is not anticipated, nor is it probable,but it is well
to arrest the movement in that direction when it cau be done easily
and without much opposition. It may not be practicable for the
State to acquire exclusive control by ownership in all or even a part_
of the Highlands, but it seems to be within its sphere to pass suel_
enactments as shall protect and insure the continuance of a good
supply of wholesome water for one-half of its population, and soon
to become the much larger part. The clearing of the forest_and its
conversion to farms, is not essential to the cause of agriculture, when
there are so many unimproved tracts with greater capacity of pro-
duction in the State and nearer to the great markets, hence it woulff
not retard the development of the State to stop the work of clearing
and the encroachmentupon the forests of the Highlands, particularly
wherever the surface is steeply sloping and liable to be exposed to
the wash of heavy rains. Provision for stopping the work of clear-
ing is not necessarily opposed to that of ntilizlug the timber resources,
In all of this hill country the wood grows fast and the young growth
soon becomesa forest covering to the hillsides, and protecting the sur-
face. By means of a careful control and comprehensive management
it would be possible to leave in forest a fair percentage of the whole
area, and yet afford to agriculture the full equivalent of what is now
in farms. The difference would be in the distribution of the wood-
land.

The large consumption of water by cities, and the rate of increase_
viewed in the light of the prospective population of the part of the
State near New York, is suggestive of demandswhich will eventually
absorb the supply from the Highlands. The upper Delaware, above
the Water Gap, may be needed for the cities on that stream, bIr_
Vermeule has given in a tabular statement the consumption of the
cities and towns of the State which have public water systems. The
rapid increasein the number of localities and in the aggregate popu-
lation which is thus supplied, is evidence of the importance of the
question of water-supply, and seems to justify some more compre-
hensive treatment and that by the State. The Geological Survey has
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by its maps and reports indicated the location of the available water-
eheds and their capacity of delivery. Some facts as to the quality
have also been given. It is about to prepare maps showing the terri-
tory in forest and the relations of the forests to these sources of supply.
The limit of its investigation seems to be reached, and the further
study of the relation of hydrographic basins to each particular city
or point of reception appears to belong to the province of a more
specialized bureau or State commission. A State water board would
be able to make a practical use of these facts and provide a compre-
hensive and economic plan embracing all of the localities and the
population wanting such supply.

The dangers in the use of some of our river-waters, which are in
dry seasons polluted by sewage, are referred to in Mr. Vermeule_s
report. Such waters are offensive to one's sense of cleanliness if not
threatening to public health.

The subject of water-power has received some attention in connec-
tion with the study of stream-flow. Electric transmission of power
to distances greater than heretofore practicable, makes it possible to
utilize water-power where it has not been of value, and attention is
_.alled to the many idle or unused mill-sites in the State which may
thus he again set to work. A list of all these sites, as nearly com-
plete as possible, is to be given in the forthcoming volume on water-
supply and water-power.

ARTESIAN WELX_.

The report on this subject will be noted on pages 387-421 of the
report. Mr. Woolman has continued to collect the records of wells
put down in the southern part of the State. His diligence and
enthusiasm in the work deserve a word of commendation, as it is so
largely a labor of love. His report contains, in addition to the later
re_ords reeeived_ an interesting historical notice of wells in the
southern part of the State and important generalizations on the
water-bearing beds or horizons.

The specimens collected in the progress of this work during several
years have been all arranged and labeled by Mr. Woolmau and
placed in the museum-room of the Survey_ where they may be exam-
ined and studied in their proper relation to one another. The collec-
tion already contains about 500 specimens and is one of the most in-
,cresting and valuable in the possession of the Survey.
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These well-borings give vertical sections of the beds passed through

and are valuable corroborative evidence of the geologic structure

which is gathered from careful surveys of surface-sections. Their

confirmation of the succession of the beds of the grcemand marl
series has been referred to in previous reports. Recently collected

data from well-borings in Salem county show that the lime-sand of the

middle marl bed is there 100 feet thick. Another notable discovery

is the coarse gravel bed at the base of the Cretaceous beds in Camden

county, near the Delaware river. Its correlation with the Potomac
formation is referred to in Mr. Woolman's paper. The greater

thickness of the clay series or Rarltan formation also is indicated by
some of the well records. Further studies, and aided by additional

records, will no doubt modify to some extent our scheme of the Cre-

taceous and Tertiary formations in New Jersey.

The importance of artesian wells as sources of water-supply for
domestic uses and for manufacturing establishments in certain isolated

localities is growing as the population of our coastal belt increases

and as new sites are laid out for improvement. Well-to-do farmers

and their more wealthy neighbors who have country homes are put-

ting down artesian wells for their home use. Wherever a deep-water

supply is wanted to replace a shallow surface one which may be ex-

posed to danger of pollution or is otherwise objectionable, the recourse
is to these deep-bored or artesian wells.

The well sections, have shown the existence of several well-defined

water horizons, but there is still much to be learned, particularly in

the clay-marl and the plastic clay series in the central and southern-

central parts of the State, from the red sandstone country south and

southeast to the marl belt. There are sandy beds in these formations

which when pierced by wells should yield an abundant flow of water.
It seems entirely reasonable to believe that they will yet be proven to

be as truly water-bearlng as the sand bed, which is at the top of the

clay-marls and under the lower marl bed.

In the more rocky and the northern part of the State there are com-

paratively few deep.bored wells. They are nearly all in the red
sandstone belt. The thick masses of drift in some of the valleys, a_

that of the Upper Passaic and others in the Highlands, ought to aflbrd,

ground for artesian wells.
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DRAINAGE.

The Geological Survey is entrusted by law with the work of mak-

ing surveys and plans for the drainage of ]ands "subject to overflow

from freshets, or which are in a low, marshy, boggy or wet condition,"

whenever application is received from at least five owners of separate

lots of land included in such wet tracts.* Under the provisions of the
several drainage acts the work of draining the Great Meadows in the

Pequest valley_ Warren county, has been completed and has demon-

strated the practicability of such drainage works. The Passaic drain-

age is still unfinished and the progress of the work has not gone far

enough to afford much relief in times of flood and show what may be

expected when completed. No work has been done on the Drowned

Lands of the Wallkill. These three large tracts of wet lands were
surveyed in 1869-71, and the reports and maps of the surveys were

printed in the annual reports for those years.t The success on the

Great Meadows of the Pequest continues to be shown by the profitable

cultivation of the land formerly more or less flooded, and the large
crops of celery, onions and potatoes. A part of the tract is still unim-

proved although dry enough for farming, ttere as everywhere in the

improvement of these wet lands, it is necessary to have open ditches,
and to keep them cleared of any obstruction, so that the water in

heavy rains may not accumulate in stagnant pools on the surface.
The flatness of all of these tracts makes this care of the minor canals

and ditches almost as important as the lowering and clearing of the
main stream or channel. Since the work was done there has been

some obstruction to the rapid flow by the trailing branches of the

willows which border the stream below the bridge at Danville. The

new railroad bridge, placed obliquely to the direction of the current,
also tends to constrict the channel-way and slacken the flow. Further

down some obstructions in shape of logs and stones have been noted.

ThEse accidental, and perhaps unavoidable occurrences, seem to call

for some continued oversight or properly constituted authority to

remove obstructions and to maintain a clear channel for the rapid

* See Ann. Rep. State (;eologi_t for 1888, pp, 49-60.
t Ann. Rep. State Geologist for 1869, pp. 4146. Passaic river wet lands.
Ann. Rep. Slate Geologist for 1870, pp. 6,5-67.
Ann. Rep. State Geologist for 1870, pp. 69_73. Pequest wet lands.

Ann. Rep. State Geologist for 1871j pp. 15-20. Drowned Lands of the Wal|kill.
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delivery of the flood-waters as planned in the drainage works.
According to the drainage laws there is no remedy except the appoint-
ment of a new commission. The following extract from ]ant year's
report is more pertinent now than it was at that time : " It would
seem as if there should continue in force some commission of drainage
works or joint supervision by a representative body from the several
land-holders. The interest of the land-owners in any drainage scheme
and in its continued success should be the basis for any provisions
made for continued supervision, and be in harmony with our com-
mon views of republican form of government. The representatives
of the people of the locality, that is, the owners in question, are enti-

tled to authority. Some amendment of the general drainage laws of
the State is wanted to give authority to the representatives of the
associated land-owners who may wish to have the benefits of a drain-
age project continued after the work has been done and the commis-
sion has ceased from its authority. The Pequest drainage needs it,
and the delay in clearing obstructions, which may increase in the
future, is threatening the permanence of the improvement. It is not
_ecessary to refer to failures in the case of smaller experiments or
projects for drainage, to enforce the argument for continued watchful-
ness on the part of some authorized representative of the owners in
the case of the Great Meadows tract or other tracts which may here-
after be improved. Abandonment means loss of property and dis-
couragement to others contemplating such improvements."

A history of the work was given in the annual report of the State
Geologist for 1884, and the need of some supervision to be continued
was then noted by Dr. Cook.*

Work on the Passaic drainage has been-suspended on account of
the financial stringency of the times and the difficulty in securing the
funds necessary for the additional outlay. The question of the style of
gates to be put in at Little Falls, is under consideration by a com-
mittee of the Board of Managers.

The wet ]ands of this Upper Passaic valley are interesting gcologi-
• ally_ as they represent the lower and imperfectly drained bottom of
an extinct glacial lake (Passaic), which has been described at length in
this report (see pages 225-328), and whose limits are shown on the
map accompanying the report.

The Drowned Lands of the Wallkill, in Sussex county, and in

"_See Ann. Rep. 1884, pp. 119, 120.
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Orange county, New York, await further improvement and relief
from flooding. The outlet ditch at Denton carries all of the water

of the Wallkill. The continuation of the work of lowering the
stream and the cutting of side canals and lateral ditches is necessary.
This tract is not so near to market as those on the Passaic, but it ha_
excellent meadow lands on its border, and the soil of the whole tract

is susceptible of a high state of cultivation. It ought to be improved.
The Paulinskill meadows, near Newton, in Sussex county, also

need to be drained. There are several other wet tracts in the State

which might be drained profitably, but which cannot be improved
except by associated effort or by the direction of a commission, as
provided for in the laws upon the subject and under plans iudieate_
by the Geological Survey.

The improvement of wet lands adds to the arable territory of the
State, and increases the productiveness in a greater degree, inasmuch
as these improved tracts are on the average more fertile than the
upland or adjacent hill land, and they are more easily tilled. They
are not so seriously affected by droughts, being more like lands which
are irrigated. Their reclamation is important iu the general State
economy, in that they add to the area of producing land and allow
of the reversion of the more stony hillsides and mountain slopes t_>
forest. If a part of the farm population, which is now struggling
to earn a ecauty subsistence on the bowlder-covered, thin soils of some
of the mountain sides, could be transferred to these rich, black,

loamy soils of the Great Meadows of the Peqoest, or of the Drowned
Lands of the Wallkill and the Passaic valley, with their drainage works
completed, the gain to the State in the total production and in the totat
valuation would be large enough to meet the expenses of these drainage
improvements. The advantages from a sanitary point of view alone
seem to be enough to justify the cost of draining, aside from the
indirect benefits from the general improvement in the public health.

RECLAMATION OF TIDE-MARSH LANDS.

The reclamation of the tide-marsh lands is allied closely with
drainage improvements, although the tidal marshes are mot included
in the wet tracts which come under the provisions of the drainage
laws. The work done in the southern part of the State has not been
extended over the whole of these strips of marsh, but over the more
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favorably situated tracts, and where the soil was a more solid mud or
clay loam. The depression in the prices of farm products and the
lower valuation of all farm land have tended to contract the limits

and stop the extension of the system. The results have, however,
been such as to show that these lands were profitable farm lands.
The first cost and the expenses of main_aining the embankments have
deterred farmers from adding to their banked-meadow tracts, and in
some eases have allowed them to return to their original condition of
tide meadows.

In the eastern part of the State there have been very few individual
experiments in reclaiming these meadows. The failure on the Hack-
ensaok meadows has hindered further associated _fforts, and there are

no examples for the encouragement of capitalists or land-owners to
follow in the work. The last report referred to the subject, and a
part of the report was devoted to the description of the methods
practiced in the Netherlands and their application to New Jersey.*
This paper has not produced any results in the way of experiments
in reclaiming any of the vast stretches of tidal mar_h which fringe
the upland on the Atlantic side of the State nor of the more accessible
and advantageously situated Hackensack and 1Newark meadows.
Attention is again asked to these tracts and their value as reclaimed
lands for the production of all market-garden crops.

NATURAL PARKS AND FOREST RESERVATIO._S.

Reference was made in the last annual report to this subject. _'he
situation of the State, so near to New York and Philadelphia, the
topographic features of the northern part, and the climatic advantages
and general healthfulness, favor the establishment of reservations for
the benefit of the residents of these cities and of the cities and towns
within the State. The accessibleand attractive localities and districts

near New York, in the northeastern part of the 8tats, have been
appreciated and have affordedsites for many beautiful country home._.
The suburban residential districts are remarkable for their natural

beauty, and the improvements due to the landscape architect. There
is, however, a large aggregate arsa in these suburban districts which
is still awaiting the touch of the artist h'and. The resources of the

*Ann. Rep. State Geologist, 1892, pp. 331-358.

2
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State in these hills and valleys, and in the features of its topography,
which are capable of artistic improvement, are as substantial and as

important as its mineral and farm lands, and their prospective value
beyond oar most sanguine expectation. The large share of the
annual appropriation given to the study of the surface geology makes
it particularly pertinent to direct attention not only to the geologic
features of the surface, but aho to the intimate relation between them

and the elements of natural scenery which make the country attrac-
tive. The characteristic features of the hills, valleys and plains are
owing to the agency of geologic forces, and the later shape given to
the surface is all explained by the survey of the surface formations.
Some of the more striking and characteristic features deserve preserva-
tion for their educational value. They are historic tablets of geology
for the u_e of students in the future as well as of those to-day.

In a utilitarian aspect these physical features have an importance
worthy of attention. The opportunities and facilities for an outing,
so near our large towns and cities, offered by them, are not yet so well
known as they should be nor so thoroughly appreciated even by those
familiar with them. The Palisade ra_gej overlooking New York
City and harbor and the adjteeat country for miles away, the bold
trap-rock ranges of Watehung mountains, with their high points and
wide views over the Passaic and Hackencack valleys and the plain
country to the south, and the more distant Highlands afford sites
where the advantages of healthfulness are united with those of scenic
beauty of the bolder kind, while the valleys with their lakes offer
more restricted views but more quiet elements of landscape beauty.
The appreciation of these country charms is not, however, within the
range of the masses of our city population. The educational and
moral value of an outing where man can touch as it were nature is
well known, and the provision for this teaching of nature should be
at least considered by all who are interested or engaged in the uplift-
ing of the less favored classes, who llve crowded together in our
cities. To discover the localities easily accessible and valuable because
of their characteristic features of surface it is necessary to survey the
country with this object in view. The topographic maps of the
Survey show the shape; the forthcoming geological maps will show
the nature of the surface and point to the later geologic changes
which have fashioned it and given it character. There remains the
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examination of the forest and of the peculiar features which may
give value for rsservations or natural parks.

Reference has been made under the head of Water-Supply to the
Highlands and to the importance of keeping a part in forest. The
creation of a great park llke that of the Adirondacks in New York or
the A]gonkian in Ontario, Canada, is not possible and yet the great
value of the more mountainous and uncultivated areas in which rise

the streams that are to supply our cities with water, as gathering-
ground, is suggestive of some kind of public or State protection.
The reservation of these lands for water-supply is consistent with the
proposition of a natural park, accessible under proper regulations to
the public. It is connected also with the subject of forestry control,
and its maintenenee is possible by a judicious and economic forest
administration. The details as to localities cannot be given here.
They are to be presented in a future report on our forests, and in
particular the forests on the water-sheds of the Highlands.

The attention of our cities to the subject of parks near or within
their limits has been aroused, and the Survey has been asked for
information for their help in locating them to advantage. It is
proposed to show by maps the more desirable tracts of woodland or
unimproved lands near populous centers which are advantageous for
such public parks.

The example of the Metropolitan Park Commission of Massa-
chusetts, which has for its object the consideration and selection of
valuable open spaces in the vicinity of towns near Boston, is worthy
of careful study by the inhabitants of the group of cities which are
growing toward one another in the country between the Hudson river
and the Watchung or Orange mountain. Magnificent sites remain
on the hills near these cities, but there is a remarkable absence of

open spaces in the cities of Paterson, Newark and Jersey City.

MINERALSAND MINERALLOCALITIES.

The last part of this report, pp. 423-442, is devoted to a list of the
useful minerals aud mineral substances which occur naturally in the
State, and to notes on the localities and modes of occurrence. It is
necessarily incomplete becauseof change in the arts, so that what are
now comparatively valueless or of no economic importance may
beeome of use in the extension of the field of applied science. Again,
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improved methods widen the range whence materials are drawn and
utilize what may have had no value. Our igfiorance as to the loca-
tion of ores and deposits of mineral substances and their extent als(_
makes our list wanting in many particulars. The discoveries of the
future alone can fill these unknown or scarcely recognized gaps.

In the arrangement of the list there is no division into "mined"
and "not mined" minerals, as is done in the volumes on "Mineral

Resources of the United States," issued by the United States Geo-
logical Survey, but reference is made in the notes to use or active
conditions. The metallic minerals, or what may be termed metallic
ores, are given first; then the non-metallic, which include all the
other minerals of economic importance. The order is in general in
conformity to that of Dana's System of Mineralogy. Where there
are many localities, as in the case of iron ores, copper ores and others,
the districts or belts of territory in which they occur are stated

instead of an enumeration of localities, mines or quarries. The more
common minerals are represented by the localities where they occur
to a workable extent, although it is not to be assumed that they are
present in all these places in quantity for profitable working, but
rather as deserving of further examination and thorough exploration,
and nearly all of the localities are those which have t)een worked to a

greater or less extent, although in many cases not developed into pro-
ducing mines or quarries.

The materials which are need in construction and in sgriculture
are generally composite mineral substances and cannot be grouped
under the simple mineral species. The structural materials include
building stones, roofing slates, flagging stones, clays, sands aud lime-
stones for limes and cements. They are rocks and not simple
minerals, although included under the general head of minerals.
The marls, peats and limes under the head of fertilizers also are com-
posite in mineralogical constitution. These groups follow the simple
minerals. Road-making materials are at the end of the list.

The notes have been made as short as possible and at same time

convey needed general information. Specific data about localities was
impossible, and, in order to furnish some help to those using the list,
references to the reports of the Survey were appended, wherein
descriptions of occurrence, of extent of working, development
and history are to be found. Other references and to publications
outside of the Survey are not given, although there are many articles
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in the scientific journals which contain valuable information par-

" ticularly on the geological and mineralogical relations of the ore

deposits of the State. A list of all of the mineral localities, with
references to all publications bearing upon them, would be too large

for an annual report. The present one is tentative and preparatory

¢o such a larger and more nearly complete list. It is designed as

a guide to the various mineral districts or divisions of the State, and
in some degree to localities of occurrence, and to be a help to both

the capitalist seeking new avenues of investment and the prospector

or explorer in search of particular ores or minerals of use in the arts.

The republication of the list in an enlarged form iu another annual

report is dependent upon the value of the help which this one is found
_o afford.

WORK OF THE UNITED STATES GEOLOGICAL SURVEY

IN THE STATE.

The United States Geological Survey has continued its field-work

in the Highlands, in the study of the crystalline rocks, aud in map-

ping the areas occupied by them. Dr. J. E. Wol_ of Harvard
University, has had charge of it. The allotment for the work has

not been adequate to the employment of any assistant_, and has not

been sui_eient to keep Dr. Wolff in the field throughout the whole

field-ssason. Important results have, however, been reached in the

survey of the crystalline schists, and some of the more practical

applications are given in the report communicated through the per-
mission of the director of the United States Survey.

The co-operative work in the southern part of the State has been
continued under the immediate direction of Dr. William B. Clark,

of Johns Hopkins University. He has had the assistance of R. M.

Bagg for a part of the season. The expenses of this division of the
work have been borne conjointly by the Federal and the SLateSurveys.

The appropriation by the State has been limited by the small amount
of funds available for this part of our work. The whole amount
allotted to it has not been sut_cient to make such detailed surveys of

the section lines as are necessary to a thorough study of the geologic

_tructure of the greensand marl beds and the later formations associated
with them, and at the same time carry forward the work of mapping

these several formations. A larger appropriation is needed to do this

_ork and to make progress commensurate with what is done in the
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division of surface geology. The work on the geological maps might-
be _uspended without any serious disadvantage to the practical
interests of the State, and the whole appropriation be put on the
study and survey of such sections as are so situated as to yield the
most valuable stratigraphic results, were it not required on the part
of the Federal Survey to produce geological maps as illustrative of
work done.

It is to be hoped that the allotment by the State may be made con-
siderably larger after the survey of the surface formations shall have
been completed.

GEOLOGICAL SURVEY EXHIBIT AT THE WORLD'S COLUMBIAN

EXPOSITION.

The material for the State exhibit in the division of Mines andl

Mining at the Exposition in Chicago was in part collected in 1892.
In the northern part of the State, Harry Landes, an assistant of Dr.
J. E. Wolff, of the U. S. Geological Survey, collected representative
specimens from the various geological formations and from the active
quarries, and other economic products. This collection was made in.
the latter part of the season. In the southern part of the State,
Henry L. Gane, assistant to Prof. William B. Clark, spent a large
part of the summer and autumn of 1892 in collecting work. The iron
ores from the mines then worked had been collected in 1890 by Frank
L. Nason, of the Survey staff.

Early in the year Mr. Nason was engaged to take charge of the
preparation and installation of the exhibit. The collections brought
in during the preceding year were opened, and from them and the
material remaining from the State museum, representative and choice
specimens were selected. It was found necessary to collect additional
material, in orderto a complete exhibit, particularly of the economicsr
and u part of the early spring was devoted to the work of obtaining
suites from the zinc mines of Sussex county, the quarries in the rect
sandstone and the clay district of Middlesex county. A collection oi
minerals of the Sussex zinc mines also was secured by him for the

use of the Survey at the Exposition. After the preparation of the
material, and in April, the exhibit was shipped and the work of in-
stallation was begun in the Mines and Mining building. The inter-
val of time after its arrival and the opening date was short_and it

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 23

was only through great _ffort that it was ready for exhibition at that
time. The unforeseen contingencies connected with the preparation
and installation of the exhibit, and circumstances over which Mr.

Nason had no control, made his labor severe as well as trying, and

his success in getting all in presentable form was highly creditable to
him.

The State exhibit consisted of representative specimens of the

various geological formations, of the ores of iron, zinc, Copper and
lead, and some of the associated rocks, of limestone, slates, building

stones, clays, marls_ sands and of other natural products of economic

importance. A. small and carefully selected collection of the minerals

of the State was also in the exhibit. The maps and other publications

were included in it, and two mine models. One of the latter, a model

of the Washington iron mine, Morris county, was loaned to the Sur-
vey by Mr. Frederick A. Canfield, of Dover, a member of the State

Commission. The central piece in the space alotted for the State

exhibit was occupied by the relief map of the State on the scale of the

maps of the topographic survey. It was prepared from designs by

the consulting engineer and topographer, C. C. Vermeule, and under

his direction, at his office in New York City. In accuracy of repre-

sentation of topographic detail it was the best State relief map in

the Exposition, and it called out much favorable comment as well as

some criticism on the disparity of scale. The construction of this map
was found to be a much greater piece of work than was expected at

the outset, and it was not completed until nearly a month after the

opening of the Exposition. There was a lack of surface finish due to

this want of time, and on this account it failed to attract the general
attention which it deserved. Its late arrival was also a disturbing

element in the orderly arrangement of the whole exhibit.

No attempt was made to get specimens of extraordinary size for the

exhibit on account of the great expense incidental to the collecting and

transportation and the want of room in the exhibition space, and

therefore it was perhaps not so impressive or striking as those of other
States. The aim was to make it instructive and comprehensive in

illustration o£ the geology and the natural resources of the State.

The location of the State exhibit was on the ground floor of

the Mines and Mining building. To Hon S. J. Meeker, President,
and Mr. Walter S. Lenox_ Secretary, of the New Jersey 8tare Com-

mission, credit is due for the favorable location of the exhibit, as
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well as for their constant effort in seeking to make it worthy of the
State. The construction of the booth was under their supervision
:rod from designs selected by them.

The painstaking labor and enthusiastic devotion of Mr. Nason in

the work of installation w3n for the exhibit a general expression of
admiration for the neatness of arrangement and beauty of display of
the material at his command. The eolleetions were under his care

until the let of duly, when he returned to New Jersey. Unfortu-
nately the Survey was not able to retain Mr. Nason throughout the
season in order to attend to the inquiries of visitors to such an exhibit.
During the remainder of the Exposition, Prof. 8. R. Morse, of the
State school exhibit, gave some time to the general oversight of the
attendant in care of the eases and their cleaning.

At the close of the Exposition the collections were packed by Hat-
field Smith_ general assistant, who had assisted in the installation
work. They were stored, at the request of the Commission, in the
Fidelity Warehouse and Cold-Storage Company's warehouse in
Trenton. It is hoped that they can be released soon and can be
ine)rporated in the collections of the Survey in the rooms in the State
House, or form a part of a larger collection in what might be known
as a State Museum. The various exhibits of the State made at the

Exposition would form a valuable nucleus for a museum at the

Capitol, to which there would be a constant influx of interesting his-
torie and educational material representative of what there is in tile
State in natural products capable of development, as well as of what
has been done by the forefathers and what is being done in the educa-
tion of the children.

GgOLOGmALROOMS.

'rl,e room on the third fl_or of the old library extension part of
the State House, given last year to the Geological Survey by the
State House authorities for the exhibition of its collections, has been
in part furnished with the old cases which were in use at the Centen-

nial Exposition in 1876, and later in the museum of the Survey.
They have been placed on the fl3or so as to form an alcove-like
arrangement and have been used for the exhibition of rocks, minerals,
ores, clays and other geological specimens. Several eases of drawers
belonging to the Survey, which had been store_l in the basement rooms,

have also been plaret against the walls of the room for holding
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collectionsnotnecessaryforgeneralexhibition.Duplicatematerial

alsoisplacedtemporarilyin thesedrawer.cases.On one sideof

the entrance,shelvinghas been builtagainstthewall for the col-

lectionof woods of New Jersey. :Forthe ironoresa largeeaseha_

beensetup at the cornerof the room. Littlespaceis leR forad-

ditionalcasesexceptinginthecenterof theroom,and itisreserved

Ibrthereliefmap of theState. A largeaud beautifulreliefmap of

the United Stateson a sphericalprojection,from E. E. Howell,of

Washington,D. C._has been added to the collectionsin the room.
It has been well mounted and has attractedmuch attentionand

affordeda greatdealof graphicinstructionin the geographyof our

_ountry.The reliefmap of theState_when placedon the floorby
itwillmake anotherexcellentgeographicillustrationand in more

deallof surfaceconfigurationand hydrography.

l(r.Harry Landes_formerlyassistantto Dr. J.E. Wolff,of the

Unied StatesGeologicalSurvey_and collectorfor theStateSurvey

in 18_2,was engagedaboutDecember Isttounpackand arrangethe

varioucollectionsoftheSurveywhich had beeninpartstoredinthe

basemet. The work at thetimeof thiswritingis nearlydone and

theeaSeLarenearlyallfilledwith thematerialthusstored,and ex-

clusiveo,thatwhich was senttotheColumbian Exposition.The

old collec_onsmade by theGeologicalSurvey under Dr. William

Kitchellit1851-6,and which were storedin drawersin theold

mnseum_ w% examinedcarefullyin ordertoidentifythem by locality,
but on aceou_ofthelossofsome of thelabelsand thecarbonization

of many more_fthem intheStateHouse firein1885,Comparatively

few of thespe_nenswerewithcertaintyidentifiedand incorporated
in the colleetlon_)n exhibition. The remainder of thls collection was

repaeked and stted in the basement, and marked "Kitebell collec-

tion." The largeuass of material which had accumulated during

the long superinte,ience of the Survey work by the late Dr. Cook

was also examined arefully, and a selection was made of all the
specimens which wersuitabl e for exhibition or which were valuable

for reference, l_fany ¢them are types of descriptions or of analyses

in the reports. Lecalits were represented in all cases, so far as any
specimens could be fond. Variations in the character also were

illustrated as far as pebble" Those of historic importance, as

in the development of rues ' quarries, clay banks, marl pits, &e.,
were also retained in the _erence collections. The comparatively
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small part of unimportant and practically worthless material i_
these old collections was thrown out, in order to economy of
storage space for what had to be deposited in boxes in the base-
ment. Mr. Landes has thus examined all of the old stock of the

Survey, excepting a few boxes of paleontological specimens and
the collections of the State exhibit at Chicago. New labels have been
written for all, care being taken to retain the old ones. The dupll-
czte specimens and those illustrating localities of occurrence and not
otherwise notable have been classified and arranged by localities under
their several heads : geological specimens, rocks, minerals, ores, clays,
marls, sands, &c. They are in the old drawer cases_and are easily
accessible to those in pursuit of particular information as regar$
locality or mode of occurrence. The old museum exhibition cas_,
sixteen in number, are filled as follows: Two at the right baud on
entering the room have a small synoptic collection, showing r_Ore-
ssntative rocks of the various geologic formations ; two are de'oted
to minerals ; four are occupied by a collection of the cbaraeeristic
fossil forms from the Crelaceous and Tertiary beds. On the }ft side
two are filled with clays, fire-sands and other refractory n_terials;
two have specimens of economic geology, and four contain _asrles of
the rocks of the State. The iron ores have all been aranged by
mines and by counties in a large case at the corner of the ._om. For
want of drawer room many of the clays and all of the m_'lsand soils
and other earthy specimens in glass boxes and show bot-'sshave been
placed on the shelving above wall oases. The larg collection of
specimens from artesian wells are stored in drawe_ awaiting new
cases for holding them.

The collection of crystalline rocks from the Hihlands, made by
Mr. Nasou while oa the Survey staff, is for the p_ent kept intact in
drawer cases.

The present arrangement of cases leaves litt_more space than is
desirable for ease of access and movement of vitors about the room.
The introduction of the Exposition cases and ,e addition of the State
exhibit from the Exposition will leave exce_ingly narrow aisles and
floor room for circulation about the case.,'_nd crowd to an extent
which is unfavorable to an instructive ane_leasing exhibition.

The Geological room has been open a 'art of the time each week
and a curator has been appointed by th_up erintendent of the State
House, to have the care of it and to atad to visitors. The number

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 27

of visitors has increased, although the work of arrangement has inter-
fered with seeing, and has made the room at times unsightly and dis-
appointing. As the work nears comphtion there is apparently
greater interest shown by a more careful examination and by larger
attendance.

(JHEMICAL LABORATORY.

In accordance with a resolution of the Board of Managers, passed
at the meeting in June, Professor A. H. Chester, of Rutgcrs Coliege_
was engaged to direct the chemical investigations and anelytical work
needed by the Survey. The leading object in making this engage-
ment was to get the clays of theState analyzed and tested, for use in_
the forthcoming report on the days and clay beds. Professor Chester's
report shows what has been done since the opening of the laboratory
late in September:

"January 10th, 1894.
"Prof .L. _ 8mool_:

" DEAR SIR--In response to your inquiry I would say that chemi-
cal work for the Geological Survey of New Jersey is constantly in.
progress here_ Mr. Myers spending more than half of his time on such.
work under my immediate direction. He is now engaged on the.
examination of a mineral from Franklin Furnace,which appears to.
differ from any found there before, and perhaps from any previously
found in this country. It is one of the alteration products of biotite,
and its investigation will perhaps throw some light on the genesis of
our important zinc and manganese deposits. Work on day samples.
is also in progress, with a view to a fuUer investigation than has.
hitherto been made of the chemical composition of these most valu-
able deposits. Several samples of limestone have been completely
analyzed and reported upon, and also two samples of drift gravel_
with the view of ascertaining their relative age.

"Work here will be pushed as fast as is consistent with accuracy.
"Respectfully your#,

CeALBERT H. CHESTER. '_

OFFICE WORK.

The general direction of the several divisions of work which are
carried on by the Survey, the superintendence of the arranging of the
collections in the rooms in the State House and the ofllcial corre-

spondence, have taken a large part of the time of the State GeOlogist.
The answers of an ot_ciel character demanded by the numerous in-
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quiriee relating to the State and its geology, physical geography and
natural resources have been greater than ever before. They continue
to have a wide range and in many cases call for chemical examination

of specimens. The want of a laboratory where analyses and tests can
be made, has been in part filled by the arrangement made with Pro-
lessor Chester, of Rutgers College. It is believed that the informa-

tion which is thus given specifically in answer to requests has a prac-
tical value as important as that which is published in the reports,
and care is taken to answer as fully as possible all questions which
appear to have any bearing upon the development of the resources of
the State.

The demand for the publications of the Survey continues large and
their distribution takes some time on the part of the office. The calls
for reports have been larger than in any previous year, particularly
from educational institutions. The reports are all distributed from
the office. The maps of the atlas of New Jersey for the public schools
_f the State, are also sent out from here. The distribution of the
topographic maps is .made from _ew Brunswick, and is in charge of
Mr. Upson.

PUBLICATIONS.

The publications of the Survey have been increased during the
year only by the annual report. It is expected that the volume
on the water.supply and the water-power of the State in the aeries
of the final report will be ready for publication in the course of a
few months.

There is still a large demand for individual sheets of the topo-
graphical atlas, and new editions of two of the sheets have been
published.

STAFF OF THE SURVEY.

Prof. Ro.r_i.,¢ D. SKLI8BURYia in charge of the survey of the
surface formations. He has H. B. KUMMEL, CHARLESE. PEEr
and G. N. KNAPP as assistants.

CLA_KSONC. _'_R_EULE, consulting engineer and topographer
_f the Survey, has continued his studies of the questions of water-
supply and water-power preparatory to a report on the subject.

IRW_G S. UPSO_ has charge of the sale of topographic maps
from New Brunswick. He is also the disbursing officer of the Survey.
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In co-operation with the United States Geological Survey, Prof.
WILLIAM B. CLARK, of John_ Hopkins University, Baltimore, was

in the field a part of the season, studying the Cretaceous and Tertiary

formations. He was assisted by R. M. BANG.
In the Highlands the survey of the crystalline rocks was under

the direction of Dr. J. E. WOLFF, Of Harvard University, and of

the United States Geological Survey.

ALFRED A. CANNON is clerical assistant to Mr. UPSOI_', at Pew
Brunswick.

HATFIELD SMITH remains as general assistant at Trenton.
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UNITED STATES COASTAND GEODETIC

SURVEYOF NEW JERSEY, 893.

BY EDWARD A. BOWSER.

In the month of Jane an observing tower 32 feet high was built
at Pine Hill to enable us to see over the tall timber to Mr. Holly,
Berlin, Williamstown and Taylors. From June 28th to July 5th
the observing signals at Williamstown_ Taylors, Lippineott, Mr.
Holly and Berlin were re-adjusted, and a vista was opened at Mt.
Holly on the line to Pine Hill. On July 6th the measurement of
the horizontal angles at Pine Hill was begun and completed on
August 2d

On August 4th the instruments were moved to Lippineott, where
an observing tower 32 feet high was built to enable us to see over the
tall timber to Burden and Taylors. On August 12th, 14th and 15th
observing signals were erected at Colsons and Burden, and the one at
Taylors re-adjusted. On August 16th the measurement of the hori-
zontal angles at Lippincott was begun. On September 5th a granite
monument was set at Burden. This monument is 4.5 feet long,

dressed 6 inches square at one end for a length of 6 inches, with the
letters U. S. cut in each of the four sides and a trlanglo on the top.
It was set in hydraulic cement to within 6 inches of the top, and a

• full description, with sketch, was made of it. In digging the hole
for the monument we found two pieces of the cone which had been
set in 1843. On September 12th the measurementof the angles at
Burden was completed, and on the next day the instruments were
moved to New Brunswick.

In November the latitudes and longitudes were computed of the
two primary stations, Pine Hill and Lippincott, and the nine tertiary

(al)

NEW JERSEY GEOLOGICAL SURVEY



32 ANNUAL REPORT.

points, Williamstown Church, Atco, Glassboro, City Hall in Phila-
delphia, Clarksboro, Swedesboro, Chester, Salem and PorL Penn
Light.

The next stations to be occupied are Burden and Bridgeton, requir-
ing ob_erviL_gtowers 6:_ feet high, and probably vistas will have to
be opened through the tree-tops on the liues Burden-Bridgeton and
Burden-Pine _Iouut.
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SURFACEGEOLOGY-REPORTOF PROGRESS.
"1893.

BY ROLLIN D. SALISBURY.

s--

PREFACE.

During the summer of 1893 I spent about five months in the field.
During portions of that time I had the assistance of Messrs. H. B.
Kiimmel, C. E. Pcet, A. R. Whitson, G. N. Knapp and J. A. Bow-
nocker. Mr. Bownoeker was a volunteer assistant and was in the

field three months. Messrs. Knapp and Whiteon were there for the
same length of time, and Messrs. Peet and Kiimmel for a somewhat
longer period. Work was carried on in several different regions, and
involved the study of various problems connected with the surface
geology of the State. Glacial studies were prosecuted in the northern
part of the State, chiefly in the regions covered by sheets 2, 3 and 7.
The study of extra-glacial surface formations was also prosecuted,
chiefly in the areas included within the limits of sheets 5s 8 and 9.
The mapping of the area covered by sheet 5 is essentially completed.
l_elatively little remains to he done on sheet 2, and sheets 3, 7, 8 and
9 are well advanced.

During the season additional light was thrown on several of the
questions which had been referred to, or discussed in a preliminary
way,inpreviousreports. In thelastannualreportI indicatedthat
a sufficientbody of evidencehad beenfoundtoput beyonddoubt
thefactof theformerexistenceoftheglacialLake Passaic,reference
towhichhad beenearliermade by ProfessorCodk. The genera/
natureof thisevidencewasbrieflydiscussed.Duringthelaterpart
ofthepastsummer (1893),Mr. Kfimmeldevotedseveralweeksto
themoredetailedstudyofthislake,thisportionofhiswork being

(as)
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done without compensation. The results of his study, together with
some further observations of my own, are embodied in our joint_
report.

The peculiar and significant relations and po_iflon of the Palisade
ridge_ with reference to the direction of ice movement, as well as its
proximity to the great center of population, made it seem desirable,
both from the geological and economic standpoints, to study its drift
phenomena with much care. Daring the later part of the summer
Mr. Poet made a somewhat detailed study of the surface features of
this ridge and gathered many interesting facts. 8ome of these results,
together with the results of some studies on my own part, are em-
bodied in the joint paper by Mr. Pest and myself. (See section on
Palisades mountain.)

Further attention has been given to the extra-morainic drift in the
western part of the State, first mentioned in a paper read before the
Geological Society of America, in August, 1891,* and referred to
later in my report for 1891. The glacial origin of this drift was
soon afterwerd called into question by the Professors Wright, who
maintained that much of the so-called drift was not drift at silt In
the last annual report I discussed somewhat more folly the question
of the origin of this drift, because of the differences of opinion which
had arisen concerning it. I there showed that it was impossible to
refer it to local rock decay, as had been suggested by the Professors
Wright. There can no longer be any doubt concerning the glacial
character of much of the extra-morainic drift_ since even those who

disputed its glacial origin subsequently satisfied themselves that it is
glacial. The southern limit of extra-morainic drift which is believed
to be glacial has been accurately determined for the western part of
the State, and every area where it occurs or where_in the present con-
dition of surface, its existence can be determined, has been seen and
studied. All localities in the western half of the State where it occurs

in considerable quantity, as well as the line marking its extreme
southern limit, are indicated on the map accompanying this report.
I am not ready to affirm the distinctly glacial origin of the drift in

"*Bulletin Geologf_al Society of America t Vol. 3, page 113, August, 1891.
"_Their published statements on this point have appeared in various places_ among

which may be mentioned, 1°, G. F. Wrlght_ Proceedings Acad. Igat. Sci. of Phila-
delphia. December, 1892 ; 2°, American Journal Sci., Voh 44_ 1892_ page 351 ; 3°_ A.
A. Wright, American Geologist, 1892.
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each one of the localities designated on the map, though the larger
part of it is believed to be due directly to glacier ice. Some of it,
and just how much can perhaps not be determined certainly, was
probably deposited by water, in connection with ice. The chapter on
the extra-morainicdrift presents some data in addition to those which
have already been published. This report is based in part upon the
work of Messrs. Kiimmel, Peer and Whitson. While data arc at
hand for a fuller discussion of this subject than appears in this report,
it has been thought best to reserve it for a subsequent report.

In connection with the study of the glacial drift of the latest ice
invasion, some points of interest are developing in the northwestern
part of the State. Among these may be mentioned the important
influence locally exerted by stagnant ice, in determining the character
and disposition of the deposits of drift. Reference is made to some
of the peculiar phenomena to which the stagnant ice gave riec_further
on in this report.

In the same region the existence of a subordinateterminal moraine,
a moraine of recession, has been discovered,though its limits have not
been determined. Balesville, four miles north of Newton, marks one
point in its course. Thence it runs eastward to Ogdensburg, beyond
which point it has not been followed.

The mapping of the terminal moraine has been completed and is
represented on the accompanying map. Upon comparison, it will be
seen that its course correspondsclosely with that published long since.
The apparent changes in position, where such occur, are due to dif-
ferentiations which have been made since the original mapping rather
than to errors in that mapping. Some of the drift which is regarded
as the work of water beyond the edge of the ice was then included
within the moraine itself. It will be remembered, too, that the orig-
inal mapping attempted to give only the outer limit of the moraine,
and did not in any way purport to representits width. A brief sketch
of the moraine and its relations is given in another section of this
report.

The problem of the yellow gravels which has always seemed a dif-
ficult one, and which has until now remained unsolved, seems to be
gradually untangling itself. I now have reason to hope that the his-
tory of this formation can be worked out with reasonable fullness
and with approximate accuracy. While many data are in hand con-
cerning it_ the limits of this report make it impossible to do more
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than indicate, in a brief way, the conclusions to which our study seems
to be leading. The history of the formation appears to be very com-
plex. The statements concerning this formation are based in consid-
erable part on the work of Mr. Knapp.
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SECTION I.

THE YELLOW GRAVEL.

It was indicated in the last annual report that the history of the
"Yellow Gravel" formation was likely to prove very comphx. The
work of the past summer has tended not only to confirm this conclu-
sion, but to indicate that the history of the formation is even more
complex than was then thought_ and that the sands and gravels which
have passed under a single name, were deposited at very different
times and under very different conditions. Instead of three more or
less distinct historical stages in this formation, as was suggested in
the report for 1892, it seems probable that four are to be recognized.
All present conclusions, however, are subject to change in the light
of further study. It is hoped that when the whole area covered by
this formation, or by these formations, shall have been studied, con-
clusions will have been reached which can be relied upon with confi-
dence.

As now interpreted, the ddest phase of this formation is repre-
soared in various localities, and in various topographic relations.
Towards its northern limit, it occurs in isolated areas of small extent,
and coasideraMe, though unequal, altitude. Further south it covers
larger areas which are lees widdy separated, and which lie at lower
altitudes. Still further south the formation becomes continuous, if
present interpretations be correct.

_oleded area.s.--l% The gravel reaches its maximum elevation on
the tops of some of the Mount Pleasant hills, south and southeast of

Matawan. It is especially well developed on Crawford's hill, and on
Telegraph and Beacon hills. On the highest of these_ its upper sur-
face reaches a maximum altitude of nearly 400 feet A.T. The alti-
tude of the base of the formation cannot be determined here with

accuracy, but it is probably not far from 360 feet.
2°. On the tops of the highest Sand hills, a few miles north of

Monmouth Junction, there are_ at a few points, traces of gravel,
amounting to no more than scattering pebbles, which are regarded as
the remnant of the oldest division of the "Yellow Gravel," and
which are therefore correlated with the gravel on the Mount Pleasant
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hills.It isnotdeterminedwhetheror notthesandof theSand

hills,or anypartofit,istobe correlatedwiththesameformation.
The tracesof gravelon theSand hillscannotrepresenta horizon
higherthantheverybaseof thegravel,sinceno more thanthe
meresttracesremain.The highestpointoftheSandhillsisa little
lessthan300 feet,orabout100 feetlowerthanthetopof thegravel
whichcapsthehighestof theMount Pleasanthilis_and aboutfifty
orsixtyfeetbelowitsbase,asnearlyascanbedetermined.
3% Fouror fivemileswestof theSandhillsthereisan areaof

gravelata maximum elevationof 321feet,whichistobecorrelated
withthatof theMount Pleasanthills.Thisremnantofgravelis
much more considerablethanthaton the Band hills.Itsbaseis

slightlyhigherthanthehighestpointoftheSandhills.
4°.The gravelcappingoftheNavesinkHighlands,witha maxi-

mum altitudeof about300feet_istobe correlatedwiththatof the
otherlocalitiesmentioned.The formationhereembracesallthesand

andgravelwhichlieabovetheMiddleMarl. The sandandgravel
togetherhaveherea maximum thicknessofabout100 feet,so that
thebaseoftheformationisconsiderablylowerintheNaveslnkHigh-
hnds thanin theMount Phssauthills.Itisa factofsignificance
alsothatthebaseof theformationislowerattheeastendofthe

highlandsthanatthewest,andloweralongthesouthsidethanalong
thenorth.At theeastend of thehighlandsitsbasehasaualtitude"
ofno morethan180feet,andisthereforeabout180feetlowerthan

thecorrespondinghorizonintheMount Pleasanthills.
5°.The gravelcappingmany of thehigherhillsinthevicinityof

PerrlnevilleandClarksburg,eightor tenmilessoutheastof Hights-
town, is believed to be the equivalent of that on the Mount Pleasant
hills. The upper surface here reaches a maximum altitude of 378
feet. In the northern hills of this area, the bottom of the formation
is at least 100 feet lo_er than its summit, and its base is nearly or
quite 100 feet below the corresponding horizon at Beacon and Craw-
ford's hills. A little further south, between Clarksburg and Pros-
pertown, the lower surface of the formation declines to about 200
feet.

6% Southwest of the Perrinevilh-Clarksburg hills, equivalent
gravel and sand caps many of the higher hills and ridges of the area
extending from Ellisdale and Hornerstown on the northeast to Foun-
tain Green on the southwest. None of these areas rise much above
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200 feet, and the base of the gravel and accompanying sand steadily
declines in this direction.

7 °. The Jnliastown ridge and Arney's Mount, north of Pember-

ton, are heavily capped with sand and gravel, which is to be corre-
lated with that of the localities already mentioned. The sand and

gravel here are largely cemented into sandstone and conglomerate.
The highest point of Arney's Mount is 230 fcet_ but the base o£ the

sand and gravel formation in the 3uliustown ridge may be seen to be

low, certainly not more than 120 feet above sea-level, and it may be
as low as 100 feet, so far as is now known.

8° . The same formation caps Mount Holly at the village of the
same name.

9 ° . The summit of Mount Laurel (173 feet), four miles southwest

of Moorestown, has an undetermined thickness of gravel and con-

glomerate which is to be correlated with that of the foregoing
localities.

10 °. The Hominy hills, north of Farmingdale, are made up prin-

cipally of sand and gravel, which is believed to correspond in age
with the sand and gravel of the localities already mentioned. If this

be true, the formation has here a much greater thickness than at any
of the other places. The highest o£ the Hominy hills has an eleva-
tion of 308 feet. The base of the formation here has not been accu-

rately fixed, but so far as present knowledge goes it may be as low as

125 feet. This would give the formation a thickness of nearly 200

feet at this place. If this be true, the sand and gravel of the Hominy
hills is barely isolated from the corresponding formation of other
areas near at hand.

The foregoing are the principal localities where the oldest phase of
the "Yellow Gravel" occurs in isolated areas.

Constilution of the sand and gravel.--The sand and gravel of the
several areas enumerated is far from uniform in character. Indeed

its lithological diversity" is so great that the foregoing correlation was
slow in suggesting itself. There may be said to be three more or less

distinct types of material embraced within the limits of the formation

which is here considered as a unit. There are (1 °) coarse gravel,
whose constituent pebbles are predominantly more than an inch in

diameter; (2 °) fine gravel with a matrix of sand, the constituent

pebbles being mainly less than one-fourth of an inch in diameter and

almost wholly of white or transparent quartz ; and (3 °) sand.
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The coarse gravel is well shown on Beacon hill, on Crawford's hill

and at certain points on the Navesink Highlands, in the Hominy hills
and in the Perrineville-Clarksburg hills. The pebbles are of white,

whitish or yellowish quartz, of chert, flint and sandstone.

The quartz pebbles are of various types and were derived from

various formations. Some of them appear to have come from the
vein quartz of the crystalline rocks to the north. Others were

derived from the quartz veins of the Hudson river sandstone. Such

pebbles have a characteristic columnar structure which prevents them

from becoming well rounded. The chert is frequently soft, the result

of chemical changes undergone since its deposition. Silicified fossils,

derived from Paleozoic formations, are present, though they do not

usually constitute any considerable proportion of the formation. The
color of the sandstone fragments which enter into the formation is

always light.

The pebbles often range up to three inches in diameter, and in the

case of the sandstone they are frequently still larger. Cobble stones
of this material are not rare, and masses one and even two feet inP
diameter are not unknown. These large pieces are rarely or never

round. They are slab-like masses, but their angles and fracture faces

are always somewhat water-worn. The coarse gravel sometimes has
a sandy matrix, and sometimes a matrix which contains much earthy
material.

The fine gravel, or conglomerate, is well shown on the Juliustown

ridge, on Arney's Mount, on Mount Laurel, on Stony hill, near Ellis-
dale; on many of the hills about Perrineville and Clarksburg, at

certain points in the Navesink Highlands and in the Hominy hills.

Exact localities where this gravel is well exposed are the following :

(a) On Arney's Mount, where the gravel is partly cemented and has
been quarried ; (b) in the road cut across the east end of Stony hill,

near Ellisdale, where the gravel is not cemented ; (c) in the cut along
the east-west road across the 302-foot hill, a mile southwest of Per-

rineville (see topographic map); (d) on the east slope of Pine hill,
two miles east of Perrineville, at an elevation of 240 feet, where

numerous blocks of conglomerate occur, though no vertical exposure.

The pebbles of this type of gravel are mainly of quartz, which is

almost uniformly white or transparent. The pebbles may be well
rounded or angular. Chert is sometimes found, but is much less

abundant than in the coarse gravel. The matrix of this fine gravel
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is sand, and the two constituents are combined in varying propor-
tions. About the grains of sand, and about the tiny pebbles imbedded
in it, there are frequently films of clayey matter, which is white, or
sometimes pinkish. If the sand or gravel be handled, this clayey
matter stains the fingers just as plastic clay does when handled.

In connection with the composition of the gravel, certain negative
considerations are as significant as positive ones. The formation is
almost as well characterized by what it does not contain as by what it
does contain. The underlying Cretaceous beds contain abundant iron
oxide concretions, as well as thicker and thinner beds of sand or
marl, firmly cemented by iron oxide. But no single piece of ferru-
ginons conglomerate or sandstone, and no single iron oxide concre-
tion, except such as have been formed in situ, has ever been found in
the formation under discussion. That is, the Cretaceous formation
made little or no contribution to the overlying sand and gravel forma-
tion. This it would certainly have done had the surface of the

Cretaceous been roughened by erosion when the sand and gravel beds
were deposited upon it. No trace of material of Cretaceous origin any-
where enters into the sand and gravel formation, except at its very
base. The relationship of the two is just what it would have been
had the latter formation been deposited on the even surface of the
former. Furthermore, no single pebble or fragment of limestone,
shale of any sort, granite_ gneiss, trap, gabbro, or Triassic sandstone,
has anywhere been seen in the formation. In one or two instances
pieces of quartz schist, containing a little mica or tale, have been seen,
but these are extremely rare.

The third phase of the formation is sand, which is often white,
but which frequently has a pinkish or yellowish tinge. The pinkish
sand may be seen at numerous points about Clarksburg, while the
white sand is conspicuous in the Hominy hills. The sand is almost
wholly of quartz.

Many localities may be found where these three phases of the
formation seem very distinct from each other, judged from the stand-

point of physical constitution. At first, too, there seems to be some
stratigraphical ground for their separation. In places the sand seems
to underlie the fine gravel, and the fine gravel appears frequently to .
underlie the coarse. The possibility of a threefold division of the
formation was long entertained, the division to be based both on

stratigraphical and lithological grounds; but detailed study has
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developed the fact that there is every mixture of the. three types.
There are numerous places where materials corresponding to those
of the coarse gravel are mingled with tiny quartz pebbles, which are
identical with those of the fine. When the fine gravel is studied in
detail, it is found that its matrix sometimes predominates over the
pebbles to such an extent that only an occasional pebble remains.
That is, the fine gravel often becomes sand, by the exclusion of the
pebbles.

The mixture of types is not confined to combinations of the coarsest
with the intermediate, or of the intermediate with the finest. The
coarsest is often mingled with the finest. There are many places
where the sand has been cemented, and the sandstone may be seen to
contain large pebbles indistinguishable from those of the coarsest
gravel, while no small pebbles are present. Sand which is not
cemented may likewise contain a few large pebbles, where no small
ones are present. Still again, sand which is either cemented or not
may contain either few or many large or small pebbles, associated
with each other in any proportion whatsoever. From the physical
standpoint, therefore, there is no sharp line of division between the
three types. They are simply the middle and extreme terms of a
series which ranges from coarse gravel to flue sand.

The types are not only mixed, but they also iotergrede to such a
degree that between the coarse and the fine types there are all possible
grades. A similar relationship also exists between the fine gravel
and the sand. This is well shown in the lgavesink Highlands at
many points.

If these gradations existed in a vertical sense only, there might
still be a threefold division on etratigraphical grounds. But this is not
the cme. The gradationa are horizontal as well as vertical. Further-
more, there are not wanting many localities where the coarse material
occurs in beds below the sand and the fine gravel, as well as above
them. Locally it occurs at the base of the formation, and may occur
at any horizon between the base and the summit, as well as at the
summit itself. This may be seen at many points in the Navesink
Highlands, in the Hominy hills and in the Clarksburg area. In
spite of this, it still remains true that on the whole coarse gravel
seems to be most abundant at the surface, and that the fine material

predominates beneath ; but the significance of this is liable to misin-
terpretation. In many cases at least, the apparent abundance of the
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coarse material at the surface is the result of erosion. From the hill-

crests, the fine material has been carried away, while the coarse, being
beyond the power of surface.drainage to handle, remains, protecting
the surface against further degradation.

It should be stated that the relations here sketched are in part mat-
ters of inference. The coarse material may be seen above the fine at
most points where the formation occurs, but there are few sections
where the coarse can be seen to underlie the fine. Nevertheless, the
coarse and the fine may be seen in such relationships at many points
as to make it certain that they are variously interbedded vertically,
and that the one may give place to the other laterally. Thus, near
the south extremity of the Navesink Highlands, coarse gravel may
be seen to exist considerably below the summits of some of the hills,
where pits have been opened in it, while the tops of the same hills are
of sand and sandstone, altogether free from gravel. The same rela-
tionship may be seen on the hill (267 feet) a few miles southwest of
Red Valley. In the Hominy hills the same relationship is more
fully illustrated. Thus, a 308-foot hill is heavily capped with gravel,
while a 264-foot hill, a quarter of a mile further north, is covered
with sand only, and a crest at 245 feet, but a few rods east of the
latter, is heavily capped with gravel. In the same immediate vicinity
a 220-foot crest is altogether free from gravel_ while a crest at 190
feet is heavily covered with it. Two or three miles further east, a
244-foot crest has no gravel, while a bench on the side of the same
hill, at an elevation of 190 to 200 feet, has a heavy bed of gravel
upon its surface.

The only possible inference from these facts seems to be that in the
Hominy hills region gravel existed at various levels before the area
was cut up into hills by erosion. Those hills whose summits corre-
spond to an original gravel horizon have gravel upon them; those
hills whose summits do not correspond to such a horizon, have none.
It is probable, too, that the gravel horizon is not always continuous
for great distances horizontally. This may account for some of the
above facts in connection with the distribution of grave], but it does
not at all militate against the general conclusion that coarse gravel
occurs at various levels from base to summit of the formation here
under consideration.

If the correlation here suggested be correct, there are several points

of significance in connection with the distribution of the gravel and
accompanying sand.
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1% In most of the foregoing localities, it caps the summits of iso-
lated elevations, which, in all cases save one, stand very much above
their surroundings. This point is of significance in that it indicates
the great amount of erosion which has taken place in this area since
the gravel was deposited.

2°. In a group of elevations, such as the Mount Pleasant hills, the
gravel is less abundant, or sometimes altogether wanting on the lower
hills, even though they fall but little below the level of the highest.
Thus, Crawford's hill, at an elevation of 391 feet, is heavily capped
with gravel (estimated at forty feet), while Beers' hill, by its side, at
an elevation of 347 feet, has but the merest trace of gravel upon it.
This phenomenon, repeated many times in several different localities,
shows that the bed on which the gravel was deposited, was substan-
tially plane.

3 °. The gravel attains its highest altitude, so far as concerns both

base and summit, in the Mount Pleasant hills. From this point it
declines to the northeast, to the Naveslnk Highlands, and to the
southwest, to Mount Holly and beyond, along the strike of the forma-
tion. This suggests that the underlying Cretaceous beds were de-
formed after the deposition of the gravel, and that they were uplifted
more in the Mount Pleasant region and less to the northeast and
southwest.

4 o. Along the belt of isolated areas of the gravel under considera-
tion, that is, on the Navesink Highlands, the Mount Pleasant hills,
the Perrineville-Clarksburg hills, and all the hills mentioned, south-
west to Mount Holly and Mount Laurel, the formation rests on
Middle Marl. Conversely throughout this belt from Navesink to
Mount Holly, there is not a hill in which anything like the full
thickness of the Middle Marl is present which is not capped with
the gravel and sand. When these two facts are dn]y considered, the
facts (a)that within the area spedfied no hill without Middle Marl
has gravel, and (b) that no hill within this area in which the Middle
Marl is present in any thickness is without gravel, it is clear that the
gravel of this bell waa deposited while _heMiddle Marl still formed a
continuous bed over it. The thickness of the Middle Marl is often no

more than twenty-five or thirty feet, and its greatest recorded thick-
ness is, we believe, less than fifty feet.* It follows, then, that the
gravel was deposited before the Middle Marl was eroded to any con-

Clark, Annual Report .New Jersey Survey, 1892, page 203.
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siderable extent, and since the Middle Marl is so thin a formation, it
follows that the gravel was deposited before the Cretaceous surface of
this belt had suffered much erosion. This is the same conclusion to

which the point first suggested (1° above)led, and it is further not
only consistent with another inference already suggested, viz., that the
gravel was deposited before the deformation of the Cretaceous beds
(3° above), hut, in a measure, corroborates it. All these considera-
tions, each of which increases the weight of the others, indicate that
the age of the gravel is very great.

5°. The altitude of the base of the formation becomes less and lees
to the southeast, in the direction of the dip of the underlying forma-
tions, indicating that this formation, as well as the Cretaceous,dips in
that direction.

6° . The degree of dip of this formation, where determined, is
approximately the same as that of the underlying Cretaceous; but
from the fact that it overlies different formations in different areas,

the dips of the two formations cannot be strictly coincident.
zVame.--This formation is well developed and well exposed on

the summit of Beacon hill, three miles south of Matawan, and in
this report the formation will be known as the Beacon hill sand and
gravel.

Where the formation attains great thickness, sand predominates
over the gravel ; where it is thin, gravel is the more conspicuous ele-
ment. Even where the sand constitute_ the body of the formation,

the gravel is often the more conspicuous element at the surface, for
reasons already indicated. The very existence of the hills in many
eases depends upon the presence of the capping of sahd and gravel.

.Possible _racesof Beacon hill gravel north of the Oretaeeous belt.-
The gravel referred to in the Sand hillsj and the more considerable
area west of the same, are north of the main Cretaceous area of the
State, but not beyond the northernmost outliere of this formation.
The considerable body of gravel which lies west of the Sand hills
and east of Rocky hill (at 321 feet) rests on Raritan clay, thus de-
parting from what is the general rule in the case of the isolated areas,
that the gravel rests on Middle Marl ; but there is no evidence that
the Middle Marl ever extended so far north as to the Sand hills, so

that the relationship here indicated cannot be interpreted as meaning
that the Cretaceous surface was eroded before the gravel was deposited.

In the vicinity of Rocky hill there are numerous areas, large and
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small, which are much higher than the area of gravel referred to, but
on none of these elevations about Rocky hill, or further north, is
there any trace of the formation under discussion. Meager traces of
gravel occur at various points along the south base of First mountain,
but always considerably below the level of the gravel near Rocky
hill. These traces of gravel are possibly, but not probably, to be
correlated with the Beacon hill gravel. The yellowish sands about
Basking Ridge may prove to be the equivalent of the oldest phase of
the yellow gravel.* Their altitude is somewhat greater than that
of the gravel at any of the points where the formation has been cer-
tainly identified, but their correlation is uncertain.

Certain traces of yellow gravel have been found in the drift on
Palisade ridge, as far north as Weehawken, at an elevation of 160 or
170 feet. Possible traces of it have been found as far north as the

latitude of Englewood, at an elevation of 360 feet. As heretofore
indieated,f some evidence of its existence has been found north of
Second mountain, in the vicinity of Union Village. Scattered peb-
bles, not to be distinguished from those of the yellow gravel have
also been noted between Feltville and Waehingtonville. In these
latter positions, the traces found are so very meager as not to warrant
very poeitive conclusions concerning them. These meager remnants,
as well as the general topographic relations of the formation, are such
that it is probable that the formation was once continuous far north of
isolated areas heretofore mentioned.

Outside of New Jersey, yellow gravel occurs on Staten Island and
at several points in Pennsylvania, especially west of Philadelphia, at
Bryn Mawr and Media. The relation of the gravel in these places
to the various phases of the formation in New Jersey, has not been
especially studied.

Continuoua and nearly continuous areas of .Btacon hill gravel and
8and.--From the north side of the Nave.sink Highlands to the south,
the base of the Beacon hill gravel declines at a rate which is not very
different from that at which the Cretaceous beds decline in the same

direction. The gravel a]so occurs on the westward continuation of the
Navesink Highlands, about Chapel hill. Here also the base of the
gravel is found to be highest to the north, and to decline to the south-
east, in the direction of the dip of the Cretaceous strata. Following

*Annual Report_ 1892, page 153.
"_Annual Report, 1892, page 152.
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southeastward in the direction of the dip, the gravel, and its sandy

equivalent, is found on the hill east of Red Bank, where its base is no

more than 130 to 140 feet above the sea-level. Between Chapel hill
and the hill east of Red Bank, the base of the formation declines to

the southeast at the rate of twenty-five to thirty feet per mile. At

Crawford's hill, the base of the formation has an altitude of about 360

feet. Five and a half miles to the southeast, near Phalanx, the base
of the formation has an elevation of about 170 feet. The lines con-

uecting these two points are nearly at right-angles to the strike, and

indicate a dip of nearly thirty-five feet per mile. Similar calculations,

based on measurements in the Perrineville-Clarksburg area, indicate
that the base of the formation declines to the southeastward, in that

region, at a rate varying from twenty-five to thirty-five feet per mile.
If the base of the formation continues to decline to the southeast at

any such rate as this, for any considerable dishnce, it will be readily

seen that at no great distance the base of the formation must cease to
stand at any considerable elevation above the sea-leveL

To the north, the formation occurs in isolated areas, because erosion

has cut out the valleys between the hills. This was possible because
the area had considerable elevation, and the base of the formation was

far above sea-level. To the south, where the base of the formation is

lower, and especially where it approaches or reaches the sea-level, the

streams are incompetent to cut through it, and therefore to separate
one part of it from another. The isolated areas of the Beacon hill sand

and gravel, are therefore necessarily restricted to that part of the
formation the base of which was well above sea-level. South of the

line where the streams have cut through the Beacon hill gravel, it
should constitute a continuous formation.

When the area south of the region where the Cretaceous beds come

to the surface is studied, sand and gravel are found, which it is
believed are to be correlated with the sand and gravel of Beacon hill.

They constitute a widespread and continuous formation over a very
wide area.

If the base of the formation has an devation of 360 feet at Craw-

ford's hill, and if it declines steadily to the southeast at a rate of

thirty feet per mile, it would reach sea-level at a point twelve miles

distant, that is, in tile vicinity of Green Grove, six miles northeast of

Farmingdale. There are no exposures at this point by which the
facts for this immediate locality can be determined. But three miles

4
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farthersouththeformationisexposedatsea-level,and thereishere

nothingtoindicatethatitisthebaseof theformationwhich isseen.

How much furthersouthitwould be necessaryto go,in orderto

findthepointwhere theuppersurfaceof the formationreachessea-

level,dependsupon thethicknessof the formation.This pointhas

notbeendetermined.Itsthicknessat variouspointsisknown, but

atnoneof thesepointsdoesthepresentthicknesspresenttheoriginal

thickness.The cappingson the isolatedhillsrepresentmerelythe

remnantswhich have escapeddestruction.The fullthicknessof the

formation,if itanywhere exists,must be to the south,where the

formationwas neverelevatedenough to sufferdegradation.If the

formationcontinuestodip tothesoutheast,attheratewhichhasbeen

observedalongitsnorthernborder,itispossiblethatthe original

thicknessof theformationisstillpreservedovera considerablearea

in thesoutheasternpartof theState.

Summary.--Accordlngtothe foregoinginterpretation,the Beacon

hillsandand gravelisa formationresting,alongitsnorthernborder,

upou thesurfaceof the Cretaceous,dippingto the southeastat an

angle which correspondsapproximately,but not exactly,with the

angleof dipof theCretaceous.The lackof correspondenceisindi-

catedby thefactthattheformationrestsinone placeon the Raritan

clay,furthersouthon Middle Marl,and stillfurthersouthon Upper

Marl. Itwas depositedon thesurfaceof the Cretaceousbeforethe

latterwas erodedtoany considerableextent,and whileitwas stillap-

proximatelylevel.Subsequenttothisdeposition,theCretaceoussur-

faceon which itrestswas uplifted,but upliRedunequally. The area
abouttheMount Pleasanthillswas raisedmore thantheareatothe

east,and theareaaboutClarksburgwas raisedmuch more than the
areafurthersouthwest.The maximum elevationwould seemtohave

beenintheregionof theMount Pleasanthills.

Followingthiselevation,the surfaceof thatpartof the gravel

which was raisedtoa considerableheightwas subjectedto extensive

erosion.Valleyswere cut,notonlyinthesandand gravel,"butquite

through the same,throughtheMiddleMarl on which the sand and

gravelrested,throughtheRed Sand intotheLower Marl,and some-

timeseven intothe Clay Marl, beneaththe Lower Marl. By the

excavationof suchvalleys,which werewideaswellasdeep,remnants

of the Beacon hillgravelcame to restupon the topsof verycon-
siderablehills.
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Further to the south, where the elevation was less, the valleys cut

themselves less deeply into the surface, and the areas retaining their
cover of gravel and sand are less widely separated from each other.

Still further southeast, where the elevation of the sand and gravel

was still less, the streams were unable to cut through the same, and
the formation remains to this day continuous. It does not, however,

constitute the surface formation over a large part of New Jersey.

Over much the larger part of the area south of the Cretaceous belt,
the Beacon hill sand and gravel is covered by later formations.

If the present interpretation be correct, the Beacon hill gravel in-

cludes much that has been looked upon as Miocene, and much which

has been looked upon as post-Miocene. But no sufficient reason

seems to exist for the separation of that which has been regarded as
_,Iiocene from that which has been thought younger. No affirmation

is here made concerning the age of the formation. This question will

be best discussed later. It may here be said, however, in anticipation

of the discussion, that at present there are no sufficient stratigraphic

grounds for asserting either that the Beacon hill sand and gravel is
Miocene or that it is not.

.Erosion foUowi_g the uplift of the _eaeon hill formation.--A few

words should be added with reference to the duration of the period of
erosion which followed the deformation of the Cretaceous and Beacon

hill beds. The history of this elevation as to time, rate and extent,

has not been determined so precisely as could be wished; but

it is certain that a very long period followed, during which erosion

was in progress along the .belt over which isolated areas of the Beacon
hill gravel and sand are now scattered. It would seem that the erosion
which followed the elevation was sufficient to allow of the reduction

_f the general surface of the land something like 200 to 250 feet in

the region of the Mount Pleasant hills, and 150 to 200 feet in the

Sand hills and Clarksburg regions. This does not mean merely that
valleys 150 to 250 feet in depth were excavated in the gravel-covered

tract, but that most of the area covered by gravel was cut down to

some such extent, and that the valleys were cut to still greater depths.

It is probable that the total elevation which succeeded the deposition
of the Beacon hill gravel exceeded 250 feet in the Mount Pleasant

region, for there seems to be good evidence that certain valleys were
cut during this time to a depth much greater than would have been
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possible had the land surface been lifted no more than 250 feet. This

elevation may have taken place slowly or intermittently.
It is probable that the valley now occupied by the Millstone river

was excavated during this erosion interval, near Kingston, to a depth
not less than 250 feet below the level of the gravel capping of Rocky
hill, three or four miles to the north. Certain facts from other

regions point to similar conclusions concerning the amount of eleva-
tion and erosion which followed the deposition of the Beacon hill
gravel. If, after the deposition of the Beacon hill gravel, the same
was elevated to such an extent that erosion lowered the general sur-
face 150 to 250 tcet, in the Mount Pleasant and Perrlneville regions_
leaving only isolated hills corresponding to the original surface, and
if after this amount of erosion had taken place the surface was again
elevated high enough and long enough for the excavation of valleys
100 feet or so deep in the surface which had already been cut down
150 to 200 feet, this course of events would seem to harmonize with
present evidence.

THE SECOND STAGE OF THE YELLOW GRAVEL.

During the period of degradation following the uplift of the Beacon
hill sand and gravel, much of the eroded material was carried from its
original position, and deposited, either in the valleys of the streams,
or in the sea into which they flowed. Some of it, too, was doubtless
scattered over the slopes of the hills which were isolated by the devel-
opment of valleys which started on the yellow gravel surface,but which
soon found themselves in the underlying Cretaceous or Miocene. (?)

After some such amount of uplift and erosion as suggested above,
it would seem that the eroded surface which the Beacon hill formation

had covered and on the higher points of which it still remained, was
depressed, so that areas which are now 150 to 200 feet above the sea,
and 200 and 250 feet below the tops of the highest gravel-capped
hills in the Mount Pleasant and Perrineville areas, were submerged.
The Mount Pleasant and Perrineville hills, as well as most of the
hills heretofore mentioned as capped by the Beacon hill gravel, are
believed to have stood as islands in the sea, which encroached upon
the low land between them. Further south the whole of the Beacon

hill gravel was submerged. Indeed it is not at all certain that the
Beacon hill formation in the southeastern part of the State was

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 53

brought above ssa-level st the time of the uplift of its northern edge.

If it remained below the sea during the period of erosion first

sketched, sedimentation must have been uninterrupted in the south-

eastern part of the State, from the beginning of the deposition of the
Beacon hill sand and gravel till the close of the second formation of

yellow gravel.
At the bottom of the shallow sea, which occupied the area which

had been a low land surface just before, there was more or less gravel,
when the sea covered it. This had been subs_rially deposited in the

valleys during the period of emergence and degradation. With the

loose gravel which had descended from the hills, there were associated

more or less conglomerate and sandstone, derived from the cemented

gravel and sand. These masses of conglomerate and sandstone were
of various sizes, and were subjected to various degrees of wear. With

the gravel derived from the Beacon hill formation, there was more or

less material derived from the underlying Cretaceous beds. This con-

sisted in part of loam, marl and sand, and in part of ferruginous
sandstone, furnished by the cemented ]ayem of Cretaceous sand and
marl.

Constitution of the second yellow gravel formation.--Into the shal-

low sea, land drainage brought gravel from the few areas which
were high enough to stand as islands above the sea, such as the Mount

Pleasant and Clarksburg hills, the Sand hills, &c. Along with the

gravel, the stream brought mueh more sand, marl and clay, derived
from the Cretaceous beds beneath the gravel. Masses of the ferru-

ginous conglomerate, large and small, were brought down with the

loose gravel, and with the reworked Cretaceous material, so that the

new deposit was more heterogenons in Composition than the preceding.
All these materials were deposited in the sea, on what had been, at an

earlier stage, a land surface. The deposits in the sea buried such

materials as had been subsSrially deposited in the valleys, and on the

gentler slopes at an earlier time.

In addition to the heterogeneity brought about as indicated above_
there seems to have been a new supply of material introduced from

some outside source. The gravel of this second epoch of deposition

frequently contains pebbles or cobbles, or rarely even bowlders of

various sorts of rook which do not, so far as known, exist in the
Beacon hill gravel. Granite, gneiss, Triassic shale and sandstone,

gabbro and trap although unknown in the Beacon hill gravel, occur,
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even if but sparingly, in the second phase of the yellow gravel com-

plex. Quarlzits, too, very unlike anything which occurs in the

Beacon hill gravel, occurs in this second member of the yellow

gravel Eeries.

Except the quartzites, all these types of rock bear conclusive evi-
dence of extensive decomposition since the deposition of the formation

in which they occur, it is the rule, rather than the exception, that

masses of these various sorts of rock, even when a foot or more in

diameter, are so thoroughly decomposed that they can be cut with a

trowel. In some places, even where they are abundant, not a pebble

or a cobble of crystalline rock can be found which is not so far de-
composed as to be unable to withstand the pressure which can be

applied by the hand. In the case of large pieces, deeply buried

beneath the surface, the central parts are sometimes firm and relatively

fresh, though the outer portion, for some considerable distance from

the surface, is thoroughly decomposed and sometimes so far altered as

to make it altogether impossible to recognize the nature of the rock
from its exterior. A conspicuous example of this was afforded by a

large gabbro bowlder in the extensive excavations along the railway

near Jamesburg.
The decomposed condition of the crystalline-rock constituents of the

formation may be studied at the very coarse gravel pit at Kingston,

where the base of the gravel referred to the stage here described, has a
lowaltitude. The dcoomposed piccea of granitic material are here abund-

ant. The same thing may be seen in the vicinity of South Amboy,

where the bits of granitic material are smaller, but thoroughly decom-

posed. At this place, two bowlders of highly garnetiferous gneiesic
rock, more than two feet in diameter, were seen, quits unlike any
rock which is known to occur in situ within the limits of the State.

A single bowlder of coarse-grained gabbro, more than two feet in
diameter, was found at Jamesburg. No rock of just this sort is
known to occur in 8il_ within the State. Indeed, a source whence

the bowlder might have come is not known. The decomposed condi-

tion of the granitic and trappean material is well shown also in the

fine section afforded by Hylton's pits, southwest of Palmyra. So

widespread is the granitic and gneissic material in this phase of the
yellow gravel, and so uniformly is it thoroughly softened through

decomposition, that its presence and its condition become diagnostic
marks of the formation.
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Many, if not all, of the quartzite bowlders which arc found in this
formatiov, are such as might have come from the Green Pond moun-
tain conglomerate formation, but many of them are not distinctive.

It has been current belief that the absence of Triassic shale was a

distinctive feature of the yellow gravel ; but this is not the fact. The
shale is by no means one of the principal constituents, but it is one of
the most widespread. It is rarely so abundant as to make tile appel-
lation "Yellow Gravel" a misnomer, but it seems to be nearly co.ex-
tensive with the formation itself. As indicating something of its
range, it may be stated that the red shale has been seen about South

Amboy, at Jamesburg, near Allentown, at Hylton's pits near Pal-
myra, and east of Woodstown. It has been doubtfully recognized
also near Bridgeton. No piece of Triassic _andstone or shale has

ever been seen in the gravel which was not thoroughly softened by
decomposition.

Sandstone, somewhat closely resembling the sandstone (approach-
ing a quartzite) which is now found in sittt in the vicinity of Succa-
eunna, are found in this phase of the gravel formation. It is, how-

ever, not at all certain that they came from this region. In no single
ease has so much as a pebble of limestone been seen in the formation.
The chert which it contains is frequently soft, readily crumbling to
powder.

The bowlders of crystalline rock, presumably of northern origin,
are much more abundant toward the northeast limit of the formation

than elsewhere. They are very rare south and southeast of a line
running from Cheesequake creek to Jamesburg. Along the Delaware
they extend much further south. Their apparent absence south of
the Cheesequake may be due in part to the less extensive exposures
of this region, but it is certain that this cannot account for the full
measure of the apparent difference.

Something has already been said concerning the size of the bowlders
of this formation. Some of them are two, three, and even four feet
in diameter, and if the conglomerate masses from the earlier Beacon
hill gravel be taken into account, even larger bowlders occur. The
Triassic shale and sandstone masses, as well as some of the others,
often have a slab-like form, rather than the rounded form and well-

worn surfaces proper to bowlders. Even the bowlders of trap, gneiss,
&e., where not so far decomposed as to have lost their original form,
are quite likely to be somewhat angular, or at any rate not well worn.
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It is not easy to see how bowlders of such size, and from such dis-

rant sources, could have reached their present positions without the
aid of ice. The constitution and structure of the sand and gravel in

which they are imbedded give positive evidence that water was the

principal sgent concerned in their deposition. The inference, there-

fore, is that such ice as may have aided in the carriage of the bowlders,

was floating ice. The existence of bowlders suggests a possible con-

nection with the earlier epochs of glaciation, though no single glaciated
bowlder has been seen in the sand or gravel referred to this epoch.

None, indeed, except the quarlzites have sufficiently withstood the

disintegrating effects of subsequent time to show strim, even if they

once existed in abundance. With increasing distance from the high-

]ands, these coarse materials become less abundant, and the Cretaceous
and the Beacon hill beds become the principal sources of material for

the second stage of the gravel.
Distribution.--Tbe material which is tentatively referred to the second

yellow gravel formation, overspreads the higher areas about Hightstown,

Dayton, Jamesburg, Dunham's Corners, South River and Old Bridge.
It is known in the vicinity of Reckleestown, near Bustletown, and

near Palmyra. It occurs to a limited extent north of Raritan bay.

Throughout most of this area it is covered by a few feet of loam,
which is believed to be of later origin. Further southeast this forma-

tion is doubtless widespread. As already noted, it is probable that
much of the southeastern part of the State did not rise above the sea-

level at the close of the Beacon hill epoch ; and that from the begin-

ning of that epoch to the end of the epoch during which the second

stage of gravel was deposited, sedimentation was there uninterrupted.
To the north two remnants of this formation are known, north of

Raritan. The beds are here chiefly of sand, and furnish most of the
sand which is used in Raritan and Somerville.

The upper surface of the second stage of the yellow gravel forma-
tion hay a maximum elevation of 180 to 200 feet in the Perrineville

region; 120 or 130 feet in the vicinity of Hightstown; 160 feet in

the vicinity of Jamesburg; 150 to 160 feet at South Amboy and
Old Bridge; 100 feet near Bustletown; and 80 to 90 feet south of

Palmyra. It possibly reaches a greater elevation in the vicinity of
the Mount Pleasant hills: It will be noticed that it is somewhat

higher in the east-central part of the State than elsewhere, as if, in the
course of the elevation which has taken place since it was formed, the

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 57

eastern-central part had been elevated rather more than the western or

the extreme eastern. Along the line of strike of the Cretaceous beds,

however, its altitude is subject to less variation than that of the Beacon
hill formation.

This formation is well exposed at many points, among which the

following may be mentioned : At Bonhamtown, in the railway gravel

pit; at South Amboy, on the sides of the highest hill (147 feet) in
that place, and in the numerous railway cuts in the immediate

vicinity; at Jamesburg, in the deep railway cut and pit; at the rail-
way pit at Newtown, and at Hylton's pit, near Palmyra. The great

bed of very coarse gravel at Kingston is probably to be correlated
with it. At Bonhamtown, Jamesburg, Kingston, and at the mouth of

the Pensauken creek, the surface portion of the exposed formations is

believed to ret)reesnt a later stsge of the complex series with which

we are dealing. The same is true of some of the exposures about

South Amboy, though perhaps not of all
_Yame.--Perhaps tl'e best and most characteristic exposures of this

formation occur near South Amboy, so that this locality might well

give its name to the formation. But this name has been so long
associated with the plastic clays, in one way and another, that it has

seemed best to choose another, and Pensanken has been selected.

This name is tahen because of the gocd exposure of the formation at

the mouth of the Pensauken creek, at Hylton's extensive pits. The
portion of the section to which the name is given is the arkose, more

or less stony layer, ten to twenty.five feet thick, which lies near the

surface. It is covered by a thin layer of loam, of later origin, four

feet or less in thickness. The largest hard quartzitie bowlders of the
region belong to the uppermost layer, not to the Pensauken forma-

tion. The formation is largely worked for the coarse arkose sand,

which is used by foundries.

It should not be lost sight of that the Pensauken gravel and sand

beds are often not predominantly of gravel. In many places the
formation is distinctly sn arkose sand. In addition to the locality at

the mouth of Pensauken creek, the arkose character may be well seen

in and near South Amboy, at various points near Old Bridge, and at

most places in the elevated flat region in the vicinity of South River,
Old Bridge and Dunbam's Corners, where there are exposures as

much as six or eight feet iu depth. The arkcee element is less dis-

tinct in Bonhamtown than south of the bay, but may be distinctly

recognized here. At Jamesburg the arkcee element fails for the most
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part, but it is present at Hightstown, Newtown, Recklesstown and
Bustletown.

The arkose character does not mark the immediate surface, which is
loamy, or sometimes mere or less gravelly, even when not covered by
later loam. Along the eastern side of the State the arkose character
does not persist.

At Jamesburg, and at many other points as well, the formation
contains a little marl of Cretaceous origin. Small lumps of Creta-
ceous clay are present in some places, especially about South Amboy.
"Fire Sand," apparently of Cretaceous derivation, also enters into its
oompositon at some points.

Summing up what has already been said concerning the greater
heterogeneity of the Pensauken gravel and sand as compared with the
Beacon hill formation, it may be said there enter into its composition
the following elements: (1°) gravel and sand from the Beacon hilt
formation, some of it being in the form of conglomerate; (2° ) clay,
green sand, fire sand, and quartz sand from the Cretaceous (and pos-
sibly Miocene) ; some of this sand was cemented, and appears in the
formation under consideration, either as bits or blocks of ferruginous
sandstone o" as concretions ; (3°) an abundance of arkese material,
not derived from the Cretaceous, or any later formation ; (4°) bowl-
ders, large and small, (a) from the Trias, including both sandstone
and shale ; (b) from trap formations, probably from the trap ridges of
New Jersey ; (c) from granitic and crystalline schist formations, some
of the bowlders not being known to correspond with any formation of
New Jersey; (d)from quartzite formations, or from conglomerate
containing quartzite ; and (e) from a formation of gabbro, the location
of which is unknown. Some of these bowlders are as mt_chas four

feet in diameter, and they are, more commonly than otherwise, angu-
lar or subangular in form.

Conditions of formatlon.--The conditions under which this second
yellow gravel formation (the Pensanken) was developed must have
been such as to allow of somewhat wide transportation of coarse
materials, while at the same time the great body of material in many
places was derived close at hand. The structure of the formation, as
best shown in the railway cuts near gamesburg, at the Bonhamtown

pit and at the mouth of the Pensauken creek, seema to indicate clearly
that waves were concerned in its deposition. But for the more or less
wide transportation of the bowlders some other agency must have
been in operation, as already suggested.
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Thickness.--The thickness attained by the Pensauken gravel and

sand is not easily estimated, and seems to be very inconstant. This

is the natural consequence of its deposition on an eroded surface. At

Kingston and at Bonhamtown the bottom of the gravel tentatively
referred to this stage is not more than fifty or sixty feet above sea-
level. At South Amboy its bottom is about ninety feet above tide,

and at Jamesburg about the same. At these places its thickness varies

from forty to _ixty feet. These thicknesses are probably above the

average, though they may not represent the maximum. During the

deposition of the Pensauken gravel and sand, sedimentation seems to
have continued so long that the pre. existing erosion surface on which
the formation was laid down lost much of its relief by the filling of

its erosion depressions. Only a few elevations, like the Mount Pleas-
ant hills, stood well above the plain developed by its deposition.

Former eztent.--The Pensauken gravel and sand formation must

have extended far north ot its present continuous body if the waters

which deposited it stood at the level which we have supposed. The

only escape from this conclusion would be the possibility of subse-

quent differential changes of level on a considerable scale. A mile
and a half north of Kingston, on the steep slope, there are traces of

gravel which may possibly represent the original upper limit of this
formation. Their altitude is nearly 200 feet above tide. On the
south face of First mountain there are similar traces of a similar

gravel at a corresponding elevation. More considerable remnants of

gravel, which are perhaps to be correlated with the Penesuken forma-
tion, occur two miles and less west of Franklin Park_ at an altitude
of about 150 feet. Isolated areas of the Pensauken formation occur
a mile or so west of Rarltan and three miles north of Somerville. If

the formation once had such an extent as these remnants indicate, and

it seems certain that it did. it is manifest that an enormous amount of

erosionhassubsequentlytakenplace.

Elevation and erosion of the _Pensaulcen formatlou.--Subeequent to

the deposition of the Pensauken gravel and sand, the area over which
it had been spread was elevated. As in the case of the elevation fol-

lowing the deposition of the Beacon hill gravel and sand, the eleva-
tion at this time was probably greater to the north than to the south,

and probably greater in the east-eentral part of the State than further
east or west. But the elevation was probably much less unequal in

different areas than before. It is probable that most of the area of

the State became dry land at this time. On the surface exposed by
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this elevation a new drainage system established itself, in a measure

independent of pre-existing drainage lines. It is quite possible that
the new generation of streams followed the old, so far as some of the

principal valleys are concerned, throughout that part of the State

where valleys had been developed subsequent to the Beacon hill depo-
sition ; but facts are not at hand to show either that most of the new

generation of streams did or did not follow old drainage lines, but
certain lines of evidence lead indirectly to the conclusion that at least

some of the new streams were independent of the old in their courses.

The pre_ent drainage system of the region south of Lawrence
brook, ioclodlvg the latter stream, is believed to be the descendant of

the drainage system which established itself after the uplift of the
Pensauken gravel and sand, though its history is not believed to be a
simple one.

The elevation of the Pensauken gravel was probably sufficient to

allow of the excavation of valleys comparable in depth to those which
exist to-dsy in the central part of the State. Whether or not the

southeastern part of the State was brought above the level of the eea
is not known. If not, deposition continued there while the formation

was undergoing erosion along its northern edge, in the areas above the

sea. The duration of this elevation was sufficiently long to allow the

drainage system to reach a mature stage of development. If the

elevation which succeeded the deposition of the Pensanken gravel and
sand was prompt and considerable, the period of erosion which fol-

lowed need not have been exceedingly long in order to account for

the amount of erosion which took place, even though this amount

was great. The formation is of loose and easily-eroded materials.
On the other hand, its porosity allowed the rainfall to sink beneath

the surface readily, a condition which does not favor the rapid de-
velopment of valleys.

If the eIevation which followed the deposition of the Pensanken

gravel and sand was slow, and at first elight, the interval during
which it was exposed to erosion may have been long, since under such

conditions erosion must have progressed slowly.

THE THIRD YELLOW GRAVEL FORMKTION.

After a drainage system had been developed to maturity on the sur-
face of the Pensauken gravel and sand beds, it is believed that the

land again sank so as to submerge, for the second time since the
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Beacon hill epoch, considerable portions of the surface of the State.

The amount of the subsidence which resulted in this submergence is

not believed to have been so great as to allow the sea to reach a level,

relative to the land, equal to that which it reached during the deposi-
tion of the Pensauken beds. It appears to have overspread the eroded

surface until it reached an elevation which is now marked approxi-
mately by the 130-foot contour northeast of Trenton. The came con-

tour seems to have marked approximately the limit reached by the

sea along the whole of its northern border. This line does not depart
widely from the southern border of the Triassic area from Trenton

to New Brunswick, and beyond.

When the ]and sank beneath the sea, the water covered a surface
which had suffered a considerable amount of erosion. The streams

had in some places cut through the Peneauken gravel and sand, into

the Cretaceous below. Along the valleys, and on the lower slopes_
there was, doubtless, more or lees gravel, sand, &c., which had been

deposited along the streams while they were active. During the sub-

mergence_ a thin mantle of commingled gravel, sand and loam was

spread over the submerged area. The material was derived from the
surface of all the adjacent land draining into the sea. In this forma-

tion, loam is perhaps the most abundant constituent. The stony

matelial which entered into its composition is made up (1 °) of such

pebbles as entered into the formation of the Beacon hill gravel forma-
tion ; (2 °) of pieces of conglomerate which came from this formation

directly; and (3 ° ) of some of the pebbles of diverse sorts which

entered into the Pensanken stage of the yellow gravel, but which

were not present in the Beacon hill stage ; (4 °) of certain other con-
stituents which were introduced at this stage for the first time into

the complex yellow gravel series.

The granites, the gneieses and schists, the Triassic shales and sand-

stones, which have been referred to as characterizing the Pensauken

formation, and which exist in it in a decomposed condition, are absent
from the third stage of the yellow gravel (loam) formation, while the

quartzites and other non-decompoeable sorts of rock which enter into

the Pensauken beds, but not into the Beacon hill gravel, re-appear in

this third member of the complex series.

Along the northern border of the deposits referred to this stage,

there was a new element introduced. The loam of this region is often

distinctly reddish, and the color is such as to indicate clearly that the
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Triassicshalewas itssource. Thisrednesscharacterizesmuch of the

surfaceabout Bonhamtown, above the levelswhich werereachedby

thewatersof thelastglacialepoch.

Besidesthereddishcolorof theloam alongthenorthernborderof

theformation,a stillgreatervarietyof stonymaterialappearsinthis

thirdformationthan in itspredecessor.The stones,too,are much

larger.Bowldersarebyno means rareoveran areacenteringabout

Ernston,South River,Old Bridge and Fresh -ponds. Glaciated

stonesarenot unknown, though theyarerare. There are alsoocca-

sionalpiecesof gueissiematerial,which,whileshowing theeffectsof

weathering,areyetdistinctlyfresherthanthecorrespondingmaterials

of the ,pensaukenbeds,and thisin spiteof the factthattheyare

nearerthe surface,and so more favorablysituatedfordecay. The

loam and loamy gravelreferredtothissubmergenceiswellexposed

aboutTrentonand TrentonJunction,where itisextensivelyusedfor

brick. Itcoversmost of the surfacebelowan altitudeof 130 feet,

northoftheDelawareand Raritancanal,and appearstorisetosome-

what greaterheightsoversurfacesfurthersouth,asaboutJamesburg.

Northeastof New Brunswickitislessloamy thanatTrenton. This

formationiswellexposedintheupperpartoftherailwayexcavation

near Jamesburg. It is the upper,loamy part,above the sandy,

gravellypart which isreferredto the ,pensaukendivisionof the
series.The distinctionbetweenthe two sortsof materialin this

excavationisreadilyrecognizedby theworkmen. The same forma-

• tionoverliesthePensaukenbed southof-palmyra,but istherepoorly

developed.

2,'ame.--Perbapsthe bestdevelopmentof thisformationisinthe

vicinityof Trenton. That citywoutd be entitledtogiveitsname to

itbut forthe factthatithas alreadybeen appropriatedfora forma-

tionforwhich itismuch lessappropriate.The next bestlocality

furnishinga convenientname isJamesburg. Cuts near thatplace,

alongtherailwayrunningtoMonmouth Junction,exposetheforma-

tioninitsfullthickness.This isno more than eighttotwelvefeet

atthispoint,and thisisgreaterthanitsaveragethickness.Ithere

constitutesthe surfacebed,and restson the -Peasaukenformation
below.

So shallowa mantlespreadoveran erosionsurfacewas altogether

insufficienttoobliteratethevalleyswhich had beenexcavatedduring

the precedingerosioninterval.The extentof the depositionwas
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therefore much less than during the Pensauken epoch, and the dura-

tion of the depression was presumably of correspondingly less duration.

The deposits made during this epoch of submergence were, how-
ever, sufficient to modify the valleys. In many places deposits were

made in such wise as to interfere with ready drainage through the old

valleys. It is believed that the prevalent marshiness of many of the
rivers south of a line from Trenton to New Brunswick is due to the

partial obstruction of drainage caused by the deposits made at this

time. It is probable that the peculiar non-erosion topography which

affects much of the country between South River and Trenton, and
to which reference was made in the annual report for 1891,* was de-

veloped at this time, and that the condition of its development was

the submergence of an erosion surface, the materials of which were
incoherent sand, gravel and loam. In some places it appears that the

topography, which seems to be made up of moraine-llke hummocks

and hollows, is really made up of a tangle of low ridges, which sur-
round and inclose undrained depressions.

This third stage of the formation, the Jamesburg, does not ordi-

narily show distinct structure of any sort. It is not distinctly

stratified, though obscure indications of stratification are sometimes
observable. Its constituents are not notably well assorted. It some-

times seems to be composed of very much such material as might have

resulted from the decomposition of the underlying Pensauken beds,

especially where the latter is arkose. On the other hand, its distribu-
tion seems to be somewhat different. In many places it appears to

have a fixed upper limit in altitude, a limit which does not corre-

spond with that of the Pencauken formation, and its upper limit ap-
pears to I)e in definite correspondence with certaln phases of topography.

Its surface, too, has suffered much less erosion than the Pensauken

gravel has suffered.

At some points the J.amssburg loam appears to rest unconformably
upon the Pensauken beds, but in such formations it is often difficult

to be sure that an apparent unconformity is really such. Some of the
best evidence in this line is found at Kingston and in the vicinity of

Jamssburg. Figure 1. represents the condition of things seen at

several places.

_Annual Report for 1891, page 107.
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_ig. 1,

The up_cr part of the S_qlTerepr_*sent_ Jamesburg loam overlying older, eensauken gravel.
T_' section from _ h[ch the figure was taken was seen nest JameSb_lrg, The

height of the section is eight feet.

After the deposition of the Jamesbarg loam, sand and gravel, the

surface was again uplifted, bringing most, if not all, of the present
area of the State above the sea. If any portion of its area remained

beneath the sea, it could have been only the low border lands, which

now have an altitude of fifty feet or less• If the low coast border

possessing this altitude was lifted above the sea at the close of the
Jamesburg epoch, it was subsequently depressed.

After the uplift which followed the deposition of the Jamesbnrg

loam, the surface drainsge appropriated the pre-existing valleys which

had not been obliterated, but only slightly obstructed. Draiuage
from that time to this has not been v_gorous, and many of the valleys

still remain marshy. The recovery from the depression may have

been slow. It is not certain that the land reached its present altitude

before the last glacial epoch came on, though it would seem'that the
Delaware had cut a considerable valley after the Jamesburg loam was

deposited, before the glacial waters brooght down the Trenton gravel.

The amount of erosion which has been accomplished since the uplift

which followed the deposition of the Jamesburg beds, is not great.
The flat tract northeast of New Brunswiok_ where the tributaries of the

Raritan have made but little headway, is an instructive example. The

flat surface, often undrained, in the vicinity oi: Trenton, and all along

the stretches of country just below the 130-foot contour from Trenton

to New Brunswick, is a further illustration of the small amount of

erosion which has been effeeted since the deposition of the Jamesburg
loam. There seems to have been considerable erosion of the James-
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borg beds only along the immediste valleys of considerable strcame,
llke the Delaware.

Since the amount of erosion subsequent to the deposition of the
Jamesburg formation has been so slight, it would be expected that the
old shore line at 130 feet should be found. Its absence_or at any rate
its indistinctness, is one of the difficulties in the sequencehere sketched.
Certain features, which may have been developed along shore, do exist
at several points, notably at an elevation of 130 feet, between :Ewing-
ville and Lawrenceville, but they are much less decisive than could
be desired.

The material of the Jamesburg formation is often very llke that of
the Pensauken. In some places the weathering of the latter might

have given rise to the overlying bed, which is here classed as James-
burg. The basis of separation is not so much in the unlikeness of the
material of the two formations, as in certain topographical features.

Without going into details: it seems certain that after the development
of a drainage system, very much like the present, on the surface of the
Pcnsauken gravel and send, the area possessing this drainage system
was submerged for a brief period, long enough to mask, but not to
obliterate, the old volleys.

THE FOURTH YELLOW GRAVEL FOE_IATIOI¢.

A more or less distinct stage of depositigu subsequent to the depo-
sition of the Jamesburg loam is indicated about the borders of varioug

portions of the State, where the present surface from the sea up t_
an altitude of forty to forty-five feet is very much younger tha=
that which lies at a higher altitude. This constitutes the fourth
stage of deposition within what has been known as the yellow grave|
formation. It is not altogether certain that this last phase marks
anything more than a halting stage in the rise of the land, although
more probably it represents a slight subsidence, preceded by an eleva-
tlon equal to the present. This stage represented in the eastern,
southern and southwestern parts of the State by the low, terrace-
like border along the sea, at elevations varying from twenty-five to
forty-five feet, may have been contemporaneous with the last glaci_
epoch, or perhaps even subsequent to it.

The relative duration of the several historical stages, since the
beginning of the yellow gravel series, cannot .be fixed with great

5
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accuracy, though some suggestions as to their relative importance can
be given. The amount of erosion which was accomplished after the
deposition of the Beacon hill formation, and before the deposition of
the Pensauken, was much greater than all that has been accomplished
since. During that time, it would appear that the northern part of
the surface which the Beacon hill gravel overspread, was, after eleva-
tion, cut down something like 200 to 250 feet, bringing the surface to
a peneplain, with only isolated hills, somewhat widely separatedfrom
each other, to mark the minimum altitude of the original surface.
Below the peneplain, still deeper valleys were cut. Further south
where the elevation was less, the erosion was less. For so consid-
erable an amount of erosion, and especially for the development of
so advanced a stage of erosion, a very considerable interval of time
is demanded. The character of the formation is not such as to

especially facilitate rapid degradation. Although the formation is
mainly of loose, incoherent material, it is also very porous, allowing
water to sink beneath the surface readily, instead of forcing it to flow
off over it.

That the elevation was great, at least during some part of the
erosion interval which followed the uplift of the Beacon hill forma-
tion, is indicated by the fact that the deposit of the Pensauken
gravel, if we interpret rightly, is sometimes found at levels fully 300
feet below the bottom of the Beacon hill yellow gravel.

The duration of the second phase of deposition, the Pensauken,
may have been equal to the first, so far as now known. The duration
of the second erosion interval, that which followed the uplift of the
Peneauken, was probably not one-fourth that of the preceding erosion
interval, and may not have been one-tenth if conditions were equally
favorable for erosion. Indeed, it was probablyconsiderably less than
the former, even if the conditions were such as not to allow of a rate
of erosion more than one-half that which had preceded. During this
time, the drainage system is believed to have developed to something
like advanced youth or early maturity.

The duration of deposition in the Jamesburg epoch was probably
less than during either of the preceding stages, as indicated By the
slight thickness of the formation, and the relatively slight medifica-
tlon of the topography which it effected.

The erosion which was accomplished on the Jamesburg surface
after its emergence and before the last glacial epoch was slight.
Indeed, except along considerable valleys, the third stage of the yel-
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low gravel formatian, that which reached up to 130 feet in the vicinity
.of Trenton and New Brunswick, and probably to a somewhat greater
-elevation further southeast, has suffered but little erosion to this day.

The youngest stage of the yellow gravel complex which is tenta-
tively differentiated, the area standing at an elevation of about forty-
"five feet above the sea, along the north part of the Atlantic coast, is
still younger, and has suffered still less degradation. This may be as
late as the last glacial epoch or possibly even later.

From this it would seem that the time which elapsed between the
•first formation of yellow gravel and the second was probably much
longer than all the time which has elapsed since the_eecond; likewise
•that the time which elapsed between the second and third stages was
.probably longer than all which has elapsed since the third. Along
'with these statements it should be remembered that quantitative esti-
.mates of time, based on relative amounts of erosion, when the con-
ditions which affect the rate of erosion are not accurately known, may
be wide of the truth.

The age of the yellow gravel formatlons.--It is not yet possible to
state with great confidencewhat relations the several formations herein
mentioned sustain to known formations elsewhere. Their relations

_toeach other in time are believed not to be open to question. The
.series as a whole has been sometimes regarded as of Pleistocene age.
It has often been thought, or parts of it at least have been thought,
to antedate the Pleistocene. Unfortunately the data which bear upon
the question of the age of the various formations are not such as to
put the conclusion beyond doubt. _evertheless several conclusions
•which have a bearing on the age of the several formations seem
"warranted.

The Jameeburg formation, the third of the foregoing series, is
found at several points up the Delaware valley, much beyond the con-
tinuons body of the formation to the south. It is found near Wash-
ington's Crossing, near Titusville, and still further north, near Raven
Rock. Its constitution and its disposition at these points seemto con-
nect it with the extreme outer portion of the glacial drift, which lies
further north. This glacial drift, as has been indicated in earlier re-
ports, is believed to antedate, by a very considerable period, the
formation of the terminal moraine at Belvidere and eastward. This
formation is what has been knbwn heretofore as the Columbia forma-

tion. The Jamssburg is, therefore, but a local name for the Columbia
-formation, or for a part of it. •
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The Jameeburg formation, further south, frequently contains gla-
oially-striated bowlders. This again seems to connect it with the
glacial period. It should be understood, however, that the James-
burg formation in the southern part of the State was deposited by
water, and that such glacial bowlders as it may contain are believed
to have been dropped in it by floating ice.

In general, the Jamesburg formation does not extend far enough
north to meet the glacial drift ; this, at least, is true in all of the cen-
tral and western parts of the State, and the relations between the
glacial formations and the Jamesburg arenot clear in the eastern part,.
where they may come in contact. Meager as the basis for correlation
is, the phenomena of the Delaware valley and the constitution of the
Jamesburg formation seem to indicate the connection of the James-
burg formation with the maximum extension of the ice.

If the maximum extension of the ice occurred in the first glacial
epoch, it follows that the Jamseburg formation is the time equivalent.
of the oldest glacial drift. If the oldest glacial drift marks the be-.
ginning of the Pleistocene, the Jamesburg formation would represent
the earliest Pleistocene deposit south of the limit of the ice. In this,
event, the second yellow gravel formation, the Pensauken, must ante-
date the Pleistocene.

Another line of evidence leads to the same conclusion. The Pen-

cauken formations or its existing remnants, does not in general extend
so far north as to meet the glacial drift; but this it does at several
points, and at one of these its relationship to the glacial drih is most
significant. This is near Raritan and Somerville. About two miles
north by northeast of the latter place, the extreme border of the older
glaeial drift overlies a remnant of the Pensauken formation. Again,
a mile or so northwest of Raritan, the Jamesburg formation, which is
believed to be the time equivalent of the glacial drift which overlies
the Pensauken formation north of Somerville, overlies sand and gravel
of Pensauken age. At no other points within the State hay the older
glacial drift, or its equivalent, been seen to overlie the Pensauken
formation. The older glacial drift is present at many other points
northwest of Raritan and Somerville, over a very considerable area,
but nowhere else is the Pensauken formation beneath it.

The relationship of the earlier glacial drift, and its time equivalentr
the Jamesburg formation, to the Pensauken, as shown at these locali-
ties, is such as to suggest that the latter had been so extensively
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_roded that only remnants of it still existed along its northern edge

at the time of the deposition of the southernmost glacial drift. Stated
in other terms, the outermost glacial drift appears to overlie the Pen-

eauken formation unconformably. If this inference be correct, the
Pensauken formation antedates that glacial period during which the

"ice reached the southernm(st extension. If this outermost drift rep-

resents the first glacial epoch, and therefore the beginning of the

Pleistocene period, we reach the same conclusion as before, viz., that
the Pensauken formation must be pre-Phistocone. The formation

next earlier than the Pleistocene on the Atlantic slope, so far as here-

_ofore recognized, is the Lafayette formation, and the Lafayette

formation as described by McGee * possesses many characteristics

which correspond with these of the Pensauken formation.
On the other hand, it may be true that there was a minor glacial

epoch, or perhaps more than one, earlier than that in which the ice
reached its maximum extension. It is possible, therefore, to think of'

the Pensauken formation as the time equivalent of a glacial epoch

-earlier than that during which the known extra-morainic glacial drift

of New Jersey was deposited. This suggestion is in general agree-

ment with the sequence published some time since by Professor James

"Geikie.J" If this suggestion be true, we shall have to look to the
-south, or at least to territory outside the limit of glaciation, for evi-

dence of the first glacial epoch.

The strongest argument for connecting the Pensauken formation

with any ice epoch, is the presence of large, somewhat widely trans-
•ported bowlders, but so far as this point is concerned, it would apply

-eTmlly well to the Lafayette formation.
Until the time of the Pensauken formation can be fixed with cer-

tainty, that is, until it can be decided whether it is Pleistocene, or

whether it is Lafayette (Pliocone), or whether it falls between the

Lafayette and the Pleistocene, it will be impossible to fix with accu-

racy the age of the Beacon hill formation. If the Peasauken forma-

tion be Lafayette, the Beacon hill is certainly much older than

Lafayette. It has already been indicated that the Beacon hill forma-
tion, so far as can now be seen, includes much that has been regarded
as Miocene.

• Twelfth Annual Report, United States Geological Survey.

i On the Glacial Succession in Europe_ hy Professor James Gelkie, Transactions of

_he Royal Society of Edinburg, Vol. 37, 1892, pvges 127-149.
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Conclusive stratigraphie reasons cannot at present be adduced to-
show that the Beacon hill formation is not Miocene; on the other
hand, this conclusion does not at present seem to be a necessary one.
If the Peusauken formation be Pleistocene, the Beacon hill formation
may be Lafayette, or may be a formation heretofore unrecognized_.
between the Pleistocene and the Lafayette. In this connection it is
to be remembered that the Beacon hill formation was deposited on
the Cretaceous surface, before the latter was much eroded, at least

throughout the main portion of the Cretaceous belt of New Jersey.
Its relationship is such as to suggest the Miocene age of the whole
formation. On the other hand, there is at its base, in many places,
what has been regarded as Miocene, and it is still regarded as possible
that the lower part of what is here classed as the Beacon hill forma-
tion should be separated from the upper. In this division, the lower
part only may be Miocene, or the lower part may be earlier Miocene,.
and the upper later Miocene.*

If the Peneauken formation is Pleistocene, it is clear that we have.
two formations representing the time equivalent between the begin- .
ning of the Pleistocene and the last glacial epoch. These two forma-
tions are the Peneauken and the Jamesburg.

Later than the Jamesburg there are in New Jersey, along the Dela-
ware and other valleys which served as avenues of drainage during
the last glacial epoch, extensive deposits of gravel of later origin than
the Jamesburg formation. Along the eastern and southern coasts of
_NewJersey, as well as along the Delaware bay, and along the lower
course of the Delaware river, there are deposits of loam, sand, or in
some places of gravel, which represent a period of deposition much
later than the Jamesburg epoch. Whether or not they are the time
equivalent of the glacial gravel in the Delaware and other valleys has
not been determined with certainty, but they are probably little or no
earlier than this formation.

This fourth phase of the yellow gravel formation generally forms
a gently-sloping plain, but it sometimes appears in a more or less
terrace-like form. This plain may mark a stage in the uplift of the
surface after the Jamesburg deposition.

The later limit of the Columbia has never l_senvery sharply defined.
The question as to whether the late glacial gravels, that is, those con-

_()n the basis of fragmentary fossils, Mr. Arthur Holliek thinks the sand ant_

gravel of the .Nave_ink highlands (Beacon hill) cannot be so old as Miocene.
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temporaneoua with the terminal moraine at Belvidere, should be
classed as Columbia, has, so far as is known to the writer, never been
discussed. No formations have been recognized in the south later
than the Columbiaj but there is the best of reason, both topographic
and genetic, for separating the gravel of the Delaware and other val-
leys from the Columbia of the same region. They were made at a
later time ; they were deposited in valleys excavated or re-excavated
after the Jamesburg epoch of deposition, and the gravels have an
origin very different from that of the Jamesburg materials. We are
disposed to regard the glacial gravels of the last glacial epoch, and of
contemporaneous deposits south of the limit of glaciation, as post-
Columbia. On this basis the fourth stage of the yellow gravel,

covering the low areas, varying from sea-level up to an elevation of
twenty-five feet in some places, and up to an elevation of forty-five
to fifty feet in others, is Hkewise regarded as post-Columbia.

Further south, the Columbia formation has been referred to as in
some sense bifold. It has been described under the names of High
and Low Level Columbia,* though it is not clear that these two

names have been regarded as representing distinct formations. It is
impossible at present to say whether the High Level Columbia and
the Low Level Columbia further south, are the equivalents of the
Peneauken and Jamesburg formations, or whether they are the
equivalents of the Jamesburg formation and of the formation that
is here referred to as post-Columbla. It cannot even be affirmed
that they are the equivalent of any two members of the series here
described.

Conclusion as to age.--In conclusion it may be said (1) that (on
stratigraphlc grounds) so far as is now known, the Beacon hill gravel
may be either Miocene or Lafayette or something between ; (2) that
if the Beacon hill formation be Lafayette, the Pensauken and James-
burg formations may be Pleistocene, the former corresponding to a
heretofore-unknown (so far as the east is concerned) glacial epoch
which antedates the epoch of maximum ice extension, or the Pen-
eauken may be post-Lafayette and pre-Pleistocene; and (3)that the
post.Columbia formation corresponds approximately with the last
glacial epoch. In any case it seems to be perfectly clear that the
Beacon hill gravel is pre-Pleistoosne. Until conclusions are more
certain than they now are, it seems best not to use the terms Lafayette_

McGee and Darton.
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Columbia, &e,, in connection with these formations, but to apply to
them local names. When their correlation is certainly worked out it
may benecessarytochangethesenames,soastobringthenomencla-
tureof theformationsintoharmonywiththatof otherregionswhere
nameshavealreadybeengiven.Itshouldberemembered,however,
thatTrentonand TrentonJunction,wheretheloam(theJamesburg)
isextensivelyusedforbrick,hasbeenregardedasoneofthetypical
localities of the Columbia formation.
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SECTION If.

EXTRA-MORAINIC DRIFT.

The extra-morainic surface materials of New Jersey which have at
•one time or another been referredto as "drift" are believed to have

been deposited in part by glacier ice ; in part by streams contempo-
_heous with the ice ; in part by streams during intervals of deglacia-
tion_subsequent to the beginning and before the end of the glacial
period ; in part by the waters of the sea at the time the ice first en-
eroached upon the territory of the State, and in part by oceanic water
since that time.

The present chapter will concern itself primarily with those phases
of the drift which owe their origin to glacier ice directly, or to streams
associated with it, or to streams which subsequently modified their
deposits. Between these phases of the drift it is not always easy to
.distinguish.

Both the geographic and topographic distribution of the extra-
morainic drift which is believed to have been deposited by ice_ or to
have been ocnnected dieectly with it, are instructive. The line marking
the southern boundary of the drift, which is believed to be of glacial
origin, has been carefully traced from the Delaware to the Watehuug
mountains. The eastward continuation of this line is difficult of

<letermination. It is probable that it can never be located with
accuracy, since the low land in the eastern part of the State has proly-
ably been submerged since the deposition of the drift of which the
line referred to marks the limit. The constitution of the enrface and
sub-surface formations is also more unfavorable for accurate determi-

nation of the drift limit in the eastern part of the State than in the
western, since in the former area_the sub-surface formation is loose,
heterogeneous gravel and sands and in the latter more or less homo-
geneous indurated rock.

Southern limil.--The southern limit of drift, which is looked upon
as of glacial origin, so far as it has yet been possible to determine it,
is shown on the State map accompanying this report. Commencing
at the Delaware, it runs through Hunterdon, Somerset and Middlesex
counties. At the Delaware, the line begins opposite Monroe_a little
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more than a mile south of Riegelsville. From this point it bears n
little to the northeast for two or three miles, then turns nearly due
east through Spring Mills, bears slightly south through Pittstown,
beyond which point it extends in a direction slightly south of east
for two or three miles. Thence it turns to the northeast, reaching the
South brauch of the Raritsn river near Lansdowne. From this

point it runs through Allerville, where it bends to the northeast and
continues in this direction nearly to the Central Railroad of New
Jersey between Lebanon and Aunandale, rather nearer the latter place-
than the former. Thence it curves around the north side of Cu_Pe-.

funk mountain, near the line of the railway. At the east base of the
mountain it bends south again to a point just west of Drea Hook,
and thence southeast to Readiugton. A short distance southeast of
Readington it crosses the county line between Hunterdon and Somer-
set counties, and at this point reaches its southernmost limit between,
the Delaware and Somerville, in latitude 40 ° 34t. The line is con-
tinu_d eastward in Somerset county to the junction of the North and'
South branches of the Raritan. Thence its course is in a general
northeasterly direction, running a little north of Raritau, and reach-
ing First mountain two miles north of Somerville. Between this line-

and the moraine, it i_ not asserted that all the drift is of glacial origin,
though it is believed that glacier ice reached, approximately, the limit
indicated.

D:_seonllntdtyof the extra.morainlc drlft.--At various points between
the above line and the moraine to the north, glacial drift is found,
though it is very far from constituting a continuous sheet. Indeed,
much the larger part of the _urface within the area specified has only
meager traces of drift. These traces are most commonly in the form
of scattered bowlders, which came from formations much farther
north. In places there are thin beds of drift, no more than two or
three feet in depth, while in other localities the drift is in beds oF
considerable thickness.

The lack of continuity of drift in this region is in striking contrast
to the condition of things north of the moraine, where drift in
greater or less thickness is essentially continuous. It is true that"
there are frequent outcrops of rock north of the moraine. ]_tis true.
that there are, here and there, areas of some size where the drift ia
very thin. But the areas north of the moraine, where drift is very
thin, are much less extensive than the areas where the drift is this
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south of the moraine and north of the outer limit of the drift. The

relationship may be expressed in some such terms as the following :
North of the moraine four-fifths of the surface is so deeply covered

with drift as 'to effectually conceal the native rock and its products
south of the moraine and north of the drift limit as here outlined_

four.fifths of the surface is nearly free from drift. Just as the one-
fifth north of the moraine has occasional bowlders and small patches of

drift, so the four-fifths of the area south of the moraine and between it
and the drift limit has occasional bowlders and small amounts of drift in

other forms. The amount of drift per square mile on the four.fifths
to the south is probably less than the amount on the one-fifth to the
north.

Geographic dis_ribu_ion.--The drift which is regarded as glacial in
origin reaches its most southerly point just east of Readlngton, near
the western line of Somerset county, in latitude 40 ° 34 t. The limit
of the drift is, here, about twenty-two miles south of the outer border
of 'the moraine on the same meridian. Near the west line of the-

State_ in Hunterdon county, the outer limit of the drift lies about
fifteen miles below the southern llne of the moraine at Oxford Church,.

just east of Belvidere.
Within the area of the extra-morainlc drift the drift cannot be said

to be notably more abundant in one part of the area than in another.
There are somewhat larger areas of it in western Hunterdon and
central Morris counties than elsewhere, but there are also very con-
siderable patches of it in Somerset county and in eastern Hunterdou
county near the extreme southern limit. On the whole, it is more
abundant near the moraine than further from it, although many of _

the largest bowlders are near the outermost limit.
It will be most instructive to describe the extra-morainic drift in

connection with the underlying formations, since in this wise some of
• the peculiarities of its topographic distribution are best brought out.
To appreciate fully the significance of the position of the drift here
described, reference should be made to the topographic maps. The.
areas of drift, shown on the map accompanying this report, can be-
located without difficulty on the contour sheets.
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A. DRIFT ON THE TRIASSIC (NRWARK)FORMATION.

The extra-moralnlc drift which is regarded as of glacial origin, and
which overlies the Triassic formation, is found in both Somerset and
Hunterdon counties. It is found most abundantly in the western
part of the former and the eastern part of the latter.

In the following pages, descri.blng or referring to areas of drift on
the Triassic formation, the several areas will be referred to in some-

what arbitrary order, passing in general, however, from west to east :

I_-. Liltle York area.--Just north of Little York, three miles north
by northeast of l_Iilford, there is a drift-covered knoll of red shale
which has an altitude of a little more than 400 feet. The drift has a

maximum observed thickness of about six feet, though the bottom of
the drift was not seen at this point. A considerable variety of stony
material exists here, including gneiss, sandstone which is probably
Potsdam, Oneida and Medina sandstone_flints and some small pieces of
shale and slate, such as might have come from the Hudson river
formation. No stones were found which were well striated. Some of

the quartzite bowlders have smooth faces, as if they had been planed,
but nothing was seen which could be asserted to be glaciation. Taken
by itself it would not be possible to affirm that the drift of this area
is glacier drift, on the strength of exposures seen. The limits of the
area are not very sharply defined. The drift referred to is not to be
confused with the inner drift about the forks of the streams near by.

2°. PaUenburg area.--There is a considerable area of drift, very
irregular in shape, just east of Pattenburg. The underlying rock is
seen only at the railway cut east of the village, but if the location of

the contact of the Trios with the crystalline schist area on the geolo-
gleal map be accurate, the drift is partly on shale and partly north of
it. At the railway cut the underlying rock is shale. The maximum

depth which can be seen is in the railway cut, and is about thirty
feet. Where this depth is seen the bottom is not exposed. In
general, however, the thickness of the drift is much less. It is

mainly of material derived from the crystalline schist area. There
are bowlders four feet in diameter, though smaller ones are much
more numerous. There are pieces of grayish shale, more or less
slaty, in smtiqer proportion. The large pieces of the shale are often

firm, and many of them ate faceted and striated. Indeed, no better
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examples of striated stone are to be found anywhere within the drift,
area of New Jersey than have been found at Pattenburg. There is
a conspicuous absence of the local red shale in the drift. This is not
strange when it is remembered that the drift here lies on the extreme
northern border of the Trias. Quartzite and sandstone bowlders are
present, also occasional black flints. A single piece of igneous rock
was found, not unlike some of the dark rocks associated with the
gneiss. Many of the gneiss bowld.ers are deeply weathered and
decayed. This is particularly true of the coarse-grainedtypes, less so
of the finer-grained ones, which contain less feldspar.

The matrix in which the bowlders are imbedded is gritty clay,
very compact. The bowlders are imbedded in it without arrange-
ment. The matrix is of such a color as to indicate a high degree of
oxidation. It is very similar to earths which have arisen from the
decay of the crystalline schist, but contains the notable and significant
admixture of foreign material. The drift here rises to an elevation
of something more than 480 feet, and does not, as in many of the fol-
lowing cases, lie upon a summit, but rather upon the slope of the
gneiss area, which lies to the north. It spreads out upon the red
shale south of the creek, rising something like 100 feet above it
southeast of Pattenburg.

3°. There is another small area of drift on the red shale one and a

half miles south of Pattenburg. The limits of the area are hard to
define. Instead of stopping abruptly at a traceable line, the drift
becomes thinner and thinner, until only scattering bowlders or peb-
bles are to be seen. The area is of small extent and does not present
any features different from those already mentioned. The exposures
are not such as to show much of its constitution.

4°. .I:[ensfoet a_'ea.--Near Hensfoot, on the road from ]_'veritts-
town to Perryville, about one and a half miles southwest of the latter
place, there is a smal] area covered by a considerable bed of drift.
Bowlders three or four feet in diameter occur, though not commonly.
A beautiful example of glacially-striatsd grey shale, probably from
the Hudson river formation, was found here. Flints are very
abundant.

5% Potterstou_n area.--The drift here occupies the summit and

uppermost slopes of an elevated area, which is more or less isolated
by erosion. The highest point of the area is 326 feet, and the drift
does not constitute abed more than seventy-five feet below the sum-
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:nit. The area of the dri_ is about a mile square. Drift was
observed to have a depth of eight feet at one point, and it may be
much thicker in places where it is not exposed. It is large]y composed
of material derived from the crystalline schist region. Between this
area and the next the surface is thickly strewn with pebbles and

cobbles, bat the fine material of the drift, if it ever existed over this
area, has been entirely removed.

6°. Between the North and South branches of the Rockaway
creek, north-northwest of White House station, there is another
drift-covered area. Hers, likewise, the d_ift occupies a high, isolated

area, running up to a maximum altitude of 261 feet and down the
slopes for a short distance below the summit. The matrix of the
drift is composed almost wholly of reddish clay, derived principally
from the red shale. The clay is stiff and gritty, and erodes in sharp
little ridges, similar to those developed in the erosion of lacustrine
clay. In the northern part of the area, stony material is rather
abundant on the surface. South of the summit the clayey texture is
more prominent. Pebbles which may have come from the Medina
sandstone were found, but they could not be certainly identified. The
largest bowlders are all of crystalline schist, and are mostly angular.
Among the gneiss bowlders but a single one was seen which appeared
to be distinctly worn. The variety of stony material is essentially
the same as that of the other areas in this vicinity, some of which
are described more in detail. The border of the area. has the same

general character as elsewhere. The drift "frays out" on the upper
slopes.

7°. There is a small area covered with a bed of drift a little more
than a mile northwest of White House station. This area lies

between the railroad on the south and the Rockaway creek on the
north, and is included between the two arms of the very considerable
northward bend of the B,ockaway creek at this point. The area is
about a mile long and a half mile wide. The drift occupies the
summit, with a maximum altitude of 226 feet. It is not abundant
below 160 feet. Descending toward this level the drift thins out, and
little but scattered erraties occur below. The drift is thickest on the

flat portions of the summits of the hill. The greatest depth actually
observed is four feet.

The matrix in which the stony material of the drift is here
imbedded is largely of red shale origin. The stony material is like
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that of the other areas in this vicinity, except that black flint is much
more abundant. No bowlders larger than five feet are to be found,

though bowlders approaching this size are not rare. Crystalline
schist bowlders are somewhat lees abundant here than in many of the

other areas near by, although tl:_isarea is nearer a source of such
material than many of the others. Like the other areas of drift in
this vicinity, this is separated by topographic barriers in the form of
valleys and high elevations from all sources of crystalline schist.

8°. .Drea Hook area.--This area lies in Hunterdon county, about
a mile south of White House station. The drift occupies the top of

the spur of high land projecting eastward from the base of Cushetunk
mountain and constituting the divide between Rockaway creek and
Chambers brook on the north and Hollands brook on the south. The

drift approaches an altitude of 300 feet and does not descend on the
slope as a distinct bed below an altitude of about 200 feet. The area
is about three miles long, and varies in width from a few rods to a
mile. The drift is thickest on the highest part of the divide. It is
made up of a clayey, gravelly matrix, with an abundance of stony
material similar to that found east of Rsadington (described below),
with the addition of an element of trap, derived, apparently, from
Cushetunk mountain. The drift of this area is well exposed in a
road cut a little more than a mile south-southwest of White House

station on the road to Drea Hook, where ten feet of it may be seen.
Its contact with the shale below is sharp, and there is no loose shale

along the junction of the two. The material is not stratified, but in
places seems to be foliated. The matrix is sometimes slightly arkose,
indicating the presence of a much-decomposed gneiss. A few strim
were found on the shale bits, though none of them were strikingly-

good examples of glaciation. The shale bits are usually rather
small.

Stony material is particularly abundant at the southern end of the
area, one and a half miles southsast of Drea Hook. The grsatest diame-
ter of any bowlder found in this area is twelve feet, but bowlders
four to six feet in diameter are not rare, and in places those of smaller

size may be said to be abundant. The larger ones, and many of those
of smaller size, are of quartzose gneiss or schist. These bowlders of

schist or gneies are not so far from their possible source as those east
-of Readington. But they are separated from such source by the same
valleys in the one direction, and by the same trap mountain in the
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other, so that the conclusions concerning the origin of thedrift of the
other areas apply with equal force to this.

9°. F,ast of Readiagton.--The drift here occupies the high land'
between Hollands brook on the southwest and the l_'orth branch oi*

the Raritan on the northeast. It covers an area about two miles long
and a quarter of a mile to a mile in width. Its summit reaches 227

feet. It will be noticed that this is the highest land in the immediate
vicinity, and that its upper surface is rather flat. Drift covers the
slope down to an altitude of about 180 feet. The maximum observed

thickness of the drift in this area is about six feet, but exposures
showing the full section of the drift are infrequent, and it is not to
be supposed that its greatest depth is exposed. As a general fact, it.
is thickest on the highest parts of the area, and thins out down the
slope.

The drift consists of stones, large and small, imbedded in a matrix
of a gritty, gravelly, clayey nature. The variety of stony material
is not very great. Gneiss, quartzite, sandstone of two or three types_
gray shale and black flint are the only varieties which were noted.
These sorts of rock are so unlike the underlying rock that the drift is-

very distinct. In size the stones of the drift vary greatly. A single
bowlder of gneiss, fifteen feet in diameter, was observed. This is the
largest of the bowlders, and occurs about a mile northeast of the.

Readington church. In spite of its great size it has already been
reduced by blasting. Two or three other bowlders, eight to ten feet.
in diameter, lie near it, while others from four to six feet in greatezt
diameter are also present. Most of these large bowlders are rather
angular. They are between seven and eight miles from the nearest
beds from which they could have come. They are separated from
these sources to the north by considerable valleys, and from the cor-
responding beds to the northwest by Cnshetunk mountain, so that

they cannot be referred to any sort of subs_rial transportation other
than that of glacier ice.

Much of the quartzite is of material which might have come from
the conglomerate which lies at the junction of the Trias with the
crystalline schist, and which is classed with the former. Some of the

sandstone bowlders are of the type which is very widespread through-
out the State, and which appear to correspond lithologieally with the
quartzite and _audstone found in situ at a few points in the State, as
near Succasunna. These are well worn. A few pebbles of sandstone
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which appear to correspond with the Medina formation were found,
but their identification is not beyond question. The gray shale, which
is present in small quantities, is believed to have come from the
Hudson river formation. On the whole, quartzite is much the most
abundant constituent, and gneiss is the second in importance. Locally
it predominates over the quartzite. Nowhere in this area were stones
found showing certain glacial strke. Most of the bowlders seen are
surface bowlders, which could hardly have preserved their stri_e had
they existed originally.

Much of the gneiss is considerably decomposed, though this is not
true of all of it. In general, it may be said that such gneiss as con-
tains a large proportion of feldspar has undergone much disintegra-
tion, while that which is highly quartzose is much firmer and does not

differ notably from comparable masses of loose gneiss scattered about
the surface of the crystalline schist area, where no drift is present.

10°. Mechanicsville area.--East of White House station and north-
east of the area last mentioned, there is a third area of drift of
greater size than any thus far mentioned, lying partly in Somerset

and partly in Hunterdon counties. Here also the drift occupies a
divide, namely, that between Roekaway creek on the north and
Chambers brook on the south. The altitude of the drift, which is
thick enough to constitute a bed, varies from a maximum of 243 feet
to a minimum of about 160 feet.

The drift is here somewhat unlike that of the localities farther

south, in that there is much less stony material over most of the area,
and, locally at least, the material is much more sandy. The sandi-
ness, which is by no means universal, is particularly observable near
Mechanissville, where there is sand at least eight feet in depth, con-
taining very little stony material and no indication of stratification.
Such stony material as exists in this area is very like that of the
other areas. In the drift of this area a number of trap fragments
were found, and also a few pieces of limestone conglomerate such as
occurs in the Triassic (Newark) formation near Apgar's Corner.
The largest bowlders are of gneiss, about one and a half miles east-
southeast of White House station. The largest is nine feet in diam-
eter. In some parts of the area, especially to the east, the finer

material of the drift seems to have been largely removed, only the
coarser constituents being present. As in the other areas mentioned,
the greatest thickness of drift occurs on the higher and flatter portions

6
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of the divide, and only scatterings of drift are found below a level of
160 or 170 feet. At the edges of the area, where the drift thins out,
the material which remains is coarse, the fine having been washed

away.
11°. Areas between_he_N'or_hbranch of Roc!_away ereel_and Lam-

ington rlver.--Several small areas of drift occur within this area,
always in topographic situations similar to those already described.
That is, the drift occupies the summits of more or less distinctly-
isolated elevations, running up to altitudes of something more than
200 feet. The most southerly of these regions is a little more than
two and a"half miles due northeast of White House station. Its
maximum altitude is 243 feet. From this altitude a considerable

body of drift descends the slope to about 200 feet. The drift is com-
posed largely of sand.

Less than a mile to the northwest, across the branch railroad run-
ning up to Gladstone, there is another small patch of drift, with a
maximum altitude of 253 feat. The drift here is much more clayey
than that of the locality last mentioned. Stony material is abundant

and like that of other adjacent areas in all essential respects. Con-
siderable depths of drift are not exposed in this area.

A mile or so west of Lamington there is another small area of drift
at an elevation of a little more than 200 feet. The drift shows no

stratification, but it does not show distinctly glacial marks. Bowlders
are abundant toward the lower part of the area, while much more fine
material is found near the summit. Trap is a constituent of the drift,
and much of it shows a high degree of decomposition. Although deep
sections were not seen, it is reported that a well on the summit of the
area was sunk through twenty feet of the drift, beneath which is red
shale. The thickness of the drift diminishee as the slope is descended.

Just south of New Germantown, and reaching northwest of that

village, there is an elongated bed of drift running in a northweet-
southeast direction. At its north end this bed approaches the crystal-

I line schist region. It is well exposed in a road cut three-fourths of a
mile south of New Germantown, where a bed of material, mainly of

gneissic origin, and four to six feet in depth, is shown. No stratifica-
tion exists. Most of the stony material came from the crystalline

schist, but sandstone and quartzite, such as might have come from the
Triassic conglomerate, are also present. Black flints and shale,
probably from the Hudson river formation, are present. A piece of
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• Iudson river shale about ten inches long was found, showing re-
markably distinct glacial stri_e. Bowlders of gneiss, which have the
.appearance of having been planed on one or more surfaces, and subse-
quently roughened by weathering, are to be seen.

12°. Areas of drift between the Lamlngton and North branch oJ the
Rarigan.---Several areas of drift occur on the flat-topped hills of this

region. The drift is similar in composition to that already described,
but it has in general a more clayey matrix and a larger proportion of
_luartzite among its stony material. At some places, however, gneies
is very abundant. This is particularly noticeable on the hill a mile
northwest of Greater Cross Roads. The summit of the elevation,

_vhich here rises to 252 feet, is covered with drift, but the drift does
_ot descend very much below the summit.

The most extensive area of drift in this region is that which lies
:between the Lamington river and Middle brook. The drift here
reaches an altitude of about 375 feet. It contains trap, although the
area is several miles from trap ledges both to the east and west. Pur-
thermore, the area is separated from the trap to the west by the valley
of the Lamingtou, and from the trap to the east by the valleys of
Middle brook and the North branch of the Raritan. The geological

map indicates the existence of a small area of trap a little west of
Pottemville, about four miles north of the drift, but this also is
separated from this drift area by the valley of the Lamington.

13% North of Raritan.--North of Raritan there is a small area,

including the crests of the two hills which on the topographic map
are marked as having altitudes of 176 and 169 feet, which has a little
drift upon it. Beneath the drift is a bed of yellow sand,* with more
or less gravel. This drift is less stony than that of most of the other
areas, but there are occasional bowlders two or three feet in diameter
and many smaller cobbles. The drift at this point does not give any
distinctive evidence of having originated at the hands of glacier ice
directly. A single piece of glacially-striated shale, however, was
found. There is a fringe of stony material around the area which
can be said to be covered by anything like a bed of drift, and its
limits are not at all well marked.

14°. The Somerville area.--The Somerville area of drift extends

from a point two rai,les north of Somerville to a point one mile south
.of Pluckamin. Its upper limit is very difficult of definition, since it

_ The Pensauken formatlon. See ante.
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is concealed by trap talus, which has descended from the upper part
of the ridge, burying it in places to a depth of several feet. As nearly
as it can be determined, the upper limit of the drift has an altitude

of about 280 feet. The lower limit is at about 160 feet, though it
seems to descend a little lower than this at one or two points. The
drih consists of stiff, gritty clay, in places becoming sandy, and
carrying, in general, an abundance of stony material. The clay is
reddish in color, and is composed principally of red shale material.
It is very compact. When exposed in ravines and gullies it some-
times stands, with nearly perpendicular faces, ten or fifteen feet high.
The stony material is composed largely of gneiss and trap, but much
quartzite is present, mostly of the vitreous sort, such as is found in
the Triassic conglomerate. There are also abundant masses of rect
shale and sandstone, in the form of small bowlders. The feldspathi_
rocks are much decomposed, though all but the small ones have firm

cores. On the average, the stony material is not conspicuously well
rounded, though not a few of the bowlders bear distinct marks of
wear. In some exposures, planed and striated pieces of rock are
absent. In other exposures they are very abundant. In a single
gully exposure, between the Pluekamin-Somerville road and the trap.
ridge, a score or more of stones, up to two feet in diameter, with.
glaciated surfaces, may be seen.

The east end of this bed of drift, a little more than two miles
north of Somerville and a little east, overlies a bed of yellow sand of

unknown depth, but which has been seen exposed to a depth of eight
feet, at an altitude of about 160 feet. The exposure is on the nortk
side of the road, running northwest and southeast, at the base of the
trap ridge.

15°. Closely associated with the last is a bed of drift just north of

the west end of First mountain and east of Pluckamin. It appear_
to have been pushed into its present position from the northwest. In
character, it is like the drift described under 14° .

16% Liberty Corner area.--A mile or more west of Liberty Corner
there is an area of drift fully two miles long and nearly a mile wide.
It reaches an elevation of about 430 feet, nearly due west from
Liberty Corner. Much of the drift of this area lies below the level
of Lake Passaic, the surface of which stood at a level of about 356
feet in this region. Below this level there are bowlders in abundance,
some of which were pretty certainly floated in by icebergs during the.
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existence of the lake. It would appear that a good deal of the drift
below the lake level had such an origin, but all of it did not.
Beneath the drift there is, at one point, a considerable bed of sand, at
an elevation of about 400 feet. This is exposed in a pit by the read-
side, about two miles west of Liberty Oorner. Stony material is
abundant, the same types of rock being represented as in other areas
already described. The drift, as shown in the few shallow exposures,
is often sandy, and often distinctly till-like.

17°. South of Basking Ridge, and north of Madisonville, there
are other areas of drift on the Triassic formation. But they are at
levels below that of the lake, and do not occur in situations which

are especially significant. A part of the drift is believed to have
.come to its present position by the help of the lake and icebergs,
when the moraine at Madison was making.

Besides the drift of the foregoing localities, there is much extra-
morainic drift within the area specified, in two classes of situations--
first, in the valley of such streams as served as avenues of discharge
for the waters of the last glacial epoch, and second, within the area
of Lake Passaic. This drift is not here referred to, as its origin is
believed to have been much later than that of the drift under
discussion.

SCATTERED BOWLDERS.

Besides the beds of drift of more or less extent that have been re-

Torted to as lying upon the Triassic (Newark) formation, scattered
bowlders are found in greater or less abundance over most of the area
of shale and sandstone which lles between the crystalline schist area
on the north and the drift boundary on the south. In some places the
bowlders are very abundant, and in some places they are very rare.
The small crosses on the map between the areas of drift show some-
thing of their distribution. Near the crystalline schist, the under-
lying Trias is in places a conglomerate, made up of a great variety of
rock constituents, such as quartzite, limestone and gneiss. In such

places it is very difficult to distinguish between drift and bowlders
which may have come from the conglomerate. In some eases certain
discriminations cannot be made. There is probably not an area a
square mile in extent anywhere north of the line marking the outer
limit of the drift where bowlders may not be found, but there are

dome square miles where they are so scarce as to be very hard to find.
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On the other hand, over more of the area there are very many to the
square mile.

Bowlders are abundant about the borders of almost all the drift

areas which have been specified above. Where the drift occurs oB
summits they are found on the slopes below, and to some exent in the.
valleys at the bases of the slopes. Their occurrence in such positions
strongly suggests that they are erosion remnants, and that the imbed-
ding matrix has been carried away since they were deposited.

Resum;--A review of the foregoing facts shows that in almost all
the areas where extra-morainic and extra-valley drift lies on red shale,
it is found capping isolated and more or less flat-topped hills. There
are some exceptions to this rule, but they do not in any way diminish
its significance. The exceptions are--1 °. Certain areas which lie at
altitudes considerably above the others, as at Hensfoot ; 2°. Certai_
areas where the drift is banked against a considerable elevation, as
north of Somerville. Those parts of the drift areas near Liberty
Corner and Basking Ridge, which lie above the level of Lake Passaic r
fall in one or the other of the above categories. The following facts
are significant :

1° . Outside the highland region, and outside Lake Passaic, every
area of extra-morainic and extra-valley drift over red shale occupies
the summit of an isolated hill or ridge. The isolation is the work of
stream erosion. 2°. Outside the highland region and Lake Passaic,
every drift-covered hill or ridge but one has its crest more than 200
feet high. The exception is made by the hill just north of Raritan_
where the drift is somewhat unlike that at most other points, and is
very likely not of glacier origin (see page 82). a °. North of the
limit of drift nearly every red shale hill which rises to an altitude as
great as 220 feet has a drift covering. 4°. The summits of the
isolated drift-capped hills have a vertical range of only eighty feet.
5o. Except along certain valleys where it is of later origin, no body
of drift occurs below an altitude of 160 feet, although there are ex-
tensive tracts of land at this and lower levels adjacent to the areas
enumerated above. 6°. The drift occurs down to 160 feet, and, in-
deed, below 200 feet, only where conneeted with drift-capped summits,
which rise to a height of more than 200 feet, the Raritan area being
excepted. 7° . The drift thins out promptly on descending the slopes
from the summits of the drift-capped elevations. 8°. The whole

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 87

relationship of the drift to topography indicates that the drift on the
elopes has largely if not wholly descended from the summits.

From these facts we seem to be shut up to the conclusion that the
isolation of the drift.covered hills in the vicinity of White House

station took place after the drift was deposited. Since hills (the hill
north of Raritan being excepted) whose summits are below 200 feet
and few whose summits are below 225 feet are drift.capped, it is

rational to infer that the surface of this region was not lower than 200
to 225 feet when the drift was deposited. It is possible that narrow

valleys may have existed below this level, but certainly no consider-
able areas. The limited vertical range of the drift implies that the
surface was no more than gently undulating, and that its general level
corresponded approximately with the surface which is now about 225
to 275 feet above the sea. From New Germantown on the north to

Readiugton on the south, and from a point two miles northwest of
White House on the west to Somerville on the cast, the general alti-

tude of the surface did not rise greatly above or fall greatly below
these limits. It is to be noticed further than an extensive area, simi-

lar in altitude and topography to that where the drift occurs, stretches
off to the south beyond the limit of the drift. Since the topography

and topographic relations of this driftlees tract, south of Hollands
brook, lying partly in Hunterdon county and partly in Somerset,
appear to be identical, in all essential respects, with the corresponding
drift-spotted country to the north, the conclusion is inevitable that the
drift never extended further south than the above brook. Since it

did not, the drift cannot be referred to the sea, or'to any other body
of water, for any sea which could have deposited the drift which
centers about White House, must also have covered the areas at equal
and less altitudes to the south and east, and would have left some

signs of its presence here, as well as further north, in corresponding
situations.

i The drift consists of a matrix, varying from fine sand to a rather
tough clay, and stony material varying from the smallest pebbles to
bowlders fifteen feet in diameter. The matrix is always thoroughly
oxidized. It is nowhere calcareous. It generally lacks all indication
of structure, though slight foliation is observed in some of the deeper
exposures. The stony material is made up principally of gneiss and
quartzite, with lesser quantities of black flint, yellow-brown cand-
stone, which is quartzitic on the exterior, bluish or grayish shale and
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trap.In many casesmostof thedecomposableelementshavebeen

disintegrated.The gneisswhich remainsfirmgenerallycontains
buta smallamountoffeldspar.At some points,however,as north

of Somervilleand southeastof White House,many of thegneiss
bowldersremainfirm.The few trappiecesfoundhave a decply-
oxidizedlayeron theoutside.The wholeaspectof thedriftisthat
of age. Limestonehasnowherebeenfoundin theextra-morainic
glacialdriftwhichlieson theredshale.

The stonymaterialispredominantlyangular,and thewholephy-
sicalconditionof thedriftjoinswithitstopographicaldistributionin
indicatingthatthelengthof timewhichhaselapsedsinceitsdeposi-
tionislong.
Glaciatedbowldersarenotabundant.Good specimenshavebeen

founda milesouthwestofWhiteHousestation,a milesouthofNew
Germantown,andon thelowerslopesof Firstmountain,threemiles
castof NorthBranch. At thelatterplace,striatedetchesand bowl-
dersarenumerous.In itsconstitution,and in therelationsofits
constituents,thedriftcorrespondswithglacialtill.

The material of the drift, so far as it is not strictly local, came
from the highland region to the north. The crystalline schist, the
Triassic conglomerate between the schist and the red shale, the Hudson
river sandstones and shale, the Cambrian or Silurian sandstones, and
probably the Oneida and Medina sandstones, made their several con-
tributions.

Considering the sources of the material which is here classed as
drift, its physical and lithological heterogeneity, its structure, the
occasional striation of its component bowlders and stones, and its
topographic distribution and relations, we have no option but to con-
elude that it is of glacial origin.

Erosion since the dri/t was deposited.--The larger streams of'this
area now flow at levels more than 100 feet below the levels of the
lowest summits on which the drift occurs. Two miles east of White
House the Rockaway creek has an altitude of 100 feet. A mile
northwest of Pluckamin the North branch of the Raritsn has the

same altitude. Near Readington the bed of Hollands brook has the
same altitude, while the junction of the two branches of the Raritan
is below 50 feet. In the same region the drift is mainly above 200
feet.

It is not merely that streams have valleys so much below the level
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_f the drift summits. These valleys are by no means narrow or

gorge-like. Their slopes are gentle, and the valleys between the
summits are wide. The drainage system is well advanced. The area
of the surface which is below the drift level is several times as great
as the area which rises to it. This wiU convey to the geologist some
_lefinite idea concerning the amount of erosion which has been aceom-
plished in the region since the drift was deposited. Careful study of
ehe topographic map (sheet 5) in connection with the map accom-
panying this report will emphasize, as words cannot, the point hero
,made.

In forming a judgment as to the length of time nceeseary for
accomplishing this amount of erosion, it is necessary to remember
that the region is twenty to thirty miles from the sea, and that its
:altitude is not great. The rock in which the valleys have been
excavated is shale, and shale which is, on the whole, easily eroded.
But even an easily-eroded rock cannot be eroded rapidly, unless the
streams which do the eroding have steep gradients. The forms of
the valleys prove conclusively that their excavation has been a slow
process, in spite of the fact that the rock is not resistant.

It should perhaps be repeated that bowlders, and other traces of
drift, are not wanting on the slopes below the summit areas, or even
in the valleys, as near Flemlngton Junction. But the bowlders on
slopes below summits are believed to have descended from the sum-
mits, and the drift in the vaUeys is clearly of later origin than that
on the hills.

Nowhere within the moraine, or within the area covered by drift
contemporaneous with the moraine, is any such amount of erosion
known to have been accomplished, under similar conditions, since the
ice retracted. After a careful study of much of the drift of the
State, the writer has no hesitation in saying that, in his judgmentf no
area of the moraine, and no area north of it, so situated as to be
comparable to the drift area about White House, has suffered any con.
.siderable fraction of the erosion that this area has, since the drift was
deposited.

With erosio_ as a measure, the drift described above must be very
much older than that of the moraine. The physical and chemical
_onstitution of the drift leads independently to the same conclusion.

There is another standpoint from which to place limits upon the
antiquity of this drift. Ten or twelve miles southeast of the drift

NEW JERSEY GEOLOGICAL SURVEY



90 ANNUAL REPORT OF

area east of Readington, there is an area of gravel at an elevation of
321 feet. This is believed to be equivalent to the traces of gravel found
on the summits of the Sand hills, on Beacon hill, Telegraph hill, &c.
This gravel is described in this volume under the name "Beacon hill
gravel" (see page 47).

When this gravel was deposited by the sea, for such is believed to
have been its origin, the same sea must have covered the area about
White House, if relative levels were the same then as now. It is of

course possible that relative levels were not the same as now, but we
have no evidence that such was the case. If the sea covered the

Readington-White House area, it must have left gravel or some
equivalent deposit upon it. Since the gravel maintained so great a
degree of uniformity from the Mount Pleasant hills to Clarksburg,
and from there to the Sand hills and west_ it would be strange if the
character of an equivalent deposit at Readington should have been
essentially different. If such a deposit was ever made, it appears to
have beencompletelyremoved before the drift was depogiged,for no trace
of yellow gravel appears in the drift, or anywhere in the area north
of Hollands brook or west of the North branch of the Raritan.

Not only this, but the Pensauken formation, which followed the
Beacon hill formation after a long period of erosion, and which once
covered the region northwest of Somerville up to the elevation of 180-
to 200 feet, appears to have been mainly cut away before the outer-
most glacial drift was deposited, for, as already stated, the outermost
drift appears to overlie these beds of Pensauken sand and gravel uu-
comformably. It is a fact not without significance in this connection
that the gneissie and granitic material of the outermost glacial drift is_
less thoroughly decomposed than the corresponding material of the
Pensauken formation (see ante). This is not only harmonious with
the foregoing eonelusion_but corroborative of it.

If this inference be correct, the drift at the Readington-White
House vicinity is not only very much older than that of the moraine,
but it is very much younger not only than the Beacon hill gravel_
but than the Peneauken. The difference in time between this drift

and the Beacon hill formation would seem to be clearly greater than
between this drift and the moraine.

_Pre-morainicdrift in the valleys of the extra.moralnlc Trlassio area..
--Within the area of the extra-morainic drift on the Trlas of the

western part of the State_ there is, in addition to that on the highlands
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already described, a considerable amount in certain of the valleys.
This may be divided into two classes--1 °, that which is in the valleys
outside the glacial drift limit ; 2°, that which is in the valleys within
the drift limit.

Concerning the first class it may be said that there is no valley
drift, except such as is strictly local, in any of the valleys except those,
which head north of the drift limit. Specifically all the drift in
extra-morainic valleys occurs in the valley of the South branch of the
Raritan. It forms a nearly continuous bed in this valley from Lans-

downe to Three Bridges, though there is a considerable interruption
near Stanton station. :From Three Bridges to the village of South
Branch the drift in the valley is present in patches only. At Lans-
downe its elevation is about 180 feet ; at South Branch about 70 feet.
The fallofther/verinthesamestretchisfrom an altitudeof 160'
feetto60 feet.

The valleydriftof theSouthbranchoftheRarit_nreachesa
maximum heightof aboutthirty-fivefeetabovethestreamatFlem-
iugtonJunction_and extendsdown to thefloodplain,asshown at-
variouspointsinthesameregion.The depthofthisvalleydriftis
notreadilydeterminable.NearFlemiugtonJunctionithasa known
thicknessoftwentyfeet.
At severalpointsthisdriftisdisposedintheformof moreorless

clsarly-definedterraces.Thisdispositionmay beseenat:Flemington
Junction,wheretheterrace-likebenchistwenty.fivefeetabovethe
stream;atWoodfern,whereitisfifteenfeetabovetheriver;and
westof SouthBranchvillage,whereithasa heightof aboutfifteen
feet.

Incompositionthisdriftmay be characterizedas a clayeygrave].
Itsstonyconstituentsrangeup to sixand eightinchesisdiameter.
They aremainlyofgneiss,withsomesandstone,quartziteand shale,
whichisnotTriassic.Triassicshaleisalsopresent,frequentlyin
considerablequantity.
The matrixofthedriftissometimesstiffclay_andsometimesmore

orlessarkose.Itappearstohavebeenderivedlargelyfromgneissic
material,butwitha considerablemixtureofclayfromtheredshale
atsomepoints.Itwasnowhereobservedtobe distinctlystratifiedr
thoughtherearefew good exposures.The bestaretobe seenat
Sunnyside,:FlemlngtonJunctionandWoodfern.
ItistobenotedthatthesmallvalleysbetweenHolIandsbrookand
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the South branch of the Raritan contain no drift. They lie beyond
the outer limit of the drift.

The second class of valley drift, namely, that within the glaciated
area, is best shown along the valley of the North branch of the
Rariten. It forms a low and tolerably continuous plain, fifteen to
twenty feet above the river, from the vicinity of Bedminster to
Milltown. Its altitude in the former place is about 150 feet, and at
the latter 60 to 70. The drift of this valley is more or less terrace-
like, the terraces being occasionally well defined, as at North Branch
village and north of Burnt Mill.

Comparable phenomena exist along the valleys of the Lamiugton
river and Rockaway creek. On the whole, the valley drift of these
localities is more clayey than that along the North branch. The drift
in these minor valleys also sometimes takes on a terrace form, as may
be seen in the Rockaway creek valley, northeast of White House.

The upper iimit of the valley drift is not sharply defined. It does
not rise to a certain distinct and readily-traceable level, and there

stop. Rather, it grows thinner towards its upper limit and seems to
"fray out." Above the valley drift, scattei'ed stones and bowlders
may be found, even to the summits of the elevation on which the beds
of drift already described occur.

It is believed that this valley drift was deposited by the pr_ent
streams long after the glacier bad left this region. It is believed to
be made up in part of the glacial drift, which was brought down to
the valleys and deposited in them after they had been excavated to
essentially their present level. As already indicated t it is believed
that the amount of erosion which was accomplished after the upland
drift of this region was deposited, and before the valleys reached their
present level, was very considerable (see page 87). The connection of
the upland drift with the valley drift by scattered bowlders and
stones on the slopes between, seems to corroborate this conclusion con-
cerning the origin of the valley drift.

It will be readily seen that if this he the correct interpretation of

the valley drift, it is significant of slight erustal movements, its
accumulation in the valley seeming to point to a time when drainage

was sluggish, after a time when it was more rapid.
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B, DRIFT NORTH OF THE TRIASSIC AREA.

On 3fusconeteong mountain.--The extra-moraini_ drift on the

crystalline schist and associated formations will be described in less
detail, partly because data concerning it are less well in hand. While
its areal distribution is known, and all available facts concerning it
are collected, there are some questions of interpretation which need
further study.

On Musconetcong mountain there are at least two well-defined areas
of drift, though both are small. The first of these occurs a little more
than a mile north of Spring Mills and four miles northeast of Riegels-
ville. There are roadside exposures three to fi_e feet in depth, which
show at least this amount of drift. In color the drift is reddish

brown. It is non-calcareous, and contains stony material of the
various sorts common to the extra-morainic drift of this region. OF

these materials gneiss is the most abundant. The shale bits some-
times show distinct striation, though this is not the rule. Some of
the harder stones possess surfaces which seem to have been planed by
ice wear, but it is possible that they were otherwise developed. Owing
to the lack of exposures, and owing to the similarity of the matrix of
the drift at this point to the decomposition products of the gneiss, the
exact limits of the area of drift are difficult of definition. Its posi-
tion, as well as it can be defined, is shown on the map. Its altitude
is about 6/t0 feet.

The second small area is about one and a half mil_s northwest of

Little York and nearly two miles east by northeast of the area just
mentioned, and about two miles south of Bloomsbury. A gully ex-

poses the drift to a depth of three or four feet, where it contains the
same sorts of material as other patches of drift in the vicinity. Stones.
from the Medina and Oneida formations may both be recognized here.
Bowlders from these formations are sometimes two and a half feet in
diameter.

About Swinesburg, three miles southeast of Bloomsbury, and at a
point about two miles east of Riegelsville, bowlders are very abundant
at the surface, and it is possible that there are here greater quantities
of drift than are revealed. The absence of exposures m both these

situations makes it impossible to affirm that there is any considerable

bed of drift present. In the former of these two situations the bowl-
ders have an altitude of something like 940 feet. In the latter, they
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are between 600 and 700 feet above the sea. Throughout this area
remnants of drift---bowlders, &c.--are rather likely to be found, and
to be found in greatest abundance, in cols and on level upland snr-
faces. They are very generally absent from the steeper slopes and
sharp summits. Scattered bowlders occur on Musconetcong mountain,
where drift in greater quantities is not present. They are more likely
to occur on areas of considerable elevation, and in cols, than else-
where. They are especially likely to be abundant about the borders

of drift areas in such situations. There is probably not an area a
mile square on the mountain which is free from them.

Although not on Musconetcong mountain, mention may best be
made at this point of two or three areas of drift on the crystalline
schist area, not far from those already described. Two of these are
near High Bridge, and have been heretofore described.* Here the

drift has a range in altitude from 460 feet down to 200, and the
latter elevation is no more than twenty-five feet above the bed of the
South branch of the Raritan, near at hand.

The other areas north of Lebanon cover an area varying in altitude
from 500 feet to less than 300j and reach nearly to the level of the
valleys. The drift here lies partly on crystalline schist and partly
on Triassic conglomerate. It is closely associatedwith the drift areas
on the Trios, west of White House, already described.

On Schooley'a mountaln.--On the northeastern continuation of
Musconetcong mountain there are isolated areas where beds of drift
occur. Two of these are near Newport. One of them is a mile
southwest of this place. Here the drift is two to five feet in thick-
hesS,and there is no rarity of striated shale fragments three or four
inches in diameter and a considerable variety &stony material. The
drift is distinctly unlike the gneiss residuary which lies beneath,
apparently undisturbed. Just south of Newport there is another
small area where a similar condition of things may be found. The

elevation of the drift at these points is less than at many others, being
between 600 and 700 feet. In both situations the drift is on a slope
well down towards the bottom of the little valley.

Another small area of drift occurs just north of Pleasant Grove.
It is exposed to a maximum depth of about four feet. The drift
here lies upon a rather gentle slope at an elevation of about 900 feet.

Further east, a much more considerable body of drift is found,

_Aanual Report for I891, page 103. Ditto 1892, page 64.
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,extending from the village of 8choohy's Mountain to _/ point four
miles further northeast,with an average width of about three-quarters
of a mile. It is mainly above an elevation of 1,000 feet, and runs
up to 1,080 feet. It covers the surface of a ratherflat-topped upland
area. The drift has an even surface and comparatively few bowlders.
•Gneiss bowlders are much less abundant than in other drift areas on
the crystalline schist, and the sandstoneand quartzite bowldersarecor-
respondingly more abundant. Several varietiesof sandstoneandquart-
.zita arerepresented,including possible representativesoftbo Oneida and
Medina. Black flints occur, and a single piece of limestone was seen.
Hudson river shale and sandstone fragments are also present. The
bowlders are sometimes two or three feet in diameter. They are dis-
tinctly worn, except the bowlders of gneiss, which are generally rather
angular. Striated stones are found now and then, but not in abund-
ance. Depths of more than ten feet of drift occur,and at that depth,
in one place at least, its bottom is not reached. In several places
large, unworn slabs of sandstone occur in such relations as to suggest
•that sandstone once formerly existed over the gneiss, or, more likely,
interfolded with it, and that these slabs are erosion remnants of it.
_Thereare no exposures, so far as known, to give confirmation to this
suggestion. The same thing is sugg.estedat other points.

Separated from the area of drift just mentioned, there is another
more extensive area, also on Scbooley's mountain, about two miles
,east of Haekettstown and west of Budds lake. Roughly speaking,
it reaches from Drakestown on the south to the moraine north of

Bndds lake on the north, having an area of six or seven square miles.
Within this general area there are some summits which are free or
nearly free from drift. While at its north edge the extra-morainic
.drift of this area reaches the moraine at two points, it is separated

from it most of the way by a narrow belt which has no more than
traces of drift. The drift occupies the rather flat tract just north of
Drakestown, at an elevation of nearly 1,100 feet. Its greatest alti-
tude is 1,180 feet. From these altitudes it reaches down the upper

slopes to levels below 1,000 feet. Its highest point is not so high by
about twenty-five feet as the highest point of the moraine to the
north. The drift has the general constitution of till. The matrix is
more highly colored than that of the moraine, its color being such as
to indicate a higher state of oxidation. The stony material is made
up of Hudson river shale and sandstone, sometimes showing striation,
black flints, quartzites of various colors, conglomerates and sandstone
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of light, yellowish color. Striated atones are very rare. There are
few exposures. The best occur a mile north of Drakestown, a mile
northeast of the south end of Budds lake, and again along the road.
northwest of Budds lake.

A half mile east of Drakestown there is a gravel pit where the ex-
posed drift is fresher in appearance than at most points. This is at
an elevation of about 960 feet, or 60 feet above the lake. The drift
exposed here is stratified, and in its color and in those other character-

istics on which an estimate of age is based it is in contrast to the drift
at other points in the area. The drift at this point is on the slope of"
a valley leading down to Budds lake. The moraine on the other side

of the lake, three miles away, is at an elevation somewhat higher
than that of the gravel.

South of Budda lake, a mile or so west of Mount Olive, there is
another area of drift hardly separated from the last. Its altitude i_
about 1,040 feet. In its general make.up it is not unlike the rest of
the drift on Schooley's mountain.

Two or three other patches of drift lying three to five miles east of
the last are best spoken of in this connection. They are west of the

valley of Drake's brook, on the highland which is virtually a con-
tinuation of Schooley'e mountain.

One of these areas is a mile northwest of Flanders. The drift here

occupies the summit and upper slopes of an area which reaches a

maximum altitude of 1,116 feet just east of Salmon mine. It is only
about a mile from the moraine and has about the same elevation.
The stony materials are in considerable part llke those of the moraine
to the north, but the proportions of materials are different, and some
constituents--certain varieties of quartzite--are found outside of the
moraine and not in it. Deep exposures are not to be found. The

shallow ones and the surface indicate a much higher degree of oxida-
tion and weathering than the drift of the moraine close at hand.

l_'ortheast of the last area there is a long (two and three-fourths

miles), narrow (five-eighths of a mile) area of drift, occupying the
flat summit of the ridge. It reaches a maximum altitude of 1,190
feet. Its north end reaches nearly to the moraine. In general, the
matrix of the extra-morainic drift is more clayey and sticky than that
of the moraine, a distinction which is of very general application.

The drih of this area is not well exposed. The best exposure seen
was a temporary one, six feet in depth, about a mile north of Hilt.
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mine. He_'e the drift was mainly of a clayey nature, with a color

indicating complete oxidation to the bottom of the exposure. The
general appearance of the drift is in striking contrast to that of the

moraine close by. The color of the latter is usually greyish three
feet or so from the surface, a color which generally indicates the

absence of leaching and oxidation when it occurs. This, however,
depends upon the constitution of the material concerned. The sorts

of rock in the extra-morainic drift are not markedly different from

those of the moraine to the north. There appears to be a greater

variety, however, in the extra-morainic drift, if varieties of gneiss and
schist he excepted. This appears to be true in spite of the fact that

the drift appearing to have the greater variety of stone is so much
less well exposed than the other, so that its stony constituents are less
easily seen.

There are two or three other small areas of extra-morainic drift in

this vicinity. They differ in no important respects from those already
noted. Scattered bowlders occur on Schooley's mountain in much the

same abundanee_ and in much the same relations, as on hIuseonetcong.
Lower Pohateong mountaln.--_o considerable body of drift was

found on this mountain from Washington to the Delaware, but it is
important to notice that a number of isolated bowlders and bowlderets

are found along the crest of the mountain. The bowlders are here

less common than in most other areas of equal size, between the
moraine and the southern limit of the drift.

Upper Pohatcong mountain.--On Upper Pohatcong mountain there

are small patches of drift at various points. One and a half miles

northeast of Port Colden, on the summit of the highland plateau, at
an elevation of 940 feet, there is a small area of drift characterized

by a considerable abundance of stony material of foreign origin.

A mile northeast of Karrville, at an elevation of more than 1,000

feet, there is a small area, showing a considerable quantity of bowlders
of various sorts_ including Oriskany. There are no exposures.

On the same mountain, a mile north of Rockport, on the road

from Beattystown to Danville, is also another small area of drift,

reaching a maximum altitude of nearly 1,200 feet. A half mile to

the northeast there is another small patch reaching an elevation fully

as great. These areas are only a mile or so from the moraine s btct

are 150 to 300 feet higher than its outer edge. There is also a con-
siderable area of drift at a somewhat lower level .(820 to 1,000 feet),

7
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reaching northeastward from Mount Bethel, a mile and a.half north
of west of Rockport. This drift occupies a shallow valley, the bottom
of which is more than 800 feet above tide. The drift runs up on the

slopes nearly 200 feet above the valley bottom. Scattered bowlders
occur on Upper Pohatcong mountain, in numbers and relations com-
parable to those already noted in connection with Musconeteong and
Scott's mountains.

Marble mountaln.--On Marble mountain beds of drift are not

known to occur. There are scattered bowlders at various points,

especially in the pass between the main mountain and the smaller
part northwest of it. They were not found on either of the narrow
summits or on the steep slopes.

Scott's moun_ain.--Northeast of Lower Harmony there is an area of

drift occupying a col (680 feet) and spreading downward from it both
to the northeast and southwest. The drift is ill-exposed. Two miles
or a little less northeast of Lower Harmony there is another small

patch of drift just at the forks of the road. The drift is not deeply
exposed, but its depth locally exceeds six feet. The range of foreign
material is somewhat great, Potsdam, Oneida, Medina and Hudson
river bowlders being present. Glacially-striated stones are present,
but rare. The altitude varies from 730 to 640 feet, and reaches down
nearly to the level of the little creek at this point.

Drift also occurs on Scott's mountain at various points in the

vicinity of Montana. One mile north of this place there is an area
of drift of irregular, winding form, frequently occupying cols between
hills. Foreign bowlders are of rather common occurrence over it,
though exposures are wanting. The drift here reaches a maximum
elevation of 1,180 feet. A mile northwest of Montana there is
another small area the surface of which indicates that drift is present

in considerable quantity. This reaches an altitude of 1,180 feet, but
does not reach the summit of the broad-topped hill at 1,199.

South and west of Oxford Furnace there is a large area two or

three miles square where drift is very generally present. The tops of
the hills which have narrow summiLs, and the steep slopes below

their tops are free from drift, or have bowlders only upon them.
The drift is exposed by the roadside near Little York and about
Oxford Furnace. At the former place the material is frequently
ibund to be striated, and has the same general character which marks
most of the drift of the highland region outside the moraine. Very
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much of the drift about Oxford Furnace seems to possess the same
characteristics, but at several points in this vicinity the drift is dis-
tinctly unlike most of that outside the moraine. It is unleashed, is
highly calcareous, and contains distinctly.striated limestone fragments.
This new_ fresh type of drift extends as far south as the north end of
the railway tunnel southeast of Oxford Furnace. There can be not
the least doubt that for a short distance south of the moraine, in the
vicinity of Oxford Furnace_ the drift is of essentially the same
age as the moraine. It is probably a fact that drift of terminal
moraine age lies just outside the latter at many points.

On that part of Scott's mountain which lies northeast of Oxford
Furnace there area few small areas where drift is sufficiently abundant
to constitute well-defined beds. Such areas are--(a) a mile southeast
of Oxford Furnace, on the Washington road, in a col at 800 feet ;
(b) two miles east of Oxford Furnace, likewise in a col, a small area
at an altitude of 1,080 feet; (c) another small patch half a mile
northeast of the last, ill-defined ; (d) another col area a mile or so
north of Karrvilh. The limits of these areas last mentioned cannot

be fixed with accuracy. Exposures are wanting, and the surface is
woeded_ for the most part. The areas have been mapped as drift, on
the strength of abundant surface bowlders. Scattered bowlders may
be found on most parts of Scott's mountain, though they are some-
times so rare as to be very inconspicuous. Considerable stretches of
road may sometimes be traversed without seeing them. The most
abundant are Potsdam_ Oneida and Medina.

On the highlands east of the valley of the South branch of the
Rarilan.--Drift in the form of scattered erraties, if nothing more, is
found over the whole of the highland area south of the moraine at
Dover, and west of the moraine at Morristown, down to the borders
of Lake Passaic on the south. Over most of this area the drift con-

sists of scattered bowlders only. These are distributed throughout
the area without respect to topography, except that they are, on the
whole, rather more likely to be present on elevated, fiat-topped areas,
and in cols, than at other points. The extra-morainic drift is more
abundant, on the whole, near the moraine than at considerabh dis-
tanees from it, yet considerable beds of drift occur as far south as
Bernardsvilh, on the extreme southern limit of the highland area.

The general constitution of the drift is the same throughout most
.of this area. Its stony material is made up of gneiss or crystalline
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schist, which is usually little or not at all worn, of quartzite and_
sandstone and conglomerate of various sorts, and of black flints.
At no point east of the Black river has Hudson river sandstone or
shale been identified, and at no place within the same area was lime-
stone found in the drift. In its general features of distribution and
constitution, it will be seen that the drift of this region is altogether
similar to that further west, except that Oneida and Medina sandstone
and conglomerate bowlders, as well as :Hudson river sandstone and
shale, are absent, and Green Pond mountain conglomerate is present.

East of Succasunna and south of the moraine at Dover and Rocka-

way, and west of the moraine from Denville to Morristown, drift is
present in sufficient thickness to constitute beds over an aggregate
area of about fourteensquare miles. This is mainly near the moraine.
Except on steep slopes and sharp peaks, there is a somewhat general
covering of drift over a belt a mile or two wide, just outside the
moraine, from a point midway between Tabor and Littleton, west-
ward to the valley at Suceasunna. Many of the highest points
within this area are free from beds of drift, but even on these sum-
mits, and on the abrupt slopes, bowlders are frequently present. These
have been found in such situations that it is safe to say that there is
no part of this area too high to have bowlders, although it cannot be.
said that they are especially characteristic of the highest points.
Indeed they are almost sure to be wanting on such points if the slope_
are steep and the summits narrow.

Ezposures.--The drift is well exposedat hut few points. Exposures
occur at Swedes mines, two miles southwest of Rockaway, also about
two miles from Rcckaway on the Mill Brook road, where the wagon
road creases the Delaware, Lackawanna and Western railway.
Another exposure occurs about one and one.third miles south of

Rockaway, in the railway cut. Other railway cuts in the vicinity"
expose ten feet or so of till. The drift is well exposed also at the
railway cut south and west of Mount Tabor. The till here has an
exposed thickness of about twenty feet. Various cuts also in the
village of Tabor expose varying thicknesses of drift. There are
other exposures one mile south of Tabor and two-thirds of a mile
west of the railroad. There are shallow exposures both north and
gouth of Greenwood. Other trivial exposures in road cuts to the
depth of three to five feet are seen at two or three points north of
Shongum.
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Throughout the whole of this area, the extra-morainls drift has a

eomewhat different aspect from that of the moraine itself, yet the
difference in many cases is hard to define. Generally speaking, the
material outside the moraine is much more highly oxidized than that
of the moraine itself. The greyish color which characterizes the

material of the moraine, and which is the color of pulverized gneiss,
is for the most part absent from the extra-moralnic drift. Its color
is much more commonly reddish brown, indicating a higher state of
oxidation of its constituents. The two types of drift may be profitably
compared in the immediate vicinity of Dover. On the north lies
the moraine in which there are exposures, some of them of considerable
extent. South of the river lles the other phase of the drift.

Another point of difference beside the color is found in the relative
abundance of striated material Generally speaking, it would fall
within the limits of truth to say that the striated stony material is
several times as abundant in the moraine as outside it, but there are
p]acss where the material outside the moraine is not poor in striated

• stone, and there are places in the moraine itself where striated stone
is not especially abundant.

The stony material of the extra-morainic drift cannot be said

'to be markedly unlike that of the moraine from the standpoint oflithology. It is often true that materials are found in the extra-
morainic drift which are not found in the moraine near at hand, but
it is also true that no variety of stony material is found in the extra-
.morainic drift that is not found at some point in the moraine or north
of it. On the other hand, it is true that all the sorts of stony materials
•of the moraine are found at some point outside it.

In general the proportions of material are not the same in the
moraine and outside it. Limestone is frequently found in the
moraine, but at no point east of the Black river valley was it found
in the drift outside the moraine. In the extra-morainic drift qnarizite
-forms a much larger proportion of the stony material than in the
moraine. The gneisslc and granitic rocks occur in greater variety in
the moraine than outside. There is also a contrast_ in many places
very marked, in the amount of wear which the gneissic bowlders in
the moraine have suffered, as compared with the wear shown by cor-
responding bowlders outside.

It is true, too, that at a number of points the extra-morainic drift
•of this region does not bear _uch distinctive evidence of age as in
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some other parts of the State. This is especially true of the drift
very near the moraine. Thus the railway cut west of Tabor and the
exposure near Mill Brook do not look so markedly unlike the drift
of the moraine that it need be supposed that they are far separated in
time of origin. We entertain the idea that the ice which made the
moraine may have advanced somewhat beyond the position of the
moraine, perhaps shortly before the latter was formed, and that some
of the extra-morainic drift is the product of such advance, k
specific bit of evidence bearing in this direction is found in the form

of a gravel hill two and a third miles southwest of Rockaway. This
gravel hill is almost kame-like in form, and rises up about forty feet
above the gravel plain of the Roekaway. This gravel has the appear-
ance of being late glacial gravel. We are inclined to believe that the
ice reached this point at least, during the epoch when the moraine
was made.

Further south, in the vicinity of Mendham, there is a considerable
patch of drift, a square mile or more, which lies at an elevation
ranging from 500 to 600 feet. It is difficult to say how thick the
drift may be, since exposures are wanting. A fresh excavation in
the summer of 1892, just west of Mendham, showed a sandstone
bowlderimbeddedina clayeymatrix,fivefeetbelowthesurface.At

P several other points there are shallow exposures which show that

there is a considerable body of foreign material overlying the gneiss.
The soil in the region, however, as shown in the fields and roadways_
is not notably different from that of the gneiss hills which have no

i drift. The drift of this area, therefore, is by no means obtrusive
and might easily be overlooked. Further west there is also a con-
siderable body of drift at Roxiticus. This occupies at an altitude
ranging from 400 to 600 feet. It lies well down in a valley, which
appears to owe its existence quite as much to the fact that the under-
lying rock is limestone as to river erosion. The drift is best exposed
at a limestone quarry just west of the railway.

Another interesting area of drift occurs at Bernardsville. It lles
east of the village, extending both north and south of it, and covers
the Basking Ridge hill. It reaches a maximum altitude of about
500 feet and a minimum of a little less than 400. The drift is well

exposed in the eastern edge of the village, on the road leading from
Bernardsville to Madisonville. It is also well exposed by the road-
side a half mile south of Bernardsville, and at the railway cut north
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of Basking Ridge station. In the former place severn| feet of the
drift has every appearance of till. It overlies a considerable bed of
yellow sand, the bottom of which is not exposed.

The cut south of Bernardsville is of even greater interest than the
one east of the village, because of the extreme decomposition of the
stony materials. Hardly a stone was found in the freshly-exposed
drift which is not thoroughly decomposed. Every feature betokens
great age. The exposure south of Bernardsville is wholly of till.
Whether there is sand beneath or not is uncertain, but a few rods to
the east, at a slightly lower level, there are considerable sand pits,
where the sand corresponds in character with that east of Bernards-
ville. This sand is identical with the sand of the hill at Basking
Ridge, as shown at certain pits, but not in the railway cut. From
its structure and its constitution, there seems to be no possible doubt
that the drift exposed east and south of Bernardsville is till. Though
rare, two beautifully-striated bowlders have been found in the cut
east of the village. One of the singular features of the till at both
the localities mentioned, but especially at the point a half mile south
of the village, is a considerableamount of Triassic shale and sandstone.
The altitude of the exposures is between 440 and 460 feet. There is
no red shale in the region at any such elevations. There are two
possibilities with reference to the method by which it reached its
position ; either it was carried up from the lower Triassic area to the
northeast, or it was formed when the Triassic rock close at hand was

at greater heights than now--that is, before the adjacent surface had
been cut down to its present level. The former of these suppositions
is the easier, and nothing can be said against it.

Reference was made to the sand beds of this locality in 1892.* No
further light has been thrown on their origin. The sand is slightly
arkose, and contains very little stony material Bat there were found
in it, especially in the pits west of Basking Ridge hill, several small
bits of red shale, apparently of Triassic origin. The altitud_ of the
pits is about 450 to 460 feet. If the sand is connected in time and in
genesis with the till overlying it, and against this view no fatal
objections are known, these bits of shale raise no new questions. If
the sand is older than the drift, a view against which no fatal objections
seem to stand, these shale bits possess especial significance. In this
event, it would seem th.at the sand must have been deposited by water

*Annual Report for 1892, pages 67 and 153.
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at a time when red shale stood at some such level as that of the sand

pit. Although the sand is derived maln]y from the crystalline schist,
the presence of the red shale bits may be accounted for if it were
deposited before erosion had brought down the surface of the Trias
below the sand level. This is so extraordinary a hypothesis that the
other view, which makes the sand essentially contemporaneous with
the till, is perhaps the more probable. Nevertheless, there are some
difficulties in the way of its acceptance, though they are not conclu-
slve. Their consideration, however, is deferred.

From Bernardsville to Mendhan bowlders are more rare than at

any other point within the area which is believed to have been covered
by ice. But they may be found here and there in favored situations.
Those which can be recognized as erraties are almost all sandstone or
quartzite. Many of them have the general appearance of the rock at
the sandstone and quarlzitic ledges near Succasunna. Some of them
are reddish purple in color, not unlike some portions of the Green
Pond mountain conglomerate, although they are not conglomeratic.

As will be seen from the accompanying map, there is a very con-
siderable amount of drift in the capacious valleys in the northern
part of Huntsrdon and southern part of Warren counties. This
drift is found notably in Pohatcoog and Musconeteong valleys, and
in the valley of the South branch of the Raritan. There is some of
it also in the Black and Lopatcong valleys, and in the Delaware
volley much further south.

.Drift in the valley of the South branch of the Raritan and adjacent
to it.--From a point a short distance south of Kenvi], drift is found
in considerable abundance above the sand plain which was contem-
poraneous with the moraine. It extends south and southwest to
/ronia and Flanders. It reaches a maximum elevation of 900 feet_
the adjacent valleys having an elevation of about 700, so that it is
not very strictly valley drift, although the area which it occupies is
well below the high lands east and west. The considerable area of

drift in this locality commences as a narrow ridge at its north end.
It rise_ above the overwash plain which connects with the moraine a
mile and a half to the north, and widens and rises southward until
its maximum width is reached in the latitude of Flanders_ where it
c)vers the area from the immediate valley of Drakes brook to the
valley of Black river. The drift does not rise to the summit of the
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_igh gneiss hills a mile and a half west of Ironia, but stops at an
elevation of about 900 feet.

With one or two distinct exceptions, the drift of this locality has
the appearance of being much older than that of the moraine. The
oxidation and weathering, as seen at many of the exposures, is very
considerable. This may be seen at the sand pit southeast of Carey's,
where the full section of drift, about eight feet, bears the marks
_)f great age.

Exposures.--At the exposure near Carey's just referred to, the
.color of the matrix of the drift is yellow to red. Stony materials
oonsist of gneiss, Hudson river shale, quarlzite of various types, sand-
stone and black flint. Flints were not noticed in the moraine north-

east of this point, nor were the yellowish-brown quartzitie sandstones,
which are especially abundant in the drift. Both these types of
.stony material, however, are present in the moraine at various points.
No limestone was seen in the extra-moralnic drift, though in the
moraine to the northeast of this locality, limestone is by no means
rare. If the ice which made the moraine advanced down the valley
¢o the southwest, and deposited the material which is under considera-
'tion, it is difficult to see why limestone should have been absent.

Another exposure occurs a mile and a half northwest of Irouia, at
an elevation of 880 feet. The drift at this point has a distinctly
#freshappearance. The surface appears to be weathered to a depth of
no more than two feet. The drift is gravelly, with a considerable
variety of stony constituents not unlike those of the moraine to the
north, with the addition of abundant stony material which could have
been derived from sources between the moraine and this exposure.
The drift between this point and Ironia is generally fresh-looklng.

At the school-house between Succasunna and Drakesville, the drift

is again exposed by the roadside. Here, again, the drift does not
have the appearance of being extremely old, though it is more highly
colored (oxidized) than the drift in the moraine.

Southwest of the above exposure, about a third of a mile, there is
another excavation which shows eight feet of drift overlying the
white sand. The drift is highly colored, except in its lower part,
where it is mixed with white sand. The drift here is till, and shows
foliation.

About a half mile north of Ironia, a railroad cut exposes a con-
_iderable body of till. The surface portion is oxidized to a very
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high color for a depth of two or three feet. Beneath this, the color
still appears to be high, but it is so far concealed that little can be
said of the deeper parts. Something like half the stony material in
the cut is such as might have come from near Kenvil or Suecasunua.
Much of the stony material is little worn, though some of it is dis-
tinctly so, and striation is not very rare.

.Drift between Plunders and Lower Valley.--From Flanders to-
Middle Valley, the drift is nearly continuous on the east side of the
valley. North of Bartley, it is on the west side of the valley as
well, but it everywhere keeps to the east of the valley of the South
branch. The remarkable thing about the drift at this point is that
while it overlies limestone it contains no material derived from it.

There are good exposures just north of Flanders and at the railway
cuts between Flanders and Bartley. Throughout the area the drif_
is made up of gneiss, black and yellow flints, yellow-brown quartziti¢
sandstone, and quartzite of various colors. Many of the latter may
have come from the vicinity of Kenvil. There is a little drift in the
valley between Middle Valley and Lower Valley, which seems to be
a continuation of that from Plunders.

In this connection a small area of drift, comparable to that from,
Bartley to Middle Valley, may be mentioned. It lies one mile east of
Gladstone. Here also the underlying formation is limestone. The
matrix of the drift is rather loamy and has a pronounced yellow
color and contains the usual variety of stony material.

Along ths Black river valley above the overwash plain.--Along the.
east side of the valley of the Black river, from a point one mile north
of Ironia to a point 100 yards south of the Chester branch of the
Central Railroad of :New Jersey_ west of Chester, there is more or
less fine yellowish sand. With one exception it is not found on the
west side of the valley. This exception is where Tanners brook
joins the Black river. At this point there is a small area of sand on_
either side of the brook.

The northern limit of the sand is about one mile north of lronia,
at an elevation of 840 feet. Its upper limit declines southward until
at Ironia it has a maximum elevation of 960. South of Ironia the

sand continues along the river, above the swamp, rising 180 feet
above the river east of tiorton's station. It is found more or less

distinctly, south to Cooper's mines. It is absent in the upper course
of the small creek west of Cooper's mines_ just north of Chester,
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though it is present in the lower course. South of the Chester depot
of the Delaware, Lackawanna and Western railway it again rises to
an elevation of 760 feet, and then declines southward. At its southern
terminus, the sand is last seen at an elevation of about 680 feet.
Tanners brook has a bordering sand plain at an elevation of 700 &et
where it joins the Black river. South of Ironia the sand sometimes
has an indistinct terrace-like form at an elevation of about 740 feet,
that is, about forty feet above the level of the stream.

.Ezposures.--The sand along the Black river is well exposed to a
depth of seven feet in an old mining shaft a few hundred yards
north of Hortou% station and a few rods above the railroad. The
sand is stratified and the upper part contains _nany gneiss fragments
of small size. Between ]_ortou% station and Horton's mine, at an
elevation of about 740 feet, sand is exposed in an old shaft. It is
also exposed in Horton's mine, where its surface has a rather high
oxidation color. It is said to be ten feet deep at this point, but it
does not retain its high color to a depth of more than five feet from
the surface. A road cut west of Horton's mine shows that the sand

is not a residuary product. It is irregular in depth, and overlies a
red oxidized clay. The sand contains occasional fragments of rock,
both gneiss and quartzite. A piece of quartzite was also seen in the
redclaybeneathit. At theCoopermines,northeastof Chester,at
an elevationof 880feet,thesandisalsoexposed.Itisthreefeetor
moreindepth,andiscomposedlargelyofroundedquartzgrains.It
hereoverliesgneissresiduarymaterial.The samesandmay beseen
at the Squier's mine. Just east of Chester, on the Delaware, Lacka-
wanna and Western railway, a fresh exposure made in digging a
cellar (1893) showed three feet of sand'witb hlgb coloration and con-
taining some pieces of black flint and some fragments of gneiss.

The sand can be distinguished from the sand of the overwash plain
below, by its higher position and by its higher coloration. It is pos-
sible there may be a distinction made between that on the hills and
that in the valleys above the overwash plain, but no certain criteria
for such d[serimlnation were found in the field. No satisfactory inter-
pretation of this sand has been reached. Reference will be made to it-
later.
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POHArCOSOVALLEr.

The amountof driftinPohatcongvalleyisinmarkedcontrastto
"thaton themountainsadjacent.Only in thevicinityof Oxford
]?urnaeeareconsiderableamountsofdriftfoundon Scott'smountain.

In otherplacesitisfoundonlyinsmallpatchesand isolatederratic
bowlders; butinthePohatcongvalleythereisan extensivebedof
driR. ItsupperendisnearI,_arrville.Itstretchesuninterruptedly
down thevalleythroughWashingtonand New VillagetoStewarts-
rifle.Beyond thispointitscontinuityissomewhatinterrupted,but
itisnearlycontinuousdown toCurpeutersvilleandPhillipsburg.
Topographicdistribulion.--ThedriRof thePohatcongvalleyhas

an altitudeof about600 feetaboveKarrville,and an altitudeof
300 to 400 feetfifteenmilesfurtherdown thevalley.Itoccupies
thevalleynearlydown to thelevelof thestream,andrunsup on
eithersideofittoheightsof from 60 to I00 feet.Aboveitonthe
northrisesScott'smountain,theslopesof whichhave verylittle
drift,andaboveiton thesouthPohatcongmountain,on whichthere
are no more thantracesof drift,chieflyin theform of scattered
bowlders.Thisdriftisthereforepre-eminentlya valleyformation.

Con_tltution of the drift.--The constitution of the drift; is best
apprehended by a description of some of its principal sections. Good
exposures are found--1 °, along the Delaware_ Lackawanna and
Western railway north of Washington, where it is exposed to the
depth of fiheen to thirty feet; 2°, near the Morris canal, north-
west of Washington, fifteen feet exposed; 3°, along the Delaware,
Lackawanna and Western railway, between Broadway and Stewarts-
ville, twelve to fifteen feet exposed; 4 °, along the road east by
north of Stewartsville, six feet exposed ; 5°, at Thatcher Hematite
mines, two miles south of New Village, fifteen feet exposed, partly
stratified ; 6:, along the Lehigh Valley railway, two and a half miles
southeast of Phillipsburg, fourteen feet exposed; 7°, Hamlin
Hematite, a half mile southwest of Port Warren, thirty-five feet ex-
posed; 8°, Warren Foundry, in Phillipsburg, eight to ten feet
exposed, the lower half stratified.

.Exposures in the vicinity of Washington.--Railway outs north of
Washington expose fifteen to forty feet of drift, which has the general
appearanee of till. It_ color is yellow brown wlth_ in places_a reddish
tinge. The stony material includes bowlders from the following
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formations : Potsdam (?), Oneida, Medina, crystalline schist (gneiss),
shale and slate, presumably Hudson river. Gneiss bowlders range
from four to five feet in diameter, while the quartzite and sandstone
bowlders do not often exceed one or two feet. Striated stones are
rather common. Gneiss and crystalline schist constitute more than
one-half the stony material, ranging from forty to seventy per cent.
The Potsdam (?) bowlders are twice as abundant as the Oneidas and
Medinas.

At the canal.--The exposed drift here varies in thickness from five
to fifteen feet, and the bottom of the drift is not exposed in all places.
The matrix of the drift at this point is arkose rather than clayey.
The variety of the stony material is essentially as in the last.
Striated material is present but not abundant. All the stony materials
common to the drift are present. The quartzitse and hard sandstones
show unmistakable signs of age. Some of the gneise bowlders, the form
of which distinctly indicates wear, are much decomposed. The color of
the drift is such as to indicate complete oxidation of its constituents_

Along the Delaware, Lackawanna and Western railway, southwest
of .Brcadway.--One mile southwest of Broadway station drift is

exposed to the depth of twelve feet, and the bottom of the drift is.
not seen. The material of the drift is largely of gneissi¢ origin.
The bowlders of gneiss are all dlstinct]y weathergd, and some of them
are so much decayed that they could not have been transported any
considerable distance in their present condition. All the sorts of
rocks mentioned as occurring near Washington are present here, as
are also black flints. Glacially-striated stones are very rare if present.
The matrix is rather arkose and the underlying rock is limestone.

One-half mile northeast of Stewarteville, railway cuts expose the
drift to depths of about fifteen feet. The material here is mainly of

gneissic origin. Its matrix is very arkose, resulting largely from the
disintegration of gneiss bowlders since they were left in this position.
Almost without exception the gneiss bowlderets, less than one foot in
diameter, are deeply weathered, and many of them so completely dis-
integrated as to crumble at a slight blow. The other sorts of rock
common to the drift of this region are present, though in very small

quantities. The bits of shale are frequently striated. One large
gneiss bowlder, 4 x 3 x 2 feet, was seen, which was comparatively fresh
and showed distinctly-striated surfaces.

The second and third cute northeast of Stewartsville show phe-
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nomena similar to those just described. Striated material was not

found in these cuts but there was the usual variety offorelgn bowl-
ders. The railway ballast near at hand is made up of cobbles from
the moraine near Dover and Port Cram. The contrast in color,
freshness and hardness between these and the gneiss fragments of the
cut is very marked, the latter being much more distinctly disinte-
grated, roughened and discolored by oxidation.

Thatcher Hematite.--At the locality marked Thatcher Hematite on
the map, one and a half miles south of New Village, a stratified
layer of drift, four or five feet thick, is intercalated between compact
foliated layers which appear to be till. The color of the drift is

brown, its matrix clayey, with a large percentage of gneiesic material.
The stony material is of considerable variety. Black flints from the
local limestone are present but no limestone pieces were found.

Ezposurea near -Philllpsburg.--Although the drift about Phillips-
burg and along the lower course of the Lopateong is not strictly in
the Pohatcong valley, it is yet continuous with the drift of this valley
and will be considered in connection with it.

At the Lehigh Valley railway cut, two and a half miles southeast
of PhiIlipsburg, a maximum of fourteen feet of drih is exposed,
lying above limestone. Its average thickness is six or eight feet.
The matrix is compact and clayey, but not bowldery, although a few
Potsdam bowlders, one and a half feet in diameter, may be seen, and
there is one measuring at least two and a half feet. Shale is also

present, probably from the Hudson river formation. No distinctly-
striated pebbles were found.

Expo_urea at the plt of the Warren Foundry and Machine CornTany.--
This pit gives the best exposure in the vicinity of Phinipsburg. A
very compact clayey bed of stony drift, averaging three or four feet
in thickness, but ranging as high as six feet, grades downward into a
clayey gravel, and that into a cleaner gravel, and then into coarse
sand. This stratified drift varies from three to six feet in thickness.

In one part of the pit, as exposed in 1893, _/nother bed of compact
drift underlies the stratified layer. In other places the gravel and
sand are underlain by a fine, reddish, clayey loam, without stone.
The llne of demarkation is sharp and undulatory. The underlying
yellow loam is perhaps residuary material.

The upper member of the section has a yellow-brown color tinged
with orange in places. All the drift exposed is deeply oxidized and
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nowhere calcareous. The unstratified material is exceedingly com-

pact. The stones are so firmly imbedded that they frequently break
in being moved. The stony material is generally of rather small
-size, rarely reaching a foot in diameter. Gneiss cobbles, generally
little worn and much decayed, form a small percentage of the stony
-material. Cherts and flints of various colors constitute about one-

-sixth of the whole. Potsdams, Oneidas and Medinas are the most
abundant constituents and in the order named. Hudson river grey-
wacke and shale are very common among the smaller stones. The
*stratified bed contains a much larger percentage of slate and shale
than the unstratified. Limestone is not present. Strim are rather

.common on the slate fragments and are present on some of the
_sandstenes.

In addition to the descriptions of specific exposures, a few words
may be added concerning the general character of the drift in various
_other parts of the Pohatcong valley.

In the vicinity of Broadway, the line of demarkation between the
drift and the gneiss wash from Scott's mountain is very indefinite.

'Exposures are rare and surface indications are not decisive. South-
east of the creek the drift is more marked. Erraties are numerous_

constituting as much as fifty or sixty per cent. of the materials in the
fence piles. Stri_e are present on the softer rock. The thickness of
the drift is probably not great. Occasional cuts, three to five feet
-deep, show the underlying limestone in some places, while in others
the drift is considerably thicker, though its depth is not known. The

drift, even a few inches above the limestone, is, in general, not cal-
careous.

In the vicinity of Still Valley, the drift, though not very stony,
has occasional bowlders three fe.etin diameter. Stri_eare not plentiful_

but what appear to be planation surfaces are not rare. The per-
-centage of gneiss found in the drift in this vicinity is small, there
being no more than occasional bowlders ; but to the southeast gneiss
bowlders increase in abundance, until near the Pohateong they con-
stitute a considerable percentage of the stony material of the drift.
_orthwest of Still Valley, the gneiss bowlders and cobbles form a
very small part of the coarse material of the drift and a still less pro-
portion of the fine.

A_t the cut on the Delaware, Lackawanna and Western railway

about a mile northeast of Phillipsburg, scarcely five per cent. of the
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bowldersand cobblesseen on the surfaceare derivedfrom the

crystallineschistareas.Potsdam,Medina and Oneida bowldersand

massesof flintpredominate.This paucityof gneissb)wlderscon-

tinuesto the north and northwest,becoming greatertowardsthe-
southwestend of Marble mountain.

The icemovement inthisregionisknown sinceglacialstri_were

found on thelowerpartof Chestnuthill,atEaston. The strimwere

seenona much-decomposedsurfaceofrock,laldbareby theexcavation.

for the water works at this point. The direction of stri_e was south_
twenty-nine degrees west. This direction of movement would cause a

distribution of gneiss bowlders very similar to that which we find in

this vicinity. That part of the ice which moved obliquely across the

narrow ridge of Marble mountain incorporated much less gneissin

material into the drift than that part which passed over Scott's-

mountain. The result was that part of the valley lying in the lee of

1_farblemountainreceivedbut littlegneiss,whereasthatlyingsouth.
of Scott'smountain receivedmuch more. The distributionof the

gneiss,so faras observed,would seem to imply a more southerly

movement oftheicewhich depositedthedriftaboveStillValleythan
is indicated by the strke at Easton.

Museonetoong valley.--The drift in the Museonetcong valley is not

so extensive nor, on the whole, so well developed as in the Pohatcong.
The drift in this valley occurs in patches from Hackettstowu to

Bloomsbury. Its topographic distribution is, in general_ similar t_

that of the drift in Pohateong valley, but it does not generally so_

• closely approach the level of the stream. It is, on the whole, less

distinctly valley drift, although it lies distinctly below the mountains
on either hand.

There is a considerable area of drift at Hackettstown and southwest
t

from there, at a maximum elevation of 657 feet. It is exposed in
railway cuts just north of Hackettstown depot and along the canal a
half mile or so north of the depot.

There is another considerable area at a maximum elevation of about

700 feet_ south of Rockport. The Mnseonetcong river at this point

has an elevation of about 480 feet, so that the drift can hardly be
called valley drift in the proper sense of the term. This area is

separated from the crystalline schist to the north by a slight valley.
Railway cuts expose five to twelve feet of the drift. At the southern.

end of the principal cut, about seven or eight feet from the surface, is-
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a distinct layer of sand and gravel, traceable for as much as fifty
yards. Above it is unstratified till-like material. Several striated'

pebbles were taken from the cut. Few large bowlders occur;
bowlderets, ten to twelve inches in diameter_ being much more
abundant than larger stones. Of the erratics, something like fifty-
five per cent. are of gneisslc origin. Sandstone and quartzite consti-
tute thirty to forty per cent. more of the material, while flints and_
quartz make up the remainder. South of the river south of Rock-
port the drift comes down to within thirty feet or so of the stream.

Still further down the valley, at Port Murray, there is another con-
slderable area of drift ranging from 640 feet down to 440. Towards
the stream it reaches the edge of the trench cut by the Musconetcong,
apparently in recent times. The composition of the drift is much the
same as that at Rockport, but there is less of gneissic material. The.
railway cut gives a good exposure, where the drift is seen to have a.
thickness of about ten feet, though it attains a maximum of nearly
thirty.

South of Port Colden there is an area of drift lying partly on the.
gneiss slope and partly in the valley. South of Port Colden the
drift extends down to within forty feet or so of the Muscouetcong.
The drift is here similar in all essential respects to that at Port
Murray. At Junction there is another small ares, which lies at an
altitude varying from 420 to 360 feet, the river flowing at about 340.
There is no positive evidence that there is any considerable bed of
drift at this point, as decisive exposures are not at hand.

Below Juuction_ the best-defined areas of drift in the Muscouetcong.
valley are northwest of Asbury and Bloomsbury, respectively. Direct.
proof of glaciation was not found in the area one and a half miles "
northwest of Asbury, but foreign bowlders of considerable variety
arc present, though not in great numbers. Distinctly foreign material
is more or less completely buried in a matrix which is largely of
gneiesic origin. The thickness of drift at the Hematite mine is
nearly thirty feet. The foreign bowlders are seen to be imbedded in
the matrix considerable distances from the surface. Just west of

Valley there are abundant erraties upon the surface, and it is probable
there is something of a bed of drift at this point, sixty or eighty feet
above the Musconetcong, but exposures are absent. A half mile and
more northwest of Bloomsbory there is a considerable area more or
less thickly covered with drift. Gneiss forms a large percentage of

8
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the material. The other materials which characterize the drift of
this region are present in varying amounts. Striated stones were
found, but they are not abundant. The color of the drift is every-
where such as to indicate a high degree of oxidation, and the physical
condition of the material is such as to indicate that it has suffered a

considerable degree of disintegration and weathering since its deposi-
tion. The best exposures are in the railway cut one and a half to
two miles west of Bloomsbury. The gneiss material is by far the
most abundant, making 80 or 90 per cent. of the whole, but Potsdam
bowlders, Oneida and Medina bowlders, and Hudson river sandstone
bowlders, or stones of smaller size, are sparsely imbedded in the drift.
Small as their number is, they are quite sufficient to prove that the
material is drift. Bowlders, presumably of Potsdam age, are some-
times two and a half feet in diameter, and a Medina bowlder one
and a half feet in diameter was found, but the average size of the
stony material is less than one foot. The drift in some parts of the
cut is at least twenty feet thick. It may be sometimes seen to rest
upon gneiss residuary. Below Bloomsbury, the drift does not occur
in any quantity in the Musconetcong valley.

In the Delaware valley.--In that part of the Delaware valley north
of _[arble mountain there is a considerable body of drift, much of
which presents the features common to the extra-morainic drift in all
this region. The drift is stony, each square mile of the surface being
strewn with thousands of Potsdam, Medina and Oneida stonssj mainly
of cobble size. The first-named predominate, if identification be
correct. A distinctive feature of the drift bowlders, noticed at this

point especially, but existing in other parts of the extra-morainic
• drift area as well, is the notable roughening of the surface, due to

weathering. On the hard sandstone and quartz surfaces weathering
has but little effect, and operates with extreme slowness, yet the sur-
face of most of these stones is pitted and roughened to such an
extent as to put them in contrast with the younger glacial gravel of the
Delaware, when the two are carefully compared.

The best exposures of the drift in this region are afforded by two

gullies about three-quarters of a mile southeast of Harmony station.
The upper part of the cute is rather gravelly. Beneath this gravel
layer, in places coming to the surface, is a bed of till, containing
many bowlders three to four feet in diameter, some of which are dis-
tinctly striated. The greatest known depth of drift in this area is
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"twelve feet, but this does not represent the full section, since at this

<lepth the bottom of the drift was not reached. Gneiss bowlders are
almost entirely absent from this region. The few which were noted

must have been carried for a long distance, since there is no gneiss to

the northward for many miles. This area is separated from another
small one to the northeast by the Trenton gravels, which were brought
down the Buckhorn creek. This second area lies west of the

:Buckhorn and east of Ruxburg station. At the southern end of

this Roxburg area, the drift has the general characteristics of the
extra-morainic drift_ but at its northern end the indications are not so

conclusive. Many of the bowlders here appear to correspond with
those further south, but there is also a considerable admixture of

5rasher-looking material. Stri_e are more numerous. Limestone
bowlders are common. There are here no exposures, but the surface

indications seem to suggest that the ice pushed out upon the northern

part of this area, northeast of Roxburg station, during the moraine
epoch, and incorporated a certain amount of fresh material with that

which existed there before. The proportion of fresh material increases
toward the moraine_ which is less than a mile distant.

Slrati:fied rift ft.--Allusion has already been made several times to
stratified drift in connection with the unstratified along the Pohatcoug,

Musconetcong and Delaware valleys. At a number of points strati-
fied drift exists, intercalated between layers of till. The best example

of this, and one which has been mentioned, is that at the Warren

Foundry pit, at Phillipsburg. At this pit the material of the gravel

is largely shale and differs in constitution from the till. It has more
the appearance of being river gravel, and yet its relations to the over-

lying and underlying unstratified drift are such as to make it seem

certain that the two are connected in origin.

On the brow of the hill_ a half mile southeast of Harmony station_

there is a very considerable bed of gravel. It is composed largely of
shale_ but quartzite pebbles are common among the larger piece.

Many of the pebbles are disk-shaped. This gravel is much like that

at the Warren Foundry pit. At first sight it appears to be fresher

than the till which succeeds it higher up the slope. On closer study

this appears to be rather the result of difference in composition.

Whether the gravel passes under the till is not evident at this point.
Again, east of Martin's Creek station, there is a narrow area above

the limit of the last glacial gravel, which is covered by gravel made
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up to a considerable extent of shale. It is clearly older than the
Trenton gravel. The same thing is true south of Roxburg station.

Similar gravel is found in the Delaware, Lackawanna and Western
railway cuts southeast of Philllpshurg, near the Warren Foundry
pit. Here the layer of gravel is several feet thick, but the cut is old
and the exact thickness cannot be seen. Another exposure is seen
along the road a quarter of a mile southeast of Lopatcong. In this
vicinity the gravel was seen to be underlain by till. The gravel
here attains a thickness of ten feet. It is made up largely of shale,
granite and quartz.

All these localities are within a mile or so of the Delaware river_

and this distribution might suggest an origin connected with the
drainage of the river. But gravel which is exactly similar has been
found at distances of two and three miles from the river. Thus, a half
mile southeast of Still Valley it is seen on both roads leading up the
side of the hill. In the vicinity of Springtown station, on the
Central Railroad of New Jersey, it occupies a considerable area.
Toward the higher ground it seems to pass under the till, but there
is no section which distinctly shows this relationship.

The various altitudes at which these graveis have been observed
are as follows :

Southwest of Roxburg station ......................................... 280+ I0

Tear ._Iartln's Creek station ............................................ 320+ 5

Harmony station ........................................................... 420 to 440

Warren Foundry pit ..................................................... 300 to 320
Railroad cut near Warren Foundry ................................. 280 to 300
Southeast of Lopatcong ................................................. 240 to 320

Southeast of Still Valley ................................................ 320 to 340

Springtown _tatlon ....................................................... 300 to 320

This gravel seems to be always closely associated with the till,
either overlain or underlain, or both, by it. It occurs on side hills
and near the brows of hills, places where it may have been readily
revealed by erosion of the overlying till. Near Hopatcong it is eee_
overlying till, and in Still Valley it is seen to pass under stony clay
as the top of the hill is reached. At Springtown it probably passes
beneath the till, but the relationship is not so clear. The gravel
readily washes and creeps down slopes, giving it the appearance of
having a wider vertical range than it really has. The greatest knows
depth is ten feet, near Hopatcong.
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This stratified drift is not easy of interpretation. It seems to be
distinctly separated from the gravel train which heads in the moraine,
and which, further down the Delaware, is known as the Trenton
gravel. On the other hand, it seems to be distinctly unlike the
extra-morainic drift of any other series of localities. In spite of its
unlikeness it is believed to be connected in time with the great body
of extra-morainic drift and to represent merely a local phase of it.

Drift in the Delaware valley below the limit of glaeiallan.--Besides
the late glacial gravel there are three well-defined areas of drift in the
Delaware valley south of the limit to which glacier ice is believed to
have extended. These areas of drift are at Washington's Crossing, at
Titusville and at Raven Rock.

1% _Raven Rock.--About six miles above Lambertville is the
northernmost well.defined area of drift material in the Delaware

valley below the limit of glaciation. Near the mouth of the Locks-
tong, and west of it, there is a well-marked rock bench, similar to
those on which drift occurs at Titusville and Washington's Crossing.
It projects from the steep slopes of the highlands to the northwest,
which here rise to a height of nearly 500 feet. The bench reaches
somewhat above 200 feet, while the Delaware river at its base is about

sixty feet above tide, thus making the top of the bench about 140 feet
above the river. On the east side of the Lockatong the slope is
gentle, but there is no distinct bench. Though by far the largest
.amount of foreign material is on the bench west of Lockatong, there
is some on the east side. On the west side, the foreign material
reaches up to an altitude of about 200 feet. Over much of this
,bench the driR is thin, but at some points it constitutes a bed, the
depth of which is considerable. The matrix of the drift is largely of
a sandy or loamy nature. The stony material consists of gravel, cob-
bles, and bowlders, the latter ranging up to five feet in diameter. The
Potsdam, Oneida and Medina formations are represented, the first-
named most abundantly. By far the larger part of the bowlders arc
well-rounded. A few have flattened and smoothed faces, suggestive
of glacial wear. A single bowlder was found with distinctly-marked
glacial strke. A bowlder similarly marked was found on the slope
east of the Lockatong, at a height of about 160 feet. Something of
the abundance of the stony material may be inferred from the fact
Chat several small fields are inclosed by fences built of the bowlders.

The topographic situation of this material is such as to protect it
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against erosion. The slope of the bench is gentle, and it is protected _
by valleys on either side from wash at the hands of the waters de-

scending from the higher lands. These valleys receive and carry

away such waters. It seems reasonably certain either that this ma-

terial was deposited by the Delaware river when it flowed at this

level, or that it was deposited when the sea stood at this level, 180 to.

200 feet higher than now. The drift reaches down from the top of
the bench to the upper line of the Trenton or later glacial gravel in

great thickness. It is clear, therefore, that the rock valley of the.

Delaware at this point was as low as the upper surface of the Trenton

or later glacial gravel, when this old drift was deposited.
2 °. Titusvills.--At Titusville there is a body of drift situated'

similarly to that at Raven Rock. The bench projects from the steep

trap ridge known as Moore's hill, and which reaches an altitude of.
482 feet. The bench itself has a height of 120 to 130 feet. It is

well situated for retaining such drift as may have been deposited upon

it at any time. On the top of this bench, and extending somewhat
down its slopes, there is considerable stony material of foreign origin.

Of fine material of distant origin there is relatively little. Numerous
bowlders occur_ ranging in size up to five feet. 80 plentiful are the

bowlders that fences have been built of them, in one instance for a

distance of sixty rods. The bowlders are of yellowish-brown sand-

stone, quartzite and conglomerate, probably of Potsdam age, and of"
Oneida and Medina sandstone. A single piece of much-decomposed

gneiss was also found. The bowlders are of various shapes. A few
are well-rounded, and some of them have flattened and smoothed,
faces. The maximum altitude of the drift is scarcely more than J 30"

feet. The steepness of the slope above this level, however, is not
such as to be favorable for the retention of such loose materials as

might have existed there. From the bench_ the drift is found on the
slope down to the level of the Trenton or later glacial gravel below.
The amount of drift on the slopes of the bench is locally so great as

to indicate that the valley of the Delaware, at the time of the deposi-

tion of the drift here described_ was at least as low as the upper sur-

face of the glacial gravel.
As in the case of the Raven Rock drift, there are two possible.

explanations of this drift. Either it was brought to its present posi-

tion by the Delaware river when its channel was at this level, or it:
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was deposited during a period of depression, when the sea stood at or
near this level.

The stony material of the drift at this point is in striking contrast
with that of the late glacial gravel in the valley below. Indeed,
they are so unlike that no one familiar with geology would think of

classing them together. The older drift material of the upper bench
occurs down the slopes to the Trenton gravel. The amount of it on
the slopes is not great. In places all there is might be thought to
have descended from the benches above. But this does not seem to

be true at other points.
3°. Washi_gton's Orosslng.--The drift at this point occupies the

surface of a bench which extends from a point a short distance below
Washipgton's Crossing to the mouth of Woolseys brook. The bench
has an altitude of 130 to 140 feet. The river at the foot of the hill

is about twenty-five feet above sea-level, thus making the bench about
110 feet above the river. The slope from the bench towards the
river, especially at the northern end, is rather steep. At the southern
end the bench is cut by Woolseys brook. Trenton or late glacial
gravel exists on the slope to a height of eighty or ninety feet.
Above this, and reaching up to an altitude of something more than
140 feet, is the older drift. This consists of sandy material, varyivg
in thickness from zero to four feet or more, and containing but a small
amount of stony material. The sand is for the most part fine, and
has a dark, yellowish color. In the poor exposures seen, there is no
trace of stratification. The thickness of the sand varies with the

topographic situation. On the steeper slopes it is thin, while on the
flatter top it attains its maximum thickness. On the slopes the sand
is often present in traces only. It is quite probable that much of
that which lies on the slopes has been derived from the material
above, and is now in a secondary position. But this does not seem
to be true of all of it. This locality joins with those already men-
tioned in indicating that the rock valley of the Delaware, at the time
of the deposition of the drift here described, was at least as low as
the upper surface of the glacial gravel.

Of the stony material, little need be said. There is almost no
gravel ; there are a few bowlderets of quartzite and sandstone con-
glomerats. A single bowlder of sandstone, three feet in diameter,
was seen. This occurs at an altitude of 180 feet. The upper limit
of this bed of drift is not well defined, though there is certainly no
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considerable depth of it above 140 feet. What traces of sand occur
above some such level have probably been carried to their position by
wind from the lower levels.

While pebbles and larger pieces of rock of foreign origin have
been found at a few other points above the Trenton gravel, along the
east side of the Delaware valley, these three areas are the only places
where it occurs in quantity. It will be observed that the l_veis of
these three benches are harmonious. The two lower ones have nearly
the same level, while that at Raven Rock, twelve miles further up
the river, is somewhat higher, but not so much higher as to be incon-
sistent with the supposition that the drift of the three localities was
deposited by the stream at the same or approximately the same time.
Neither are the topographic relations of the drift of the three localities
such as to be inharmonious with the alternative hypothesis that the
drift of these localities was deposited during a period of land-
subsidence, when the sea stood at the levels where the drift occurs.
Differential changes of level, either in the sinking or the later rising,
might well account for the differences in the elevation of the drift at
the three localities. The topographic positions and relations of the
drift at the three localities are so similar that it seems probable from
this consideration alone that the drift of the three localities was

•deposited at the same time and in the same way.
The stony material is similar in all three localities. Not only are

the same kinds of rock represented at each place, but the proportions
are nearly the same. Not only are the kinds and proportions of the
bowlders the same, but their physical condition is constant. All
lines of evidence would seem to indicate that the drift at the three

points was formed at the same time.
From the size of the bowlders and from the fact that distinctly-

glaciated ones exist, it is necessary to suppose that floating ice assisted
the river in their transportation. The testimony of the drift there-
fore seems to point clearly to a connection with some stage of the ice
period. The drift is clearly separated in origin, and separated by a
considerable interval of time, from the late glacial gravels which lie
below it, and which are essentially different in kind and condi-
tion. The height of the old drift above the Trenton gravel at cor-
responding points of the valley indicates the maximum amount of
erosion which was accomplished after the deposition of this drift and
before the deposition of the lower-lying glacial gravels of later age.
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Before the last glacial epoch, the epoch during which the new
glacial gravel was deposited in the bottom of the Delaware valley,
the stream appears to have cut its channel down essentially to the
present level, rkt Washingtou's Crossing this level is about twenty-
five feet above sea-level ; at Titusville its level cannot be more than
five feet higher. At the first of these points, therefore, the bench
drih is 105 to 115 feet above the river; at Titasville, about 100
feet. Some of this cutting was accomplished in the older drift. Had
it been otherwise, the slopes of the benches on which the drift occurs
would have been of rock, not of drift. If the drift at Raven Rock,

Titusville and. Washiugtou's Crossing was deposited by the river
when it flowed at the levels of these benches, any earlier valley there
may bavfi been must have been filled up to this level at the time of
the deposition of the old drift. In this case the river subsequently
cut down ils valley from the level of the old drift, and the vertical
distance between the same and the bottom of the valley before the
last ice incursion would accurately represent the amount of inter-
glacial stream erosion in this valley. In this case we would have
the following maxima of erosion for this period: at Washington's
Crossing_ about 110 feet; at Titusville, about 100 feet; at Raven
Rock, about 140 feet.

It is to be noted that these figures are maxima. It is to be remem-
bered that this amount of erosion was not all, and probably not
principally, in solid rock. How deep the valley was prior to the
,deposition of the Raven Rock-Titosville drift we have no means of
knowing.

On the other hand, if those beds of drif_ are the result of sub-
mersion which allowed the sea to rise to these levels, it is not necessary
to suppose that so mueh erosion took place between the deposition of
the old drift and the new. The drift might have been no more than
a coating on the slope of the valley, up to the height to which the
water rose. The trough of the valley may have remained a trough
still, after the deposition was completed.

The relation of this valley drift to drift outside the Delaware val-
ley further south, seems to help us to decide between the two hypo-
theses already mentioned in connection with the origin of the drift.
That at Titusville and Washington's Crossing has about the same
height as the Jamesburg formation about Trenton Junction, and from
there to Hew Brunswick. The composition of the two is essentia]ly
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the same. To explain the latter, subsidence is necessary. The
former was probeb]y deposited at the same time in the bay which
extended up the Delaware. If the subsidence were greater tn the
north it would account for the drift at the greater elevation at Raven
Rock. The drift at Titusville, Washingten's Crossing and Raven
Rock, therefore, is regarded as of Jamasburg age (see ante) and is
the time equivalent of the outer border of the glacial drift. After
its deposition the river excavated a valley through such deposits as it
found in its channel, and through more or less rock beneath the drift_
down to its present level. Then came the partial filling of the valley"
with late glacial gravel.

Since that time the Delaware river has excavated a much narrower

channel in the late glacial gravel to a depth of about sixty feet at
Washington's Crossing, and to a depth scarcely so great at Raven
Rock.

Drift southwestof Summlt.--The drift here spoken of has no imme-
diate connection with that heretofore described. Southwest of Sum-

mit, in the valley of the Passaic, in the valley between the two crests
of Second mountain, and in the valley between Second mountain and
First mountain, there is more or less till. In the valley of the
Passaic this is confined to low levels. It covers the surface about

New Providence and southwest, reaching as far as Union Village. It
does not constitute the surface formation at levels below 220 and 23G

feet. It does not rise above 260 feet at Union Village, nor does any
bed of it exist above 300 feet south of Berkeley Heights. Traces or

the drift extend up on the slopes to a somewhat greater height_
especially east and northeast of Murray Hill siation. In the vicinity
of .N'ew Providence, the surface of this drift is comparable to that of
a poorly-developed terminal moraine--that is_it is marked by hollows
and sinks of irregular arrangement. Throughout this area, the til_
is clayey, very sticky, and possesses the characteristics which have
elsewhere been referred to as marking subaqueous till. It is believed
that this till stood beneath the waters of Lake Passaic after it was

formed. It is possible that some of it may be berg till.
Below a level of 220 to 230 feet the till is commonly covered by

lacustrine clay, which is distinctly laminated, and which was deposited
in Dead lake * after the ice had left this part of the State.

Seechapteron LakePassaic.
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_',Drifl 5etween the crests of Second mountain.--Three-fourths of a
mile southeast of Murray Hill, and from this point southwestward

for two miles along the valley between the two crests of Second
mountain, there is a small amount of drift, which is confined strictly
to the valley. There are no deep exposures in this drift, and there is
opportunity to learn less of its extent and thickness than could be
desired. It is best exposed along the road crossing this valley between
Feltville and Murray Hill, where its till-like character is shown. A
mile further southwest, down the valley, on the east side of the road

leading north from Scotch Plains, there are some large granitin
bowlders, the largest being about nine feet in diameter. In the
valley, a half mile southwest of the road last named, there are a
number of huge bowlders, which in this place are most striking.
The largest has k diameter of about twelve feet, and all the large ones.
are of gneiss or Green Pond mountain conglomerate. They do not
have the appearance of being exceedingly old. They do not occur so
far to the southwest as the till on the north side of Second mountain_

though they occur at a much greater elevation.
Drift between .First and Second mountains.--Between First and

Second mountains, and on their lower slopes, especially'on the lower
slope of First mountain, there is considerable drift in the vicinity of
Feltville. This runs northward until it reaches the moraine, though
the morainic drift and that which is outside do not correspond very

closely in character. The drift extends in patches to a point a mile.
southwest of Feltville.

Southwest of the Scotch Plains-Berkeley Heights road no drif_ is
found until the longitude of Somerville is reached. On the north
slope of Second mountain, drift bowlders, referred to floating ice in
connection with Lake Passaic, are found not rarely, but above the.
level of the lake drift has not been found. There is no evidence that

these parts of the trap ridges were ever covered by the drift.
On Long hill, on the other hand_ pieces of Green Pond mountain.

conglomerate and of gneiss have been found at two or three localities
between New Providence and Long Hill village, well above the level
of Lake Passaic. In all cases these drift bowlders, which are exceed-

ingly rare, appear to he very much weathered, but since they are con-
glomerate the weathering shows itself principally in discoloration.
It is not safe, therefore, to base important inferences upon it.

NEW JERSEY GEOLOGICAL SURVEY



124 ANNUAL REPORT OF

.f

SECTION III.

THE TERMINAL MORAINE.

The courseof theterminalmoraineacrossNew Jerseyisindicated

on theStatemap accompanyingthisreport. ItenterstheStatefrom

theeastat PerthAmboy. For thefirsteightmilesitcurvesgrad-

uallytothenorthwest,tothepointwhere itiscrossedby theLehigh

Valleyrailroad.For thenextfouror fivemilesitscourseisnearly

due north to Fanwood. Thence itturnsslightlyeastof northfor

aboutsixmiles,tothelatitudeof Summit. From thispointthereis

a continuationof themorainetwo orthreemilesfurthernortheast,to
a pointtwo milesnorthof ShortHills.

At thePassaicrivernorthwestof Summit the moraine isinter-

ruptedby the valley."Whilemuch of the morainicmaterialmay

remain,themorainiccharacteristicsof thesurfacearegone. Beyond

Chatham, thecourseof themoraineisnorthwestby a gentlecurve

foraboutfivemiles,toa pointjusteastof _[orristown.Here again

thedistinctivecharacterof themoraineisinterruptedby the valley
of theWhippany river.North of thisstreamthecourseof themo-

raineisnearlydue north,curvingslightlyeastwardfor the spaceof

six or seven miles. Just above Denville,where itisagaininter-

ruptedby a rivervalley,thistime the valleyof theRockaway, the

moraineturnsabruptlywestward and followsa westerlycourseto
Saxton falls.

Between Denvilleand Saxton fallsthe moraine ismuch inter-

ruptedand interferedwith by the Rockaway river,so thatitscon-

tinuityisdestroyed.It ispartlyon the north and partlyon the

southsideofthestream,and isnot everywherewelldeveloped.Near

Saxtonfallsthemorainebendssomewhat tothe south,and from this

pointtotheDelawareitscourseiswestby southwest.The Delaware

is reachedtwo miles below Belvidere.From Townsbury to the

Delawarethecourseof themoraineisalongthePequestvalley,orin

itsimmediatevicinity,and as isusualunder such circumstances_the

morainedoesnotpreserveallthefeatureswhich generallycharacterize

itoutsideofvalley.,.

The courseof the moraineisperhapsmost serviceablylocatedby
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means of the cities and villages which lie upon or near it. Starting
with the southeast, the position of the following cities and villages
gives its approximate course : Perth Amboy, Ford's Corners, Menlo
Park (near its inner border), Metuehen (just at its outer border),
Fanwood, Locust Grove, Summit, Short Hills, Madison, Convent,
Morristown (lying for the most part just west of it), Morris Plains
and Denville (both of which lie just west of it), Roekaway, Dover
(where the moraine is just north of the river), Mount Arlington (on
the outer border), Port Morris (on the inner border), Stanhope (just
north of the inner border), Petersburg, Vienna, Danville, Towns-
bury, Butzville, Bridgeville and Oxford Church.

Attention is here directed to a significant feature in the course of
the moraine. Its southward extension is not independent of the sub-
drift topography. It extends farthest south on the low area oF
Triassic rock in the eastern part of the State, and fails to reach so
low a latitude in the central and western parts_ where the country
over which the ice came was high and rough, and opposed greater
resistance to ice-flow. The relation between the position of the
moraine and the topography to the north is still further illustrated by
the fact that the moraine lies further south in the western part of the
State than in the central part. In the former region, the capacious
northeast and southwest valleys, facilitated the movement of the ice,
as compared with the central highlands_ so that it extended itself
further south before being melted.

The same relationship between the position of the moraine and
topography appears in detail as well as in general. Thus, at the
crossing of every considerable pre-glacial valley, the moraine bends
somewhat to the south, showing that the valleys facilitated ice move-
ment. The larger the valley the more extensive the protrusion oF
the ice in it, as shown by the position of the moraine. This gives
the outer edge of the moraine a slightly lobate course.

On the other hand, local elevations had the opposite effect on
the position of the moraine, causing it to recede from its general

course. As the Watchung mountains are approach_], for example,
the moraine retreats so as to make a notable bend in its course.

There is a corresponding change in its course where the moraine
leaves the Trias and passes to the crystalline schist territory, north
of Morris Plains. At several points, also, where single high hills
stand much above their surroundings, the moraine's course is locally"
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changed, its outer edge bending northward about the hill. In
tracing the outer border in detail, many instances of this sort may be
noted.

The outer border of the moraine in delail.--The outer border of the
moraine is often, though not always, distinct. At many points it is
bordered by an overwash plain of sand and gravel, and the line of
junction of these two formations is sometimes a rather arbitrary one.
In other places this is not true. Where no overwash plain is present
the border may or may not be well defined. It frequently happens
that the extreme outer border of the drift, made daring the same ice
epoch as the moraine, lies slightly beyond the border of the drift,
which is distinctly morainic. Although the following paragraphs
involve some repetition, it seems best to trace the outer and inner
borders of the moraine in some detail.

From a point two miles or so west of Perth'Amboy, the outer
border of the moraine has a northwest course to a point just south
and west of Ford's Corners. There it lies just north of the road
between Ford's Corners and Metuehen, until the latter village is
approached. The outer edge of the moraine then becomes slightly
irregular. It crosses the railroad just above Robbindale station,
then turns southward, so as to include the hills in the north edge of
Metucben. Thence the outer border is continued northwestward to

a point a half mile west of Oak Tree. From Oak Tree to Nether-
wood the border is again slightly irregular, but, in a general way, it
is the line of junction between the high, rough land on the east and
the low, level land on the west. The station of _etherwood is
approximately on the outer border of the moraine. Thence the
outer line runs east of north, passing east of Scotch Plains and just

west of the Springfield triangulation station, on First mountain.
Thence its course is nearly due north to Summit, and a little beyond.
Here it curves southward, crossing the railway track just west of the
station, and bends south sufficiently far to include most of the vil-
lage; thence it turns northwest to a point about three-quarters of a
mile south of Stanley. Here the Passaic interrupts the line.

Beyond the l_assaic, the outer border of the moraine is about three-
quarters of a mile southwest of the Delaware, Lackawanna and
Western railroad as far as Madison. Its course is then a little more

easterly. It approaches the railway, which it crosses just east of
Convent. From this point the border of the drift which is mapped
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-as moraine has an irregular course in a northwesterly direction to a
_point a quarter of a mile from the Whippany river.

Beyond this river, the outer border of the moraine is but a few
rods east of the railway to a point a mile or so south of Tabor.
Here it swings around the hill on which Tabor is built, the hill
<leterminlng a slight re-entrant angle at this point. Thence it has an
irregular northwest course to Denville. West of Denville its outer
edge is irregular for a few miles, and there is room for difference of
opinion as to the exact position which should be assigned it. Its
irregularities are not easily described, but may be seen on the map.
It extends further south in the valleys, and recedes to the north
around the elevations. For two miles west of Denville it lies north

of the Rookaway. It crosses the Rockaway a mile south of Rocka-
way, bends a mile north around the high hill west of that village,
and south again on the west side of the same hill to the northwestern
part of Dover.

At Dover the outer border is interrupted by the Rockaway river.
West of the Rockaway river it lies between Sterling mine on the

north and Spring mine on the south. The outer border bears west-
northwest until it approaches Duck pond, near Rustic, where it
swings south, including this pond. At Rustic it bends sharply to the
north for nearly a mile. Mount Arlington station, on the Delaware_
Lackawanna and Western railway, lies on its outer border. This
station is at a re-entrant angle of the moraine nearly a mile in north-
south extent. Mountain pond lies on the west side of the re-entrant

angle, as Mount Arlington station does on the east. From Mountain
pond the line extends three-quarters of a mile further south, from
which point the border runs west and then southwest to the point
just north of Wolf mine. Further west, the outer border of the
moraine borders the marshes between Wolf mine and Budds lake.

It lies a half mile or so north of Budds lake, whence it has a westerly
course to a point a half mile south of Saxton falls. Here the
moraine turns abruptly to the south.

From a point on Musconetcong creek, about a mile north of Hack-
ettstown, the line crosses the valley first in a west then a northwest
directiou to a point on the Hackettstown-Allamuchy road_ just south
of the canal. From this point it runs nearly north for half a mile,

keeping to the west of the road and following a small stream. The
surface on one side of this small valley is till ; that on the other,
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gneiss residuary. The line curves west and then southwest, in this
way looping around on the north and west sides of the 980-foot hill_
but ascending to the 910-4- col on the west side of the hill, whence it
descends to cross the ttackettstown-Petersburg road near the former
residence of A. R. Day. Thence for nearly a mile it liesj ust north of the
east-west road which connects the Petersburg road to Hackettstown
with the Petersburg road to Townsbury. Further west the line
marking the outer limit of the moraine crosses this road, turns seutk
on the west side of the 1,066-foot hill, and descends to the Hacketts-
town-Vienna road. This it crosses and then turns west, or a little

south of west, extending along the north side of a 1,146-foot hill at;
an elevation of about 920 feet. It crosses the Danville-Bcattystowu

road one and a half miles southeast of Pequest river. From this
point the line is deflected a little to the northwest and passes just to
the north of the crest of the 936-foot hill. Although the moraine

phase of the drift is here limited to the north side of this hill, it ia
dearly evident by the amount of new till on the south slope that the
hill was overridden by the ice, which extended half a mile down its
southern side.

For two miles west-southwest from this point the moraine lies in

the Pequest valley, its outer margin lying against the steep slope of
the gneiss highland to the southeast. The moraine does not rise
above the foot of the steep slope, but foreign bowlders of equal age

are found on the slope at altitudes above the moraine.
Three-fourths of a mile south of Townsbury the moraine boundary

turns west and crosses the valley, reaching the Pequest a mile south-
west of Townsbury, where it crosses the valley. The outer margin
of the moraine is not distinctly marked, and there is room for con-
siderable difference of opinion as to its exact location. By Professor
Cook * it was placed half a mile further north, where the strongly-
marked morainic topography begins, but faint indications of morainic

topography extend to the line above located. A tongue of ice
• stretched down the valley certainly as far as Pequest Furnace and

possibly as far as Oxford Furnace, but did not develop the moraine
at its farthest limit.

From the point on the Pequest where the outer edge of the moraine
touches the river, its limit extends northeast along the right bank of
the river, a little above the road. Just before Townsbury is reached

_Annual Report for 1880_page 31.
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it turns north, then west for three quarters of a mile, and then south,
crossing the Townsbury-Buttzville road about forty rods east of the
corner where the road to Hope turns northward.

By these curves the moraine has bent northward over a mile, and
looped around the 1,016-foot hill west of Townsbury. On the road
leading west from this village, no drift is seen on the steep eastern face
of the mountain above a shelf about 140 feet above the Pequsst, nor
along the road across its top, until the corner of the Hope road is
almost reached. The only exceptions to this statement are a few
quartzite bowlders which are believed to belong to the old drift. Here_
within the space of less than a rod, the transition is complete from
the reddlsh-brown gneiss residuary soil to the lighter color of the till.
Driving along the road, the line can be distinctly seen crossing the
plowed fields_and entering the woods to the southwest. Nowhere
else is a more marked and sudden transition from the residuary soil to
the till observable.

For two miles to the southwest of the point last mentioned the
boundary line is nearly parallel to the Townsbury-Buttzville road, and
no more than an eighth of a mile to the southeast. A_quarter of a
mile norLh of the Pcqoest, and near the southwestern end of Mount

Mohepinoki, the boundary turns southeast for half a mile, and passes
just east of Pcquest Furnace, whence it turns southwest, passing just
north of the summit of the 726-foot hill, between Oxford and Buttz-
ville. Thence it continues westward for two miles, nearly parallel to

the Lehlgh and Hudson River railroad, and half a mile south of it,
passing north of two gneiss hills 723 feet and 725 feet in altitude, a
mile south by southeast from Bridgeville. It then turns southwest,
and then south into the valley of Pophandusing brook, about half a
mile east of Oxford Church. The boundary extends along the brook
to Oxford Church, whence it runs northward for two miles_ reaching
the Pequsst river near its union with its tributary, Beaver creek.

West from Oxford Church to Belvidere, on the Delaware, there is
no trace of the moraine, but two and a half miles southwest of Oxford

Church, and two miles south of Belvidere, is an area measuring a
little more than a mile from northwest to southeast and half a mile

in the other direction, in which the morainic topography is well
marked. This area is surrounded by stratified gravels, and cannot be
connected by morainic topography with the moraine near Oxford
Church.

9
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The inner margin in detaiL--While the outer margin of the
moraine isj with few exceptions, clearly marked and readily located,
the same cannot be said of the inner margin.. Very often the mo-
raine topography passes gradually into the more gently undulatory
surface of the ground moraine. Consequently any line which may be
drawn to represent the inner margin of the moraine will not every-
where separate phases of drift which are markedly unlike each other.

Starting from the northern part of Perth Amboy, the line which
has been drawn to mark the inner border of the moraine is sometimes

confessedly arbitrary, so far as its exact position is concerned. It
runs approximately parallel with the outer border, a mile to a mile
and a half distant from it. The inner border lies just northeast of
Menlo Park. A little further northwest there is an eastern spur
which has been mapped as a part of the moraine lying northwest of
New Dover. From the Lehigh Valley railroad northward to the
western border of Westfield, the inner border is a mile to a mile and
a quarter east of the outer. Just north of Westfield there is another
eastward projecting spur of the moraine running out from Locust
Grove a mile and a half, nearly to the Rahway river. Just north of
Locust Grove, the inner border of the moraine is from a half to three-
quarters of a mile distant from the western. Thence it runs in a "
northeasterly direction to a point a half mile west of Springfield.
Here it turns northwest, following a northwesterly course to a point
half a mile south of Short Hills ; thence it curves to the east_ and a
northward projection runs to the north two miles beyond Short Hills.
From this point the inner border curves southwest to a point a mile
or less east of Stanley.

Crossing the Passaic valley, the inner border of the moraine nearly
to Boonton is difficult of exact location. The inner face of the

moraine through this stretch was modified by the waters of Lake
Passaic, and below the level of the waters of this lake some of the
characteristic morainic features were destroyed. Through this stretch,
therefore, the location of the inner border is a little arbitrary. The
line has been drawn just east of the railway to a point just north of
Madison, then near the roadway from Madison to Whippany, until a
point due east of Morristown is reached.

Across the Whippany the inner border is on the east face of the
495-foot hill, one and a half miles northeast of the center of Morris-
town. Thence it passes northward through Littleton and north-
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eastward to the road from Denville to Parsippany, reaching the same
midway between these villages. Here a spur of drift, which has
been mapped as moraine, runs off towards Boonton for a mile or so.

_eyond this spur the line runs northward to the Rockaway river

_- f "_'ad then turns westward by a zigzag course to a point a mile north
of Rockaway village. From this village a crooked east-west line to
Mount Hope marks the inner border. From a point just south of
Mount Hope_ two and a half miles north of Dover, it crosses the
southern point of Green Pond mountain and extends westward in u
nearly due westsrly course from near Silver Spring mine to Lake
Hopatcong. On the west side of the lake, the inner border of the
moraine lies just north of Brooklyn. From this point it bends south-
ward to Port Morris. Thence it extends south of west, passing to
the south of Stanhope village, but including the Stanhope station on
the Delaware, Lackawanna and Western railway. From Stanhope
station the line runs south of west for one and a half miles, and then
west by a slightly undulatory course to Saxton falls.

Where the moraine crosses the Muscenetcong valhy its inner
margin lies one and a quarter miles north of the outer ; thence it
turns northwestward, crossing the Haekettstown-Allamuchy road
about two miles south of Allamuchy pond. From this point it runs
nearly west, passing just north of Petersburg, and following closely
the road from this village to Vienna. Between Vienna and Dan-
ville, and for one and a half miles northwest of Danville, the inner
limit is marked by the Pequest meadows. It then extends south-
west past the southern end of Green's pond and around the southern
point of Jenny Jump mountain, reaching Beaver brook half a mile
below Sarepta. Beaver brook marks the limit from this point south-
west to its junction with the Pequest. Between the point on the
Pequest where it is joined by Beaver brook, and the Delaware to the
northwest, there is a small area of drift possessing the hummocky
topography of the moraine. Most of the material is stratified, but
some of it seems to be till. Since it is so slightly separated from the
moraine area across the Pequest to the southeast, it is included in the
same category.

Width.--Tho width of the moraine varies from half a mile to

something more than two miles. Its average width is about a mih.
From Perth Amboy to Fanwood its average width is about one and
a half miles ; from Fanwood to Springfield, about one ; from Chat-
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ham to Tabor, less than one ; at Do_'er, nearly two and a half. This

is one of its widest points. From Dover west, it narrows until at the

re-entrant angle near Mount Arlington it is less than "one _mile in

width. It rapidly widens again farther west, and at Lake ]_o_at-

cong it has a width of two miles. West of this lake it narro_._.._
having an average width of little more than one mile between the
longitude of Port Morris and that of Budds lake. Between Budde

lake and Saxton falls it is still narrower, often being less than three-

quarters of a mile in width. Where it crosses the Musconetcong
valley, it is one and a quarter miles wide ; between Vienna and Dan-

ville, one and three-quarters; at Townsbury, including the prolonga-
tion down the valley, nearly three ; between Townsbory and Green's

pond it narrows to three-quarters of a mile; south of Green's pond

its width is a mile and three-quarters, and at Oxford Church nearly
the same.

The topographic position and relatlons.--The vertical range of the
moraine between Perth Amboy and the Delaware is about 1,200 feet.
The highest point (1,208 feet) is a little more than a mile east of the

south end of Lake Hopatcong. The lowest point is near the sea-level

at Perth Amboy. From Perth Amboy to Fanwood the moraine
rarely reaches a height of 200 feet. In the next six miles it rises to
an altitude of more than 500 feet. From Chatham to Littleton its

crest rarely reaches much above 400 feet. East of Tabor it rises to

an altitude of nearly 600 feet. North of Dover it reaches an altitude
of nearly 1,000 feet.

From Dover to Saxton falls the course of the moraine appears to
be measurably independent of the topography. It descends into

valleys and rises up to the summits of the gneiss hills with apparent
indifference. In this region it has a maximum difference in altitude

of about 600 feet. The maximum difference in height of the inner

and outer borders on any one meridian is about 400 feet. This
occurs at Rustic, where the outer border of the moraine has an

elevation of about 790 feet, and its inner border, in the same longi-
tude, is a little more than 1,200 feet above tide. West of Dover the

outer border of the moraine is fringed by a gravel plain as far as

Port Oram. Here the moraine rises rapidly from an elevation of

700 feet to an elevation of 931 feet. It descends into the valley
again at Hopatcong Junction. North of Port Oram the moraine

covers hills which have an average elevation ranging from 740 to
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940 feet. A little southwest of the apex of the re-entrant angle of

the moraine, just west of the Mount Arlington station and a quarter
of a mile north of the Delaware, Lackawanna and Western railway,

there is a hill which rises to a height of 1,072 feet. The ice does

not appear to have covered this hill, though it deposited gravel and
cobbles at its foot, building up a plain which slopes to the southward,

and which may be seen west of the Mount Arlington station. The

ice wrapped around this 1,072-foot hill and, in accordance with the

laws of glacial motion, moved down the valley toward I)rakesville
some distance further than on the highlands to the northeast. At

Shlppenport the moraine has an altitude of about 860 feet, and a

mile west an altitude ()f 1,181. At Stanhope its inner border has an

_ltitude of 920 fcet_ while its outer border is 200 feet higher.

In the Mueeonetcong valley, the moraine has an altitude of 600 to
4381 feet. In crossing the mountain separating the Musconeteong

from the Pequest valley, its crest reaches heights of 1,005, 1,178 and

1,008 feet. In the valley of the Pequest_ its altitude ranges from
580 to 600 feet. From this comparatively low elevation, it rises

rapidly on Mount Mohepinoki to a height of 1,13l feet, from which
_altitude it descends more slowly into the valley of the Pequest at

Buttzville. Here its altitude ranges from 621 feet, half a mile west
of Pequest Furnace, to 520 and 530 feet near Buttzville. In the

vicinity of Oxford Church, it lies upon a side hill, and its height
varies from 660 to 360 feet within less than a mile. At its westward

extension, near the Delaware, its crest is 387 feet. Within the stretch

from Haekettstown to the Delaware, its summit, therefore, has a

range of about 800 feet.

The moraine as a topographic fea_ure.--Throughout parts of its
course, the moraine is a conspicuous topographic feature, especially as
seen from its outer face. It is much less so where seen from its inner

face. Commencing at the southeast, the first place where the moraine,
seen from the outside, is a conspicuous topographic feature, is just

west of Ford's Corners. Here the highest point of the moraine rises

something like 140 feet above the overwash plain, southwest of it,
within the space of a quarter of a mile. The road from Ford's Cor-
ners to Metuehen runs along the overwash plain near the base of the

moraine. The western face of the moraine is again abrupt, and, as

seen from the west, is a conspicuous topographic feature east of South

Plainfield, Avon Park and Plainfield. In the last-named locality
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the abrupt outer face of the moraine is rendered more conspicuous
because of its juxtaposition with the nearly-level overwash plain, on

which the city of Plainfield stands. East of New Brooklyn, the

moraine rises ninety feet within the space of little more than a quar-

ter of a mile. Due east of Grant avenue station, it rises about 100

feet within a like distance. The same general condition of things
holds further north to a point a mile northeast of Scotch Plains.

From this point to the Passaic, the moraine is not conspicuous as

seen from the outside. From Stanley to Morristown, the moraine is

commonly thought to present an abrupt western face, but according

to the present interpretation of the phenomena of this region, the
abrupt western face which fronts Great swamp is not the face of the

moraine, but the face of a long subaqueous overwash plain* or of a

series of delta plains, lying just outside of the moraine, and owing

their existence to the extinct Lake Passaic. Beneath the delta plain,
which terminates with the abrupt western slope, there may be morainic

material. If so, it is completely concealed by the sand and gravel
deposits in the marginal part of the lake, after the moraine was

formed. The moraine itself, above this delta plain or this subeqoe-
ous overwash plain, is not conspicuous at any point between the Pas-
saic river and Convent. For two miles or so north of Convent, the

moraine, as seen from the outside, is a more notable topographic
feature.

From Madison to Morristown the moraine is quite as conspicuous

from the inner side as the outer. The inner face rises up as promptly

west of Black meadows as the delta front does above Great swamp_
on the outer face.

From Morristown to Dover the moraine is nowhere conspicuous

as a topographic feature. Approached from the south, at Dover, it,

rises up promptly from the gravel plain which borders the Roekaway
river and constitutes a prominent landscape feature. Cue block north

of the Central railroad depot at Dover, the ascent from the gravel
plain to the top of the moraine is made within a distance of 300

yards, within which space the rise is about sixty feet. Where the

moraine crosses the higher land, south and southwest of Port Cram,
it does not form so marked a feature. In the valley further west,

south of Hopatcong Junction, the moraine rises up abruptly twenty
to thirty feet. The moraine also has an abrupt outer face at the fol-

*Annual Rep_rt of the StateGeologistof .NewJersey, 1892,page99.
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lowing points: 1°, south of Mount Arlington station; 2°, south of
Sbippenport and east of the canal ; 3°, south of Stanhope and west
nearly to Budds lake ; 4°, north of Budds lake. At this point the
moraine rises up promptly forty to sixty feet and constitutes a con-
spicuous topographic feature. From the last point west to the longi-
tude of Saxton falls the moraine is not a strongly-marked topographic
feature, as seen from the south.

:Looking north from l:Iackettstown, the moraine appears as a series
of low, irregular swells, the whole presenting an abrupt outer face
and constituting a low wall across the valley. When compared with
the high hills of gneiss and other crystalline rock which so closely
hem in the valley on either side, it is an insignificant topographic
feature. When contrasted with the low plain of the Musconetcong

gravels to the south, it is conspicuous.
On Pohatcong mountain the moraine, as a topographic feature, is

very insignificant, although, throughout this belt, the morainic topo-
graphy is well developed. Although, in genera], the moraine is a
ridge, or assemblage of ridges, it sinks into relative insignificance
amid the greater hills and hollows. Yet occasionally it stands out
very markedly against the sky line.

In the valley of the Psquest the moraine again becomes a more
notable topographic feature, crossing the valley as a great irregular
wall, cut through only by the narrow gorge occupied by the river.
On Mount Mohepinoki and westward through Buttzville and Bridge-
ville, the moraine is not conspicuous so far as its direct effect upon

topography is concerned.
The _opography of the moraine.--The distinction between the

moraine as a topographic feature and the topography of the moraine
has elsewhere been emphasized.* The real conception of the nature
of a terminal moraine will never be acquired until this distinction is
fully appreciated. Considered as a topographic feature, the moraine
should be studied especially with reference to the abruptness of its
slopes, it height and its relations, as a whole, to its surroundings. If
it stands up notably above its surroundings, and with steep slopes, it
is a conspicuous topographic feature, without reference to the details
of its topography. On the other hand, the details of the topography
of the m!oraine may be rather striking, while the moraine itself, as

_Aunual Report lbr 1892, page 76.
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a whole, does not form much of a ridge, and so is not a striking
topographic feature.

The character of morainic topography has been described in earlier
reports * and need not be repeated here. Illustrations of morainic
topography are presented in Figures 2 and 3.

As may be inferred from what has already been said of the dis-
tinctne__sof the outer and inner margins of the moraine, the char-
acteristic morainic topography made by the close association of

hummocks, kettles, ridges, and troughs, is in general better marked in

_Ig* 2.

Terminal moraine topography as shoxvn a mile north of Hackettstowm (Drawn from photograph.)

the outer half of the moraine belt than in the inner• It is far from

being developed with equal strength at all points, either in the outer
half or in the inner.

Commencing with the southeast, the morainic topography is not
notably rough at Perth Amboy. The undulations of surface which
are closely approximated are not more than ten or fifteen feet. Now
and then the surface becomes rough enough to attract attention.
Thus, northwest of Ford's Corners there are very considerable undu-

lations, giving a strikingly-rough surface, at points so rough that the
land has not been cleared. The characteristic morainic topography,
though not of an espeeially-strong type, is shown a half mile north-

"_Annual Report (ff the _tate (_eologi..t of New Jersey, 1891, pag," S1 ; ditto, 1892,
page 73.
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northeast of the railway station at Metuehen, and an equal distance
northwest of Robinvale station. It is also well marked about Oak

Tree. An especially-good development of morainic topography is
found north of the Lehigh Valley railroad, between Oak Tree and
Netherwood_ near the outer face of the moraine. Here the topo-

graphy is frequently very rough. Striking undulations are of fre-
etuent occurrence ; hillocks ten, twentyj thirty, and even forty feet
high are associated with abrupt depressions of circular or elongated
form, some of which are sunk twenty or thirty feet below their sur-
roundings, but more of which are only five to fifteen feet deep.
There are numerous little ponds and marshee marking the surface.

The type of topography as here illustrated is shown on the map ac-
companying the annual report for 1891, pages 82 and 84.

North from Netherwood to Locust Grove the roughness of the

topography is not striking, though it is commonly of the normal type.
From Netherwood to Short Hills and beyond the surface is muoh
forested, so that the topography is less well seen thau it might other-
wise be. From :Passaic river to Convent the topography is nowhere

very rough, but north of Convent it is very well displayed at several
points. It may be well seen a mile and more east of the Morristowu
railway station, on the road to Alton, where advantage has been taken
of its unique topography for the location of a beautiful summer resl-
deuce. The rolling topography at this point, while much less em-
phatic than at some other points, is easily accessible, and illustrates
the surface features which characterize the moraine throughout most
of its course. From Morrlstown to Denville the moraine is nowhere

very rough, except in the forest region east of Tabor, and here there
is little opportunity to see it to good advantage. It has a vertical
relief much greater than might be inferred from the topographic map,
which at this point has its contour lines at intervals of twenty feet,
and so fails to bring out the peculiar knobbiness of the surface.

At a few points in the moraine there are striking depressions.
The most notable of these occurs just north of Convent, south of the
east-west road which crosses the moraine at this point. According

to the topographic map, this depression is something more than sixty
feet deep, and it and similar depressions probably represent the posi-
tion of ice-blocks, about which and over which the drift was de-
posited. There is another conspicuous sink near Convent, just out-
side the moraine. This is a few rods southwest of the railway, a half
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mile northwest of the station. According to the topographic map,
the depression is about fifty feet deep. It is so situated as to be well
seen, and is a striking surface feature.

On the north side of the canal at Dover the moraine has a normal

development, with a mildly-accentuated topography, the sinks and
hummocks of ten feet relief being more frequent than those of twenty
feet. The most strongly-marked topography in this immediate locality
is found on the inner border at the Teabo mines, something more than
two miles north of Dover in a direct line. At this place.the vertical
relief between the tops of the hummocks and the bottoms of the sinks
is fully thirty-five feet. South of Port Cram the topography of the
inner border of the moraine is strong, with a relief of twenty-five
feet, but as the moraine rises up from an elevation of 700 feet to the

summits of the hills at 931 feet, the topography becomes weak, and
the topographic transition from the moraine to the extra-moralnic
region is gradual. The topography again becomes rough as it de-
scends to the west about Hopatcoug Junction. 8outhwest of the sta-
tion the vertical relief is about thirty-five feet.

North of the gravel plain of the Rockaway river, which divides the
moraine into a north and south division at Port Cram, the moraine
has a strongly-acosntuated topography, with a relief of fifteen to
thirty feet. The inner edge of the moraine here assumes the kame
phase. Typical morainic topography is well shown along the Hopat-
cong branch of the Central railroad, a short distance north of a point
where that line of the railroad runs beneath the tracks of the Delaware,
Lackawanna and Western railroad. From the railroad, the topography
is best seen to the eastward.

The outer portion of the moraine at Mount Arlington station and
south of it, has a rough topography, with rapidly rising and falling
swells and sinks. Between the tops of the knolls and the bottoms of
the adjacent hollows, there is a maximum relief of forty feet. The
topography of the inner border of the moralne_ which is about 400
feet higher, is much less strongly marked.

There are deep railway cuts through the knolls of the strongly-
marked morainic topography a mile east of Mount Arlington station,
and again before 8hippenport is reached. At Shippenport the relief
of the moraine is about thirty-five feet. West of Shippenport, the

topography is rough, there being a relief of twenty-five to forty feet.
Great kettles are occupied by marshes and some of them by ponds.
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South of Stanhope, the topography of the moraine is more varied,

the knolls of which it is made being sometimes broad and gentle, and

at other times abrupt and closely set, so as to give the surface a choppy

appearance. Between Stanhope and Budds lake the topography of
the moraine is characteristic, but not markedly rough. The topo-

graphy becomes rough again one mile southeast of Saxton falls, where
the moraine is narrow. Its surface has here a relief of forty feet.

A mile northeast of Hackettstown the contrast between the flat, level

surface of the Musconetcong valley and the hummocky, tumultuous
character of the moraine to the north is very striking. The roads

Pig. 3.

Sketch nlu3traUn s tornflnB1 moraine topography. (Drawn from a photograph of the outer faco of the
terminal moraine one and one-half miles northwest o| Haekettstown. Contrast with Figure 4.)

from Hackettstown to Waterloo, and from Hackettstown to Allamuchy,

cross it where characteristic morainic topography is well shown. It

is perhaps rather better shown along the Allamuchy road than along
the other. Just east of this road there is a large, conspicuous kettle,

forty to fifty feet (estimated) deep. Since this is in plain view from

the road, it is particularly conspicuous; but other depressions, fully

as large, are found in the woods and fields to the northwest. One
and one-half miles northwest of Hackettstown the morainic topo-

graphy is also very strongly developed north of the east-west road
which connects the Petersburg road to Hackettstown with the Peters-

burg road to Towasbury. Looking north from this road across a

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 141

mainly of sand and gravel ; in more places, the two sorts of drift are

intimately associated. More commonly than otherwise the gravel
lies at the surface of the moraine, even when its deeper parts are

chiefly of till, but this is by no means the uniform rule. In many

places there are greater or less thicknesses of till over gravel. In

general the topography is roughest where there is a good deal of

gravel, the individual hillocks having the general character of kames.
From Perth Amboy to Locust Grove the moraine is composed very

largely of material of Triassic origin. It is predominately red, and

till is more abundant than gravel. This red till of the moraine is

well shown in the deep railway cut at Fanwood, and less well along
the Pennsylvania railroad between Mctuchen and .Menlo Park.

It is also shown in the cuts along the new line of railway just north

of Metuchen, though the till is here associated with stratified sand

and gravel. Green Pond mountain bowlders occur at Perth Amboy,
and are found more or less abundantly all along the moraine west of

this point. All along the moraine there is some granitic or gnelssic
material, though it is nowhere predominant south of the Passaic

river. Where the moraine crosses the Watchung mountains between
Locust Grove and Summit, and from Summit northeastward through

Short Hills, the trap mountains have furnished much of the material

which enters into the composition of the moraine.

From the Passaic to Tabor, gravelly material predominates over

till. This is especially true of that part of the moraine between the
Passaic and Convent. From Madison to Littleton and beyond, the

inner face of the moraine below an altitude of 360 feet has a good

deal of gravel, for which the present relations of which Lake Passaic

seems to have been responsible. In the vicinity of Morristown, and

especially north of this point, gneiss becomes the predominant element

of the drift, though material derived from the red shale and sandstone
is common, and locally abundant, as far north as Tabor. In the

vicinity of Morristown, Green Pond mountain conglomerate bowlders
are rather abundant, and have been somewhat extensively collected

and used for building purposes. Beyond this point the gneissic
material becomes much more abundant. From Denville to Dover,

all other constituents are subordinate to the. gneiss. From Dover

westward, gneiss remains the predominant constituent. At many

points all other stony ingredients do not constitute more than five to

ten per cent. of the total amount of stony material .of the drift. The
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proportion of stony to earthy constituents is variable, the former
often constituting fifty per cent. of the whole. The stony material is
often in the form of large bowlders, many of which are abundantly
striated and conspicuously worn.

Of the minor constituents between Dover and Haekettstown, the
Green Pond mountain conglomerate and Hudson river sandstone and
slate (or shale) are the most important. The former occurs east of
Hopatcong Junction, but no trace of it was seen so far west as Mount
Arlington. The Hudson river sandstone and slate occur in smaller

pieces than the gneiss and Green Pond mountain conglomerate, and
are much more extensively striated. Limestone was found in the

moraine a mile east of Mount Arlington, at Stanhope, and north of
Bndds lake. Where limestone occurs it is usually well worn, and
well covered with strlse. The till was observed to be calcareous at a

few points only, and that where limestone is mentioned as having
been found. Bowlders which appear to be diabase are found sparingly
in the moraine at Port Cram. There are a number of good exposures
in the moraine between Dover and Saxton falls, chiefly along the
railroad. Local descriptions of these exposures serve best to illustrate
the constitution of the moraine through this part of the State.

1° . At Dover, about three blocks north and four east of the Cen-
tral Railroad of New Jersey depot, an exposure about twenty feet in
depth shows ten feet of till over stratified sand. The stony material
of the till is made up largely of gneiss (eighty-five to ninety per cent.)
Other constituents are purple and pink quartzites, Green Pond moun-
tain conglomerate, black flints, grey shale, grey conglomerate and red
granite. The gneiss bowlders range up to six feet in diameter, and
are generally but little worn. The conglomerates are generally
rounded, one to two feet in diameter.

2°. One block north and one west of the same depot, another good
exposure, forty feet in depth, shows ten to fifteen feet of till overlying
stratified sand. The material of the till is like that already described.

3°. Between Port Cram and Dover there is a railway cut on the
Central Railroad of :New Jersey, west of the bridge over the Rock-
away. The cut is about 1,500 feet long and twenty feet deep. The
material exposed is not stratified, but has the character of gravelly
till, not very compact. The constituents are similar to those of the

other cuts near at hand, with the addition of many angular pieces of
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quartz. The material is coarse, with some striated gneiss bowlders
eight feet in diameter.

4 ° . West of the Delaware, Lackawanna and Western depot at Port

Cram there is a railroad cut in the moraine 300 feet long and thirty-
five feet deep. A largo percentage of the material is stony. The

stony material is largeIy gneissie, but there is some red quartzite,

mica schist, Hudson river sandstone and diabase. Many bowlders

two to three feet in diameter are prssent, also larger ones up to eight
to ten feet in diameter.

5 °. At Hopatcong Junction till is exposed by railroad cuts for sev-

eral hundred feet. Twenty per cent. of the material is stony. Of

the stony constituents, about ninety-eight per cent. are of gneiss,
much of which is rounded and striated. Green Pond mountain con-

glomerate and Hudson river shale are represented.

6 °. At Morris County Junction, a railroad cut shows twenty feet

of till with a sandy matrix. The stony material makes ten to fifteen
per cent. of the whole. Of this, ninety-eight per cent. is gneiss, a

few bowlders having a diameter of eight feet. Hudson river sand-

stone and Green Pond mountain conglomerate are the other forma-

tions represented by bowlders or smaller stones.

7 °. Near Shippenport, on the Delaware, Lackawanna and Western

railway, south of Mountain pond, the railroad cuts give good expos-
ures of till.

8 °. At Port Morris, a railroad cut shows that stony material

makes more than half the body of the moraine. A large percentage

of this consists of bowlders. Of the bowlders about ninety-eight per
cent. are gneiss and granite, and the remainder are mainly Hudson

river sandstone. Much of the gneiss is not well worn.
9°. At the Lake Hopatcoog station of the Delaware, Lackawanna

and Western railway, till of the moraine is well exposed. Sixty per

cent. of the material is stony, a few gneiss bowlders being seven to

eight feet in diameter.

10% A short distance east of the station at Stanbope, a cut on the

Delaware, Lackawanna and Western railway shows fifty feet of till,

with a sandy matrix. Twenty per cent. of the material is made up
of small stones six inches and less in diameter, though bowlders are
not absent. Hudson river sandstone and a small amount of limestone

are present.

West of Saxton :Falls one of the best-known exposures in the too-
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raine is found where the Allamuehy road crosses the canal, a mile
and a quarter north of Hackettstown. The material is seen to consist

of a clay matrix, containing stony materials of all sizes up to bowlders

three or four feet in diameter. The whole mass is extremely com-

pact, the stones being so firmly imbedded that they are frequently
broken in being extracted. The materials are all glacially worn and

fresh in appearance. Sixty to seventy per cent. of the fragments are
of fresh bluish limestone, which in nearly every ease is most dis-

tinctly striated. Hudson river slates and Oneida quarizites are also
distinctly striated. The gneiss bowlders have fresh, polished sur-

faces, and show very little sign of weathering subsequent to the de-

position of the till. The color of the till is buff.to grey, with a bluish

tinge, owing to the great abundance of the blue limestone. When

tested with acid the till here is found to be slightly calcareous, even
at the very surface, and a brisk effervescence follows when material
two feetfrom thesurfaceistested.

Going westupon thegneisshighlands,itisnotfound thatthema-

terialof themorainechangesgreatly.The gneissand othercrystal-

linebowldersbecomemore abundant,constitutingfullyfiftypercent.

ofthewhole. Limestonebowldersform about twentypercent.,and

variousquartzites,sandstonesand conglomerates--Potsdam_Medina

and Oneida--anothertwentypercent. No Green Pond mountain

conglomerateor quartzitewas found.

Anotherexposurein themoraineisseen along the road near the

firstcorner,a littlemore thana milesouthwestof Petersburg.Here

thematerialislesscoarsethan nearthe canal,and has apparently

beenoxidizedtoa greaterdepth. Thisiscertainlytrueifitssurface

was ever equallyfresh.Its coloris in generalreddishbrown,

streakedwithwhitishgrey. Severalsmalllimestonebowlderswhich

weremuch decayedwerenoted,whileothersnearthem wereentirely

fresh./'_'videntlymaterlalsin very differentstagesof decay were

originallyincorporatedintothe drift.The materialisslightlycal-

careousfouror fivefeetfrom the surface.Fine rootletspenetrate

theentiredepthof thecut(sixfeet),so thatthesectiondoesnot go

below thezoneof weathering.

Anothergood exposureisseenalongtheDanville-Beattystownroad,

nearthe grist-mill,one and a quartermilessoutheastof Danville.

Here a massof driftabout fortyfeetdeep,mostlyof coarsegravel

and sand,with bowldersup to threefeetin diameter,has been cut
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through by the stream in a gorge thirty yards wide. 'the drift evi-
dently ponded back the water_ forming a small lake, the marshy re-

mains of which ace seen a quarter of a mile southward. Much of
the material is striated, and but very little water-worn ; bat it appears

to have been slightly modified by water while being deposited. The
limestone here constitutes about sixty or seventy per cent. of the stony

material. Gneiss, quartzite of various kinds, slate and sandstone

form the remainder, in about equal proportions. The matrix is de-

cidedly calcareous, even close to the surface. Save for the first two
or three feet it is of a buff to bluish-grey color.

An excellent opportunity for contrasting both the morainic and the

extra-morainic topography_ and the morainic and extra-morainic

material of gneissic origin, is afforded by the area along the road run-

ning (ast and west a mile and a quarter south of Petersburg. (See

:Figures 3 and 4.) Just at the corner of the late A. R. Day's residence,
the road touches the moraine, and then runs to the westward just south

of it for two-thirds of a mile, gradually approaching and finally enter-

ing it. Along this road, where it runs over residuary soil outside the
moraine_ the bowlders of local gneiss are angular, showing no sign of

wear. They are never smoothed or polished. 8ome of them are

more or less rounded_ the result of concentric weathering, but their
surfaces are never smoothed in such a manner as to simulate those of

glacial bowlders. The gneiss is here coarse grained and quariz-bear-

ing, and the residuary soil contains a large amount of quartz, in

particles from the size of a small marble downward. This large
amount of quartz gives the soil a loose, coarse, candy appearance.

Leaving the residuary material to the south, the character of the
surface material changes completely so soon as the moraine is reached,
a few rods to the north. The change may be most readily seen in

the character of the stones along the fences. Pot_dem_ Oneida, and

Medina quartzites, sandstones, limestones, and various gneiss and trap
bowlders are found so soon as the moraine is reached. In general, all

the bowlders show distinct signs of wear, iu that they possess rounded

or beveled angles and smoothed sides. The difference in shape of the

residuary fragments and the glacial bowlders is very marked.
The contrast in color on the surface is not so marked, but there is

yet a difference. A little below the surface, the till is buff to bluish-

grey, whereas the gneiss residuary has always the higher color, indicat-
ing greater oxidation. In the color of the residuary earths_ however,

10
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much depends on the mineralogical and chemical constitution of the
rock from which they are derived.

The material of the moraine is often sllghty calcareous just beneath
the sod, and becomes more so deeper down. Not infrequently, the
stratified drift is highly calcareous, even at the surface. This is
somewhat remarkable, as the loose drift is so easily penetrated by
water. Observation goes to show that the amount of calcareous mat-
ter originally in the moraine varies considerably, but it is everywhere
present in the moraine east of Townsbury and west of Hackettstowm

On Pohatcong mountain, the moraine is composed largely of till,
but as it descends into the Psquest valley, the amount of stratified
material increases very rapidly. In the vicinity of Townsbury, the
material is neither typical till nor well-stratified material. Enough
fine material was carried away by the water issuing from the ice along
the natural drainage line afforded by the low limestone valley_ to
make the deposit which remains much less compact than typical till.
The materials at% however, but little water-worn, and striated stones
are uot uncommon,

Good exposures are seen in the railroad cuts northward from the
Townsbury depot. North of the Pequest, also, there are deep cuts
along the railroad, exposing beautifully-stratified sand and gravel.
The two high hills (586 and 588 feet) between which the railroad
passes, are of stratified sand and coarse gravel, containing huge bowl-
ders_ and covered in places by patches of till. The gravel is of a
bluish-grey to buff color and is highly calcareous.

In the vicinity of Danville the association of stratified drift and till is
well shown in a number of cases. The great mass of the moraine belt
is composed of loose, stratified sand and gravel, containing bowlders

one to two and three feet in diameter. It is always highly calcareous,
the pebbles frequently being coated with llme carbonate and some-
times even cemented together by it. Oxidation has notably affected
no more than the uppermost two or three feet. Along the road from

the new school-house to the depot, the moraine is largely of till, but
the till is only superfioiai, the stratified drift being found beneath.
Southeast of the railroad track, and half a mile east of Danville, there
is a broad area but little above the 560-foot contour line. The sur-

face is gently undulatory with shallow kettles. No marked knolls
rise above the general level. It partakes slightly of the nature of a
pitted plain.
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At the first exposure along the railroad south of the depot, gravelly
till is shown overlying and more or less completely surrounding the
gravel which thus appears in pockets in the till. On the side of
the cut towards the higher part of the hill, a much larger part of the
material is stratified, showing that the till is restricted to the lower

slopes..This same fact is shown at a gravel pit just south, where till
is found on the flank of the hill, at the bottom, whereas the gravel

makes up the bulk of the hill. Large bowlders are generally absent
from the surface of the higher parts.

Near the bridge over the Pequest, on the road to Beattyetown, the
moraine is composed almost entirely of very fine sand. There is a
good exposure of thirty feet or more along the road as it descends to
the bridge. The sand is so fine and so uniform in texture that it is
very difficult to say whether it is stratified or not. With the excep-
tion of several fresh, striated bowlders of limestone in the bottom of
the cut, there are no stones mixed with the sand.

About half a mile southwest of the depot, the railroad runs through

a great depression in the moraine, the bottom of which is 529 feet,
•and the rim of which is more than 560 feet. Evidently a great block

_f ice was here partially or completely buried by the gravel and sand
which the water swept in and piled up around it.

Taking all the facts into consideration, it is clear that the moraine
within the Pcquest valley, from Danville to the outer margin below
Townsbury, was formed by the combined influence of water and ice,
whereas in the formation of the moraine lying upon Pohatcong

mountain, water had little share.
As soon as the moraine ascends out of the Pequest valley to the

west, its material is l_.rgely till, sometimes very compact and some-
times loose and gravelly. Its surface is generally strewn with
bowlders.

About Buttzville numerous exposures enable one to study the com-

position, color and amount of post-glacial alteration very completely.
The stony material of the drift is made up of gneiss, schist, Potsdam,
Oneida and Medina sandstones, quartzitee and conglomerates, Hudson
river sandstone and shale, limestone, black flint and chert, and a few

pieces of igneous rock. The relative abundance is indicated roughly
by the above order. The limestones are much less numerous than in
the moraine in the vicinity of Townebury and beyond, but they can
generally be found anywhere within the space of a few rods. They
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are more numerous west of Buttzville than near the village and south
of it. This variation in the amount of limsstone is what should be

expected, when it is remembered that the general course of ice move-
ment was southwest by south. The long stretch of gneiss in Jenny
Jump mountainliestothenortheastof thislocality,end thereisno
immediatesourcefrom whichlimestonecouldbe derived,savethe
rockimmediatelyunderlyingthemoraine.The surfaceand upper-
mostthreetosixfeetofthetillisgenerallyyellowbrown_tingedwith
red,orapproachinginplacesachocolatecolor.The stratifieddeposits
inthemoraineknollsareusuallyofa lightercolor,bui_shtobluish,
evenverynearthesurface.One ortwocutsshowthatthetillbelow
the oxidizedlayerisbug. Testswith hydrochloricacidforlime
carbonategavevaryingrssults.Generallya slightreactioncouldbe
obtainedat depthsof sixor sevenfcet--thebottomof thecutsin
theseparticularcases.Frequentlyslighteffervescencewasobservable
three,fouror fivefeetfrom thesurface,wherethecolorisyellow
brown. The buff"and blue-coloreddrif_alwaysgivesstrongefferves-
cence.The sandandgravelsseemslightlymore calcareousthanthe
till,but toofew observationswere made to justifyany positive
statement.

The moraineinthisvicinitycontainsa largeproportionof water-
wornmaterials.Thesearesometimesabundantunderthetill,some-

timesinknollsandshort,irregularridges,and sometimestheymark
thesurfaceof undulatoryfiats.In thislastcase,thesurfaceindica-
tionsof gravel(cobblesand water-wornbowlders)couldnotbe sub-
stantiatedby evidencefromexposures.
Northof OxfordChurchthematerialisalmostwhollystratified

sandand gravel,containingsomelargebowldersand cobbles.Itis

arrangedinknollsand ridgesinclosingkettles,someof whichareof
considerablesize.Three-fourthsof a milenorthby eastof the
churchone depressionisfortyor fiftyrods(estimated)indiameter_
andfiftytofifty-fivefeetdeep. Good exposureserefoundnearthe
blacksmithshopa littlecastof OxfordChurch,and againalongthe
roadfromOxfordChurchtoBridgeville,abouthalfa milesouthwest
of Pequsstriver.
A deeprailroadcuthalfa milenorthoftheButtzvilledepot,and

anothershallowercutthesamedistancenorthwestof theBridgeville

depot,givegood exposures,and show therelationshipof thetillto
thegravelandtotheunderlyingrock.
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This part of the moraine shows the tendency already mentioned in
connection with the moraine near Townsbury, to change to stratified
drift in the valleys, along which there was strong glacial drainage.
From Buttzville westward the stratified drift forms the larger pro-
portion of the moraine until the valley of the Delaware river is

reached. Here the moraine topography is interrupted by and _gives
place to the gently-undulating surface of the overwasb plain, _vhieh
is continued south as a valley train to Trenton and beyond. At the
last-named city the gravel is widely known as Trenton gravel. The
small isolated moraine area two miles south of Belvidere, rising

above the general level of the valley train, is the only example of
true moraine material in the Delaware valley south of Belvidere.

Surface bowlders.--The surface of the moraine is often thickly
strewn with bowlders. This is true where it is composed of gravel
as well as where it is of till. The bowlders are sometimes well worn
and sometimes angular. They are of all the various types of material
that have been mentioned in the description of the exposures, with

gneiss greatly predominating. The gneiss bowlders are generally as
much as three or four feet in diameter.

The following places have unusual numbers of bowlders scattered
over the surface: 1°, north of Dover, east and south of the Baker
mine; 2°, west of Port Cram, on the north and east side of the
Rockaway river where it cuts across the moraine in coming down
"fromBerkshire valley, where the bowlders are notable for their large
size, many being five and six feet in diameter ; 3°, at the south mar-
gin of the moraine south of Mount Arlington station and west of
Duck pond ; 4°, south of Stanhope, toward Budds lake. Here a few
limestone bowlders were found in addition to the usual gneiss and
Hudson river sandstone bowlders. Bowlder-strewn surfaces are the

rule rather than the exception throughout the highland region of the

State. They are less abundant east of the highlands and in the Pe-
quest valley.

Depth of drift in the moralne.--The greatest known depth of drift
in the moraine which has come to knowledge is reported from Mount

Arlington station, where a well has been recently driven 260 feet
without striking rock. The drift is also very deep along the moraine
from Morristown to Madison. Few excavations have reached its baser "

although depths of about 200 feet have been reported at several points.
Such figures are far above the average depth of drift in the States
which probably falls short of seventy-five feet.
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The overwashplaln.--The accompanying map shows the positiorm
of the overwash plain which borddrs the moraine. It will be noticed
that it skirts the same continuously from Sand hills, west of Perth
Ambey, to Scotch Plains ; that from Bound Brook there is an exten-

sion of the overwash sand southward up the Millstone valley and
through some of its tributary valleys to the Delaware;* that there is.
a small amount of overwash material south of Summit, between First_
and Second mountains, and that there is still more of it between the
crests of Second mountain, for a mile southwest of Summit. At
West Summit, and all along the moraine from Long Hill to Morris*
town, the moraine is skirted by a subaquoons overwash or delta
plain. The gravel plain north of the Whippany river, at Morris.
Plains, is possibly overwash, and possibly subaqueons overwash in
origin. There are other small areas of overwash sand and gravel
south of Tabor, south of Denville, and southeast of Dover.

South of the moraine, in the longitude of Keuvil, there is a more
considerable body of gravel and sand, stretching along the valley of
the Black river to the latitude of Chester. The sand of the Black

river valley is connected at Kenvil and at Flanders with a similar
formation in the valley of Drake's brook. This is the most con-
sideeable area of overwash drift in the highland area. The material
is gravelly at the north near the moraine, but becomes finer and finer
to the south. There can be little doubt that the present course of"
the Black river is post-glacial. From a point somewhere near
Hacklebarney, two miles from Chester, the drainage was northward.
to the Roekaway until the moraine was deposited as a barrier just
north of the latter stream. No longer finding an outlet in this
direction, the water is believed to have accumulated south of the.
moraine, forming a lake along the present marshy valley from Succa-
sunna to Chester. When the water rose high enough, it overflowed
the divide to the southward, and escaped via Pottersville to the
Raritan.

There is another small area of overwash drift between Budds lake

and the moraine. In the Musconeteong valley there is a considerable
valley train, continuously developed from the moraine to Beattystown
and beyond, and represented by various narrow areas of gravel at.

• several points further down the valley. East of Pequsst :Furnace

:'Sec Annual Report for 1892, page 115, et 8eq.
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there [is an area of stratified drift, deposited by water while the
moraine was making.

Down the Delaware there is a long but narrow gravel train, which

runs down to a point below Trenton, where it becomes less distinct.
The_same sort of gravel is well known on the Pennsylvania side of
the]river to a point below Bristol.*

The'gravel in all these plaess is believed to have been contempo-
raneous in origin with the moraine.

_Annual ]_eport of the State Geologist of New Jersey_ 1892_page 113.
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SECTION, IV.

DRIF:r DEPOSITS MADE UNDER THE INFLUENCE

OF STAGNANT ICE.

In mountainous regions, where the frietlou of ice-flow was great, it

sometimes happened that considerable masses of ice became stagnant
during the dissolution of the ice-sheet. After surface-meltiug had
proceeded so far as to bring the upper surface of the ice below the

crests of the inter-valley ridges, allowing them to project through the
ice, great lobes of ice still occupied the valleys. In some cases, this
valley ice doubtless retained movement after the ridges were laid bare.
If movement persisted, the ice in the valleys constituted valley
glaciers. The length of time during which these valley glaciers re-
tained motion, must have depended on the amount of ice supplied

_'lg. 5.

Crc<_-fcctlon of a valley with stagnant Ice In Its bottom, lUustratlvg deposition of gravel as
described in tell, A _trcam has tlowed down one side of the valley between the ice and the
rock face, and h_-_ deposited gravel and sand between It and the Irregular facB of the Ice.

them at their upper ends, When this supply was suffieientlydlmln-
isbed, flowageceased, Where valley ice becamestagnant, it exerted
an important, though passive influence in determining the position of
certain drift deposits and the forms which they assumed.

Let us suppose a mass of stagnant valley ice, lying near the edge
of the ice sheet, but beyond its main body. The melting ice further
north discharged its waters along the lowest accessible lines. These
lines, under the conditions assumed, were the valleys, but not the
bottoms of the valleys, as they now exist. The bottoms of the val-
leys were occupied by the ice, as indicated in Figure 5. Since dieso-
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lution of the ice is in progress, by hypothesis, the ice does not rest
snugly against the slopes on eitber hand. Warmed by the sun,tbe slopes
melt back the ise, leaving miniature valleys between the rock slope
and the edge of the ice on either side, as represented in the figure.
The junction of the ice and the bounding bluff would, therefore, be
the position along which such glacial drainage as found its way
through the valley, would flow. Streams might flow down one or
both sides. Along their courses, the streams would deposit more or
less of the gravel and sand they were transporting.

Since the valley bottom was occupied by the ice, it would be pro-
tected from deposition at the stage represented in the figure. If the
stagnant ice endured longer than glacial drainage through the valley,
the deposits made by the drainage would be confined to the sides of
the valley, at a greater or less height above the bottom, after the ice
was gone. The exact position would be dependent upon the volume
of the ice. The thicker the ice the higher would be the line of junc-
tion between it and the bluff. If glacial drainage through the wiley
continued after the disappearance of the ice, the bottom of the valley
would be likely to be aggraded, so that deposits would not be con-
fined to the sides of the valley above the bottom.

The edges of these valley ice masses against which the deposits

were made were irregular. The sand and gravel deposits made by
the streams were limited on one side by the irregular ice face. This
ice face was the mould in which the deposits of sand and gravel
were cast. After the ice had melted, the sand and gravel depo_itsd
against it would constitute a sort of constructive terrace against the
valley slope.

Terraces formed in this way would have one unique feature, dis-
tinguishing them sharply from terraces formed in the usual way.
Since the terrace material was deposited against the irregular face of
the ice, the valhy-ward face of the terraceeast in the irregular ice-
mould would be correspondingly irregular, and its roughneeses would
be the exact counterparts of those of the ice. The gaping crevasses
leading from the edge of the ice toward its center would be likely to
be filled with sand and gravel After the ice had melted, the filling
of such crevasseswould stand oat as ridges, wide toward the valley
bluff and narrower toward the center of the valley, just" as the

crevasse was. The present slopes of such a crevasse ridge would be
assumed after the ice melted, and would be essentially the angle at
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which loose material would lie. Crevasse-filling might be somewhat
rare, but the other sorts of irregularities would be abundant, and,
by them, terraces formed after the fashion here described could be
recognized.

The filling might go so far as to bury considerable parts of the
sides of the ice as it rested in the valley. When the underlying ice
melted there would be unequal settling of the gravel which overlay
it. This would give rise to hollows and hummocks, vertical irregu-
larities, along the valleyward face of the terrace. The irregularities
of the ice might he such as to interfere with the regularity of drain-
age and cause the terracesto be somewhut unequal in height at differ-
ent points. Unusually rapid alternations of coarse and fine material
might result.

As the stagnant ice disappeared it might be separated into more or
less distinct masses, the line of separation being determined by pre-
existent transverse crevasses. If this happened while glacial drain-
age _:as still coursing through the valley, deposits might completely
cross the valley betwecn the seperated iec masses. If glacial drainage
ceased to deposit before the separate blocks of ice melted, the position
occupied by each would constitute a hollow, and the fillings between
the ice blocks where they extended across the valley would constitute
dams or partition ridges, separating the hollows more or less com-
pletely from one another. These might severally become the sites of
lakes.

At many points in Sussex county there are phenomena which cor-
respond with those just sketched. They are prominent in many
parts of the county. They have thus far been observed especially in
the Walkill valley, from Ogdensburg to Hamburg; in the Black
creek valley, northeast of Hamburg; in the upper reaches of the
Pequest valley, from Sparta Junction to Huntsville and beyond.
The remarkablechain of valley lakes southeast of Newton and north-
east of Sparta Junction are believed to owe their origin to stagnant
ice-blocks, as sketched above. It is probable that many chains of
lakes in considerablevalleys in regions of glacier drift find their ex-
planation in s_.agnantlea-blocks.

Stagnant ice phenomena have also been noticed at points further
west across the Kittatiny mountains, in the vicinity of Peters valley.
Indeed, they seem to be of common occurrence in the valleys of the
northwestern part of the State. Though they have not been studied
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in detail, the chains of valley lakes between Monroe Corners, three
miles west of Franklin Furnace, and Andover, are probably due to
deposits made under the influenceof stagnant ice. They are believed
to represent the sites of the valley ice masses, into which the valley
ice was differentiated after motion ceased.

Gravel deposits of the class here referred to are not generally con-
spicuously developed on both sides of the valley. Their restriction to
one side indicates that the glacial drainage was chiefly down one side
of the valley only.

Where the ice occupied the trough of the valley until aRer glacial
drainage had ceased to flow through it, or until after the glacial
drainage had ceased to bring large quantities of sediment into it, the
bottom of the valley might be relatively free from drift, after the ice
was gone, while Stratified drift, existed on one or both sides of the
valley above its bottom. Such is frequently the condition of things
in the valleys of Sussex county. One of the most striking features of
the valleys of the region about Newton is the fact that many of their
bottoms are marked by numerous outcrops of bare rock, often in the
form of knobs or narrow ledges, the direction of which corresponds
with the strike of the strata. The explanation of these phenomena is
believed to be found along the lines indicated. Ice continued to

• occupy the troughs of the valleys without having made considerable
deposits there, while glacial waters flowed down between the stagnant
ice tongues and the valley slopes, making heavy deposits of gravel
ancl sand on the sides of the valleys.

The irregularities of the valley-ward facesof these terraces are often
striking. Standing on one side of a valley_and looking across to the
opposite terrace face, the latter is seen to be marked by few or many
depressions, hummocks, ridges, &c., a part or all of which may be
gentle or abrupt. That is, the face of the terrace, in its general
topography, closely resembles the topography of a terminal moraine.
This, as explained, probably represents in reverse the irregularities of
the ice mould.

These terracesconstitute a type and deserve a special name. The
several hummocks and ridges, with their associated depressions, are
generally identical with the roughneesesof the topography of kames.
The source of the material and the method by which it is deposited
are in all essential respects the same as that of kames. In both cases

the active agent is the water which comes from melting ice, and in
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both cases the sand and gravel are glacial. The manner in which
the roughneeses of topography were brought about is also similar to
the manner in which the roughhouses of kame topography are often
produced. In both cases it was deposited about ice, or against rough
faces of ice, or in hollows or re-entrants in the edge of the ice. Since
these rude terraces have much in common with kames, both in the
matter of topography, constitution and genesis, they might appropri-
ately be designated kame terraces. A kame terrace, therefore, is a
terrace of glacial sand and gravel, deposited between a valley ice lobe
(generally stagnant) and the bounding rook slope of the valley. More
or less isolated kames are sometimes associated with kame terraces.

This is essentially the sense in which the term moraine terrace has
been used,* although the term as heretofore used does not imply the
absence or essential absence of motion on the part of the ice. The
term was sometimes used by Hitoheeck to designate terracee which
are probably similar in origin to those here described, though at that
time their origin was otherwise explained, t But the differentiation
of drift deposits, and knowledge concerning their origin have pro-
gresesd so far since the term was first used, that the designation kame
terrace seems more appropriate at the present time.

Kame terraces are often far from continuous. They often occur in
patches only, the separated parts having elevations which correspond
in a general way with each other. A short kame terrace is well
shown at McAfee, and may be best seen by looking eastward from

the road west of the railway, where the road below the village crosses
the track.

The great spur of gravel which runs out from the east side nearly
across the valley at Ogdensburg represents one of the spurs which is
believed to be the filling of an ice crevasse.

('hamberlin, Third Annual Report, U. S. G. S, page 304.
t (]eoIogy of Vermont, Vol 1, 1861, pages 150 and 190.
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SECTION V.

DRIFT PHENOMENA OF THE PALISADE RIDGE.

BY ROLLIN D, SALISBURY AND CHARLES E. PEET.

Topographic relations of the ridgs.--The Palisade ridge of New
Jersey, occupying the northeastern border of the State for about
twenty-seven miles, is a conspicuous topographic feature. It is sepa-
rated from the highlands to the west by a very considerable trough
occupied in part by the Hackensack drainage system. It is separated
from the land area to the east by the Hudson river valley. The
ridge has a maximum height of about 550 feet near its northern end,
but declines somewhat gradually to the south, reaching sea-level at its
southern terminus. It has a maximum width of about two miles,
though its average width is not more than one and a half.

In erosa-sectlon the ridge is asymmetrical. (See Figure 6.) On
the east it has a precipitous or nearly vertical face, varying in height
from something more than 500 feet at its northern end to about 300
feet at Fort Lee and 200 feet at West Hoboken. South of Jersey
City the ridge becomes low, and the eastern face is much less steep.
At the northern end of the ridge, or at the northern end of the New
Jersey portion of the lidge_ a decline of 500 feet is accomplished in
less than one-dghth of a mile on the eastern face. At Fort Lee, a
fall of 300 feet takes place in a similar distance.

As is well known, the crest and east face of the ridge, are composed
of trap. At tbh very base of the eastern slope Triassic (Newark)
rock outcrops at many points, and Stevens Point, Hoboken, is an iso-
lated hill, apparently belonging with the crystalline schist serpentine
series which o&urs on the opposite side of the Hudson, and on Staten
Island. The course of the Hudson follows the eastern base of the

trap ridge, departing from it only at Stevens Point.
The western face of the trap ridge is much less precipitous than

the eastern. On the west side, at the northern end, a decline of about
500 feet is accomplished in the space of one and one-half to two
miles. Along the middle part of the ridge a decline of 300 feet is
accomplished in the space of about one mile. From Englewood to
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Jersey City the western face is much steeper than further north. In-

deed, in the latitude of Rid_efield, Granton and West Hoboken, the
western face is rather abrupt. West of Guttenberg a decline of 200 •

feet is aecomp]ished in the space of one-quartcr of a mile, while at
West Hoboken a descent of 200 feet is made in little more than half

that distance. The asymmetry of the ridge in cross-section is shown

by the upper lines of the diagrams on the following page_ drawn to
scale at the points indicated.

The lowest line of the trough-like depression occupied by the

Haekensaek drainage system is nowhere high. The Hackeesaek
river at the northern boundary of the State is only about forty-five

feet above sea-level. The valleys of the creeks east of the Hacken-

sack, at the base of the ridge, are even lower than the Hackensack
itself at the north ]ine of the State. The creek east of Neuvy and

Norwood is only thirty feet above sea-level. From the marsh at this

point drainage goes northward into the Hudson and southward into

the Hackeneack. The northern part of the Palisade ridge, therefore,
is nearly 500 feet above the depre_ion to the west. The eastern base

of the Palisade ridge, washed by the tide-swept Hudson, is at the

level of the sea. On this side, therefore, the ridge rises abruptly up
to its fun height from the level of the sea. With these relations

and dimensions the ridge is conspicuous.

West from the northern end of the Palisade ridge it is eight or ten

miles before elevations are reached comparable in height to the Pall-

eade ridge. The width of the trough between the Palisade ridge on

the east and lands of corresponding elevation on the west, is therefore

eight to ten miles, and remains nearly constant until the latitude of
Hoboken is reached. Here the Palieade ridge becomes so much

lower that lands having a corresponding elevation ire found at a less

distance to the west, though it is eight or ten miles west of the
southern end of the Palisade ridge before elevations are reached com-

parable to those of the northern end of the Palisade/'idge.
From Paterson south, the eastern ridge of the Watehung moun-

tains constitutes the western limit of the trough lying west of the

Palisade ridge. Like the Palisade ridge, the Watchung mountains

are composed of trap, and each ridge is comparable in many ways

to the Palisade ridge itself. Like the latter, they have their gentler

slopes to the west and their steeper slopes to the east. Like the

lattcr_ they are underlaid at their eastern bases by Triassic shale or

NEW JERSEY GEOLOGICAL SURVEY



_,_, _,,,,,b,,,,,_,,,_,,,,L,,,,,,,,,,,_,llllll I
!111 PIII III III II Iq I I I Itl q It I I IItl#b

_ " _t II II II II II II tl III Ill III III I I ltl Iq I Illlllt

i J : + , , n i , J

ii_-_ ,_,, IllllllllllllEJIIIIllllll ''l'r'_i'l''',,,,i,_,,,
it; itl_lllllql_ll_gqlplttlirllll,llllllli\lilltl

!,,,,
,_ liilllIIIlllltllllIIIIIlltll,_,, _, ,, i iI :_!! IIIIllltll_l'i, J ,,,,I,,11[ , k

II I

i ! i 1_ _ ' ' ' ''_ ' t ' I I I I ' i ' ' I I I * I I _ I t F I I I ' ' _ : I J _ [l I ]

: :_, it I ,','_ I I I I I , i , I I , T I rl I 1 [ [_11_
_Jl_i : I I I I , F I I I I I I , I h , , , , , I q i , q , I I , I , q I I

I_IIIIIIIltlIIFIIIltlIt

_li I!lllllllllll[ t I Tllltlr I tllllllrlltltllllll I I

i _ _"I_"TI t llO_l I I I I I i I i l I I

II III I1111 II II II I I Itlll I II
t111111IIIIIIIIIIII

IIIIIIIIII!1111111111111111111t1111111 III
IIIIII!IIIIIIIIilIilIIIIIIIIIIIIIItlIF

:ili! . lllllllllllllllllllilllllllllllP_tllllllllt

I1111111 Illlllllllllllllllll%tlll,"..-'_" ,,,,,,,,llilllll,,,,,,,, ,,,,,,_,,,1111
'"' ""'"'""'"'"'llllllllllltlJJl ii i II II I II Iii I1 I111 II I

IIII ]llrlpllllll[ll

Iiii IIIlllllllllllll-i-H-_ 1 I"
II II f[ l t_-lllllll1!il7 11I11111IJ_.-fhi I ' ' ' ' ' "_' ' ' ' ' ' ' ' _' ' 'Z-H-H-H

I!li! II 11111_-,,,,,_,,,'_I II I__
En:: _ I,,_ ,ItlI_,lll,l,l,lllllllll11_
!i!!] IIIltlllllllllllll IIIIII III I IIIIIlllTI_

I'IllLLiiiiltlllllltllllllllltliPiiirllt Ii i i&iliF_ll_r .... I I L! ' I
IIi; i l.d_F'l I I T I I I I I I I Ii_JTi I I

i i i i i i i.i_,_ilgr_,_14-H-H..H-i_H_l_H_i_ H: ,, , ",,lllh_ll',lllllllllLI

II 'I'll
_I. : Illtlllllll/tlllllll/ll l*llllllll Illlllllll

I I II I I I I I III I I lttlll III

n r _ I I I I I I I I I I I I I r l t _ I I I I J I I I I i I I I I i I I I I I I I I I I! ! _ ! ! ! ! J _HII;1I il IIIIflll[l_l IrTIIIIIItlIIIIIIIIIIIil

II_ll,, ,,n,,,,,,,,,lllllllllllilllllllll

IIIIIIIII !
liil[,,llll[ll lilllllllllllt'll'lllllilllilllliltlllt liil[,li
IIIitll llitlllltlt:[iiilllllltllllrpll. .

Fig. 6.

Series of cross-sections of the Palisade ridge from nsrth to south--l, at Alplue: 2, at Teua[ly;
3, at Englewood : 4, at Granton ; 5, at l_ew Durham ; 6, at Tyler Park : 7, at _larlon ; _l at %Ve._t

B_rgen ; 9, at Bergen Point, Horlznntal scale, twenty-four squares to tbe mile ; vertical seal@ one
square for liBy feet. The sections show the relative thlckn_s of dril_, r_pre_eutcd by the _hick_
of the heavy black Ilne_, the vertical scale being exaggorated abou_ four and bt_e.hal f times. The

peree_ta_e_ represent the proportions of sandstone a_d trap in _he driP, and tt_e Junction of the
trap and sandslone on the we_l face of the ridge is .*hown at some points,
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sandstone. Here, also, the Triassio shale or sandstone laps up on the

gentler western slope. In both cases the dip of the sedimentary
rocks accompanying the trap is to the north of west, and the sedi-
mentary rock rises much higher on the western than on the eastern
slopes of the ridges. This relationship is indicated on the Palisade
ridge, in the figure.

Relation of the Palisade ridge to the general direetlon of ice move-
ment.--The Palisade ridge lies within the area which was covered by
the ice of that glacial epoch which made the terminal moraine which
is well known in New Jersey. The southern end of the ridge lies
but a few miles north of the terminal moraine on Staten Island, and
is about twelve miles northeast of Perth Amboy, which marks the

position of the moraine in the eastern part of New Jersey. The
Palisade ridge was therefore eomplely covered by the ice. It is a
matter of some interest to determine the relationship which this ridge
sustained to the ice movement and to determine the effect which it
had on such movement.

It is well known that the line marking the limit of the advance of
the ice in the last glacial epoch is not straight, but lobate, indicating

that, near its margin, the ice was differentiated more or less into
lobes. One of thesa ice lobes had its axis in the Hudson river valley.
Thence the moving ice diverged to the southeast, into New England,
and to the southwest, into New York.* In t_e latitude of New

Jersey, as will be seen presently, the axis of the lobe did not corre-
spond with the Hudson river valley, but with the great valley west
of the Palisade ridge.

The eastern part of New Jersey marks the southernmost point of
the moraine east of western Pennsylvania. From Perth Amboy the
moraine curves to the northwest through Metuchen, east of Plainfield

to Summit, and then northwestward, by a more or less direct course,
to Belvidere, and beyond to Allegany county, New York. East of
Perth Amboy, the moraine carves promptly northward, acmes Staten
Island and Long Island, to Cape Cod. It will be seen, therefore,
that the Palisade ridge lies in thdPcentral part of the great lobe whose
axis was for a considerable distance the Hudson river valley. Its
situation is therefore favorable for determining something concerning
the effect which might be exerted by a ridge of rock, several hundred

+ For map showing lobation of the ice front, see Chamberlain, Third, Sixth and

Seventh Annual Report_ United States Geological Survey.
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feet above its surroundings, upon the axial movement of a great ice
lobe near its marginal part. Since the rock is hard and not easily
weathered, it is well adapted to receiving and retaining such strke as
the ice might give it. From them the direction of ice movement over
and about the ridge may be accurately known.

STRI_.

.Direction of strloe.--On the Palisade ridge glacial strive and glacial
grooves are abundant. They are found in all latitudes, from the
northern boundary of the State to Bergen Point. The general course
of the striveis east of south. (See map accompanying, also table of

strive, page 166.) The only exceptions occur at the western base
of the ridge, toward the south end. The amount of divergence
from a southerly direction is inconstant, but almost always consider-
able. The Palisade ridge, therefore, lay within the left half of the
lobe of ice which occupied the Hudson river valley ; that is, it was
east of the axis of this lobe. On the Watchung mountains, across
the depression to the west, the direction of strive is uniformly west of
south_ indicating with equal conclusiveness that the direction of ice
movement was here in this direction_ and therefore that the Watchnng
mountains were in the right half of the Hudson river lobe ; that is,
west of its axial portion. It is therefore apparent that in the latitude
of northern New Jersey, the present Hudson river valley was not the
axis of the ice lobe which made the moraine of Long Island, Staten
Island and eastern New Jersey. The axis of this lobe lay to the west.
of the Palisade ridge, and between it and the eastern Watchung
mountains. From the direction of striveon Snake Hill, and from a

comparison of their direction with that of the striveon the Palisade
ridge to the eastj it appears that in the latitude of Snake Hill the
axis of the lobe lay between that hill and the Palisade ridge, but
nearer the former than the later. This would locate the axis of the
lobe in this latitude near the western base of the Palisade ridge, rather

than in the center of the depression between the Palisade ridge and
First mountain. This suggests that the center of the lobe would
have been further cast than it was, had it not been for the influence
of the ridge.

The distribution of drift materials, when studied in relation to their
sources,canlikewisebemade tothrowlighton thequestionof,the

11
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position of the axis of the ice lobe. This point will be referred to
more fully farther on, but it may be here stated that the result of this
line of investigation is harmonious with that derived from the study
of the strim.

From north to south the direction of etri_e on the Palisade ridge
change.-, the easterly divergence being greater at the northern end
than at the southern. On First mountain the westerly divergence of
the strke is greater to the nortl_ than farther south, so far as observa-
tion has gone. On both sides of the axis, therefore, the divergence
of movement at the time the existing striae were made, seems to have
been more pronounced to the north than to the south. It should be
said that the number of strke observed on First mountain, on the
west side of the axis of the lobe, is small compared with the number
recorded on the Palisade ridge on the east side, so that less reliance
can be placed upon the apparent increasing westerly divergence from
south to north, on the west side of the axis of the ice lobe.

The decrease in the casting of the stri_e from north to south is illus-
trated by the following facts concerning the direction of strife : In
the latltude of Closter and Alpine, the maximum easting is 74° ; in
the latitude of Enghwood, 63° ; in the latitude of Fort Lee, 52° ;
at Edgewater, 59° ; at Gutteuberg, 49 ° ; at Wcehawken, 59° ; at
Hoboken, 43°; at Communipaw, 43°; at Pamrapo, 54°. These
figures show that, while there is not a uniform decrease in casting,
there is on the whole a decrease. The average difference in direction
between stri_e at the north end and the south is between 20° and 30°.

Several suggestions arise when the explanation of this general fact
is sought. If the trough in which the axis of the lobe lay were
wider to the north and narrower to the south, the ridges on either
hand would be nearer the axis at the south. Since ice motion in the

axis of an ice lobe is not divergent, and but slightly so at slight dis-
tanees from it, it follows that the motion of the ice over ridges close
to its axis would be less divergent than motion over ridges which
were farther removed from it. But this suggestion does not seem to
meet the case. The trough in which the axis of the lobe lay appears
to have a nearly constant width a_ong the whole western face of the
ridge. This, then, is not the true explanation of the greater diver-
genee of strim from the axis of the lobe la the latitude of the north
end of the ridge.

If the confining ridges on either hand were higher at one end than
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st the other, it might be that the higher parts would be more effective
than the lower in confining the ice. Under these circumstances the
spreading of the ice, and so the divergence of the strim, would be less
where the confining ridges were higher. We should then expect to
find the divergences less where the ridges were higher. Like the pre-
ceding, this suggestion does not seem to meet the ease, for the Palisade
ridge, at least, is much higher at the north, where the divergence is
greater, than to the south, where the divergence is less.

If the change in direction of the strlm from north to south were
.confined to the east side of the axis of the lobe, the change of direction
might be supposed to he due to the varying distance of the axis of the
lobe from the ridge. If this were the explanation of the varying
divergence of strimon the Palisade ridge, the strim should turn more
to the west on the west side of the ice-lobe axis in the latitude where

•they turn less to the east on the east side. But since the strim on
both sides of the axis appear to diverge most in the same latitude,
while the width of the trough in which the axis lies remains tolerably
constant, this cannot be the explanation of the observed divergence.

On general principles it would seem to be true that the divergence
of the ice movement should have been greatest nearest its margin.
This alone would tend to make the easting and the westing of the
strlm, on the east and west sides of the ridge respectively, greater to
the south than further north, so far as they were contemporaneous.
This is contrary to the fact. No one of these suggestions to account
for the existing divergence of strim seems to stand the necessary tests.

If the stri_e now in existence were not strictly contemporaneous in
origin, but made at successive intervals, some of the difficulties in the
ease would seem to be removed. While the margin of the ice lay in
the latitude of Elizabeth or further south, it might be supposed that
the easterly and westerly divergence of motion from the axis of the
lobe was such as to give rise to the strim now seen in this latitude, or
slightly above it. As the ice receded still further north, say to the
latitude of Passaic, the strim made by the margin of the ice in that
latitude would have had a degree of divergence corresponding to the
ice movement in that latitude at that time, and this might not corre-
spond with the direction of movement at the same point when the
margin of the ice was further south at Elizabeth. As the ice edge
receded still further north, say to the latitude of Englewood and
-Closter, its divergence of movement would have been determined by
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the marginal conditions in that latitude. It is probable that the
existing strivewere made by the successive receding marginal parts of
the ice. In this event, it is clear that the strivewhich now exist are
the legacy of the last stages of the glacial epoch.

It is conceivable that similar results might be brought about in
reverse order. The strive made by successive advancing margins of
the ice would, if preserved through the subsequent vicissitudes of the
glacial epoch, possess corresponding differences in direction. In vie_w
of the fact that the Palisade ridge is very meagerly covered with
drift, the trap being exposed at very many points, it would seem
much more probable that the strivebelong to the closing stages of the
glacial epoch than to the beginning. While this does not seem to be
an altogether satisfactory explanation of the varying directions of the
strive,it is the best which has suggested itself.

Since the Palisade ridge stood in the way of the ice movement it
must have opposed it. It might seem unnecessary, therefore, to.
inquire whether the easterly movement of the ice was because of the
ridge, or in spite of it. But it seems to have been trueat many points
during the closing stages of the ice epoch that the ridges were laid
bare while the intervening valleys still contained moving glaciers..
_ot only this, but the amount of ice iu the valleys seems sometimes
to have been such that its upper surface was even higher than the
crests of the ridges which were free from ice. Under such circum-
stances, there was a tendency to divergent ice movement from the.
valley towarda the ridges on either hand.* The ice movement fol-
lowed the general law of movement of viscous fluids; that is, it.
flowed from higher to lower levels.

If the Palisade ridge caused movement toward it from the west, it
should have likewise caused movement toward it from the east. Of"
such movement there is no indication either in the direction of the
striveor in the character of the drift. The strive on the east side of"

the ridge_as well as the trap bowlders carried across the river, from
l_'ew Jersey, clearly show that the movement of the ice was to the
eastward, completely over the Palisade ridge and the Hudson river"
valley, into _ew York. This last fact is in itself fatal to the sug-
gestion that the easterly movement over the west side of the ridge was.
due to the ridge itself. We conclude, therefore, that the ice move-
ment was in spite of the ridge, and not because of it.

_Chamberlin., Seventh Annual ]_eport, U. S. G. S., page 184.
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Conspicuous a topographic feature as it is, the Palisade ridge seems
mot to have been a sufficient obstacle to the ice to seriously interfere

with the normal divergent course of its movement on opposite sides of
the axial trough of the glacial lobe. Nevertheless it is not probable
that the Palisade ridge was without effect upon the ice.

It will be noticed that the ice of the last epoch reached its extreme

southerly limit in the eastern part of the United States in the south-
erly continuation of the axis of the trough west of the Palisade ridge.
Further west the ice which was compelled to cross the highlands of

New Jersey did not reach so low a latitude. The highland area,
with an altitude of from 800 to 1,300 feet, and a relief of 500 feet,

more or less, offered such resistance to its advance as to grcafly inter-
fere with and restrain its movement. Where the moraine crosses the

Watchung mountains it is bent sharply to the north, because the ice
movement was opposed and therefore retarded by those mountains.

Beyond them the moraine ceases to curve to the northward. East
:from Perth Amboy, the southernmost point of the moraine, the
latter turns somewhat promptly to the northeast and its general
northeasterly course is held across Staten and Long Islands.

The moraine on the western part of Long Island must have been
made by ice which crossed the Palisade ridge, and the ridge perhaps
offered enough resistance to the ice to limit, in some measure, its south-
ward advance. Had the Palisade ridge not been in existence, it is

probable the ice would have moved sufficiently far south in the longi-
Cude of the western part of Long Island to have formed the terminal
moraine somewhat further south. Further east, where the moraine

was made by ice which did not cross the Palisade ridge, its course is
more easterly. It is not meant to imply that the Palisade ridge is
alone responsible for the northward bend of the moraine on Staten
and Long Islands. The great valley to the west of the ridge had

probably even a greater measure of responsibility in causing the ice
to extend farther south in its axis, than had the ridge in restricting its
advance outside the axis, but the ridge is in some sense a part of the
trough, so that its effect was felt both in deflecting the ice movement
down the valley to the west of it, and in diminishing the amount of
ice which passes over it to the southeast. The trough and the ridge
together were probably but partial factors in determining the course
,of the ice movement, and factors of still legs consequence in determin-
_ingthe extent of its advance.
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]_esides the change in direction of strim from north to south, two

other peculiarities of the strim are to be noted : 1°, proceeding from
the west side of the ridge to the east, the easterly divergence increases ;
2°, in some places strivecross each other, or discordant strim are pres-
ent on the same surface.

Changes in directlon of stria, with relation to altitude.--1 °. Iu the

latitude of Alpine, the change in the direction of strim, passing from
the west to the east side of the ridge, is from S., 32 ° E., at an eleva-
tion of 400 feet, to S., 58° E., at an elevation of 480 feet, a difference
of 25° for a rise of 80 feet, or 1° for a fraction more than three
feet. A little farther south, strim at an elevation of 260 feet have

a direction S., 46o E. ; 100 feet higher, strke run S., 67° E., a

difference of 21° with a rise of 100 feet, or an average change of 1_
with a rise of little more than five feet. Rising from 360 feet to an
elevation of 420 feet in the same latitude, there is no apparent change
in the direction of strim, but in rising from 420 to 440 feet, the
strim change 3°. South of Englewood, the direction of strim is S._
9° E., at an elevation of 140 feet, while at an elevation of 220 feet
their course is S., 19° E., a change of 10° with 80 feet rise, or 1° in
eight feet. From the elevation of 220 feet to 300, in the same lati-
tude, the st.rimchange from S., 19° E., to S., 38° E., 19° in 80 feet,
or 1 ° in a little more than four feet. In the latitude of Bulls Ferry,
the course of the strim on the west side, at an elevation of 110 feet,
is S., 2° E. ; at an elevation of 150 feet, their course is S., 5° E., or
3° change with a rise of 40 feet. From 150 to 190 feet, the strim
change from S., 5° E., to S., 12° E., a change of 7° in a rise of 40
feet. Prom an elevation of 190 to 240 feet, the course of the strke
changes from S., 12° E, to S., 29° E., or 17° change with a rise of
50 feet. Twenty feet higher the direction of strke is S., 37° E., a
change of 8° for 20 feet. South of Guttenberg the stri_e,at an eleva-
tion of 40 feet, are S., 1° W.; at 120 feet, their course is S., 6° E.,
a difference of 7° for 80 feet of rise. Sixty feet higher, at an eleva-
tion of 180 feet, the direction is S., 42° E., 36° change in a rise of
60 feet. Just north of Tyler Park, at an elevation of 30 feet, the
strim have a direction of 8., 2° W. ; at an elevation of 80 feet, S., 1°

W. ; at an elevation of 160 feet, S., 24° E,.a change of 25° for 80
feet.

In general, it may be said that the greatest deflection of the ice to
the westward by the Palisade ridge, or perhaps better, the greatest
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iuflu.euceof the ridge in keeping the ice from greater movement to
the cast_was where the western face was steepest. In general, the
easting not only increased toward the top, but toward the top it
increased much more rapidly for a given amount of rise than near the
base.

On approaching the east edge of the crest of the ridge, the strive,in
a few places, show a slight tendency to southward deflection. Thus,
at Wechawken the strive on the edge of the bluff have a direction
varying from S., 27° E., to 8., 30° E., while at the east foot of the
bluff their course is S., 25° E. This difference in direction may be
due only to the deflecting effect of the tributary valley at this point.
At Hoboken the strive,at an elevation of 200 fesb have a direction
S., 53° E., and S., 47 ° E., while 20 feet lower down, on the east
side, their direction is S., 41° E., and S., 34° E. These facts sug-
gest a tendency to independent movement down the Hudson valley,
hut the data are too meager to make this at all certain.

Crossing of atr/_.--In a number of places on the Palisade ridge,
glacial strive,which are discordant in direction on a common surfacej
have been observed. In general, the discordant strive do not repre-
sent two distinct series, crossing each other at a definite angle. Their
directions arc various up to a certain maximum of divergence. Many
of these discordant striveactually cross others, so that crossing strive

are by no means rare.
Crossing or discordant strivemay be seen at the points mentioned

below, although this enumeration does not include all localities where
this phenomenon may be seen. The figures given represent the
extremes of direction at the several localities: (1) Bulls Ferry, on
the north side of the road lcadifig down to the river ; directions, S.,
54° E., to S., 60° E. (2) Guttenberg, crest of the ridge; directions,

S., 41 ° E., to S., 35° E. (3) West Hoboken, brow of the east bluff
of the ridge; directions, S., 34° E., to S., 41° E. (4) One block
south of West Hoboken and a little west; dircetlohs_ S., 42° E_, to

S., 53° E. (5) Brow of east bluff, due west of Stevens Point;
directions, S., 27° E., to S., 34° E. (6) Five blocks north of the

i Delaware, Lackawanna and Western railway tunnel, on the east

edge of the ridge; directions, S., 31° E., to S., 39 ° E. (7) The

west slope of theridge, at an elevation of 60 feet, ibur blocks north
of the Jersey City reservoir; directions, due south, to S, ](_o E.
(8) :Near the east end of the Pennsylvania railway cut st Jersey
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City ; directions, S., 31° E., to S., 51° E. (9) Three blocks west of
the last, along the Pennsylvania railway; directions, S., 28° E., to
S. 32° E. (10) Three blocks north of the Pennsylvania railway cut_
on the edge of the east bluff; directions, S., 39° E., to S., 46 ° E.
(11) Bergen Point, on Newark bay, north side of the Central Rail-
road of .New Jersey; three sets; directions, S., 13° W; S., 10°
E., and S., 1° E.

It will be noticed that the observed difference in direction between

divergent or crossing strive is rather less, on the average, to the north
than to the south. The discordance of strive is not confined to any
part of the ridge. Observed discordances are more abundant south
of the latitude of Englewood than further north. They are rather
more abundant on the brow of the east slope than elsewhere, but are
by no means rare in other topographic situations.

The crossing of strive may be brought about in various ways.
While the ice was advancing over the ridge from the northwest, the
direction of movement at its margin at any particular stage of advance
may have been somewhat different from the direction of movement
at the same point when the margin had advanced further south. Let
this be supposed to be the fact. In case the strive made by the mar-
gin of the ice during an early stage of advance were not obliterated
while the ice made a certain further advance, and if, at this second
stage of advance, the ice, with a different direction of movement,
made a second set of strive without destroying the first, two sets of
stri_e would co-exist. If these two sets of strim were preserved
through all the later vicissitudes of glaciation, as might be, discordant
strim might still be seen on a common surface. Discordance of strive
would be likely to be especially marked where the surface was marked
by valleys. Locally, valleys would largely control the direction of
movement while the ice was thin, both in its advancing and declining
stages. Bat meantime, while the ice was thick at the same place, its
movement was more independent of local topographic features.

Or again, if while the ice was at its position of extreme advance,

it made striations upon the bed rock at a given distance back from
the margin, such strive would have a direction corresponding to the
direction of ice movement at this point at the time they were made.
Later, when the ice had receded so that its edge stood at the point
where the earlier stritv had been made, the direction of movement at
this point might depart from the earlier direction. If at this later
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utage strke were made on the surface already affected by the earlier
set, the two sets might be discordant in direction. It is within the
range of possibility that these two sets of strive should be developed
on a surface affected by a still older set made by the margin of
the ice during its earliest advance. In this way three sets might co-
exist--the first made by the margin of the ice during its first advance_
the second made well back from the margin during a period of greater
advance, the third made by the edge of the ice during its recession.
The first and last of these three sets might correspond with each
other or might not. Such complexity of stria_ on a common surface
would be rare, since strive made at any one stage were liable to be
destroyed by any movement of the ice which was capable of devel-
oping a second set on the same surface. The foregoing case is men-
tioned only to bring out the fact that discordant strive may readily be
developed by the ice of a single epoch. The numerous oscillations
to which the edge of the ice is believed to have been subject within a
single epoch, afforded conditions favorable for the development of dis-
cordant stri_e at many points.

It follows that two or more sets of strive affecting the same rock
[ surface do not constitute proof of separate ice invasions. In regions

affected by two glacial epochs, it is conceivable that stri_e developed
xluring the first might be preserved, here and there, both through the
'interglacial interval, and through the second glacial epoch. In such
_ase, the striveof the second epoch might co-exist with those of the
first on a common surface. This would be an exceptional condition
of things, and would be likely to be found only near the limit of ad-
vance of the ice in the second of the two epochs concerned.

Time relations of discordant str/ce.--Where crossing stri_e affect a
common surface, it is sometimes impossible to tell which set was made
first. Where relations can be made out_ it seems to be often, but not

always, true that the stri_e of the Palisade ridge having the greater
•casting were made before those which cross them with a less easting.

Significance of the variations in theglacial marks.--The ice markings
on the Palisade ridge present nearly every phase which has ever been
described as characterizing ice seorings.* The great variety in the ice
markings is of interest and significance, in that it gives evidence of
the methods by which the ice worked, and of the conditions under

• For an exlmustive discussion of tim whole subject of ice scorings, see Charaber-
;lin_Seventh Annual Report, U. S. Geological Survey_ 1885-1.886.

NEW JERSEY GEOLOGICAL SURVEY



170 ANNUAL REPORT OF

which it operated. In themselves or in their relations, many of the
strim demonstrate that, hard and brittle as the ice seems, it is still capa-
ble, under proper conditions, of adapting itself even to trivial irregu-
larities of surface. The degree of pliancy of ice, whatever its reel
nature,appeare to be dependent upon--l°, the amount of water which it
contains; 2°,its temperature; and 3°, the pressureunder which it moves.
Under sufficient pressure, ice probably fits the irregularities of surface
over which it flows very snugly_ without reference to the other con-
ditions which favor pliancy ; but wherever the ice was thick enough
to be under great pressure, its lower portions were' probably of such
a temperature, and so charged with water, as also to favor a high
degree of mobility.

Strlce on plane 8urfa*es.--Considerable areas of plane surface do
not exist on the ridge. But limited areas which arc nearly fiat are
found at various points along the crest of the ridge. In such situa-
tions strim are often found without possessing features unlike those
which characterizeglacial st.rimin general.

Stria on ascending plane 8urfuees.--Aecending plane surfaces, con-
sidered with reference to the direction of ice movement, are more
favorably situated for receiving strim at the hands of glacier ice than
plane surfaces, or than surfaces in any other attitude whatsoever.
The western side of the Palisade ridge, as a whole, was an aEcending
plane surface, considered with reference to the direction from whietl

the ice came. If ice were pushed up an ascending slope parallel with
the direction of greatest inclination, the strim would run up and
down the slope. If the ice were to move at right angles to the direc-
tion of greatest slope, the sirim would be parallel to the base of the
slope. Where the movement of the ice was oblique to the maximum
slope, the strim would be neither parallel with the direction of maxi-
mum slope nor at right angles to it. Their position would be oblique.
The str]m of the western face of the Palisade ridge belong to thi_
category. From them, as already pointed out, we know that ice
ascended the west face of the ridge by an oblique course.

Strice on vertical surfaces.--While the stoss side of the Palisade
ridge is to the westward, it has many irregularities of surface, and
vertical surfaces of small extent exist at many points. These vertical
surfaces are frequently striated. A good example of striation on such
a surface is found in the cemetery at New Durham. The strim here-
are both horizontal and inclined. The inclination from the horizon-
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tal is sometimes upward and sometimes downward. The maximum

upward inclination is 18 °, and the maximum downward inclination

is, at another point, 74% Striae which are horizontal occur within
six feet of striae which decline 54° to 74 ° from the horizontal. This

great angle of descent occurs on the lee side of a projection on the face

of the cliff. Twenty-four feet south of the point where the striae have

the position last noted, the striae are inclined upward 1°, while nine
feet farther south their course is 14 ° above the horizontal.

Other localities where striae were observed on vertical surfaces are

the following : 1, at Marion, a few hundred yards east of the Penn-

sylvania railway station ; 2, along the Pennsylvania railway near the
east face of the ridge, and 3, at Weehawken, in an excavation for the

water-works reservoir. The following figure, from a photograph of

the striae at the latter place, shows the striae on the vertical surfacer
and also illustrates the pliancy of the ice in fitting itself to irregu-
larities of the surface so closely as to polish and striate them. It is

frequently to be noticed that, while horizontal rock surfaces in a given
locality are deeply groovedr vertical faces of the same rock in the

same locality are polished and striated only, the grooves being absent.
(Plate I.)

_qtric_in grooves.--Locally, striae may be seen in horizontal grooves
on vertical faces. The locality at Weehawken_just cited, furnishes

an example. The groove is about six inches in vertical extent, and

recedes into the vertical face four inches. The surface of the groove
is polished and striated on its innermost side, as well as above and

below. A still more remarkable example is found at Jersey Cityj
near the eastern end of the Pennsylvania railroad. Here there is a

groove with a maximum depth of nine inches in a vertical face of

trap. It terminates at its south end in a blind pocket, three inches

deep, into which and out of which the ice passed, so as to polish its
entire surface. Outside the pocket, the groove is polished on its inner

face and on its upper and lower surfaces. This condition of things
gives striking testimony concerning the pliancy of the ice.

Striae on rounded an qles.--In adapting itself to contiguous hori-

zontal and vertical facesj the ice abraded the angle between them,
rounding and smoothing it. Sometimes the striae on the reunded

angles are parallel to the striae of the horizontal and vertical faces,.
when the striae of these faces correspondj and sometimes the striae on

the angles diverge from those on the horizontal or on the vertical
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surfaces, or from both. Strive on rounded angles, in the relations
here referred to, are shown at all points mentioned as showlBg strive
on vertical rock fares, but nowhere better than at the Weehawken
reservoir. (See Plates I. and II.) Now and then the angle between
contiguous horizontal and vertical faces remained sharp, instead of
being rounded, and the striveon the contiguous horizontal and vertical
surfaces diverge from each other. Several instances of this sort have
been noted on the ridge, one occurring at the locality last named.
Strive in such situations are a further illustration of the ability of

glacier ice to adapt itself to the irregularities of its bed.
Stri_ on L'crt_calsurfaces which are horizontally curved.--Vertical

surfaces of trap are eometimes curved in a horizontal sense. The
strive and other ice markings frequently show that the ice was able to

adapt itself to these horizontally-curved vertical surfaces. Strive in
such situations are found in more than one place on the Palisade

ridge. They are perhaps best illustrated on the exposed trap surfaces
(1893) at the Weehawken reservoir (see Plates I. and I[.), at the :New
Durham cemetery, and by the exposed rock surfaces east of the
Marion station of the Pennsylvania railroad.

Sgri_ on roehes moutonndes.--Numerous examples of miniature
roches mouton_;es are found on the ridge. They are often two, three,
five and eight feet in height, but they are not commonly of greater
vertical extent. Low as these domes are, rather remarkable diver-

gences of strim are sometimes seen upon their surfaces. Examples
of small roches _nou_onndeswith divergent strive, may be seen one

mile east of Englewood, on Palisade avenue, also at Linwood, Edge-
water, Marion and in the northwestern part of Guttenberg. East of
Englewood the strim on a roche moutonn_s only five feet high, thirty-
three feet long and seventeen feet wide diverge 32 ° . It is incredible
that such divergence is due to so small a prominence, and it would
seem to be necessary to suppose that much of this divergence
would have existed without the rock knob. Similar divergenees of strim
are to be seen at some points on nearly.flat surfaces. The strive on
another roche mouton_e near the last, no more than three feet high
and with a heriz_ntal surface equal to that of the one just mentioned,
diverge 14°.

Polishlng.--By the help of the fine earthy material at its base, the
ice sometimes produced extremely-smooth surfaces, often giving them
a high degree of polish. The trap of the Palisade ridge is of such a
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character that it is capable of taking a fine polish. (See Plates I.,
II. and IIL) Fine, hair-like llnes frequently aeeompany the polishing.
Examples of polishing, along with delicate lining, may be seen at
various points, but especially well--1 °, at Bergen Point, on Newark
bay, just north of the Central Railroad of New Jersey ; 2°, along
the Pennsylvania railroad from Marion to Jersey City, and 3°, along
the east bluff at Guttenberg, where ideal illustrations of glacial

polishing, together with delicate striation, arc to be seen. Near the
school-house at Alpine also, good illustrations of glacial polishing may
be seen. Polishing is often seen to good advantage in connection
with deep grooving.

In many situations where the rock has not been protected, post-
glacial weathering has destroyed the polish of the surface without
obliterating grooves and deep strive. On the north end of the ridge
the bare or nearly-bare rock surface has lost its polish. In the north-

western part of Guttenberg, on the other hand, surfaces which
appear to have been exposed since the glacial time still retain the-
smooth surfaces which the ice developed, though apparently not with

all their original freshness. This difference is probably Sue to some-
difference in the texture or composition of the rock in the two
localities, a difference which constitutes the rock of the one locality
more resistant to weathering than that of the other.

Groev/ug.--Glacial grooves, with or without the retention of pol-
ishing, are best seen at the following places : One mile east of Engle-
wood, on Palisade avenue (see Plate ILL); 2°, at Linwood, and
between that place and Fort Lee ; 3°, at Alpine, near the school-house ;
4°, in the eastern part of Edgewater; 5°, at Shadyside; 6°, at Bulls
Ferry; 7°, in the western part of Guttenberg; 8°, along the east
bluff in West Hoboken ; 9°, at Marion, east of the station ; and 10°p

along the east blutt_ a short distance south of the Pennsylvania
railroad.

l'n size the gouges or grooves vary greatly. They are sometimes
several feet in width, and several inches to a foot in depth. Thus at
Englewood some of them are five feet wide and fully a foot in depth.
At Marion there are grooves two feet in width and six inches deep.
The accompanying figureshows wide, shallow groovesnear Englewood.

ChaUer marks.--Chatter marks arc well shown at a number of

places on the Palisade ridge. They have been seen--1 °, north of
Marion station_ west of the Delaware, Lackawanna and Western rail-
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road tunnel; 2 _',on the east bluff of the ridge just north of the
Delaware, Lackawanna and Western railroad tunnel; 3°, seven
blocks north of 2°, near the bluff; 4°, on iNewark bay, south of the
Lehigh Valley railroad. Their origin has been described as follows :

"It is well known to machinists that a vibratory motion is very
common whenever a gouging tool is forced over a resistant surface

if there is any want of firmness in the fixing of the tool, or any
unsteadiness of motion, or any persistent unevenness of the surface
or of the texture of the material acted upon. Under any one of
several conditions chatter marks arc the result."* Their convex

sides are opposed to the direction of ice movement. If a bowlder or

pebble be conceived as the tool in the grasp of the ice, and if the
motion of the ice furnishes the movement to carry the tool over the
surface of the trap, the machinery necessary for the formation of
the chatter marks is at hand, and where the above conditions were
present, chatter marks were sometimes formed. In size the chatter

marks vary. The arms of the curve are sometimes six inches apart
at the extremities, though commonly less. They are sometimes no
more than one inch across.

Diztrlbutlon of stric_.--On the map showing strke, it will be noted

that there is great irregularity in their distribution so far as they are
open to observation. The table showing the direction of strive illus-
trates the same point. (See page 166.) They are much more numer-
ous on the trap than on the sandstone, and on the trap they are abund-
ant in patches. The principal causes of these irregularities are--1 °,
the variability in the frequency of exposures, because of variability
in the thickness of the drift, or because of more frequent artificial
exravations at some points than at others ; 2°, the unequal weathering
which the expand rookhas suffered since the strivewere made. There
are other minor causes for the apparent differences, such as differences
in rock texture.

In genera], the trap is much less deeply covered by drift than the

sandstone, and there is, therefore, much greater opportunity for the
observation of such strive as exist upon it. But this does not altogether
explain the apparent differences in file distribution of the strive on
trap and sandstone. The difference in the character of the two forma-
tions concerned is partly responsible for the apparent and probably
real difference in abundance of strive. While the sandstone must have

_ Chamberlln, Seventh Annual Report, U. S. O. S., page 218.
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taken markings more easily than the trap, it is not calculated to retain
them so well. Where trap has been exposed since the glacial time, it
frequently, though not always, retains the strim to the present time.
Where the softer sandstone or shale has been exposed for an equal
length of time, it is almost sure to have lost such strim as it once
possessed.

The trap itself seems to differ somewhat in its ability to retain stri_es
as has been already noted_ the rock at the north end of the ridge ap-
pearing to retain them less uniformly than that to the south. To the
south, it is true, there are many more artificial exposures sl_owing
surfaces of trap which have been buried, and so protected against
weathering, until very recent times. But the natural exposures to-
ward the south end of the ridge, many of which appear "tohave been
in existence since the days of the glacial period, show stri_e much
more frequently than corresponding exposures at the north end.
There seems to be no uniformity in the amonnt of protection necessary
to preserve stri_e on the trap. At some poiots the strim have dis-
_appeared beneath a covering of two or three feet of drift s while they
have remained without any protection at others.

Where protected surfaces of trap have been recently exposed, strim
are well nigh universal. There are but few places where ezcavatious
have exposed a surface of trap which had been protected by so much
as four or five feet of drift, where stri_e are not shown. From this
we conclude that the surface of the trap was striated almost every-
_vhere. But one well-marked exception to the foregoing rule was ob-
served. At the quarry northwest of Linwood the exposed surface of
the trap (1893) below three to fifteen feet of drift showed no striLe.
At a few other points, where exposures were trivial in extent_ stri_
were not seen.

_o strim were found on the vertical face of the east side of the

ridge. If strl_e were ever present on this faces they have been very
generally destroyed by post-glacial weathering ; but it is hardly prob-
able that stri_ were ever developed to any extent on this face. The
abrupt lee slope is as favorably situated as a rock surface could well
be, for escaping polishing and striation.

Post.glacial wsathering of glaciated surfaces of trap.--In this con-
nection,au interesting case of preservation of strlm through post-glacial
time may be mentioned. On the crest of the ridge near Englewood
just west of the boulevard and north of Pa]isade Avenue, there is a
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remarkable perched block of Triassic sandstone, a representation of
which appears on Plate IV. The bowlder has horizontal diameter_
of eight and twelve feet, and is about eight feet high. The trap.
is exposed at numerous points about the bowlder, and the bowlder
itself rests on a clean surface of trap. Nowhere about the bowlder

does the trap surface show polishing or stri_e. As may be seen in the
figure, the lower surface of the bowlder is irregular, and the surface
of the trap on which it rests is not flat, so that the two surfaces touch
each other at a few points only. Because of these irregularities of
the two surfaces, one may look beneath the bowlder, where the surface
of the trap is seen to be beautifully striated and polished. The trap
surface has been protected by the bowlder, which has kept the rain-
fall from the surface of the underlying rock, and what is equally
important, has protected it against the direct rays of the sun, and so
against the contraction and expansion to which sudden changes of
temperature would have given rise.

At many other points on the ridge, deep stri_e and small groove_
are still distinct, although their surfaces have lost their smoothness.
The result of observation on this point seems to indicate that the
amount of weathering which the trap surface has suffered since the
disappearance of the ice is very slight. Where smooth surfaces of
trap were left exposed, a small fraction of an inch (a fourth would
probably be excessive) would represent the average amount of dis-
integration which has been effeoted in post-glacial time. The fresh-
ness of the surface outcrops on the Palisade ridge are in marked con-
trust to the weathered character of the outcrops of trap on the un-
glaciated Watchung mountains_ north of Bound Brook and Somer--
ville.

GLACIAL EROSION ON THE PALISADE RIDGE.

While the ice, with its armature of rocky material was gouging and

striating and polishing the surface of the rock of the Palisade ridge,
it was at the same time doing another sort of work. Where circum-
stances favored, the ice tore large blocks of rock from its bed, and by

urging them along beneath itself, wore them into less angular forms.
Where the ice passed over a prominence with an abrupt face to the
leeward, the rending power of the ice was probably greatest. In
such situations, masses of rock were broken off from the lee side of
the ledges, leaving the lee faces rough and angular, while the oppOsite
face of the same prominence was smoothed. This phenomenon has been_
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termed "plucking." The rock surface at the reservoir at Weebawken
shows the results of plucking. (See Plates I. and II., pages 171 and
172.)

Much of the eastern face of the Palisade ridge was so situateff as
to have suffered this phase of ice wear. As already noted, this face

has an abrupt descent, sometimes amounting to serveral hundred feet.
All along the bluff face, the tendency of the ice must have been to
break off the upper edge of this titce. While the eastern face pos-
sesses the roughness and ruggedness which would characterize a ledge
face operated upon in this fashion, there is no evidence that the pluck-
ing proceeded to such extent as to shift the eastern brow of the ridge
any considerable distance to the westward. If the brow of the bluff
was moved westward, as a result of plucking, the base of the ridge
must have been transferred in the same direction at nearly equal pace,
since the east face is often nearly vertical. The "base of the ridge
could hardly have been shifted westward by this process_and appar-
ently not to any noticeable extent by any other. We must conclude,
therefore, that plucking was not very effective on the east face of the

ridge.
There seems to be no way of estimating, even with approximate

accuracy, the amount of erosion which the ridge suffered at the hands
of the ice. It is certain that such decomposed or half.decompesed

materials as lay upon its surface were removed, and that the surface of
the rock, down to the limit to which any observable amount of oxida-
tion had reached, was removed. Little more than this can be said.
There are abundant bowlders of trap east of the Hudson which seem
to have come from below the zone of weathering. They are, on the
whole, of fresh-looking rock. But there is no warrant for believing
that the ridge lost any considerable part of its height, or that its sur-
face configuration was greatly changed. Many small ravines were
doubtless obliterated, and minor rugosities of various sorts effaced.

The great features of the ridge, however, are believed to have been
much the same before the last ice period as now.

THE TILL OF THE PALISADE RIDGE.

The aggregate of material which the ice gathered together and
ground up, or partially ground up, in the progress of its motion, con-
stitutes the drift. The drift of the Palisade ridge includes both the

12

NEW JERSEY GEOLOGICAL SURVEY



178 ANNUAL REPORT OF

stratified and the unstratified varieties. The stratified drift is confined

to the lower part of the west side of the ridge and to a few points
near the base of the eastern slope. The unstratified drift, or the till,
covers the larger part of the ridge above the 'western ba_al elope.

The till of the ridge may be classified in several ways for the sake
of bringing out its various characteristics. It may be classified on
the basis of its origin into superglacial and subg]aeia]. It is mainly
of the latter class. It may be classified upon the basis of its physical
character into--1 _, bowldery till, in which the stony constituents are
large and abundant, and set in a matrix of earthy or sandy material ;
2a, gravelly till, in which the stony constituents are abundant, but
small and well rounded, the matrix being usually sandy ; 3°, sandy
till, in which there is very little stony material, the sand being the
major constituent, and 4° , clayey till, which, as the name implies,
contains little stoby material, while the matrix is predominantly of
fine earth or rock flour. The till may be otherwise classified on the
basis Of its lithological constitution. On this basis the till of the
Palisade ridge represents two wen-defined types--that composed
mainly of Triassic sandstone, and that composed mainly of trap.
Between these two types there are all degrees of gradation.

Till classified on the basis of ila lithologleal oonatitullon.--The red
sandstone type of till, composed mainly of Triassic (Newark) sand-

stone and shale, is characterized by its redness. Its matrix is sandy
where it is derived from sandstone and clayey where it is derived
from shale. The stony material as well as the matrix of this type of
drift is predominantly Triassic. This type of till is characteristic of
the lower part of the western slope of the ridge up to and somewhat
above the junction of the trap and _audstone. Where the ridge is
low, as toward the south end, red till occupies its crest at many points.

Below the level of the trap rock on the west face of the ridge
gneiss is the second most important constituent of the till. Where
the red till lies on the surface of the trap well above the sandstone,
the trap is often the second constituent in importance. In addition
to the gneiss and trap, quartzite_ limestone and quartz pebbles occur
in the red sandstone type of till.

The tral_ type of lill is in sharp contrast to the fill derived from
the Triassic sandstone in the matter of color. It is yellowish brown
instead of red. The trap till ocnupiss the crest of the ridge at most
points where the ridge is high, and reaches down a variable distance
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%elow the crest on the west slope. The minor constituents of the
trap till in the order of their importance are Triassic sandstone, gneiss,
-quartzite, limestone and quartz pebbles.

Between these two types of till there is every degree and phase of-
gradation. The zone of gradation occupies the western slope above
the line of junction of the two formations. The diagrams (see page
159) representing the positions of the accumulation of drift show

also the percentages of trap and sandstone in the stony material of
the till at different heights. It will be seen that so far as the stony
.material is concerned the sandstone predominates far above the junc-
tion of the sandstone and trap and that the red material predominates
at some points on the crest of the ridge and even beyond it on the
east brow. In the course of the Palisade ridge the stony constituents
of the drift often change from eighty per cent. of sandstone on the
western face to eighty per cent. of trap on the brow of the east slope.

From the detailed descriptions of till given below it is to be ob-
served that, besides the change in the constituents in passing from
_vsst to east, there is also a change in the proportions of stony con-
_stituente in passing from north to south, in the direction of the dc-
.cline of height of the ridge. The till at the south end shows, on the
whole, a much higher percentage of sandstone than that at the north,

_hough there is as large a percentage of sandstone on the west slope
at the north as at the south. This difference is very likely due in
part to the greater height of the ridge at the north, and in part to the
fact that the ice which deposited the drift on the southern end of the
ridge had passed over a greater stretch of country where the Triassic
formation had constituted its bed.

Bowlders foreign eo eher/rigs--Limestone bowlders arc more frc-
.quently seen at Union than further south. South of Union the
matrix of the till often contains so much calcium carbonate that it is

easily detected by acid, though its percentage is never high. Gneiss
is present with approximate uniformity from the north end of the
ridge to the south. Quartzites are more abundant at the north end,
while white quartz is more abundant south of Jersey City. Pebbles,

which, judging from their appearance, may have come from for-
mer remnants of the yellow gravel formation, are found at a maxi-
mum elevation of 360 feet as far north .as the latitude of Highwood.
They are more abundant at lower altitudes toward the south end of
.the ridge, but beds of yellow gravel are nowhere exposed on the
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ridge. Serpentine is found in the drift only at Stevens Point,
Hoboken, where there is an outcrop of this rock. Nowhere was it
seen in the drift west of the outcrop.

No single Green Pond mountain conglomerate bowlder has bea_
found on the ridge. West of the Hackensack, such bowlders are
found in abundance, and this in spite of the fact that in New Jersey
the movement of the ice along the Green Pond mountain range was
to the southwest, approximately parallel to the range itself. Glacial
movement in this direction could not have carried bowlders from the

_ew Jersey part of the Green Pond mountain formation to the

Hackensack valley. It would seem that the conglomerate ledges
which furnished the Hackensack valley bowlders must have lain
somewhere north of New Jersey, in the axis of the ice lobe, or perhaps
a little to the west of it, and that the bowlders derived from this
ledge were carried southward in the direction of ice movement, and
finally out of the valley onto the highlands to the west by the west-
erly-diverging currents, but that they were not brought within the
influence of the easter]y.diverglng currents, and therefore were not
carried eastward upon the Palisade ridge. Another hypothesis which
would equally well explain the distribution of the Green Pond moun-
tain conglomerate bowlders, but for which there is no demonstrative
evidence at hand, is that these bowlders were carried southeastwar_
from their parent ledges by an earlier ice movement, the movement
in the last epoch being to the southwest over or along the Green

Pond mountain formation. A good deal may be said for this sug-
gestion. The distribution of these bowlders has not been studied
beyond the State of New Jersey.

Types of till based on physical co_stitutiou.--Between bowldery till,
gravelly till, sandy till and clayey till there are all possible gradations.
There seems to be no general law governing the distribution of these
several types, further than that they were severally made where the
proper rock constituents were at hand. The sandy till is found on or
near sandstone, which is readily reduced to sand. The bowldery till is
likely to be found where the underlying rock was of such a nature,
or in such a condition, as to yield abundant material in the form of
bowlders. Clayey and gravelly till are likewise determined in part
by the nature of underlying or adjacent formations, and in part by
the vigor and effectiveness of the water which accompanied the ice.

There is a belt on the ridge extending from Union to Marion_
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where the till, as seen in section, has more bowlders than is its wont. ' '
This does not refer so much to the abundance of bowlders at the

surface as beneath it. At Stevens Point, again, the till contains

many bowlders, and is well exposed along the north and northeast
sides of the hill. Between Centerville and Constable's Point also the

till is very bowldery. This may be due to its close proximity to the
terminal moraine, for terminal moraines are generally composed of a

larger proportion of bowlders than any other phase of the drift, and
this feature is rather likely to characterize the till adjacent to terminal

moraines along their inner borders.

Fig. 7.

Stony type of till. Section at Stevens Point. (Drawn itom a photograph )

The largest bowlders found on the ridge are as follows : A perched
block of Triassic sandstone, 8 x 12 x 12 feet, east of Englewood (see Plate

IV., page 176), near the east side of the ridge, at an altitude of 360

feet ; 2°, a block of the same sandstone, 15 x 10 x 6 feet, one-third of a
mile northwest of Linwood, at an altitude of 230 feet; 3 °, a gneiss

bowlder, a few hundred yards east of Tyler Park station_ 12 x 20 x 6

feet ; and 4 °, a trap bowlder at Stevens Point s 8 x 8 x 3 feet.

The perched block near Englewood has already been referred to,
in connection with the stri_e preserved beneath it. The position and

_elations of this perched bowlder, together with its splendid size, are
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such as to attract much attention. Since it is in immediate proximity"
to a considerable center of population, in a region which is sure to be
closely built up in time, and since it is within easy reach of several
large cities, it is very desirable that an appropriate tract of ground
about this perched block be set aside as a public park. It is one of
the best examples of a perched block the writers have ever seen. It
is one of the most curious and striking surface features on the whole
Palisade ridge. It is not simply curious, but it is exceedingly in-
structive as well. It is capable of teaching most important les_on_
concerning several questions connected with glacial geology and rock
decomposition. One of them has already been pointed out (page 176).
The bowlder _vascarried up the west face of the ridge from the sand-
stone below. Its distance from its parent ledge is not known, but the
amount of vertical lifting which it has undergone is not less than 16_
feet, and may be twice that amount.

The gravelly type of till is represented at the north end of the
ridge on the west slope from the State line to Tenafly. It is not often
found at an elevation of more than 360 feet, and is rather common
below some such altitude. The same type of till occurs south of
Tenafly in a small area on the east side of the railroad, and may be
seen on the road from Ecglewood to Tenafly. It may be seen east
of Nordhoff, on the steep slope; southeast of Lconia and toward
Taylorville; and one half mile northeast of Marion station_ on the
east side of the water-works reservoir.

Sandy till has little development on the ridge. The till in the
eastern part of Ridgefield, derived mainly from the sandstone, has
something of this character.

The clayey type of till has its best development at the southern end
of the ridge along Newark bay, where it occurs under stratified sand.
It may also be seen at Greenville, west of the depot. Even at this_
place the till contains not a few stones, though the matrix is of a
clayey nature.

Chemical changes in the lill in posbglaoial lime.--The constitution
of the till is not such as to favor an easy determination of the amount

of change it has suffered by weathering since its deposition, but such
change appears to be very inconsiderable. Much of the till is not
calcareous, so that there is no simple way of testing the amount of*
leaching by surface-water in post-glacial time, and there is no other
soluble ingredient readily available for the determination. Where
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the till is calcareous, it is but slightly so, and the calcareous matter is
absent to a depth of five to eight feet on the southern portion of the
ridge ; the same material has not been leached out of the till to nearly
so great a depth in some other parts of the State. In the western
part of the State, for instance, where the limestone content of the till

is locally of quantitative importance, the.till is often calcareous up to
within one or two feet of the surface. Most of the other constituents

of the till of the Palisade ridge, the trap, the gneiss, the conglomerate,
&c., do not give certain evidence of any considerable amount of

weathering since the till was formed. Sandstone bowlders and frag-
ments have suffered more change, but since these fragments change
rapidly, the change they have undergone does not indicate a great
length of time.

In some regions, change of color is as significant of post-glacial
weatheriug as is loss of soluble matter. But much of the till of the

Palisade ridge is of such constitution that weathering alters its color
but little. Where the till is red, it does not show the effects of oxida-
tion, if oxidation takes place. The typical trap till changes on
weathering to a somewhat greater extent, changing from a greyish
cast to a buff or buff-brown. On this basis, the trap till has not
suffered a great amount of change_ though the uppermost two or
three feet of it freqllently shows the effects of oxidation which has
taken place, presumably in post-glaclal time.

LOCAL DESCRIPTIONS OF THE DRIFT.

1°. Two-thirds of a mile north of the railway station at Closter_
a railway cut six feet in depth shows till covered by a layer of
yellowish loam two feet in thickness. The stony material is made up
of quartzite pebbles of various eolors_ whits_ grey, purple_ &c, bf
small angular bits of gneiss, of Triassic sandstone_of coarsely-crystal-
line diabase, some of which is distinctly worn and striated. The
matrix is variable, being sometimes of a clayey and sometimes of a
gravelly nature.

2°. A few hundred yards further nortb_there is an exposure of till
to a depth of eight or ten feet. The general nature of the material is
the same as that in the locality described above. The stony material
is coarser_ and in addition to the materials named above_ there is
limestone containing galena.
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3°. On the c_est of the ridge in the latitude of (_loster the till is
very thin. Rock often comes to the surface, and where it is covered
it is frequently buried no more than two or three feet. The till is of
the trap type, the matrix having the yellowish-brown color which is
characteristic of earths derived from trap. Its stony material, like-
wis% is mainly trap. Sandstone bowlders which must have been
transported from the valley to the west, and bowlders of gneiss,
which must have come from the highlands beyond the valley, and
been carried up on the ridge, are also present, though not in abund-
ance. The drift on the summit of the ridge further south has the
same general character. Outcrops of rock are very frequent as far
south as the latitude of Tenafly.

On the west slope of the ridge in the same latitude the till is more
gravelly than on the crest, and the matrix is much more sandy.
There is less trappean material in the drift, which the sandstone for-
mation below the trap has contributed much more generously. The
line of junction of the trap till and the Triassic sandstone till is never
sharp, though the transition is sometimes rather prompt.

4°. In the latitude of Tensfly, the till on the west slope of the
ridge is less gravelly than in corresponding positions further north.
It is largely made up of Triassic material, with the usual admixture
of gneiss, trap, limestone and quartzite. The depth of the till on the
west slope of the ridge in this latitude is from ten to forty feet, while
on the crest the drift has a thickness of only two to six feet. On the
crest the drift is made up, for the most part, of trap fragments, and
of earths which have come from the comminution or disintegration of
this rock. In this latitude, there are white quariz pebbles in the till
which have such an appearance as to suggest that they came from a
former northern extension of the yellow gravel. These were observed
at an elevation of 360 feet_a height which corresponds very well with
the top of the hills on which the yellow gravel is well developed
further south. (See page 39.)

5°. Between Tenafly and Highwood, on the Northern Railroad of
New Jersey, an exposure of drift shows an intermixing of till and
stratified drift. There is a coating or structureless yellow loam to a
depth of something like five feet. Except near its base, the loam is
etoneless. At its base it is more or less mingled with stony material,
several sandstone bowlders occurring at its junction with the under-
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lyingdrii_.Striatedbowldersareabundantbelow,many of them
beingoflargesize.
6°.In thelatitudeof Englewoodloam frequentlycoversthetill

en thewestslopeoftheridgetotheextentof fivefeetor more.
The tillbeneathisoftengravelly,butina fewexposuresthematrix
Asclayeyenoughtoshow distinctfoliation.*Thisisespeciallywell
_hown in the164-foothilleastof theEnglewooddepot.In this
vicinitytheaveragedepthof driftisabouttenfeet.It hasthered
,colorwhichbetraysthelargecontributionof theTriassicformation.
Seventytoninetypercent.ofthematerialof thetillinthislocality
.camefromthisformation.On thesummitof theridgethetrapis
frequentlyexposed.A mileormore eastof thedepot,on Palisade
avenue, several roehes mouton_&s are to be seen.

7°. On the west slope of the ridge, between Englewocd and Nord-
_noff,the yellow loam, which has been referred to as occurring at var-
ious points, is well developed. Its greatest elevation is about 240
feet. Rarely bowlders occur on its surface. The underlying till is
_sually red, with a clayey matrix, containing u goodly proportion of
_tony material. Of the latter, forty-five to seventy-five per cent. is of
Triassicorigin,whilethegneissconstitutesfrom fifteento forty-five
percent.Gneissand quartzitearethenextmostabundantcon-
etltuents.

8°. At a trap quarry one-thlrd of a mile northwest of Linwood, at
an elevationof 220feet,thereisa largeperchedblockofsandsbone
15x 10x 6 feet.The greatestascertaineddepthofdrifton thesum-
mit at Linwood iselevenand a halffeet.The driftisgenerally
wery thinon the summit,outcropsof trapbeingverycommon.1

/_omeof themshowpolishingand grooving.
9°.West ofTaylorville,inthelatitudeofLeonia,depthsofthirty

_feetof till are said to exist. This would seem to indicate that the till

.is much thicker on the slope than on the summit of the ridge in this

.vicinity.At some pointstheTriassicsandstonehascontributedas
_ach asninety-ninepercent.ofthestonymaterialofthetill.
10°.From FortLee to Edgewater,thesummitof theridgeis

marked by numerousoutcropsof trap.The driftisverymeager,
andcontainsverylittlematerialforeigntotheridge.Fartherwest,
on thewestslope,a roadcutatPalisadeparkshowstwentyfeetof

_See Annual :Report J 1892_page _2,
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till, fully ninety-nine per cent. of the material of which appears to.
have come from the sandstone.

11°. Two-thirds of a mile south of Fairvlew exposures of till occur
to a depth of ten to fifteen feet. Below an altitude of twenty or thirty"
feettheuppermostportionofthedriftappearstohavebeendeposited
orworkedoverby thewater, l'tiscoveredby yellowsand,beneath
whichisgravel.Beneaththegravelthereistillcontainingcharacter-
isticaIly-striatedbowldersofsandstone,mostofwhicharesmall

12°.Shallowexposuresoftilloccurin thenorthwesternpartof
Edgewater.The tillherehasthegeneralappearanceoftill,buta
gooddealof metamorphosedTriassicshalewascarriedoverfromthe.
westsideof theridgeby theice.Thisshalegivesrisetotillwhich
isnotmarkedlydifferentfromtraptillingeneralappearance.
13°.In thenorthernpartofShadyslde,on theeastroadrunning

betweenEdgewaterand Shadysidc,thereisan exposureoftraptill
tenfeetin depth.Many bowldersof trapand gneissoccuronthe
surface,andcontinueasfaxsouthasGuttenherg.
14_.An exposureof traptill)sevenfeetin depth,occursnear"

Bulls Ferry. It contains, beside trap,sandstone, quartzite and gneiss.
bowlders and fragments. A very large striated trap bewlder, ten
feet in its greatest diameter, may be seen here.
15°.The depthofthedriftfrom Grantonto Guttenbergisan

exceptiontothegeneralrulethatthedriftisbankedup againstthe
westsideoftheridge,whileitisthinon thesummitand eastsideof
it.The hillprojectingto thenorthwestat Grantonhaslittledrift
uponitand many outcropsof rock.The westslopeof theridgeat:
Grantoniscoveredby onlyaboutthreefeetofdrifton theaverage.
The summitoftheridgeatGuttenberghasverynumerousouterop_
of trap,whileneartheeasternblufftentofifteenfeetof tillexist.
Numerousexposuresoftillon thecrestinthislatitudeshowittohe
made up almostwhollyoftrapinmany instances,andpredominantly
oftrapinallcases.
16°.In thecemeteryatNew Durham redtillisexposed.The

materialwhichisderivedfromsour_ otherthantheTriassicsand-

stonedoesnotconstitutemorethanfromonetoilvepercent.of the
whole. The tillatthispointisfoliated.
17°.One.halfmileeastof thedepotatSchuetzenPark,atanele-

vationof I00 feet,thetrapiscoveredby fifteenfeetoftill,mainly*
of thesandstonetype. Ithas thecharacteristicredcolorofsuc]_
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till, and its stony material is made up of fully eighty per cent. o{
sandstone. The sandstoneand the trap fragments are largely angular,
while the gneisess and the quartzites are well worn. The till is.
foliated.

18°. In the northern part of Union, near the point where the ele-
vated railroad makes a sharp turn, a ten-foot exposure of till exists.
Its stony material is fully one-half of Triassic sandstone. Here-
again the till is foliated.

19°. At Weehawken, in the excavation for the reservoir, till was
exposed to a depth of six feet. The till here is very red and non-
calcareous. The stony materials are small in size and not abundant.
No more than 100 yards to the west the till is very largely of bowl-
ders, ncar]y forty per cent. of the stony material being two feet in
diameter. Sandstone is the most abundant constituent, with trap a.
close second.

20% At Stevens Point the depth of the till overlying the serpen-
tine is about twenty feet. It has a reddish tinge, due to the presence
of material derived from the red Triassic sandstone and to material

derived from the red jasper, which, according to Prof. Cook,* lies just
west of the serpentine. The stony material here is more largely of
trap than of any other material, but sandstone from the west side of

the ridge is present, as are also quartz, gneiss and serpentine. Some-
thing like fifty per cent. of the whole body of the till is made up of
stony material, the larger part of which is only one to six inches in
diameter. Four to six feet of stoneless loam covers the surface.

21° . On the north side of Stevens Point, close to the reservoir,
there is a still deeper exposure of trap till which stands (1893) with
vertical face, thirty to forty feet high. This is an excellent example.
of bowldery till. Figure 7 is reproduced from a photograph taken
at this point. The lower part has a much higher percentage of local

rock than the upper. The stones of the lowermost ten feet of till are
largely (eighty to ninety per cent.) of serpentine, predominantly angu-
lar. The upper part of the till is redder than the lower, partly due
to the jasper a_sociated with the serpentine. Bowlders of finely-
crystalline dlabasa are found, as are also shale, red jasper, white and
grey quartz and gneiss. The stony materials are for the most part
well worn and striated. Rounded pieces of trap occur in the yellow

_Geology of New Jersey_ 1868, page 325.
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loam on the surface, but such stony material as the loam carries is
mostly angular.

22°. A short distance north of Tyler Park station, till is exposed
to a depth of thirty feet in a gully. It is very stony, and red in
color. The sandstone bowlders and bowlderets are well worn, and
predominate greatly over other varieties of stony material. They
are commonly small. Large bowlders of gneiss and trap also occur.

23°. Just north of the railway station at Tyler Park there is an
exposure of eight feet of till. The uppermost three or four feet are
clayey. This graduates into redder and more sandy till below.
Sandstone is much more abundant than all other rock constituents,
though others are present.

24°. Two-thlrds of a mile east of the last-named locality, tempo-
rary exposures (1893) of red, clayey till were seen, calcareous at

depths of five feet and more from the surface. To the eye, the upper,
non-calcareous part of the till was not manifestly different from the part
below. Other temporary exposures ia the vicinity established the
fact that any calcareous material which may have originally existed
iu the uppermost five feet of the till has been leached out.

25°. West of Stevens Point, three blocks west of the steep east
bluff of the Palisade ridge, exposures of red till may be seen on the
trap. The sandstone mate_i_l is at least two or three times as

abundant as the trap. The till is not calcareous. The ridge is here
well covered by the drift, outcrops of rock occurring only along the
east bluff.

26°. One-half mile south of Tyler Park, and a few hundred feet
east of the Northern Railroad of New Jersey, there is an exposure of
till forty feet in depth. The till is of the bowldery type, ninety per
cent. of it being of sandstone. Many bowlders two and one-
bail feet in diameter are present. Some of them are worn and
striated, and some of them are angular. The trap fragments are less
_orn than the gneiss.

27°. One-third of a mile south of the place last named, just at the
110-foot contour, a vertical exposure of bowldery till twenty feet in
depth is to be seen. It has a clayey matrix with abundant sandstone
bowlders two or three feet in diameter.

28°. Gravelly Ill], covered by yellow loam, is exposed east of the
reservoir at Jersey City, to the depth of six feet. The proportions of
stony constituents are as follows : Sandstone, ninety per cent. ; trap,
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fifteen per cent. ; gneiss, four per cent. Quarizite is the primipal
remaining constituent.

29°. West of the Jersey City reservoir, near the west end of the
Erie railway tunnel, at an altitude of thirty feet, good exposures of
mingled till and stratified drift occur. Yellow loam, containing
pieces of sandstone, trap and gneiss, covers the surface. Below this,
the stony material is very largely of sandstone. Large bowlders are.
present, along with a much larger numl_er of small stones.

30°. Along the Pennsylvania railroad from Marion to Jersey City
the till is well exposed to various depths, ranging up to forty feet.
Good exposures occur just east of the Marion station. The till is.
here covered by two or three feet of yellow loam. Sandstone greatly
predominates over other materials. Most of the stony material is-
small, less than four inches in diameter.

31°. One block northwest of Communipaw station, ten to fifteen.
feet of till is exposed, covered with two or three feet of yellow loam.
A great many bowlders, two to five feet in diameter, lie about the
exposure. Many of them show strlm. Trap greatly predominates
over other material, but sandstone, shale and gneiss are present. The.
till is clayey.

32°. Near the Pacific Avenue station of the Central Railroad of

New Jersey there is an exposure of six to eight feet of drift. The.
uppermost four feet is loam, becoming grey near its base. It has a
structure resembling foliation. The till has a clay matrix, is red and
non-calcareous. The stony material is about the same as in the.
following.

33°. One block north and one block west of the above there is an

exposure of ten feet of till, with a covering of stiff loam containing
some gneiss, trap and sandstone. Twenty per cent. of the till is of
stony material. Much of it is angular, about four inches in diameter.
Larger pieces of sandstone, black metamorphosed shale, finely-crystal-
line trap, black and grey, and quarlzite, make up the stony material.
The till is not calcareous. Many of the trap and sandstone bowlders
are striated.

34°. On the west side of the oil works at Claremont an excavation

twenty to twenty-five feet deep and 200 to 300 yams long shows till
with a coating of yellow loam two to three feet thick. The till has.

a clayey matrix, and is sometimes calcareous eight feet from the sur-
face. A great many trap and sandstone bowlders four to five feet in.
diameter, and some seven or eight feet, are present.
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35°. About one-half mile south of Greenville, or about a quarter
of a mile north of the crossing of the Lehigh Valley and Central
railroads, six feet and lees of fine, yellow, stratified sand, or sandy
loam, covers two to fourteen feet of till. The sandy loam has a few
stones in it, among which are sandstone slabs lying on their flat sides.
These are found near the base of the sand. Red sandstone is the

major constituent of the till, metamorphosed shale and trap being
next in abundance. Brown and white quartzitsa, six inches and lees
in diameter, yellow quartz pebbles, well rounded and less than five

inches in diameter, make about two per cent. of the stony material.
Black limestone cobbles also are present.

36°. Near Newark bay, and a short distance south of the cans], a
road cut (altitude twenty to thirty feet) shows three to eight feet of
sand, the lower part of which is stratified and contains an occasional

pebble. The till beneath the sand is red, with a clayey matrix cutting
like wax and cracking readily in the sun. Stony material makes up
ten per cent. of the till. Of this, ninety-five per cent. is sandstone,
the remainder being trap, gneiss, and grey, brownand white quartzltes.

37°. At Pamrapo, one block south of the Morris canal and one
block west of the Central railroad, there is a six-foot exposure of till,
covered by three feet of yellow loam. The stony material is of sand-

stone. Eight blocks south of this, a temporary exposure (1893)
showed red till which was calcareous five feet below the surface.

38°. About a half mile south of the Pamrapo depot a railroad cut
more than 1,290 feet long and eight to twenty feet deep, and thirty
feet above sea-level, shows yellow loam over till, the latter having
some of the characteristics of subaqueous till.

39 °. At Twenty Second street, Centerville, near Newark bay, a
temporary exposure of eight feet of non-ealcareous material existed in
1893, red in color, and its stony material small in size. Another
exposure at Bergen Point shows similar characteristics. The stony
materials are mainly of Triassic sandstone. The till in this vicinity
is frequently calcareous at and below a depth of about five feet, but
the calcareous character does not always exist at this depth.

40°. Along Newark bay, at West Eighth street, Bayonne city_eight
to ten feet of till is exposed along the shore, under ten feet of strati-
fied sand. The top of the section is about twenty-five feet above
tid_. The till is red, and contains ninety-five per cent. sandstone in
a waxy, clay matrix. The sandstone pieces run up to twelve inches
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in diameters and some of them are striated. Other stony constitu-
ents are limestone, grey, compact and well striated ; some quartzite,
dark-colored gneiss, and a small percentage of trap. The till is not
calcareous six to eight feet from its upper limit, that is, sixteen to
-eighteen feet below the surface of the section.

41°. From Centerville to Constables Point the surface is covered

by sand which has been transported by the wind. Beneath this sand
at various points along the shore till is exposed and the beach is cov-
.crsd by bowlders washed out of the till below the sand. These
bowlders are two to three feet in diameter, and occasionally run up
to 4 x 8 feet. There are many pieces of diabase_ sandstone, black
metamorphosedshale, and gneiss. :No limestone was seen.

42°. An excavation for a railroad switch near the oil works east of
•Centsrville shows bowldery till to a depth of fifteen feet. :Fifty per
.cent. of it is of stony material. Bowlders range up to 6 x 5 x 4 feet.
The formations represented are sandstone, quartzite, gneiss and one
purple conglomerate. The coarseness of the stony material is in
striking contrast with the fine material commonly found south of
Jersey City.

LIFTING POWER OF THE ICE.

From the foregoing facts it is evident that the ice carried the red
sandstone up from the lower west slope of the ridge to the summit,
and sometimes in such quantity as to give the till a decidedly red
-color, even to the east brow of the bluff. This is particularly well
seen at some points east of Englewood, at Weehawken, near the new
water-works reservoir, and near the east end of the Pennsylvania
railroad cut at Jersey City. The till is not predominantly of Triassic
material at every point in the localities named, but there are exposures
in each of these localities where the till is distinctly red.

The greatest amount of vertical lifting of sandstone cannot be
proved to be more than 300 feet, and it may be restricted to some-
what narrower limits. It is not to be understood, however, that this

measures the lifting capacity of the ice, or that, ihdesd, the lifting
was not often more than this on the ridge. Triassic material is
-carried to the top of the ridge at all latitudes. The top of the ridge
is not anywhere more than 300 feet above the upper edge of the
sandstone on its west slope, and the maximum may be a little less.

It is altogether probable that some of the Triassic material on the top
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of the ridge came from ledges of sandstone considerably below the
highest level of its occurrence. Some of it, indeed, may have come
from the bottom of the valley to the west. In this case, its elevation
must have been equal to the total altitude of the ridge, less the alti-
tude of the valley to the west. In some places this would amount to-
nearly 500 feet.

If the gneiss on the ridge was carried to its present position sub-
glacially, as most of it is believed to have been, it must have reached
the crest of the ridge after being carried through the valley which
separates the gneissio areas from the ridge, so that where the ridge in
highest it must have been lifted fully 500 feet.

A few specific facts concerning the lifting of drift material may be
mentioned. East of Clceter the highest sandstone outcrop known is
at an altitude of 280 feet, and drift derived from sandstone is found
on the summit of the ridge at an elevation of 540 feet, within a mile
of the sandstone outcrop. It is Poesib]e that the sandstone occurs
somewhat higher than its highest outcrop. If it does not, the mini-
mum amount of lifting of Triassic material here is 280 feet.

East of Tenaflyj red drift occurs at the east bluff about one mile
east of the junction of the sandstone and trap. In order to reach
this point, which is east of the crest, the sandstone must have been
carried up 200 feet within two-thirds of a mile. The line of junction
of sandstone and trap is here about 220 feet above tide, and the
height of the ridge is 420 feet. The altitude of the red drift east of
the crest is 320 feet. The perched block of sandstone east of Engh-
wood occurs 320 feet above the highest outcrop of sandstone in this
latitude. But the sandstone probably reaches up considerably higher
on the slope than the highest outcrop, being now concealed by the
drift. The lowest outcrop of trap known on the west side of the
ridge in this latitude is 160 feet above the highest outcrop of sand-
stone. The block must have been carried up at least 160 feet, and
may have been elevated much more.

East of Lsonts, one-third of a mile east of the junction of the

sandstoneand trap,redtilloccurs170feetabovethe upperedgeof
thesandstone.SoutheastofSchuelzenPark,redtilloccurs190 feet
abovethejunctionof thesandstoneand trap,ata distanceofsome-
thingmorethana milefromit. Eastof TylerPark,redtilloccurs
at least160 feetabovethejunctionof thetrapand sandstoneata
distanceoffive-sixthsofa milefromit.
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POSITIONSOF LODGMENTOF DRIFT.

From the cross-sections of the ridge represented in Figure 6_ page
159, it may be seen that in passing up over the ridge from the west, the

ice deposited a larger amount of drift on the western face of the ridge

than on the crest. From the section in the latitude of Alpine_ the

drift is seen to be thirty feet deep on the west slope, and about three

feet on the summit. At Tenafly_ the greatest ascertained depth on the
west slope is forty feat_ while that on the summit to the east is three

to five feat. At Englewood the known depth on the west slope is ten

feet, while on the east part of the summit it is three to eight feet.

At Granton_ the depth of the drift on the west slope is not more than
one-third to one-fifth as great as on the summit. At New Durham_
the depth on the west slope is thirty-five feet_ while on the summit it

varies from nearly zero to sixteen feet.

At one point near the east part of the ridge the drift is known to

be fifty feet thick. This locality is in line with a deep ravine at

Weshawkenj and the great depth of drift would seam to indicate a pre_

glacial extension of this ravine northward, the ravine now being filled
with drift. At Tyler Park the drift on the west slope is twelve to
thirty feet in depth_ while on the summit to the east it is from two to
nine feet. At Marion there is not much difference between the west

side and the summit. The diagram showing depths of drift in the

latitude of Marion indicates a much more irregular rock surface than

in the other sections. This difference is probably more apparent
than real, since much fuller data were available for the construction

of the section at this point. The other sections doubtless represent
the rock surface more regular than it is_ since irregularities are intrc-

duead into the diagram only where the less complete data showed
them to exist. In spite of these defects the sections are instructive in

showing the relative depths of drift on the west side and summit.

From these diagrams it is seen that the thickness of the drift varies

in two ways--1 °, that from the State llne southward to Jersey City
the east face of the Palisade ridge is essentially free from drift ; 2°_
that the drift is thin on the summit_ and that north of Marion it in-

creases in depth on descending the west slope. South of Marian the

ridge is low, and there is little difference in the depths of the drift on
the west and east sides. The thickness of drift on the summit in-

18
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creases on passing from the north to the south, in the direction of the
declining height of the ridge.

The abundance of rock outcrops follows the same law. The east
face of the ridge is precipitous, with nearly continuous exposure from
the State line to Jersey City. The comparatively flat summit fur-
nishes very frequent outcrops from Guttenberg north to the State line.
From Guttsnberg to Jersey City the outcrops are numerous on the
east and west sides, but rare on the summit. South of Jersey City a
few outcrops occur on the east and west sides, and still fewer on the
summit. At Guttcnberg there are something like seventy-five out-
crops to the square mile, while south of this point there are many
square miles without an outcrop, and twenty-five is the maximum for
any square mile.

Till on the east slope of Palisade eidge.--North of Jersey City there

is, in general, little till on the east slope of the ridge. Much of the
east face consists of a vertical trap face above, with trap talus at the

base, sloping down to the river.
At a few points where the face of the ridge departs notably from

the vertical there is a little till. At a few others there is drift which

may be till, but which, in the absence of exposures, cannot be satis-
factorily classified. Till, or drift which cannot be separated from it,
has been noted at the following points :

1. At Alpine landing, and for one and one-half miles north,
gravelly drift is present up to a height of about eighty feet above
tide in considerable quantity. Exposures are too meager to allow it
to be certainly identified as till. Above this there is a little drift to
the bluff face but it is largely covered by trap talus. The stony con-
stituents of the till are sandstone, gneiss and trap. Yellow loam
covers the surface to a depth of several feet.

2. Between the latitudes of Englewood and Nordhoff, gravelly
till (?) covered by yellow loam is found on the east side of the ridge
from an elevation of about fifty to sixty feet to the river's edge.

3. At Fort Lee, and for a mile south of that place, there is a con-
siderable body of till reaching a maximum altitude of nearly 100
feet. A little further south, on the gentle slope a mile north of

Edgewater, there is also a small area where till occurs. The till is
largely of trappean origin, though pieces both of sandstone and gneiss
are present. In both these places the till is more or less covered with
yellow loam, and sometimes with trap talus.
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4. Some till is found at the foot of the bluff at Weehswken, at the

south end of the narrow ridge which is separated from the main
ridge by a small stream. The till is largely composed of trap (sev-
enty per cent.), with some gneiss and sandstone. The till extends up
the ravine on either side of the brook a quarter to a half mile, and
covers all the surface below the trap talus slope that is not "made."

5. Till at Stevens Point and south has been described in another

_onnection. While it is on the east side of the ridge it is not against
_he steep east face.

There are many other places on the east face of the ridge where
trifling amounts of till occur. Their areas are in general much too
small to be represented on the map.

PERCHED BLOCKS.

Good examples of perched blocks exist at the following points:
1°, east of Englewood, on the summit, a block of Triassic eandstone_

8 x 8 x 12 feet, resting on trap (see Plate IV,, page 176) ; 2°_a block
of similar sandstone, 15 x 10 x 6 feet, resting on till, one-third of a
mile northwest of Linwood ; 3°, a gneiss block east of Tyler Park,
bearing evidence of some wear, 20 x 12 x 6 feet.

PONDS,

There are numerous small ponds on the ridge at various points.
l_one of them rise to the dignity of lakes. In many cases the eltua-
tion of these ponds would seem to be favorable for determining
,vhether or not they occupy rock basins, hollowed out by the ice.
The testimony on this point, so far as it is not conclusive against
rock basius_ is negative. That is, not a single one of the ponds is
known to occupy a rock basin. It should be said in this connection
that many of the ponds afford only negative evidsnce. It may be
that some of them have continuous rock basins, the fact being con-
eealed by the drift,

STRATIFED DRIFT. SAND AND GRAVEL.

Distributlon.--The stratified drift of the Palisade ridge is confined
mainly to the base of the western slope, though it also occurs at a
number of points at or near the base of the east face between Con-
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stables Point on the south, and a point opposite Englewood on the
north. Constables Point, and all of the ]and immediately about it
separated from the main ridge by the salt marsh, is of stratified drift_
more or less modified by the wind. Its maximum elevation is about
forty feet. East of Pamrapo and south of Greenville, there is also a
littie stratifieddrift, up to an elevation of thirty feet orso. The isolated
area south of Claremont, and much of the low land about Commuui-
paw, up to an elevation of twenty feet, or a little more, is of stratified
drift. All the low land from Communipaw to Stevens Point which.
is not "made" is also of stratified drift, mainly sand. It runs up tc_
an altitude of about twenty feet. Above this stratified drift, Stevens
Point rises with its covering of till.

Further north, there are limited deposits of stratified drift about
Guttenberg, up to a height of about thirty feet. At Edgewatsr,
stratified sand, sometimes with gravel, occurs up to a height of about
thirty feet at least, and is nearly continuous to the northward for a
distance of about a mile. It locally assumes the form of a terrace.
There is a good exposure of the sand near the road leading up the
hill at Edgewater. There is some trace of stratified sand and loam
on the east side of the ridge east of Euglewood, at an elevation of
forty or fifty feet. North of Alpine, there is a little of the same sort
of material at an elevation of eighty feet.

Stratified drift occurs at low levels along the south end of the

ridge, running up to a height of thirty or forty feet on the west side
of the south end, and even to somewhat greater heights locally, as
west and northwest of Greenville. North of Marion there is strati-
fied drift near the entrance to the railroad tunnel, at a height of forty
feet or more. From Marion to Schuetzen Park there is little strati°
fled drift. From the latter place to Grantou, stratified sand and
gravel occur at the base of the ridge up to an elevation of something
like thirty feet. There is more or less stratified drift also from Gran-
ton to Fairview, which rises to about the same altitude. Between
Fairview and Nordhoff there is but little stratified drift, and that at

very low levels. From Nordhoff to Englewoed, on both sides of the
valley, stratified drift runs up to elevations of thirty feet or more.
From Englewood north the stratified drift reaches greater altitt_des.
At Englewoed it runs up to sixty or seventy feet, and further north
it sometimes occurs up to heights of more than 100 feet_but where it.
rises to so great height it is in the form of kames.
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It will be seen that the height of the stratified material at various

_oints is not constant, and that on both sides of the ridge it is greater
at the north than at the south.

Topography of the stratified drift. Terraees.--At some points the
stratified drift is disposed in the form of distinct terraces. Thus, at
Edgewater, on the east side of the ridge, there is a distinct t6rrace of
sand at an elevation of thirty to thirty-five feet. Traced northward,
this terrace resolves itself into three terraces, the lowest of which is
only ten feet above the river, the next ten feet or so above the first,
and the uppermost about an equal height above the second. Below
F_,dgewaterthere is at least fifteen feet of stratified sand. Where its
upper limit is well defined it is about twenty-five feet above the
Hudson. The upper limit is not always well marked, and the sand
appears to run up to an elevation of forty feet in places. The sand has
$omethlng of a terrace form at some points, although it does not con-
stitnte a distinct terrace along this line. At one point, there is a low
ridge-like swell of sandy loam, spur-like in form, separated at its
north end from the base of the bluff by a depression at least ten feet
deep. It is just south of this that the sandy loam develops into a
terrace, at an elevation of twenty-five feet. This sand spur shows
cross-stratification, though not of the ebb-and-flow type, where ex-
posures were seen. No pebble was seen in section. The material
closely resembles the sandy phases of the loess, both in the soil to
which it has given rise, and in ssotion. Above Edgewater, sandy
loam runs up above the terrace to a height of sixty feet, but it was
_aot seen to be stratified at these levels.

East of Englewood, at the point where traces of stratified drift
•were referred to in a preceding paragraph, there is a narrow bench
at an elevation of forty to fifty feet, the surface of which is covered

with yellow, sandy loam. The lower part may be stratified, though
this cannot be a_sertcd to be the fact. Just above Alpine there is
some till (?), covered with more or less sand, though the latter is
never developed in the form of a distinct terrace. Sandy loam runs
•up to heights of 100 feet or so, but stratified sand is nowhere exposed
above forty feet. Exposures sufficient for the satisfactory determi-
nation of the upper limit of the sand were not found.

Between Bergen Point and Marion, the stratified drift at the west
base of the ridge does not always assume a distinctly terrace-like
,form. While its surface is frequently flat or nearly so, and while its
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western edge is abrupt at many points after the fashion of a terrace,
its eastern limit is not generally sharply defined. Where it is most
clearly marked, it is at an elevation of forty feet or a little less. This

may be seen south of the West Bergen depot, for a distance of half a
mile. Southwest of West Bergen, the wind has modified the original
topography, but the terrace-like form of the stratified drift comes out at,
several points. Between West Bergen and Marion, a hill composed
of till but covered by sand projects through the main body of strati-
fied drift. The sand on its surface may have been deposited by the
wind.

Just north of Marion, the western border of the sand is not char-
acterized by an abrupt face as further south. The sand here has a
rather flat or gently-sloping surface up to an elevation of thirty to
forty feet, but the upper edge of the terrace is ill-defined. Between
Schuetzen Park and Granton the stratified drift runs up to a level of

thirty or forty feet. It has not a distinct terrace form, though its
surface is suggestive of a terrace. At New Durham the stratified
drift has the form of a rather broad, gently-sloplng plain, above
which there is, at some points, a rather distinct bench, though not of
stratified drift, at an altitude of fifty feet. This terrace, though dis-
tinct at some points, is not continuous, and is distinct at a few points
only.

At New Durham there is a sand pit, seventeen feet deep, which
shows the structure of the stratified drift at this point. The pit is a
short distance southwest of the depot. The section is represented in
Figure 8, which is reproduced from a photograph. Commencing
with the top, the section may be described as follows :

4. Three feet of unstratified yellow loam.
3. Two feet of fine sand, horizontally stratified, rarely containing

a pebble.
2. A layer of crees-stratified gravel and sand, having a thickness

varying from a few inches to three or four feet. The crossing of the
Iamime is striking and the alternations abrupt. It is of the character
designated by Dana "flow-and-plunge" structure, indicating wave
action. The parts having the same direction of dip are sometimes as
much as nine feet in length, but usually less than three feet. This
layer of stratified gravel and sand rests upon the nearly horizontally-
stratified sand below in such wise as to indicate erosion of the latter

before the deposition of the former.
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1. The lower part of the section is made up of fine sand, with
stratification nearly horizontal.

North from New Durham the stratified drift fails to maintain a

constant level, and declines and narrows at the same time. This dis-

position of the stratified drift makes it rather difficult to characterize
it as a terrace.

Between Granton and Fairview there is a possible suggestion of a

wave-cut terrace at an elevation of thirty feet or a little more, on the

tongue of land lying to the west of the Northern Railway of New
Jersey. :From a point a little north of Palisade Park to Leonia

Pig. 8.

Section ia the sand plain at the saad pit in l_ew Durham, showing structure, Section faces norLh,
(Modified sl]ghey from photograph.)

there is also some indication of terracing at an elevation of about
thirty-five feet, though the material appears to be till This terrace

seems to belong in the same category as the one ]ast mentioned.
North of Leonia there is an ill.defined terrace at a similar elevation

composed of stratified drift, mainly sand. The stratified drift north

of Nordhoff and extending to Englewood has no distinct topographic
form, though distinct suggestions of terracing appear at an elevation

of thirty feet, and less distinctly at somewhat higher levels. Bowl-
ders are present, occasionally, in the stratified drift at an elevation of

forty feet and above.
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From Highwood to Euglewood and beyond there is an area of
gravel and sand in the valley west of the ridge which, from one side,
has somewhat the appearance of a delta. To the north it commences in
the vicinity of the two Highwood kames, which rise up from the plain
at seventy feet, to an elevation of 90 and 105 feet respectively. Thence
the flat, gravelly plain extends south by southwest for about one and
and one-third miles to/he western part of Euglewood. The surface
of the plain is generally flat, though minor irregularities are not
wanting. These take the form of sinks and, less commonly, of low
knolls or gentle swells. The surface descends with little interruption
to an altitude of twenty to twenty-five feet. At two points there are
step.like descents of trivial extent. The east face of the plain is in
sharp contrast to the southerly slope. From Highwood to Eogle-
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_ig. 9,

Dett&-like _tructure of s_nd plain as shown In _eotlon at a pit at Eaglewood, near the depot•
6ection face_ west. (Drawn from a photograph.)

wood this face is abrupt, with a descent of twenty feet or more. The
western face of the plain is also steep---so steep in some places as to
suggest the possibility of its having been deposited against standiDg
ice. The character of some of the slopes of the plain is such as to

suggest that they are depositiona]_ not degredational ; that is_ that the
material of the plain was deposited as it now is, add not carved into
its present form by surface erosion and subsequent time.

That the slopes are due to deposition, and not to erosion, is suggested
by the abruptness of the descent, by the profiles of the slopes and by
the peculiar lobate character of the margin of the plain. That they
are not degradational is indicated by the small amount of erosion
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_vhich has taken place in other parts of the valley since the deposition
.of the sand and gravel. If the faces be depositional, the plain might
'be conceived to be either--1 °, a delta, or 2°, a plain, built against or

between stsgnant massesof ice, while the glacial ice was in process of
dissolution. Between these two hypotheses it should be possible to
decide. Th_ character of the material of the plain, its structure and
topography, should afford the necessary data.

To the north, the material of the plain is gravelly, the pebbles fre-
.quently having a diameterof three inches. To the south the material
becomes finer, the pebbles disappearing altogether. This would be
inconsistent with neither of the foregoing hypotheses. At one of the
gravel pits south of the station at Highwood, what appears to be
normal delta structure is shown. The gravel is here overlain by fine
yellow loam to the depth of three or four feet. Similar structure is
_alsowell shown in a gravel pit one block north and west of the new
railway station at Enghwood, where the lower beds of rand and
gravel are seen to slope southward at a high angle. These lower beds
,are covered by a layer of sand and gravel, stratified horizontally.
The structure is shown in the accompanying figure, reproduced from

photograph taken at this point.
The structure at these points would indicate that the plain is a delta,

if exposures at other points were consistent with them. But such is
_ot the ease. Other pits close at hand show that the sand and gravel
has a structure which is fatal to the delta hypothesis. As indicated

above, one pit, near Highwood, shows what might be delta structure,
but another less than five rods away shows a structure altogether in-
consistent with the first. In the first, the dipping beds are toward
the edge of the plain, as must needs be in a delta. In the second, the
,dipping beds beneath the horizontal beds at the top, dip in toward the
.center of the plain, a condition of things which could not exist in a
normal delta. On the west side of the plain, at a singh point, the
_structure of the plain was seen. Here, too, the inclined beds below
,the horizontal dip in toward the center of the plain, not out, as they
.should in a delta. The gravel and rand at these two points, one on
,the west side and one on the east, were deposited from the west and
'from the east respectively. Bat to the east and to the west are non-
erosion depressions, which the sand and gravel could never have
crossed. It seems probable, therefore, that the depressions were occu-
pied by stagnant ice, and that the gravel was deposited against it.
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When the ice melted, the faces of the sand and gravel plains were
steep. Such ice faces must have been more or less irregular, and
locally the structure of the sand and gravel deposited under such con-
ditlons, might be the same as that proper to a delta.

Beyond the little brook west of the plain_ opposite the point where

the plain in the western part of Englewood has an elevation of forty
feet, there is a terraos-like flat against the highland at a corresponding
level. This terrace has a sandy coating, though it is not known to be
composed of sand. It continues southward to Tea Neck. Aeros_

the little valley east of the plain, as it occurs at Highwood, a terrace
continues southward along the ridge for a short distance, at an eleva-
tlon of about sixty feet. At Englewood, no distinct terrace exists on
the face of the ridge_ but stratified drift occurs above an elevation of
fifty feet.

North of the north end of the plain, commencing at the Highwood.
kames, the surface declines promptly, and the stratified drift is con-

tinued northward at a lower level. The Englewood plain and its
surroundings would seem to indicate that the ice must have lain at
Highwood when it was formed.

North of the Englewood plain, there is a suggestion of a terrace
west of the railway, at an elevation of about sixty feet, running north-
ward nearly to Tenafly. The width of this bench-llke topographic
form is something like 200 feet. Though often ill-defined, this
bench is composed of stratified material, mainly sand. From Tenafly
to Cresekill, a distance of something more than a mile, an uncertain
terrace can be traced, at an elevation of seventy feet, rising to the-
north. The stratified drift does not occur at so great an elevation as
the upper edge of this bench-like form. On the other hand, at
Tenafly, stratified gravel and sand rise to an elevation of ninety feet,.
that is, thirty feet above the point where the terrace seems to be sug-
gested. It is clear, therefore, that the suggested terrace at this point
is not proof of submergence.

:From Creeskill to Closter there is no trace of a terrace on the west

side of the valley which runs from Closter to Englewood and beyond.
A mile west of Closter an indistinct terrace occurs at an elevation of"

seventy feet, though stratified drift runs up somewhat higher. The
entire valley in the vicinity of Closter is occupied by gravel an&
sand, with occasional hills of till projecting up through the stratifiect
drift, or having no more than a shallow coating of sand or graver
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over them. Still further north, at Neuvy, there is a sort of bench

against the highland to the west, at an elevation of about seventy
feet. This is traceableas far north as the State line, sometimes having
a width of about 200 feet. On the east side of the Closter valley
there are no well-defined terraces. North of Highwood, at various
points, there are deposits of stratified drift which assume something
of a bench-like form, but they are nowhere so well developed that
they can be confidently referred to as terraces.

It will be seen from the foregoing that such terraces as exist are
rather higher to the north than to the south, just as the stratified
drift, on the whole, rises to the north. It will be seen also that the
terracesare rather vague.

.Beach r/dges.--If during the closing stages of the glacial period
the sea stood at an altitude higher than the present it might be ex-
pected that beach ridges, or other shore marks, would remain. The
conditions seem favorable both for their development and retention.
These features are not generally present, and nowhere with unequivo-
cal distinctness. From the latitude of Pamrapo to near Bergen Point.
there is much dune sand, which is suggsetive_ but not demonstrative,.
of an earlier beach somewhat above the present. It occurs at an ele-
vation of thirty feet or possibly a little higher. It may be mentioned.
that a similar condition of things is found east of Hackensack, at an
elevation of about twenty feet. The dunes at this point, it will be
noticed, are in about the latitude of Eoglewood, and are much lower
than the plain of that region.

Kamea.--There are no kames at any point on the Palisade ridge_
but at the western base they are well developed at several points.
The kames at Highwood at the head of the plain which reaches south
to Englewood have already been mentioned. There are here two
distinct kames, one of which is about 590 x 145 yards and 20 feet
high, and the other 290x 145 yards and 35 feet high. They are
situated a little north of west of the railway station and are striking.
topographic features. About half way between Highwood and
Tenafly there are two kamse standing up above the till surface. The
southernmost, with a height of thirty to forty feet, is well exposed in
a deep railroad excavation. The surface is composed of yellow loam
to a maximum depth of five feet. The loam appears to be devoid of
stratification, and it is apparently free from stone except in its lower
part, where it begins to grade into sand. At the junction of the
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loam and the sand there are several sandstone blocks, partly buried

in the stratified gravel, but projecting up into the loam. Below the

loam, the material is not always well stratified, and in places it is

altogether without structure. The pebbles range up to three and

four inches in diameter. Bowlders of Triassic sandstone, gneiss,
granite, limestone, trap and quartzite occur, being frequently striated.

A few hundred feet to the north there is another kame, 20 to 80 feet
high and 500 feet in diameter.

In the vicinity of Dcmarsst there are a number of kames. Some-

thing less than a mile east of the station there is a very remarkable

group of them, described in the annual report for 1892.* These
kames lie above the seventy-foot contour line and show no evidence

whatsoever of terracing. Between this group of kames and the rail-
road there are two small isolated kames. West of the station there

are four isolated kames having the usual form of single kames.

These isolated hills are rather prominent, rising from twenty to fifty
feet above their surroundings. The bases of some of them lie below

an elevation of fifty feet, but nowhere do they show any evidence of
terracing. The absence of terracing about these kames indicates

(though it does not necessarily prove) that after these kames were

formed, the sea at no time beat against them. No other kames are

associated with the west face of the trap ridge. It will be observed
that all of those mentioned are near its base.

.Dunss.--Well-developed dunes occur in but one region in connec-

tion with the ridge. This is the west base of the ridge near its south

end. The dunes are best developed south of the railway at West
Bergen, but dune sand covers much of the surface of the west side of
the ridge from Marion to the Morris canal. It is less common further

south. Between Centerville and Constable's Point, also, the wind has

modified the surface without fashioning it distinctly into dunes. At
various other points it would appear that the wind has shifted the

sand more or less, but not in such quantity as to greatly change the
form of the surface, or to make considerable deposits.

Cloy.--ht various poinls in the valley west of the Palisade ridge,

there are deposits of clay beneath the sand and gravel. For knowl-
edge concerning this clay, recourse must be had to data derived from
wells and such other deep excavations as have been made from time to

time. Just west of the slation of Englewood (about twenty feet above

"_AnaualReport for lS92, page 93.
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tide), it is stated that beneath fifteen feet of sand there is a depth of"
something like seventy feet of clay, below which lies the rock. On
the low land north of Neuvy (about thirty feet above tide), there are.
some abandoned clay pits. The pits are so far filled that the clay is not
open to inspection. The greatest depth reported is twenty-eight feet.
The clay is said to be stonelese,and to be underlaid by material which,.
from the deseription_ is judged to be till. With reference to its strati-
fisation, no data are at hand, but the clays are said to be similar to
those at Hackensack and Haverstraw, New York ; at both of these-
points the clay is well stratified. It should be noticed, in this connec-
tion, that there is a valley connection between the Hudson river and'
Neuvy, via Sparkill and Piermont. A depression of less than thirty
feet would cover these Neuvy clay pits with the waters of the Hudson,.
and would allow the Hudson waters to pass down the Haekensack to.

Newark bay. A depression of sixty feet would connect the Hudssn
river with Newark bay, via Demarest and Englewood, and a depth
of drift greater than this is known to exist at Englewood_ where the
surface is only about twenty feet above tide. It is thought to be al-
together probable that the Hudson once flowed down the west side of_
the Palisade ridge instead of the east.

BURIED SOILS.

At two or three points in connection with the study of the Palisade-
ridge, buried soils were found at low levels. These are as follows :

1.On Newark bay,abouta quarterof a milesouthof theLehigh.

Valleyrailroad,abedofpeat,orpeatysoil,twoorthreefeetinthick-
hess,isexposedatintervalsfor200 yardsalongtheshoresaboutfour-
feetabovetide,withinreachofthestormwaveswhicharenow de-
stroyingit.Itoverliestillinsomeplacesandstratifiedsandatothers_
Itisoverlainby fromtentothirtyfeetofsand,much andperhapsall
of whichhasbeendepositedby thewind. The peatapparentlyfits

theslightly-irregularsurfaceof thedriftbeneath.A smallexposure
ofpeatwasfoundneartheLehighValleyrailroad,notnowconnected
withthelargerbed_thoughitmay havebeensoeonnectsdata former
time. Where the till is not protected by the peat its upper part
sometimes has the appearance of having been re-worked by water to

a depth of three or four feet. If the sand over the old soil be-
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entirely of wind origin, as much of it certainly is) the presence of
the soil has no significance in the matter of former relative levels of
sea and land.

2. At Cavans Point, Commnnipaw, the following section may be
seen. Its top is about fifteen feet above tide :

(4) Three to six feet of coarse gravel, from four to six inches
in diameter) with a few bowlders a foot in diameter.
Not stratified.

(3) About one foot of black soil, containing broken clam and
oyster shells. This layer is irregular and highly in-
clined. The oxidation of the sand and loam under
this soil is much more considerable than the oxidation

of the present surface.

(2) Stratified sand and fine gravel of variable thickness (zero
to six feet), containing fragmentary shells) often some-
what water-worn.

(1) Till, exposed at a few points at low tide.

Fig. iO.

Soil buried by Sand. Newark B&y.

At first sight this seems to be an instance of a soil buried by natural
agencies; but close inspection shows that the soil layer is soil developed
on a dry surface. The presence of oyster and clam shells in a dry-
land soil at once throws suspicion on the whole section. Further
study leaves little doubt that the gravel covering the soil has been put
where it now is by human agency.

3. An occurrenceof a buried soil more remote from the ridge may
be mentioned in this connsotion. At one of the clay pits at Hacken-
sack, the top of which is about ten feet above tide, the following sec-
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"tionwas seen when it was fresh and clean. As seen at a later time,
after exposure and wash, the line of old soil, which was at first very
•distinct, was not obtrusive and might easily be overlooked :

(5) Eight feet of fine, stratified sand, containing a few gneiss
bowlders.

(4) Stratified sand, two feet in depth, overlain by a few inches
of blue clay containing fragments of leaves and
woody stems.

(3) One foot of black soil.
('2) Six feet of laminated clay, containing a few bowlders, cal-

careous up to within a foot of its upper limit.
(l) Till, seen in the bottom of the pit on its wsst side.

The following sequence of events would seem to be suggested by
'the phenomena at ttackensack :

1. When the ice advanced to the position it had when forming the
moraine, either it (a) advanced into the ocean, or (b) on retiring, sub-
mergence took place, so that some of the surface which the ice had
.occupied was covered by the sea.

2. The clays at Haokensack were then deposited, the ice not having
Tetired so far that bowlders could not be floated down and dropped
into the clay then depositing. Well data at Hackensack indicate that
"the laminated clay has a depth of ninety feet in one place.

3. The land then rose high enough for the soil referred to above
to be formed. The time that it remained above water was sufficient

_o leach the tough brick clay to a depth of something more than a
"footat Hackensack.

4. Submergence then took place again to a depth sufficient to allow
the deposition of eight or ten feet of sand above the soil at Haeken-
sack.

5. The ice retired for the last time, and the land rose to its present
elevation.

6. According to determinations made by Professor Cook, depression
has been slowly taking place in recent time.*

It should be stated, however, that we have at present no proof of
the marine origin of either the clay (4), or the sand (5).

-_Geology of i_e_v Jersey, 1868, page 343.
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Evidences of submergence.--There are two facts, or sets of facts, con-
nected with the stratified drift of the Palisade ridge, which suggest
that it was lower than now, at about the time the ice left it, or since.
These are--1 °, the terraces, and 2°, the buried soils.

The terraces already described are found, though not continuouslyr
from Bergen Point to Englewood. Less distinct and more doubtful
terraces exist further north along the west side of the valley which

lies west of the Palisade ridge. On the east side of the ridge a
terrace is found at Edgewater (see page 197), and less distinct ones,
at other points. Although not connected directly with the Palisade
ridge, it may be here stated that terraces are also found in the Hacken-

sack valley. In addition to the terraces, there is a possible delta plaid
at Hackensack. There is also a spit south of Ridgefield Park.
While this is not at the immediate base of the ridge, it is so close to
the ridge that it comes to be of significance in this connection.

Concerning the terraces two hypotheses may be considered--either
1°, they were made during submergence, and are therefore shore ter-
races, or 2°, the valley west of the ridge was filled with sand and
gravel in glacial times to the height of the terraces_and erosion has
since carried out the main part of this filling, leaving only the terrace
remnants. In this case the terracesfall in the category of river ter-
races. The latter hypothesis involves the cutting out of a valley
four miles wide to a depth of thirty to forty feet in post-glacial time.
To this hypothesis there is strong objection. In the first place the
testimony of the valley streams is that there has been little post-
glacial erosion. The streams are often bordered by undrained
swamps which do not appear to be the result of stream work. What
appear to be depositional plains are found with the lower edge of
their outer faces near the level of the streams, and with their outer
faces still preserving their depositianal forms.

There is, in the second place, a negative consideration which has
great weight in this connection. Had the Palisade ridge and its sur-
roundings been lower than now when the ice retreated and later, it
would seem that shore terraces or shore marks of some sort shoul¢}

have been nearly continuous along the margins of the area affected
by the possible subsidence under consideration. The west face of
the Palisade ridge would be admirably situated for the development
of terraces were the sea much above its present level. This face is
composed largely of loose materials upon which the waves and shore
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currents would act with rapidity. The absence of distinct terraces at
most points, and the absence of distinctive shore features of other
sorts at nearly all points, make it difficult to believe that the ridge has
stood lower than now, relative to the sea, since the ice retired. On the
other hand, the sand plain at New Durham, at an elevation of about
thirty feet, and the terraces at about the same bye1 at several points
south of Englewood would seem to find their best explanation in sub-
mergenee to the extent of thirty feet, more or less.

Again, if the ridge was lower than now after the departure of the
ice, the same was probably true of Snake Hill, 8ecaueus and the ele-
vation just north of Seceucus. If the land was lower than now after
the disappearance of the ice_these elevations must have been islands
in the bay which occupied the present marsh west of the Palisade
ridge. These islands would have afforded ideal conditions for the
development of terraces and other shore features. When they ere
sought for, they are found to be for the most part absent.

k fairly well-defined terrace does occur at Secaucus, at one point,
but it still remains true that shore features are for the most part
wanting about these areas. From Harrison to Hackensack the same
condition of things obtains. There is here and there a distinct ter-
race, always at low levels--twenty to thirty feet. Bat the absence of
terraces, or at any rate of distinct terraces,is more general than their
presence, even where _onditions seem favorable for their developmeot.

On the whole, while the lack of continuity of terraces along the
base of the west face of the Palisade ridge, about the elevations ia
the marsh west of the ridge, and along the east face of the highlands
west of the ridge, seems to indieato that the region was not sob-
merged after the withdrawal of the ice, yet the terraces,and in a few
places other shore features, occur in such relationship as to be diffi-
cult of explanation unless the sea stood at higher levels than it now
stands during or since the ice period. The most probable explana-
tion of the presence of the terraces and other shore features at a few
points, and of their absence at most points, seems to be that the land
stood somewhat lower than now--about thirty feet--during the clos-

ing stages of the ice epoeh_and that a shallow bay occupied the south
end of the broad marsh between Jersey City and Newark ; that the
waters of this bay, instead of beating against the highlands on either
hand, beat against the ice in part, and against the land in part. Where

they beat against the land, terraces were developed ; where they beat
14
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against the ice, the ice protected the land from the develop_,ent oil ter-
races and other shore features. If this hypothesis be correct it must
be supposed that as the ice melted the surface on which it rested rose,
so that after the ice was gone the waves did not beat against the base
of the Palisade ridge, and the corresponding highlands to the west,
above the present sea-level, for a sufficient length of time to develop
well-defined shore features.

Phenomena which would seem to be explained by the same gen-
eral hypothesis exist in the southern part of Staten Island. In the
vicinity of New Dorp there is a plain which looks very much as if it
might have been constructed beneath the surface of the sea; but
inland it does not termioate as a shore terrace should. If it be con-

ceived that the waves of the sea beneath which it was deposited, beat
against ice instead of land, the relationship would seem to be explained.

It may be said in this connection that while in general it is true
that the ice extended farther to the south in valleys than on adjacent
highlands, that this is true only where the valley concerned was above
sea-level. Where it was below sea-level, the ice, instead of extending
further forward in the depression, probably receded, forming a
re-entrant angle in the margin of the ice. This would quite cer-
tainly be true in the later stages of the history of the ice sheet. Thus
it might be that the south end of the marsh area between Jersey City
and _ewark was a shallow bay, constituting a re-entrant angle in
the ice, at the same time that the ice occupied the valley further
north in the vicinity of Englewood. It is possible that in the closing
stages of the ice epoch, the ice at this latter point might have become
stagnant, giving rise to the phenomena that have been referred to in
that area.

The buried soils which occur about Palisade ridge have little

significance in this connection, as may be inferred from statements
already made. That at Cavan's Point is believed to have been
buried by human agency. That at Newark bay, chiefly or wholly by
the wind. That at Hackensack is so low as to show that the land

was higher once than now, or at any rate more elevated than at a sub-
sequent time, and that this elevated condition was succeeded by a
period when the land stood at least ten feet lower than at present.
This inference is necessary only in case the sand covering the buried
soil at ttackensaek be marine. If the region is now sinking, the
buried soil here indicates several oscillations of surface of very slight
extent.
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YELLOW LOAM.

At many points on the Palisade ridge, as well as at various other
points in the State, the uppermost part of the drift is so unlike that
beneath, as to suggest a difference in origin. The most conspicuous
phase of drift on the Palisade ridge which seems to he separated from
the main body of the drift, consists of irregularly-distributed loam.
In many places, but not everywhere, this loam is sharply separated
from the underlying drift. In color, it is generally yellowish, or yel-
lowish brown, closely resembling, in this respect, the llghter-colored
coils derived from trap rock. In texture, it varies from sandy to
clayey. It sometimes contains pebbles, and even bowlders, though
neither are common. They are generally of material foreign to the
Palisade ridge. Where the loam contains rock fragments which may
have been derived from the local formations, as is sometimes the case,

they are generally angular. Frequently there are bowlders at its

_ig. 11,

Yellow loam in a depression in the surface of till.

very base, partially in it, and partially in the subglacial till which
lies beneath. Bowlders in such positions are often glaciated. In its
typical development, the loam is never distinctly stratified, nor does
it ever show foliation such as frequently characterizes the subglacial
till.

Distribution.--The loam is fotlnd at various points throughout

nearly the entire length of the ridge. It nowhere has its typical
development at an elevation of more than 240 feet, and, north of
Bulls Ferry, it nowhere occurs on the crest of the ridge in such
development as to be certainly identified. South of this point, where
the ridge is lower, it is found both on the slopes and on the crest.
Within the general area of its distribution_ its development is irregu-
lax and discontinuous. Within the limits of the area where it exists,
it covers less than half the surface, though it does not always possess

very sharply-defined characteristics. It is absent from steep slopes,
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but ispresenton gentleones,and on flatsurfaces,and isparticularly

pronetooccupydepressionsinthesurfaceof the underlyingdrift.

From theStatelinesouthwardtoTenafly,theloam occursinonly

a few places.From Tenaflyto Highwood, itisfrequentlypresent:

on the lowerslopeof the ridgeabove seventyfeet,but itnowhere

runsabove theupper limitspecifiedabove. At many pointsbetween.

Tenaflyand Highwood, where itspresenceissuggested,itsidentifica-

tionisratheruncertain,or perhapsbetter,itscorrelationwith the

more typicalloam from thesouthisuncertain.Between Highwood

and Englewood,theloam affectsmuch of thelowerwestslopeof the

ridge,becoming more and more distinctto thesouthward. Ithere

overliestill,and containsverylittlestonymaterial.

Along themore easternof thetwo northand southroadsbetween

Englewood and Nordhoff,theloam iswelldeveloped.Itherecon-

tainsoccasionalTriassic_andstonefragments,which areunworn,and

some trapand gneissbits,but none of the stonymaterialisstriated.
In thislatitudeitdoesnotriseabove140 feet,nor doesitexistbelow

aleveloffortyfeet.SouthofNordhoff,toLeonia,theloamislesscon-
tinuousthan furthernorth. Itslimitsin altitudeare the same ss

thosejustnoted. From RidgcfieldtoNew Durham, theyellowloam

has littledevelopment. South of New Durham, and from thereto

Bergen Point,ithas a discontinuousdevelopmentfromthe basetn

thetopof the ridge,frequentlycontainingstonymaterial,but inno

case stoneswhich are striated.South of Pamrapo, on the third

avenuewestoftheCentralrailroad,theloam iswellexposedinroad

cuts, showing its relations to the till below, and illustrating the fact
that it fits into and fills depressions in the surface of the till. This

relationship is indicated in Figure 11. The loam is also present at a

few points on the east side of theridge. This is true only where the
lower slope of the ridge is gentle, and on this face of the ridge it has

nowhere been distinctly identified above an elevation of eighty feet.

.Relations to underlying formations.--The loam overlies both till

and stratified drift. In a single case it was seen to rest directly upon

the surface of rock. Where it overlies till, there is usually a sharp
line of demarkation between the two. Where it overlies stratified

drift there is sometimes a distinct line of separation, but there is fie-

quently a thin transition zone, rather than a sharp line, between the

two. It is found on till of both the red sandstone and trap types_
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and it is found both where the underlying rock is sandstone and
where it is trap.

In a few places the loam sustains a less simple relation to the
underlying till than _hat of mere superpesition. In one place a
tongue of the loam one foot and less in thickness and nearly ten feet
in length was seen to project laterally from the surface layer of loam
into the till. This is illustrated in :Figure 12.

At another point the loam appears to be mingled with the till in
such wise as to indicate the presence and operation of powerful
mechanical force after the loam was deposited, blasses of loam of
irregular shape are included in the till. One instance of this was
observed near Englewood.

The loam overlies till much more commonly than stratified drift.
Its identification in the former position is much easier than in the

Fig. 12.

Loam infolded with till, three blocks south of the station at Leonia, at an clevatlon of lOS feet.

latter, because of the greater sharpness of its definition, because of its
greater unlikeness to the till, and because loam somewhat comparable
in character, but perhaps different in origin, is frequently found on
the surface of flat-lying deposits of stratified drift. The thickness

of the loam is slight. It nowhere exceeds eight feet, and its average
is perhaps not more than three feet.

Chemical eondition.--The chemical condition of the loam is com-
parable to that of the uppermost three feet or more of the drift where
the loam is absent. It is thoroughly oxidized, as its color indicates.
It is nowhere calcareous.

Characlerlatle sections and local details.--1 °. One mile southeast

of Closter, on the road leading southeast from the depot, yellow loam
• is well exposed in a ravine at an elevation of 150 feet.
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2 °. Two-thirds of a mile southeast of Cres_kill, at an elevation of

seventyfeet,on the road leadingup the ridge,temporaryexposures

(1898)showed threefeetof yellowloam overstratifiedsand. Where

exposed,therewas no stonymaterialpresent.The sandand theloam.

were separatedby a distinctline.

3°. On thefirstroad leadingtothecrestof theridgesouthof the

above,an exposureof fivefeetof loam occursatan elevationof 200

feet.A few stonesare presentin theloam,but thereareno stones

which show evidenceof everhavingsufferedglaciation.The lineof

separationof theloam from the materialbelowisnot distinctatthis

point.

4°. The kames eastof theNorthernRailway of New Jersey,one-

thirdof a mile north of the Highwood station,have a coatingof

yellowloamwhich perhaps(?)istobecorrelatedwiththaton theridge.

It isquitefreefrom stone,exceptatitsveryhase,where itbecomes

slightlymingledwithgravel. The loam shows no structure.

5_. A few yards eastof the Highwood station,atan elevationof"

about eightyfeet,the loam isexposedto a depth of threefeet. It

fitsintothe irregularsurfaceof the till,witha reasonablydistinct

lineof separation.It isstonelessand structureless.

6% At Englewood,six blockseastof the old railwaystationon

Palisadeavenue,theloam hasa depthoffivefeet,and ismore clayey

than isitshabit. The lineof separationfrom thetillisnotsharp.

Itcontainssome stonymaterial,mostlyforeigntotheridge,inaneof"
itisstriatedso farasseen.

7°.On theroadfrom Euglewood to Nordhoff,one blocksouthof"

Palisadeavenue,a six-footexposureshows loam which ismore sandy

than is its wont. It is here that the loam seems to be mingled with

the till in such wise as to indicate the presence of a mixing and'

moulding agent after the deposition of the loam. Masses of loam a
foot or so in diameter, and of irregular shape, are involved in the till r

which distinctly shows foliation. It is in this latitude that the loam

reaches its greatest height, 240 feet.
8 °. Five blocks south of Palisade avenue and one block east of"

the Englewood-Nordhoff road, four feet of yellow loam is exposed,
containingsandstoneslabs.The slabsare geueratlyat the lower

li,uitof theloam,whichisheresomewhat looseintexture.

9% Eastof the ]Nordhoffstation,at an elevationof fortyorfifty

feet,temporaryexposures(1893)showed three and a halffeetof
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stonelese yellow loam over till. A sharp live of separation marked
the junction of the two, the loam being noticeably ]e_s compact than
the till.

10% Three blocks south of the station at Leonia, at an elevation
of about 100 feet, the yellow loam is found to a depth of five to
eight feet. A fresh exposure (1893), 110 feet ]ong, withclean, vertieal
face, showed that the loam rarely contains a pebble. In the whole of
this distance, one rounded quartzite pebble, and one angular piece of
sandstone were shown in the exposed face of the loam. The till
beneath is distinctly red. It was at this place that a tongue of loam
was seen to be involved in the drift, as illustrated by Figure 12.

11°. One-half mile east of the depot at Ridgefield the yellow loam
is seen to lie directly on the rock in the road cut on the west side of
the brook. The elevation is seventy to eighty feet.

12° . The northernmost exposure of the typical yellow loam near
the summit of the ridge was observed at Bulls Ferry, where it occurs
at an elevation of 170 feet above tide, without stony material. It
has a loose texture. Its relations to the till below could not he seen.

The exposure is on the south side of the road leading to the foot of
the palisade.

13°. At Stevens Point, the yellow loam has a thickness of four to
six feet. It is exposed on the east and northeast sides of the hill, at
an elevation of nearly 100 feet. It contains occasional rounded
pebbles of gneiss and trap, but, so far as could be found, no striated
material. The exposure seen was not sufficiently fresh to determine
whether or not there was a sharp line of separation between it and
the till.

14° . At the gravel pit near the west entrance of the Erie railroad
tunnel, at an elevation of forty feet above tide, yellow loam is found
of greater compactness than is its wont. It contains some angular
trap and Triassic sandstone pieces, aud rounded gneiss. The line of
separationof the loam from the till below is not sharp, but the zone of
transition is narrow.

15°. East of Marion station_ along the Pennsylvania railway, at
an elevation of about 100 feet, deep cuts show till covered with about
three feet of the yellow loam in typical development. Its texture is
loose, and stony material is rare, none being stratified. The relation
of the loam to the underlying till is not well shown.

16°. South of Pamrapo to Centreville (Twentieth street), the yel-
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low loam is generally present. South of the latter point it is less
frequently present. The loam at these low levels presents some
features which do not seem to correspondaltogether with those of the
typical yellow loam.

17°. Three-quarters of a mile south of the Greenville depot of the
Central Railroad of New Jersey, at an elevation of twenty to thirty
feet, a cut five to eighteen feet in depth shows yellow loam with a
tendency to sandiness, overlying till. The loam has a maximum
depth of eight feet, bat its average thickness is not more than half
this amount. Where deepest, it sometimes shows stratification in the
lower part. It here contains "buckshot," or small iron concretions.
At no other point on the Palisade ridge was the loam observed to
have these iron concretions. East of Cedar Grove, on the Caldwell
branch railroad, at an altitude of 300 feet, the yellow loam carried
similar concretions. The relation of the loam to the underlying till
in the cut at this point (Greenville)cannot be definitely stated, as

the line of contact is not well exposed. Some fiat-lying sandstone
slabs are present in its lower portion.

18% South of the Saltersville depot, in a railway cut which is
fully 1,200 feet long and eight to twenty feet deep, at an elevation of
twenty to thirty feet, yellow loam is exposed, over till. The loam is
three to four feet in depth. The loam is also frequently exposed west
of the Central Railroad of New Jemey, in road cuts. It is often
sharply separated from the underlying till. The road cuts often
show the manner in which it fits into the irregular surface of the till.
The loam is found at the southern end of the ridge, at Bergen Point,
in irregular patches, being often altogether absent. It was not
observed to be stratified in this locality, though it was found below
an altitude of thirty feet.

19°. On the east side of the ridge, yellow loam is seen at a few

points. The till (?) on the lower east slope of the ridge, near Alpine,
is covered with loam to a maximum depth of six feet. This is at an
altitude of about eighty feet.

20°. In the latitude of Englewood, near the east base of the ridge,
the loam is found covering till (.9)at an elevation of about fifty feet.

21°. Still further south, at Edgewater, the loam covers the surface
of the gentle slope above the level of stratified drift, up to the
vertical trap face. Something very similar covers the stratified drift
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_t lowerlevels.TrapIs]usof post-glacialoriginsometimesconceals
"theloamnearthebaseofthebluff.

Thereareotherdepositsofyellowloam insimilarsituationswest
_)fthePalisaderidge.While itisno partof thepurposeof the
presentpapertodiscusstheselatterdeposits,referencemay bemade
to thefactthattheyarewelldevelopedat variouspointsin the
vicinityofNewark_up toaltitudesof 200 feet.
ThereareothersurfaceformationsonthePalisaderidgeand adja-

centtoitwhichresembletheyellowloam more or lessclosely.At
thewesternbaseof theridge,on thelowflatorflattishland,thereis
frequentlya fineyellowishsandbearingsome resemblanceto the
loam,butoftendifferingfromitinshowingstratification_and in
beingmoresandy. Thisdoesnotriseabovethelevelsof stratified
drift.The plainatHighwoedand south,hasa coatingof threefeet
of Ioam_closelysimulatingthetypeof loam underdiscussion.Its
textureisloose.:Exceptatitsbase,whereitgradesintothestratified
driftof theplain,itcontainsfew pebbles.JustbelowEdgewater
thereissandyloamatlowlevels,down totwenty-fivefeet,whichis
_omparabletothatathigherpoints.Itishereleasclayey,andmuch
moreloess-like,somuch so,indeed,thatoneinstinctivelylooksabout

forloessfossils.None,however_werefound. Again,thesurfaceof
.thetraptill,afterithas beenweathered,sometimesresemblesthe
yellowloamincolor,butisessentiallyheterogeneousincomposition_
.containsmorestonymaterial,andismorecompact.

The originoftheloam.--Theoriginof theloam isproblematical.
_everalhypotheseshavesuggestedthemselves,and thematerialhas
beenexaminedwithreferencetothem. Itmightbeconceived--1°_
chat the weathering of the surface of the subglacial till gave rise to
it ; 2°, now and then a patch of it is in such a situation as to suggest
"thatitmay be theresultofaccumulationfrompost-glacialwash;3°_
•ome ofitisofsucha characterastosuggestthepossibilityof its
beinga post-glacialdepositmade by thewine]; 4°,itsrelationsare
-sometimessuchastosuggestthatitisa depositmade bywateron the
surfaceof thedriftaftertheiceretired.Thiswouldinvolvea sub-

.mergenceof thelandup tosuchelevationsasloam havingsuchan
_)riginexists;_o,itmay be thattheyellowloamisofsuperglacial

origin_consistingof materialwhichwasaccumulatedon theice,and
whichwas letdown upon thesurfaceof thesubglaeialdriftwhen
theicemelted.

NEW JERSEY GEOLOGICAL SURVEY



218 ANNUKL REPORT OF

The facts which have already been enumerated respecting the loam
under consideration are such as to eliminate several of these hypotheses,
if the loam be a unit in origin. But it is quite possible, so far as
present knowledge goes, that different parts of it originated in different.
ways, and that all these various suggestions concerning its origin may
be true for limited areas. In considering its origin it should be
remembered--1 °, that it is discontinuous; 2°, that the altitudes at
which it occurs are variable ; 3°, that it is not found at the greates_
altitude at either end of the ridge, and that it is much better
developed at low altltude_ at the south and of the ridge than at
corresponding altitudes farther north; 4°, that it occurs in various
topographic situations, being sometimes on slopes, sometimes on fiat
surfaces, and sometimes in depressions ; 5°, that it rests, now on till,
with perfect indifference to the constitution of the same, now on
stratified drift, and now on the surface of rock ; 6°, that the line oF
demarkation between it and the subjacent drift is often sharply de-
fined ; 7°, that this line of junction is sometimes such as to indicate
that the underlying surface was affected by the action of water before
the deposition of the loam at that place ; 8°, that it sometimes con-
rains stony material; 9°, that this stony material is generally (a)
unworn, and (b) predominantly foreign--that is, much of it has come
from beyond (north and west of) the Palisade ridge, and from beyond
the valley which lies immediately west of it.

The lack of continuity of the loam bears against the suggestion that
it is the product of post-glacial weathering of subglacial till. There
is no manifest reason why till should be weathered at one point in
certain way and to a certain depth, while at other adjacent places
nothing of the same sort has taken place. Furthermore, at many points
where the drift has been manifestly weathered and leached of soluble
ingredients, mainly calcium carbonate, the surface till is not mani-
festly different in color from that beneath. Again, the sharpness of
definition between the loam and the underlying till at many points is
not what would be expected if the loam were the product of the
weathering of the till beneath. The lower limit of weathering is not
so sharply defined. The loam is much the same whether it lies on
solid rock, on trap till, or on red sandstone till. This could hardly be
the case if it were the result of post-glaclal weathering of subglaeial
till. Still again, its stony material, where such exists, is often
markedly unlike the stony material of the underlying subglacial till.
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The stony material of the loam is in stronger contrast to that of the

till below, than is the stony material of different horizons of a con-
tinuous bed of till, so far as seen anywhere within the whole State.

The absence of strlm upon the stony material of the loam, and such
strim were not seen in a single instance, might be explained on the

basis of post-glacial weathering, were not the stones so frequently of
durable material. On the whole, it must be concluded that the loam

has not originated from post-glacial weathering, for it does not bear
the marks which must serve as the criteria of such an origin. It is,

nevertheless, quite possible that superglacial weathering of certain

portions of the till may have given rise to a loamy material which
has some resemblance to the loam here under discussion.

The fact that in many cases the loam contains coarse, stony ma-

terial, even though the amount of it be small, is fatal to the sugges-
tion that it is a deposit made by the wind in post-glacial time. Apart

from its constitution, there is nothing whatsoever in its distribution, or

in its topography, to strengthen this hypothesis as a general explanaw

tion of the loam. In proximity to areas of fine, sandy material, it i_

still possible that deposits of loamy material may have come into ex-
istence at the hands of the wind.

If all the yellow loam be one in origin, its topographic distribution

is such as to preclude the idea that it is a post.glacial deposit made

by the sea, unless there have been much more considerable post-glacial

changes of level than we yet know. It is nevertheless true that this
may have been its origin in certain situations, especially at low levels,

for there seems to be good evidence of submergence to the extent of

twenty or thirty feet during the closing stages of the ice epoch.

But no submergence of which there is independent evidence can
account for the loam at the higher levels at which it occurs.

The especially-good development of loam on the lower part of the

ridge near its southern end seems consistent with its marine origin at

this point, though it often lacks the stratification which might be

expected in a deposit thus made. On the other hand, it is to be said
that the loam is ohen too shallow to have retained distinct stratifica-

tion, even if it once existed, for its thickness frequently does not

exceed the depth to which weathering is effective. The uppermost
three or five feet of material of any stratified drift deposit does not-

generally give evidence of stratification. From the facts cited on

page 208 et seq., it would seem that much of the area below Jersey City,
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now covered by loam, may have been temporarily below the sea as the
ice was disappearing. Since the loam is the uppermost material over
some parts of the territory which may have been below sea-water,
the conclusion that the loam in such situations may be of marine
origin is not irrational, if this low-level loam only be considered.
The loam at low altitudes, too, is more likely to show signs of strati-
fication than those at higher.

While, therefore, the marine origin of some of the low-level loam
seems possible, when this part of the loam only is considered, a diffi-
culty is encountered in the fact that the high.level loam and the low

are so similar as to suggest community of origin ; and of post-glacisl
submergence sufficient to account for the marine origin of the high-
level loam we have not only no independent proof, but no independent
evidence.

None of the foregoing objections with reference to the origin of the

high-level loam can be urged with equal force against its superglacisl
origin. The fact that the stony material is mostly of distant origin,
that it is largely unworn, that the pieces are often slab-like in form,
and that they commonly lie on their flat sides, is favorable, so far as
it goes, to the hypothesis of the superglacial origin of the drift. In
an earlier report * it was indicated that the rock material of super-
glacial drift should have many of the characteristics which are here
found. It was further indicated that fine earthy'material and sand
might accumulate in abundance upon the surface of the ice, carried

thence by winds from the region outside the ice. This process of
dust and sand accumulation on the ice must have been co-extensive in

time with the development and movement of the ice itself. Such
parts as escaped removal at the hands of euperglacial drainage would
be likely to be in patches. This loamy material would be likely to
be mingled, finally, with such stony material as may have become
euperglacial during the process of the dissolution of the ice sheet.

When the ice finally disappeared, this mixture of materiM, the sand
and dust which had been blown upon the ice, and the unworn stony
material which had been englacial, and finally became superglacial
by reason of surface-melting, would be let down upon the surface of
the subglacial deposits. Under such circumstances, the superglacial
loam might have such a distribution as that of the yellow loam under

_"See Annual Report 1892_ page 50.
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discussion. It might rest on slopes or on fiat surfaces, and it would

be found in patchse only.

If it be thought that the amount of material is an objection to this-

hypothesis, it should be remembered that in addition to the dust
blown upon the ice directly, rain and snow, both of which helped to

make the ice sheet, bring down dust from the atmosphere. It is be-
lieved that not lees than 100 tons of meteoric dust daily enters our

atmosphere.* Much of the earthy material embodied in the ice

during its accumulation by one or another of these processes, must

finally have become superg]acial. This would be true of all that
which was imbedded in the ice which disappeared by surface melting.

In confirmation of the pcesibility of such an origin, it may be men-

tioned that existing glaciers often have a considerable covering of"

comparable material upon their surfaces. Nordenskiold found dust
in considerable quantities in circular cavities on Greenland ice, near

the edge, and for considerable distances inland, t He was convinced

that the dust in the isolated patches could not have been washed down
from the mountain regions above, since the same sort of dust was

found somewhat uniformly over the surface far inland, at elevations

greater than that of projecting masses of rock, and since it was fre-

quently as thick upon the tops and slopes of ice knolls as on the more
even surface between them. He concluded also that it could not have

been distributed over the surface of the ice by running water, and
that it could not have arisen by being pressed up from the bottom of

the ice, and that it must therefore have been deposited by the wind.

Metallic iron was found in this dust, indicating that part of it had a

cosmic origin. The fact that near the edge of the Greenland ice the
dust was found in abundance at certain points only_ is of moment.

Were the ice to disappear, the dust would be left in patches, just as

is the yellow loam under consideration.
It will be readily seen that the conditions for accumulating dust

upon the ice sheet of North America in glacial times were very much
better than those for the accumulation of dust upon the Greenland

ice-sheet to-day, since in the latter ease there is relatively little ]and
uncovered by ice, in proximity to it.

The hypothesis of the superglacial origin of the loam would in-
volve the following sequence of events :

* Langley, "Nature," Voh 29, page324, 1884.
_-"Nature_"Vol. 38_page804; Vo]. 29_page 39.
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• As the snow which was to make the ice accumulated, dust was
accumulated at the same time. This entered the snow mass which

was to become the ice mass, partly in the flakes of snow, partly in the
drops of water, and partly by being blown upon the surface of snow
more or less constantly, even if in but small quantities. To the dust
arising by these processeswas added such cosmic dust as fell upon the
snowfields. As the snow was compacted into ice, these materials
found themselves within the ice. They were carried forward with
the ice as it moved. Conditions for the rapid accumulation of dust
on the surface were better near the edge of the ice than elsewhere,
becausethe edge of the ice was in proximity to land surfaces which
were free from ice, and which could have contributed the dust. The
fact that the climate must have been cold near the edge of the ice
would have hindered the growth of vegetation in the marginal zone,
and the lack of vegetation, or its paucity, would favor the transporta-
tion of surface materials by the wind. The differences in temperature
along the margin of the ice, as the result of its presence, would be
likely to occasion a considerahle degree of atmospheric circulation
along this zone, which would be favorable for the accumulation of
dust upon the ice so far as currents were toward it.

As the surface of the ice melted, the dust of the part melted be-
came superglacial. When a hundred feet of the surface had melted,
the dust, together with the stony material which had been contained

in this layer of ice, was at the surface--superglaciah Though the ice

was probably never very thick at its edge, the dust which was upon
it may have represented the dust which had been in a considerable
body of ice which had been melted duriog the progress of the ice
through the zone of wastage.

Superficial streams, and superficialdrainage which did not organize
itself into streams, no doubt transported much of this superglaeial
material from the surface. The stream may likewise have concen-
trated much of it in favorable localities, as observed in Greenland.
Wherever it was not carried away, it must have been let down upon
the surfacewhen the ice melted. Some of it must have been destroyed
by extra-glacial drainage, immediately after its deposition, but some
of it would be likely to have remai5ed to the pre_ent time, distrib-
uted somewhat irregularly, and with some mossure of indifference to
_opography, upon flat and eloping surfaces.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 223

Comparable material which is believed to have a similar origin is
found overlying drift in other places, as in the vicinity of Madison,
Wisconsin.*

This hypothesis seems to fairly account for the indifference with
which the loam lies upon the rock, red till, or trap till. It seems to
account fairly well, or at least not to be inconsistent with, the sharp
line of demarkation w.hich often separates it from the drift beneath.
It does not explain the presence of the loam on stratified drift. The

loam in such positions may have another origin. It does not appear
to explain the failure of the loam upon the crest of the Palisade
ridge, and it does not, as thus far stated, explain such involutions of
loam in the till as are noted on page 213. But this difficulty may be
more apparent than real. It is quite within the range of possibility
that after the loam was deposited at a given point a temporary advance
of the ice might bring about such relations as those indicated.

Apart from this loam, and from some materials which have not

been described in this connection, but which somewhat resemble it,
nothing has been found upon the ridge which has been confidently
interpreted as of superglacial origin, though it may be that some of
the loose, sandy material often present along the lower slope of the
western face of the ridge is to be put in this category. The till of
the ridge is for the most part compact, generally contains an abund-

ance of striated material, is frequently follated, and in general has the
•characteristics of subglaeial till, except for two or three feet, more
or less, at the surface. This thin surface layer is believed to have
assumed its present form in post-glacial time, as the result of
weathering.

The extremely-thin body of drift which covers the crest of the

ridge in many cases---indeed, its almost complete absence at many
points on the crest of the ridge-,-is in itself proof that at such points
at least there was little or no superglacial material. It may be here
added that the frequent barrenness of the rock in other parts of the
State, notably in Sussex county, is likewise proof of the absence_ or
extreme paucity, of superglacial material in that region, and this is
true in spite of the fact that both the Palisade ridge and Sussex
county, considering the country over which the ice which operated

aSee note by the senior author. Proceedings of the American Association for the
Advancement of Science, 1893, Vol. 42.
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there must have come, are favorably situated for the exlsteuee of
superglacial drift. If superglacial material had any such develop-
ment as has been sometimes supposed, it is not easy to see why it
should have been so complete]y absent from areas especially favorably
situated for its presence.
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SECTION VI.

LAKE PASSAIC.--AN EXTINCT GLACIAL LAKE.

BY BOLLIN D. SALISBURY AND HENRY B. KUMMEL.*

I_ TRODUC_rORY STATEMENT.

In his annual report for 1880 Professor Cook made mention of a

glacial lake which existed in the upper part of the Paseaie drainage
basin during the later part of the glacial epoch. The lake was

stated to have covered the area of the Great swamp, the Black

meadows_ the Troy meadows, the Lee meadows, the Hatfield swamp,
the Great Piece swamp and the contiguous low land. A number of

localities where evidences of the lake's existence were thought to
occur, were cited. Concerning these Professor Cook says :

"The upper portion of the terminal moraine from Morris Plains
to Summit has been modified by the action of water and has assumed

the form of a long and broad, level-topped bank, dividing the valley
on a northwest and southeast line. * * * The upper level, cor-
responding to that of the moraine in the Morris plains, and the level
from Morristown to Madison has a mean elevation above tide of 385
feet. It is recognized in the fiat-topped hills northeast of Boonton
and south of Montville, in the beautiful terrace cut by the Boonton
Branch railroad, north of Montville end on the eastern side of the
highlands at the west border of Pompton Plains. It has been traced
around the mountain to Bloomingdale ; the sand hills near the rubber
works are near the same height, and they are, probably, pert of the
same formation. The high terrace near the Punds Reformed Church

and Oakland, in Bergen county, is also nearly as high and may belong
to it. On the Second mountain, two miles southeast of Pompton
Furnace and at Upper Preaknees, it has a mean elevation of 340 to
360 feet. There are indistinctly-defined levels at the same elevation

at Cedar Grove, at Caldwell and at Centreville, in Essex county.

"_In his annual report for 1892 the senlor author made a brief statement with

reference to Lake Passaic. Most of the facts brought to light since that report was
published have been worked out by the jlmior author. Many of the inferences

embodied in this report are based upon this more recent work, which exceeds, both
in amount and importance, all that had been done before.--l_. D. S.

15
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These latter are also on the western slope of the Second monntaln.
Terraces have been observed at the same height on the Hook mountain
from ten to fifty feet below the crest line. No attempt has been made
to trace out fully this high terrace."

After speaking of certain terraces and drift hills at lower levels,
Professor Cook says, referring to both the higher and lower terraces :

"In explanation of their origin we may consider these levels or
terraces as marking the successive heights at which the waters stood
in this great valley after the retreat of the glacier had begun, during
the Champlain epoch, and continued through the Terrace epoch.
The melting of the ice in the valley and on the highlands north and
we_t produced an enormous volume of water which filled the great
basin, forming a lake thirty miles long and eight miles wide. The
top of the terminal moraine was leveled off and a part of its n_aterial
was carried southward and silted on the bottom of the lake, where
are now the Great swamp and the Dead river flats. The gaps through
the trap-rock ranges at Paterson and Little Falls were filled with
drift by the glacier. The excavation of these drift-filled gaps began
as it disappeared, and the outlet again followed the line of the old
channel into the red sandstone country on the east. * * * The
ripper terrace is most plainly marked on the surrounding hill and
mountain sides. It was the broad, pebbly shore of a lake, into which
poured torrents of water from the neighboring hills_ carrying cobble-
stones and bowlders into it and depositing them soconfusedly together
as in places to resemble a glacial deposit. The accumulations of drift
at Bernardsville and Basking Ridge may have come in that way.
The lower level-topped hills mark the more quiet waters as they sub-
aided and shrunk into narrower limits. Pompton Plains and the
flats along the Passaic and Whippany rivers mark their further con-
traction into irregular-shaped ponds within the bounds of the old
lake basin. Theerosion through thedriftat Little Falls was probably
the gradual wear of the Terrace epoch until the hard trap-reck reef
was reached. At that level the drainage stopped. The slow work
of excavation through this barrier and the recession of the falls have
been in progress since that time_and a gorge 300 feet wide at the east,
narrowing westward to the falls, and between thirty and forty feet
deep, has been cut back about 600 feet in the rock."

Because of its hydrographic position, the lake was called Passaic.*
Although the boundaries of the lake were not traced out_its supposed
level was determined at a few points. On the strength of these de-
terminations, the area of the lake was represented on a map accom-

_.nnual Report of the State Geologist of New Jersey, 1880, pages 61-64.
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_anying the report referred to. The average altitude of the border
_)f the lake was stated to be 385 feet.

Later, Professor W. M. Davis visited the region, and observed
what he interpreted as shore features at a number of points, but never
.published his observations. At the commencement of our work, he
kindly made known to us three several localities near Morristowu,

where phenomena which he regarded as shore features had been seen
.by him. In his further studies, Professor Davis encountered what
seemed to him grave difficulties in the way of the hypothesis which
Professor Cook had put forth.

Other geologists have visited the region at one time and another
for the purpose of studying the supposed lake. Some of them at least
remained sufficiently long to convince themselves that, if the lake
-existed at all, its relies were di_cult of discovery. So far as we are

aware, no publication was made concerning the lake between the date
•of Professor Cook's and our own.

Through the detailed survey made in the process of mapping the
.surfacegeologyofthisregion,many new factsreadilyexplicableupon
thehypothesisofa glaciallakewerebroughttolight.Some ofthese
"factsweregatheredduringthe fieldseasonof 1892,and in the
•annualreportforthatyear* theywerepresentedand discussedby
theseniorauthorofthispaper.From thisreportitwillbeseenthat
datathenathand weresufficienttodemonstrate,beyondreasonable
doubt,theexistenceof Lake Passaic.But whilethedatapublished
in1802weresufficienttodemonstratetheexistenceofthelake,they
werehardlysufficienttoafforda c]carinsightintoitshistory.That
'the lake existed was known, that it had a complex history was sur-
mised, but its details had not been worked out.

Forther study of the lake was undertaken during the summer of
1893, more especially by the junior author of this paper, for the pur-
pose----I°, of gathering new data; 2°, of correlating more perfectly
the data alrcedy known ; 3°, of explaining certain apparent contra-
dictions and deficiencies; 4°, of working out the different stages in the
lake's history, and 5° , of determining the possible changes, especially
deformations, which the lake basin may have undergone since the
water disappeared from it. Two months of field work during the
autumn of 1893 were given to this work. During a part of this time,
_assistanee was received from Mr. C. F. Sproul, an experienced sur-

_Pages 126-144.
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veyorand topographer,by whom were drawn the topographical
sketchesof shorefeaturesaccompanyingthispaper,and withwhose
aidtheheightsof thevariousshorefeaturesweredetermined.

PRELIMINARY CONeIDERATIONe.

The trap ridges known as the Watehung or Orange mountains rise
in long crescentic curves three and four hundred feet above the general
level of the Triassic sandstone lowland on either side of them. The
crescentsare convex towards the southeast. The horns curve towards

the northwest and connect with the crystalline schist or gneiss high-
lands. The basin which is thus formed between the highlands on the
northwest and the trap ridges on the south, southeast, east and north-
east, is now drained in a very roundabout way by the Passaic river,
which finally escapes across the trap ridges at Little Falls and Pater-
son. The height of the river where it crosses Second mountain at
Little :Falls is :158feet.

Leaving out of account the low line of drainage along the Pompton
river at the north, there is no other break in the rim of the basin

lower than 331 feet. At this height there is an outlet across the trap
mountains at Moggy Hollow, about two miles west of Liberty Corner,
in the southwestern part of the basin. The altitude of the Great
swamp is about 230 feet, and therefore about 100 feet below the
Moggy Hollow outlet. Within the basin thus inclosed, rise several_
smalhr trap ridges, of which Long Hill, extending from Chatham to
Basking Ridge, is the most important. The trap hills near New
Vernon (south of Morristown), Livingston, and Whitehall and one or
two hills of Triassic conglomerate or hard shale near _ew Vernon riso
about two hundred feet above the surrounding lowlands. Between
Chatham and Morristown the terminal moraine forms a ridge 100 to
250 feet above its surroundings. This ridge divides the topographic
basin into two parts.

Such being the drainage and topography of this region, there is
a Trlorl reason for believing that when the ice sheet blocked the out-
let of the Passaic at Little :Falls or Paterson and filled the Pompton
valley to the north, a lake was formed in front of the ice, in the basin
between the gneiss highlands on the northwest and the crescentic trap
ridges on the southeast, unless at that time there was a gap across the
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trap ridges south of "Little Falls. As will be shown later, well bor-
ings prove that there is a deep drift-filled gap across the trap ridges
near Short Hills and Millburn. The depth of the rook bottom of
this gap renders it certain that a large part of the pre.glacial drainage
of the present Passaic basin was across the trap ridges at this point.
The pre.glacial drainage of the northern part of this basin probably
escaped by the gaps at Little Falls and Paterson. The two drainage
systems could have been separated by no more than a low divide.

A part of the drift in the Short Hills-Millburn gap may be first
glacial. If any considerable proportion of it is of this age all the
_nter-glaeial drainage may have escaped via Little Falls and Paterson.
If this was the case, it is possible that the drainage held its course
beneath the ice for a shorter or longer time after the edge of the
_samehad reached the Little Falls outlet across the trap ridge ; but
it is difficult to believe that such could have been the case, after the
_ce had advanced any considerable distance beyond Little Falls. It
is well-nigh incredible that such a sub-glacial drainage outlet could
'have persisted until the ice occupied the position marked by the
terminal moraine at Morristown and Madison.

If, on the other hand, all or by far the greater part of the drift in
the Short Hills gap is last glacial, as is more probable, the lake would
not have been formed until the ice had closed this outlet. A small

lake, however, might have existed in the basin of such stream as
flowed through the Little Falls gap, after the ice had closed that out-
let. Such a lake, if it existed, must have been shallow, as it would
have oveiflowed the low divide into the basin of the river, which
flowed through the Short Hills-Millburn gap. When the ice had
advanced to the llne of the terminal moraine it must have filled the

;Short Hills gap. :It would seem, therefore, that Lake Passaic must
have existed during and after the time when the ice held this position.

Barring the outlets at Little Falls and Paterson, the lowest point
•on the rim of the basin which inclosed the lake is a notch near

Liberty Corner, at an elevation of 331 feet. Through this notch the
lake, if it existed, must have drained.

As the glacier retreated from the position of the terminal moraine
the lake must have increased its area by occupying those parts of the
basin from which the ice successively withdrew, until at length its
waters were able to escape either under the ice or through the gap at
Little Falls. When the recession of the ice opened the Little Falls
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outlet again the water of the lake must have fallen promptly to the
level of the outlet. If this outlet was much higher than now, the
lake must have continued a diminished existence until the outlet had

been cut down nearly to its present level.
:If the lake existed, as above outlined, it was naturally divisible

into two parts--the extra-morainic and the intra-morainic. The
former occupied that part of the basin lying southwest of Morris-
town, Madison and Chatham, extending to Basking Ridge and Unio_
Village. It included the Great swamp and the surrounding areas
below the level of the outlet at Moggy Hollow. This part of the lake

had a longer, or at any rate, a more interrupted history than the
other, and so far forth the record of its existence should be more dis-
tinct. The intra-morainio portion of the lake extended from the
moraine on the southwest to Boonton, Montville and Pompton Plains

on the north, to Caldwell on the east, and to Summit on the south,

including Black meadows, Troy meadows, Great Piece meadows and
Hatfield swamp, besides considerable areas o£ higher ground.

:if Lake Passaic existed, that fact ought to be capable of more or
less complete proof. :Even if its life were short, the lake m.ust have
left sufficient record of itself to place the fact of its existence beyond

question.
This record would be expected to consist of (a) shore features, (b}

berg deposits, (c) lacustrine deposits, (d) something of a difference
between the pre-laeustrine surface formations within and without the
lake area, and (e) a difference in the nature of the till within the lake
basin and that without. These differences last mentioned may be

very slight ; they may not be recognizable at all points, and may be
difficult of detection at most ; yet they might reasonably be expected
to exist. The presence of unmistakable shore features, even in the
absence of the other lines of evidence, would prove the existence of
the lake. If shore features were altogether absent, all the other lines of

evidence might be inconclusive, since berg deposits, lacustrine deposits,
lacustrine-like modifications of till and of other surface formations

may be simulated more or less closely by other agencies. While no.
one of these other lines of evidence might be conclusive, their com-

bined testimony might have great weight. Yet if the lake had so

protracted an existence as to develop these various phenomena in such
strength as to make them available in evidence, it could hardly have
failed to develop recognizable shore features. The chief reliance
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must be placed on shore features. The other lines of evidence may
have much corroborative interest and weight.

One of the principal conditions which control the development of
shore features and lacustrine deposits is the time element. Other
things being equal, a lake with a long life would bring about a better
development of shore features and lacustrine deposits than one of
briefer history. Relying on this principle, it is possible to make
some inference concerning the length of life of an extinct lake from
the degree of development of its shore fsatures.

Another factor determining the distinctness of the shore features

of lakes is their size. The larger the lake, the greater the sweep of
its waves_and, other things being equal, the better the development
of its shore features.

8o soon ag a lake is drained aud its shore features are exposed to
the ordinary agents of sub-afirial erosion, they may soon lose their dis-

tinctnese. If, therefore, we find wave-cut cliffs and terrac(s sharp and
distinct ; spits, bars, beaches, and deltas with normal profiles, and but
slightly gullied by post-lacustrine erosion, we may safely infer that
post-lacustrine time has been short and that the lake was drained but

recently. If, on the contrary, the shore features are indistinct, and if

this indistinctness can be shown to be due not to lack of original de-
velopment but to subsequent destruction, we must conclude that post-
lacustrine time has been long.

If the history of an extinct )ake was a complicated one, involving
various slages during which the water stood at dil%rent levels, shore
features may be preserved at various altitudes. From the nature and

relations of these various sets of shore features, something of the
history of the lake may be read. Under favorable conditions, the
record of the events of a lake's life may be very complete. ]f shore
features were distinctly developed at the successive levels of a lake, if
they are well preserved, and if their relationship to each other is
clearly and unequivocally shown, the history of the lake may be
made out with great clearness and deiail. In so far as the record is
fragmentary, or in so far as these conditions are not all fulfilled, the

history of the lake remains obscure in some or all its l_arts. It may
be here added, in anticipation of that which is to follow, that the
shore features of Lake Passaic are not, at most points, conspicuously
developed, and that their obscurity is plainly not the result of subse-

quent erosion. We must infer that they were never well developed.
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Sincethesizeof thelakewas eul_cienttohaveallowedof wavesof

severalmilesfetch,themeagerdevelopmentcannotbeascribedtothe
smallnessof thelake.We thereforeconcludethatthelifeofthe

lakewas short.The evidenceissumcienttoshowthatthehistory
ofLakePassaicwasnotasimpleone_buttherecordisnotsuMciently
completeordefinitetomake itpossibletodecipherwithcertaintyall
its stages.

CLASSIFICATION OF SHORE FEATURES,*

Sea-cl_ff',9.--Everyimpactof a wave upon theshoremay break
offsomeof theloosematerial.Thisisthensweptawayintodeeper
waterby theundertowduringtherecessionof thewave. Upon all
but veryincoherentmaterial,theeffectof theblow struckby the
wateritselfiscomparativelyslight.But thewave isarmedwith
cuttingtools--thesandand gravel--whichithurlsagainsttheshore.
By theirhelpitisabletoeroderesistantshores.Verticel]y,thewaves
cutina narrowzonelikea horizontalsaw. If thematerialabove

thiszoneof cuttingisundermined,itmay fallof itsown weight,
leavinga cliffattheshorewardmarginof thecut. This cliffis
calleda wave-cutclifforsea-cliff.The cliffissteepinhard,resistant
rock_or may evenoverhang.In unconsolidatedmaterial,theslope
isgentler,sinceinthiscasetheretreatof thetopof thecliffbefore
the combined attack of wind, rain and frost, is more rapid in inco-
herent material than in hard rook. Since the cliff is determined by
wave erosion, its base must be essentially horizontal, and must
alwaysstandatoraboutthelevelat whichthewavesareformed.
Wave-catcliffsarerepresentedinfigures13 and14.

The wave-cutterraes.--Borderiogthecliffon thewatersideisthe
submergedbench,whosewidthmeasurestheshorewardprogressof
waveerosion.This benchiscalleda wave-cutterrace.Itsupper
edgeiscoincldentwiththebaseof thecliff,andisthereforeapproxi-
matelyhorizontal.Itssurfacehasa gentleinclinationawayfromthe
cliff,and isfrequentlystrewnwithlargeror smallermassesofrock
whichhavefallenfrom thecliff.A portionof theerodedmaterial

In the fi,llowing brief dlsc_t_sion of shore feattzres_ _he ¢/assic disetlssion of the

sub.icct by Mr. G. K. Gilbertj has been freely drawn upon. Fifth Annual Report

U. S. G. S., pages 78-12'3, 1888. Also Lake Bonneville, Monograph 1., U. S. G. S.j

page_ 23-_9.
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may be deposited at the outer edge of the cut terrace, which is thus
_xtended lakeward by a built terrace (Figure 15).

Cliffs and wave-cut terraces formed on a lake shore lcee their dis-
_inctness when the lake becomes extinct. The base of the cliff' is

buried by debris failing and washing from above. The finer parts of
such debris arc carried out and deposited on the terrace. Thus_ by

LT-/_,_L,-_-
/k/ -.

_i_i_.., ! _I __- •/_, _x&l_._..._ -.

I /)Ix_,

Fig. 13.

Represents a sea-cliff cut In resistant rock on a steep shore. (After Gilbert.)

virtue of the recession of the upper part of the cliff, and by the accu-
mulation of.talus at its foot and further out on the termce_the marks
of wave action are gradually obliterated.

Representsa seaIcliffcutinlessresistantrockon agentleslope.(AfterGilbert.)

In a lake,theprincipalmovementsof waterarecontrolledby the
winds. The tendencyofthewavesisto heapup thewateragainst
theshore.The surpluswaterescapeslakewardby an undercurrent,
termedtheundertow.In additiontotheunderto%thewaves,when

strikingtheshoreobliquely,setup a littoralcurrentwhichtendsina
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direction harmonious with the movements of the waves. The finer

portion of the detritus is kept in suspension by the agitation of the
waves, and is carried By the undertow into deep water. The coarser
material remains in the zone of agitation, and is transportedalong the
shore by the joint action of the waves and littoral current.

II-

Fi z. 15.

n'ave-t, tlt k, rraec extending outward from the base of the sea cliff, al_ bordered alozl s

it_ outer edge by & wtwe.huta terr&ce. (&ft_r GUbert }

f/_e be_eh.--The shore drift in transit oeet_piesa narrow zone, th_

upper margin oC whlch is a little above the water-level. This deposit
of shore drift is celled the beach (Figure 16). It is the path along
which shore detritus is constantly traveling. Sometimes the beach
may encroach upon a wave-cut terrace,burying it by the drift which
the waves and shore currents shift about under the varied conditions,

Cross_ectio_ of a beach ridge (After Gilbert.)

of wind. The beach is continually receiving a fresh accession of
shore drift, since it is within the zone of sgitation by the waves.
Were its supply of detritus cut off, it would soon be demolished by
the waves which created it.

The barrier._On gently-shelving shores, the zone of greatest agita-
tion by the waves is not at the water's edge, but some distance out.
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The shore drift depending on the agitation for its transportation then
follows the line of breakers, rather than the shore, and is built into a
ridge at some distance from the lake's margin. The barrier (Figure
17) is to all intents and purposes a beach, save that it is separated
from the shore by a strip of shallow water which may be transformed
into a marsh and eventually silted up.

The littoral current which occupies the zone of shore drift and is

an active agent in the transportation of shore detritus, is inseparably
connected with an off-shore current, which occupies deeper water and

is less impeded by friction. By reason of its momentum, the off-shore
current does not follow all the minor curves of the coast but sweeps

from point to point, dragging the littoral current with it. Wherever
the littoral current, separated from the water-margin and therefore
from the zone of agitation, passes into deeper water it is no longer"

Fig. 17.

Cro_s section of a barrier. (After Gilbert )

able to move the shore drift. Deposition therefore takes place where
shore currents diverge from the zone of wave action. This separation
may occur in several ways.

The s-pit.--When the coast line turns abruptly landward, as at the
entrance to a bay, the littoral current continues its direction and

passes from shalluw to deeper water. The zone of agitation follows
the coast line, but the shore drift cannot follow this line because there
is no littoral current to transport it. It cannot follow the littoral
current into the deep water, for there is not sufficient motion to keep'
it in suspension. It therefore falls to the bottom. But the littoral
current is continually bringivg to this point a supply of detritus, and
as a result a spit is constructed. So far as it is built, it serves as a road
along which more detritus can be carried. Its direction is that taken
by the littoral current. As soon as it is built up to such a height
that the waves can move the particles of which it is composed, the
forces which cause the construction of the beach and barrier become

effective. Under their influence, the spit may be built above the
mean water-level, when its cross profile corresponds to that of a_
beach.
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The distal end of the spit is always submerged. Its submergence
is slight and its terminus abrupt, if the material of which it is com-

posed be coarse, since coarse material is soonest dropped when the
littoral current passes into deep water. Its submergence is greater
and its terminus less abrupt, if the material of which it is composed
be fine. The process of construction is very similar to that of a rail-
road embankment, the material of which is cer_.ed along the crest of
the grade and dumped at the end. The proximal end of a spit con-
nects with the shore and is continuous with a beach or terrace.

7he bar.--If a spit is contiuued until its distal end reaches a shore,
it is called a bar. The bar is continuous at either end with a beach

or barrier. In all other particulars it is similar to a spit. It may
connect an island with the mainland or with another island, or it may
be built from one headland to another across a bay or the mouth of a
small river. At the mouth of a river, the construction of a bar is
antagonized by the outflowing current, and it is, therefore, largely
submerged and more or less discontinuous.

The terraoe.--The divorce between shore currents and wave action

may take place by the divergence of the current rather than of the
coast line. If the current diverging from the shore remains on the
surface and re_ains its original cross section, and so its original
velocity, a spit is formed. But if it remains on the surface and

assumes a greater cross section, and therefore a diminished velocity,
the shore drift is built into a terrace. The same result will be brought
about if the littoral current descends as it leaves the shore.

The rate of transit of the shore drift depends upon the velocity of
the current. Whenever or wherever the velocity is diminished, the
supply of detritus may exceed the trausportlve power of the lessened
current. In this event accumu]atlon takes place. This accumulation
does not occur at the end of the beach, as in the case of spits, but on
its lakeward margin. In this way the beach is widened and advances
lakeward. A wave-built terrace is the result. As already noted, a
wave-built terrace may be formed on the lakeward margin of a wave-
cut terrace by the accumulation of material cut from the retreating
cliff, or from points in either direction along the shore. The internal
structure of a wave-built terrace is characterized by a lakeward dip
of the successive layers of sand and gravel (Figure 18).

The situation most favorable for the formation of wave-built ter-

races is the head of a converging bay up which the waves sweep with-

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 237"

out obstruction. Strong littoral currents are set up on each shore,.
which on meeting the strong undertow lose their velocity and deposit,
their load. At the head of the bay a curved bar is commonly first.
formed, to the lakeward face of which successive additions are made,.
and a terrace gradually produced.

The de/ta.IThe beach, barrier, spit, bar and wave-built terrace are.
constructed mainly of shore drift. Small streams contribute a certain
amount of detritus to the lakes into which they flow, but their contri-
bution is frequently carried away by the littoral currents, and
mingled with the shore drift proper. The result is different in the
ease of large streams whose volume of water is sufficient to overwhelm
the littoral current, and whose load of stream drift is large compared
to the amount of shore drift. In this case the stream drif_ is built.
into a delta at the mouth of the river.

Fig. 18.

Cro_s section of wave-built terrace, _howin$ its struclure. (After Gtlbert )

The process of delta formation depends upon the principle that the-
amount of material which can be transported by a stream is diminished.

by any decrease in the velocity of the current. If the material car-
ried be physically heterogeneous, diminution of velocity will also
reduce the average size of the particles carried, since the coarsest are
dropped first. So soon as a river empties into a lake, its momentum
is communicated by friction to so ]urge a body of water as to practi-

cally dissipate its energy. The coarse material which was being
rolled along the bottom of the river comes to rest promptly at the
shore. The finer particles are carried out further. When the deposit
thus made in a lake bottom is built up to the level of the bottom of
the river channel, it affords a road along which the newly-arriving
sediment is carried further lakeward. The effect of this lakeward

elongation of the river is to slightly diminish its velocity just above
the earlier debouchure. With diminished velocity goes diminished.
carrying power. A part of the stream's load is therefore dropped at_
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some point between its debouehure at the end of the submerged path
and a steeper part up stream. Thus the channel is built up, and a
new gradient is established sufficient to give the stream velocity
adequate to its load.

The greater part of the load is always dropped at the point where
the velocity of the river is lost in the still waters of the lake. On

the lakeward margin of the deposit the slope is as steep as the
material will lie. The slope of the top is very gentle, being con-
trolled by the gradient of the river. As the delta is extended lake-
ward by additions to its steep frontal slope, deposits are made on the
gentle slope in the channel of the stream. Since the river current is
slower on the sides than in the middle, the deposition takes place on
the sides rather more rapidly than along the bottom. Thus the sides
of the channel are built up, and the. river comes to flow down an
elevated sluice of its own construction.

Such a condition of affairs is an extremely unstable one, and in
time of flood the river breaks over the side of its sluice at some point,
and finds a shorter route to the deep water. The process of deposi-
tion is repeated along this new channel, and another elevated sluice is
constructed from which the river again breaks forth. Repetition of
this process by all the numerous distributary streams which a delta-
building river has, ultimately results in the construction of a gently-
sloping plain with a more or lees lobate margin. The general form
of the plain is that of a sector of a circle, the margin being the arc.
The up-stream part of this plain is above the mean water-level and
passes into and is continuous with the flood-plain of the river above.
The lower part is slightly submerged and is terminated by the steep
slope of the delta front, which marks the point where the velocity of
the river current is lost in the lake. The line joiniug the gentle slope
and the steep slope is a little below the mean lake-level. Its distance
below the surface is dependent upon the momentum of the river and
the size and the amount of detritus carried. It is greatest when the
momentum is great, the material fine, and the load a minimum. In
small streams heavily loaded with coarse detritus, it must very nearly
reach the lake surface.

The structure of the delta is indicative of its method of origin.
The finest material which was carried in suspension sinks in essen-
tially horizontal layers beyond the delta front. These may be called
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"bottom-set beds."* The coarse deposits slide down the delta front
by their own weight and form steeply-inclined "fore-set" beds. As
the delta grows lakeward, these steeply-inclined beds are superimposed
upon the more level "bottom-set" beds of earlier deposition. The
beds of the delta plain, lald down in the channel of the river,
correspond with its gradient. They are gently inclined and rest upon
the oblique edges of the fore-set beds. They may be called "top.sets."
These various layers are shown in Figure 19.

The characteristic features of a normal delta are, therefore_ its
gently-inclined surface, its steeply.sloping front, its margin, which,
although lobate, is the arc of a greater or less circle, and its tripartite
structure, as shown in cross-section. The normal fossil delta, if a
delta may be so called after the lake in which it was formed has dis-
_ppeared, is usually divided into two parts by a channel extending

Fig. 19.

_howing structure of delta as shown in cross section_ (,_lodifled from Oilber t.I

"from its apex to some point in its margin. This channel is occupied
by the stream ,which_ formerly the agent of its construction, has
become the agent of its destruction.

In glacial lakes--that is, in lakes formed in part by glacier ice---
modifications of the normal delta may be constructed. A river
flowing from the glacier into the lake may build a delta at its mouth
which, at the time of its construction, might not seem to differ from
the ordinary delta in any essential respect. Its single peculiarity is
that it beads against an ice shore, whereas the ordinarydelta heads
against a land shore. Dater, this point of difference may become
very obtrusive. After the ice has melted and the lake been drained,
the delta which was built sgaiust the ice may remain unconnected
with higher ground. It may itself constitute a conspicuous elevation.

_W. hi. Davis, "Structure and Origin of Glacial Sand Plains." Bulletin of the

•GeologicM Society of Amerlca_ Vol. 1, pages 195-902.
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Since the stream which constructed it disappeared w!lh the recession
of the ice_this form of della is not subjected to partition, as is the
other.

If a number of glacial streams enter a lake in close proximity,
their deltas may coalesce, and the typical circular outline would be
lost, but the lobate margin, the steep front_the gentle top slope and
the tripartite structure would still be shown. If a moraine was
being formed at the edge of the glacier at the same time that the
numerous glacial streams were building their deltas in the bordering
lake, the moraine would be bordered on its outer edge by an overwa_b

plain having the characteristics of a delta, or of a series of coalescing
deltas. For overwash plains or glacial deltas of this type the senior
author has already proposed the name "subaquecus overwash plains."*

.Diaribution of wave-formed shore features.--Upon all shores cer-
tain stretches are undergoing erosion while certain others are receiving
the detritus. The intervals between are occupied by the shore drift
in transit. A few words need to be said as to the location of these

various processes. Projecting headlands are usually being eroded,
and salient curves almost always. This is true, since these points are
most exposed to the direct attack of the waves, and since they are so
situated as to allow littoral currents to carry off the shore drift as
fast as it is formed. It .is here, therefore, that clltis and wave-cut
terraces are usually found. Projecting from a headland, and ofte_
connecting it with an adjoining headland, there may be a spit or bar.
Spite are also common at the leeward ends of long, narrow islands.
Re-entrant angles are always places of deposition, and re-entrant
curves are usually so. It follows that wave-built terraces commonly
occur at the head of narrow bays, and well-marked beach deposits
are found along the gentler re entrant curves. Deltas are found on!y
at the mouths of the larger streams, where the volume of stream drift
was more than the littoral currents could handle. Glacial deltas and

subaqueous overwash plains may occur at any point alofig the shore
where the ice stood, or at any point along the line that was the shore_
at any stage of the glacial lake's existence. If the edge of the ice at

Geological Survey of New Jersey, Annual Report for 1892, pages 99-10 ° . For

similar plains Professor Davis earlier proposed the name "glacial sand plains."

But there are so many sorts of sand plains associated with glacial deposits that this

term does not seem especially appropriate. For Professor Davis' instructive dis-

cussion of the formation of these plains, see B_lLetin of the Geological Society o.f

Alnerica_ Vol. l_ pages 195-202.
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one time stood at a place which was subsequently in the middle of

the glaeial lake, eubequeous overwash plains may even be found in

the middle of such a lake basin, where temporary glacial streams
entered it.

CLASSIFICATIONOF LACUSTRINEDEPOSITS.

In glacial lakes there may occur two classes of deposits quite di-
verse in origin--berg deposits and true lacustrine beds.

.Bet9 depe_/ta.--Ieebergs breaking off' from the glacier and floating
out over the surface of the lake might carry debris either on their

surfaces or frezen into their mass_ particularly in the basal portion.

Some of this material would be dropped as the bergs floated freely
over the surface, hut the most of it would be deposited in the shallower

waters where the bergs grounded and melted. The deposits might
consist of materials of any and all sizes, such as are carried by the
glacier. They may be bowlders alone, or more commonly bowlders

and much finer material. They would be unsorted or show but slight
traces of stratification. Where the deposit was more than ecattered

cobbles and bowlders, it might resemble more or less closely glacial

till. It is believed that berg till can generally be distinguished from

glacial till "(1) by a more homogeneous clayey base; (2) by a more
uniform distribution of imbedded erraties ; (3) by occasional traces of

indistinct lamination ; (4) by its surface expression ; (5) by its die-

tributiou ; (6) and by its stratigraphical relations." * A pronounced
tendency to crack upon drying, a glezing on the cut face, and a tend-

ency ofthefineclayeyparticlestoadheretothesurfacesofthestones

and tocoatthem with a filmnot easilyremoved_1"arefurtherchar-

acteristiesreadilydiscernibleatthesurface.

Zaeustrlne clays a_td s/lts.--Such deposits would be expected to be

more abundant the longer the life of the lake, and, other things
being equal, to be more abundant in those parts which for any reason

have the longer history. The clays and silts accumulating in a

glacial lake "should possess certain characteristics by which they may
be recognized. They should be finely laminated, as are similar de-

posits of more recent origin. They should be of such matelials as

could be furnished by the waters draining into the lake in glacial

_ Chamberlin,Third Annual l_eport_U. S. G. S, pages297-8, 1881-2.
J'Salisbury, B'ewJersey GeologicalSurvey, Aunual Report for 1892_p._ge142.
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times.Thefinersiltsandclayeydepositsshouldbefoundespeciallyat
somedistancefromtheshorellne,wherethewaterwasrelativelydeep,
andwherewavesdidnotgreatlydisturbthebottom.Theysbouldbe
especiallyabundant,itwouldseem,towardthatcodofthelakewhich
receivedtheglaclaldrainage."* Towardtheshore,inshallowerwater,
we should expect to find them giving place to coarser deposits---sand
or berg till. It may not always be altogether possible to differentiate
truelacustrinesiltsand claysfrom thesiltsand claysaccumulated
in swamps and along streams after the lake had mainly disappeared,
or at least after it had ceased to be a glacial lake.

THE SHORE FEATURES OF LAKE PASSAIC.

When search is made for shore features about the borders of the

supposed Lake Passaic, they are found to exist, but not in so many
localities nor in such strength of development as might have been
anticipated. They areabsent from some localities where their presence
might have been expected, and they are sometimes well developed
where there seems to be no good reason for their distinctness. Care-
ful study has demonstrated that their absence at certain points and
their indistinctness at others is due primarily to failure of original
development, not to subsequent destruction. 1%vertheiess, iadubitabh
shore features are found at so many places as to prove the existence
of the lake. In many instances the features found are not so distinct
as tobe indubitable.But here,asinthestudyof verymany geo-
logicalquestions,theeffectof theevidenceiscumulative.As each
new fact or seriesof facts touching the existence of the lake was found,
it was seen, not only to accord with the hypothesis of the lake, but
to be demanded by it. Two concordant and corroborative facts, or
seriesof facts,havea valuemuch morethantwiceasgreatasthatof
one,sofarastheirbearingon anyparticularhypothesisisconcerned.
On thesameprinciple,fourcorroborativefacts,or seriesof facts,are
worthmuch morethantwiceasmuch astwo. As corroborativefacts

concerningLake Passaicweregathered,thoughsome of them were
notinthemselvesindubitable,theircumulativeforcebecamesuchas

tocompelbeliefintheexistenceof thelake.

_ali_bury,New JerseyGeologicalSurvey,.AnnualReportfor1892,pages188-9.
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In describing the various shore features of Lake Passai%the extra-
morainic portion will first be considered. The various classes of shore

features will be taken up in succession, and their nature and geo-
graphic distribution noted. This can best be done by beginning with
that part of the basin near Summit, and passing around the lake to
the southwest.

The elevations which are given in the following pages were in most
cases determined by two men working with a surveyor's level and
rod. From the original sheets of the topographical atlas of the State,
the heights of the centers of road intersections, of road summits, of

brook crossings and of cols were obtained. As taken from the map,
these are supposed to be correct to within fractions of a foot. From
these bench-marks, which were usually at intervals of not more than
half a mile, lines of levels were run to the desired points. Wherever
it seemed possible that an error might creep in through inaccuracy in
locating the bench-marks, the levels were continued to the next bench-

mark, or sometimes to several bench-marks. In this way possible
errors in the heights of the bench-marks because of grading or filling
of the roads since the topographical survey was made, were guarded
against. The elevations thus determined are believed to be correct

to within one foot. In a few cases the heights were determined from
a bench-mark close at hand, by a hand-level, and here the possible
error may be as much as three or four feet. Unless otherwise stated,
_he heights given are those determined by the more accurate method.

A. THE EXTRA-MORAINIC PORTION OF THE BASIN.

I. Possible Wave-cut Terraces and Cliffs.

1. Oa Second mouulain.--A 1.* Murray HilL--In the timberashort
half mile southeast of Murray Hill station, there is a narrow bench
more or less strewn with small trap bowlders and fragments. From
its upper edge rises a steeper slope which has some slight resemblance
to a wave-cut cliff. It can be traced northeastward through the
woods for some little.distance, apparently holding an approximately-
constant level, but it finally fades out. The upper edge of the cliff"
is about 364 feet, and the lower about 354 feet. Its topographic form

*The designations A 1, A 2, B 1, B 2, &e, refer to the accompanying map of
Lake Passaic, where the exact location of the features here described may be seen,
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is not sufficiently distinct or characteristic to warrant the positive
assertion that it is a wave-cut terrace and cliff, but the probabillti_
are in its favor. No evidence of wave action could be found in this

vidnity at a higher level. No accumulations of water-worn pobble_.
could be found on the terrace or on its outer slope.

A 2. Westward, across the read leading over the mountain from.
Murray Hill depot, is a suggestion of a rock terrace, but it is not
accompanied by a marked cliff. Its upper edge has an altitude of
about 363 feet. It has such a form as one would expect the waves
to cut on a very gently.sloping shore. Since these terraces correspond
in elevation with undoubted shore features, they may be regarded as
probable shore terraces, although taken alone they prove nothing.

`4.3. Mount .Bethel.--A quarter of a mile north of the hotel at
Mount Bethel an ill-defined cliff and terrace may be observed_

Water-worn trap gravel was noted in a number of places along the
road near the outer edge of the terrace. The height of the terrace is
350 feet.

A 4..Liberty Corner outld.--A mile and a half west by north of
Liberty Corner, at Moggy Hollow, is the notch in the trap ridge, at
an elevation of 831 feet, by which the waters of the lake drained intc_
the valley of the North Branch of the Raritan. .4. full discussion of
the outlet will be made the subject of a later section, but here atten-
tion is directed to the probable wave-cut terraces in this vicinity. In
the peach orchard of Mr. Henry Apgar are numerous small outcrops
of trap, around which it is evident the waves of the lake beat. The
trap rock is covered by only a thin htyer of soil, and around the
knolls of rock slightly but certainly water-worn trap pebbles are-
found. To the observer whose eye is focused to catch the slightest
trace of horizontal cutting by the waves, the terrace is distinctly
visible. By another it may be readily overlooked, since it is not
accompanied by a distinct cliff. The phenomena are such as would
be produced on a gently-sloping, rocky shore against which the waves
had beaten but a short time, and where the finest material had been

carried off, leaving the ill-rounded pebbles just where they originated.
They are not the phenomena of a shore where any marked terrace-
and cliff had been cut. Both above and below the zone thus affected

the rock is covered by a much deeper layer of residuary soil. No-
well. marked beds of wave-worn gravel could be found in the immc-
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dlate vicinity. The height of the mean lake level at this point was
between 351 and 356 feet.

A 5. Two miles north of Liberty Corner, a little west of and shove
the road to Bernardsville, is another terrace along whose upper edge
_arenumerous trap outcrops and broken trap fragments. The phe-
nomena here are those which would be developed at the foot of a trap
knoll covered with debris, where the waves were strong enough to
carry away the finest material, but had not rounded the coarser to any
notable extent. The height of the upper edge of this terrace is 365
feet. No indications of wave action could be found in this vicinity
at higher elevations. Another and lower terrace---not certainly due
to wave action--was observed just below the above at a height of 346
feet. At intervals for three-quarters of a mile northeast of this point,
.there are more or less well-marked terraces_ but so far as observed they
were unaccompanied by any specific evidence of wave work. Their
heights were not accurately determined, but from the topographical
map they seem to accord with that of the higher terrace cited above.

A 6..Near Bernardsville.--Just north of the road, about half way
'between Bernardsville and Madisonville, is a clearly-marked bench,
at the upper edge of which is a cliff twenty or thirty feet high, with
a slope of thirty degrees. Angular trap fragments are abundant at
the immediate foot of the cliff, but no water-worn pebbles were found
_u connection with the terrace. The height of the upper edge of this
terrace is 350 feet, but since within half a mile of this terrace well-
.marked wave-built terraces are found, whose elevation is 369 to 371
feet_ this terrace could not have been cut by the waves during the
maximum stage of the lake. This headland of trap, however, un-
<loubtedly supplied part of the material of the gravel beds near at
hand. The apparent absence of water-worn gravel at the foot of
the cliff and its slightly inharmonious altitude raise a serious question
as to whether this is really a lake cliff. It is not impossible that it
is due to differential degradation.

2. On the gneiss highlands.--B 1. Half a mile northwest of
the last locality, on the gneiss highlands, there is a narrow bench
which can be referred with much certainty to wave action. It is
<listinetly marked, and passes southward into a wave-built, terrace-
like spit of sand and grave], derived by the cutting of the waves.

This sand and gravel will be described later. It can be traced north-
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ward for three or four hundred yards. The height of the terrace
averages 370 feet.

B 2. _Near Morrbto_a.'---For a mile and a half southwest of

Morrlstown, along Mount Kemble avenue or the Mountain road,
there is a narrow terrace which in places is fairly distinct. The road
is located upon it for sofas distance. This terrace forms a bench in
the steep slope of the hillside. The elope rises rather abruptly above

its upper edge, and falls off with almost equal abruptness at its outer
edge. In places_the distinctness of the terrace bee been inereased by
grading and filling, and in other localities, as shown by cuts_ it has
been obscured by post-lacustrine wash. It is partly wave-cut, and
partly wave-built. In a number of places a thin layer of sand and
water-worn gravel was noted, and at one eat the following section

was seen, commencing with the surface :
3. Clay, containing some grit and eaud_ with a few gneiss frag-

ments, very compact, glazing slightly when cut, ancl crackiDg on the
dry face ; thickness, three to four feet.

2. Rounded grave]_ mostly gneissj but with a few foreign pebbles ;
pebbles generally small and more or less imbedded in a clayey matrix,
but sometimes very loose ; thickness, six inches.

I. Gneiss residuary, containing angular_ unworn fragments.
The upper member of the section was such a_ mlght well be derived"

from the finer clayey part of the gneiss residuary of the higher slopes
by Post-lacustrine wash. The thin gravel layer between this and the
unmodified gneiss residuary is believed to be due to wave-action.
The few small foreign pebbles could readily have been derived from
the overwash plain and carried along the beach by littoral currents
and waves.

The height of this terrace is about 365 feet, but, as will be seen
later from other evideuc% it does not mark the maximum level of
water at this locality.

3. Oa Zavg 11111.--C 1. On the north end of Long Hill, half
mile south by west of Chatham depot, is a strongly-marked wave-
cut cliff and terrace. This part of the hill is covered with till, and,

as it was exposed to a long sweep of the waves from the north and
northwest, the terrace and cliff are well developed. The cliff rises
by a steep slope from the terrace, on which are strewn a number oi*
large trap, gneiss and quartzite bewlders_ evidently washed out of the
till. Some of these are four or five feet in diameter, bat the average
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size is two to three feet. At several points on the terrace the bare
trap is exposed, indicating that the terrace was a place of erosion
rather than of deposition. The upper edge of the terrace has an alti-
tude of 369 feet, and is sharply defined; the lakeward margin passes
gradually into the general slope of the hill below and cannot be defi-
nitely located.

This wave-cut terrace can be traced southward along the eastern
side of Long Hill. Its surface there becomes sandy, and it soon
passes into the prominent wave-built terraceseen in the lower part of
Chatham cemetery. The clearly-defined cliff, the bowlder-strewn
terrace, its association with and transition into the prominent wave-
built terrace, make this one of the best-marked shore features of the
extra-morainic basin.

Along the southeastern or front face of Long Hill, terraces and
cliffs may be observed in several places, but probably not all of them,
and perhaps none of them, are to be connected with the lake. The
upper part of the hill is composed of trap which is underlain by the
Triassic red sandstone and shale. The face of the trap is generally
marked by a steep slope which changes abruptly to a more gentle one
a little below the contact with the softer red shale. The junction of
the shale and trap is frequently near the level at which the waters of
lake Passaic stood. The benches and cliffs on the south face of

Long Hill may therefore be benches and cliffs of differential degrada-
tion. Such topographic features may simulate very closely ill-defined
wave-cut cliffs and lerraces, and it may not always be possible to dis-
tinguish between them. In studying the possible wave-cut terraces
of Lake Passaic, terraceswhich were not directly traceable into wave-
built terraces,spits or beaches, were regarded as probably wave-cut
when they corresponded in elevation with neighboring shore features
about which there was no doubt. Even this accordance cannot be

said to prove their lacustrine origin, but only to render it probable.
It is possible that a cliff and terrace due to differential degradation in
pre-lacustrine times should occur at the lake-level, but in this case
we should expect it to have been more or less re-shaped and intensi-
fied by the action of the waves. This would also be the case with all
differential degradation benches which occur at any level at which the
lake stood for any considerable period. Tt may be, therefore, that
some cliffs and terraces at the maximum shore-line, as well as at
lower levels, owe their location primarily to other than lacustrine
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factors, but have been more or less altered by the waves. This may
be the reason why in some localities cliffs and terraces are so promi-
nent, while in other places, apparent]y equally favored, they are
obscure or altogether wanting.

C 2. A'_w Providence.--Along the face of Leng Hill, northwest
of New Providence, there is a narrow but well-marked bench, at

the upper edge of which is an abrupt change to a steeper slope.
The bench has been cut in the red shale, the contact of the trap
and shale being at least thirty feet above the bench. It does not
seem, therefore, that the bench is due to contrasts in hardness be-
tween the shale and trap. Since its elevation is 367 to 369 feet, and
it can be traced almost continuously into a well-marked spit a mile
west of :New Providence, it can, we believe, be safely referred to the

lake, although no deposits of wave-worn pebbles or sand could be
found along its outer margin. At the lakeward edge of the bench
foreign Icebbles and cobbles occur, but since we have good evidence
that a tongue of the glacier stretched down this valley a few miles
beyond the moraine, these erratles and accompanying sand are proba-
bly due to the ice rather than to the lake. This bench can be well
seen from Murray Hill station, its upper e:Ige in general correspond-
ing with the lower edge of the woods.

C 3. Berkeley Heights.--On Long Hill north of Berkeley Heights
there are in places indications of a bench in the trap. Where best

developed, this bench is about thirty feet wide. In the absence of
any positive evidence, it is doubtful whether it is due to wave action.

C 4. About half a mile farther southwest there is another faint

bench in the trap, with which are associated a few trap pebbles appar-
ently water-worn. As its height (350) is somewhat below the level
of the lake (360) at this point, as shown by other data, it is ques-
tionable whether the bench is due primarily to wave action.

C 5. The same conclusion is true of another terrace on Long Hill
between Stirling and Gillette, whose height is only 339. Its connec-
tion with the lake is very doubtful.

C 6. North of Stifling depot there is another bench and cliff in
the trap at a height of 358 feet, an elevation which accords very
elosely with that of water-worn trap gravel beds in the vicinity.
This terrace may be due to the lake, or at least may have been shaped
to some extent by the waves.

C 7. Jlillington.--A quarter of a mile east of Millington depot,
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Chereis a very marked cliff and terrace. Seen from the east its profile
stands out sharply against the sky, with all the appearance of a wave-
cut cliff and terrace. But when measured it was found to be below

4342 feet) the level of the waves (361___feet). Furthermore, the line
of contact between the terrace and cliff is not a horizontal line but a

curve, convex upward. It, therefore cannot bedue primarily to wave
.action.

C 8. Three-quarters of a mile west of Millington there is another
.clearly-defined bench on the south slope of a trap hill. The height
of this bench was found to be too great for its reference to the lake.

C 9. Liberty Corner.--A mile and a half northeagt of Liberty
Corner are two trap hills which were islands in the lake. On the
_eouthside of each of them there is a terrace and cliff, a distant view
of which ceu be had from the Liberty Corner-Millington road. The
eastern one is at an elevation of 350 feet, aud is developed in the shale.
Forty or fifty feet above it is another bench, along the contact of the
shale and trap, which is clearly due to differential degradation. On
the surface of the lower terrace traces of water-worn shale and trap
gravel were observed, generally more or less buried by a red clay_
which may be, in part at least, post-lacustrine wash. Although the
upper edge of this terrace is six or eight feet below the level of well-
marked water-worn trap gravel found in the immediate vicinity, it
still seems referable to the action of the waves. The cliff rises about

twenty feet above the terrace and is marked by a number of shale
outerops.

C 10. The other cliff and terrace is half a mile west of the one

just described. Its height is 349 feet, and, as in the other case, traces
of water-worn shale and trap pebbles were found upon it, beneath a
thin layer of clayey material. Since this terrace is located near the
line of contact between trap and shale, the terrace may be due, in part
at least, to differential degradation and only emphasized by the waves.

C 11. On the northern and northwestern sides of Long Hill no
cut terraces of indisputable lacustrine origin were noted. The most
marked is found northwest of knew Providence, south of and above

the road leading from Long Hill village to Chatham. Some rounded
trap pebbles and apparently water-worn trap outcrops were noted at
one end of the terrace. Although its height was not accurately deter-
mined, it seems to be about 365 to 370 feet, according well with the
terrace on the opposite side of the hill.
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$. On the New Vernon trap hills.--D I. Near the road from Mor-
ristown to Green Vil]age_ and about two and a quarter miles north oF
the latter, there is a very indistinct terrace which may be due to wave
action, since its height (383 feet) corresponds with that of a spit near
at hand. Further than this there is no evidence that it is wave.cut.

D 2. In the woods a mile north by west of Green Village is a
distinct cliff of varying height along which the trap outcrops. At
the foot of this is a terrace of varying width which seems to be on
the shale. :No traces of water-worn pebbles could be found_but this
may be due to the complete absence of exposures. The height of
the terrace is 362 feet, which, judging by the nearest wave-built de-
pceits_ is ten to fifteen feet below the maximum lake-level at this
point. The reference of this terrace to the lake is very questionable.

D 3. About a mile northwest of the above terrace, on the property
of Mr. F. F. Lippmann, is a strongly-marked bench, with a steep
cliff rising above it. The surface falls off steeply from the outer or
lakeward edge of the terrace, which is sixty to ninety feet wide, slop-
ing gently away from the cliff. The terrace, which is cut in the red
shale, can be traced through the woods for half a mile or more to
the northward, where it gradually disappears. Its surface is practi-
cally bare rock throughout most of its extent, but towards its northern
end it becomes somewhat sandy. Southward, it is indistinctly trace-
able into a bed of water-worn shale, gravel and sand, which forms a
wave-built terrace. Its height, 357-9 feet_suggests that it may not
belong wholly to the maximum lake stsge, since its elevation is about
twenty feet below the highest level of the water in this vicinity.
Even if it is due to wave action it is difficult to understand why so
marked a terrace should be developed in this part of the lake, for

the terrace and cliff face a bay of the lake which could not have
been more than two miles broad. The fetch of the waves at this

point must therefore have been short.
S_mmary.--Of the terraces above mentioned and described some

may be classed as probably lacustrine, some as doubtful, and sbme as
due to other causes. The terraces designated, both in the text and on
the map, by A 4, B 1, B 2, C 1, C 2, C 9, and C 10 are probably of
lacustrine origin. Terraces A 1, A 2, A 3, A 5, A 6, C 6, C lt, D 1
and D 3 are referred to the waves of the lake with more or less doubt,

since the evidence of such origin is not conclusive. Terraces C 3,

C 4, C 5, C 7, C 8 and D 2 are probably due to other causes.
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The supposed wave-cut terraces and cliffs are so few and so poorly
developed that they are not regarded as in themselves demonstrative
proof of the existence of the lake. Especially is this true sluce
such terraces ere so closely simulated by terraces formed in other
ways. But since, by"other lines of evidence, the lake is known to
have existed, the presence of these cliff_ and terraces becomes im-
portant corroborative evidence.

II. Wave-built Shore Features.

The wave-built shore features in the extra-moraiuic basin of Lake

Passaic are more readily and more certainly recognized than the
wave-cut features. The)[ consist of spits, terraces, certain beds of
water-worn gravel which do not possess marked topographic form,
and scattered water-worn pebbles. These, except the l_t, will now be
considered in detail, the deposits on Second mountain, the gneiss high-
lauds, Long Hill and the New Vernon hills being taken up in order.

I. On Second mouatain.--a 1. One mile due south of Berkeley
Heights station, on the property of Joseph Frazer, is a deposit of trap
gravel whose upper limit, so far as can be determined in the absence
of good exposures, is 357 feet. The gravel is not well rounded, but
is nevertheless distinctly water-worn. The surface indications of the
gravel are best ob._ervedin the middle of the peach orchard, but it is
more widespread than appears on the surface, as is shown by two
gullies which reveal layers of gravel heaeath and between beds of
stony day, and also layers of gravel in a clayey matrix. Traces of
gravel were noted eastward to the corner. No data could be obtained
as to the depth of the gravel, which does not form a distinct topo-
graphic feature.

a 2. A third of a mile south of Union Village, in the woods west
of the road, on the property of John F. 8chwalb, there is a deposit
of trap gravel of considerabh extent. About 100 yards from the
road is a pit which has been opened to obtain road gravel. The
pebbles are commonly two or three inches in diameter, poorly rounded_
but distinctly wuter-worn. The deposit is certainly more than four
or five feet thick. It reaches a height of 355 feet at least, and per-
haps reaches 360 feet. Just southwest of this deposit of gravel is a
very pronounced headland of trap, from which this material was
probably derived, and in the los of which it was deposited, forming a

NEW JERSEY GEOLOGICAL SURVEY



"252 ANNUAL REPORT OF

faintly-developed wave-built terrace. In the woods between this
deposit and the one south of Berkeley Heights, traces of water-worn
gravel were found, but, in the absence of exposures, no well.definod
beds of gravel could be located.

a 3. One mile southwest of the above locality is another deposit of
trap gravel which forms a broad, fiat-topped bench or wave-built ter-
race. A pit of some size has been opened, exposing the gravel to a
depth of three or four feet. The material varies from fragments of
the size of a pea to cobbles six or eight inches in diameter. The peb-
bles are water-worn, but not well rounded ; are fresher in appearance
than the residuary trap fragments, yet are weathered one-quarter to
one-eighth of an inch. They seem to be water-worn cores of deeply-
disintegrated trap fragments. The gravel is used for road purposes.
Although beyond the shallow pit exposures no data could be obtained
as to the thickness of the grave], yet there is enough in sight for
many miles of road. The elevation of this gravel bed is 344 feet, but
the gullies along the road show that water-worn pebbles in a clayey
matrix reach up to 358 feet, which is probably nearer the maximum
lake level at this point. This pit is owned by the Old Home Life
Insurance Co.

a 4. A mile southwest of the above pit_and two miles due south of
Stifling station, are more or less clearly-marked indications of trap
gravel at an elevation of 344 feet, although as a shore feature it is
not topographically distinct. A well dug in the gravel and sand
struck rock at a depth of seven feet. The gravel is almost wholly of
trap, but with the trap pebbles there are a few fresh erraties, proba-
bly contributed by floating ice. This gravel is probably a little below
the maximum lake level.

a 5. Half a mile west of the above locality, in the peach orchard
of Clement E_keesn is still another deposit of trap gravel which,
topographically, should be classed as a wave-built terrace,although it
is not well marked. There are no exposures, and beyond two or thrre
feet no accurate data as to the depth of the gravel could be obtained.
This deposit reaches a height of 344 feet, about ten feet below the
probable maximum lake-level at this point.

a 6. One-third of a mile west of Mount Bethel corner, traces of

water-worn trap pebbles were found on an ill.defined terrace. From
well data there seem to be several feat of sand and grave] beneath
the clayey surface layer. The height of this terrace is 350 feet.
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Scattered water-worn pebbles were also observed along the road near
the wave-cut terrace south of the corner. (A 3.)

a 7. One and two-thirds miles west of Mount Bethel, on the property
of J. H. Moore, is a flat-topped, gently-curving ridge, slightly re-
sembling a spit: Where the road to Basking Ridge crosses its west-
ern end, there is a cut three or four feet deep which shows the material
to be mainly poorly-rounded trap gravel, with occasional pebbles of
gneiss and quartzite. A well dug near the southern end, about twelve

feet from the top of the ridge, penetrated eight feet of gravel. The
top of this ridge is a little below 300 feet, at least forty-five to fifty'
t_et below the maximum lake-level in this locality. This is an exten-
sive gravel deposit and contains material enough to maradami_e many
miles of road. Along the road between this point and Mount Bethel,

water-worn trap pebbles were observed in a number of places,although
not in well-defined deposits.

a 8. One and a half miles south of Liberty Corner, near the house
of John Dougherty, is a pit opened in the southern end of a small
steep-sided spit. The gravel is trap, coarse, water-worn and loosely
stratified, with but little fine material in the interstices. Foreign
pebbles are rare. A well twelve feet below the top of the spit pene-
trated eighteen feet of gravel, reaching sand, into which it was no_
dug. If these figures are reliable, we have a maximum thickness of
gravel of about thirty feet. Traced northward through the woods
one-third of a mile, the gravel seems to extend continuously to the
road, being there exposed along the stream in a cut ten feet deep.
In this cut the gravel contains a noticeable element of clayey matter.
Gravel is also found in the orchard across the stream to the west. A

channel fifteen feet deep and about forty yards wide here seems to be
the measure of post-lacustrine erosion. The highest point of this.
deposit is at the south end, where it has an altitude_of 345 feet.

a 9. A mile and a half southwest of Liberty Corner, near the fork
of the roads, is a small spit extending southward from a knoll of trap.
The gravel is expos_ to a depth of three or four feet by the road-
side, where it is seen to be very similar to the trap gravel found at
the other localities. Its height is 344 to 347 feet, but water-worn
pebbles were noted southward along the road at an elevation of 350-
feet. This deposit is on the property of Thomas Maddock.

a 10. A mile northwest of the above deposit, near the house oi_
B. Anthony, there is a small deposit of loose trap gravel. It has-
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accumulated at a height of 349 feet, on the side of a 385-foot hill of
trap. The gravel on the surface is small and water-worn, and as
shown by a well, is eight feet thick where penetrated. Its location
at one end of a small trap hill is very significant of its wave origin.

a 11. A mile and a quarter south of Bernardsville three or four
feet of water-worn trap gravel is exposed for fifteen or twenty feet
along the road just north of the brook. The gravel is open, the in-
terstices not being filled with fine material. The gravel is so covered
by a layer of clay (one foot thick) that it is impossible to trace it
beyond the exposures. Its height is a little below the maximum
water-level as indicated by the terrace A 5.

a 12. In the vicinity of the corner, a half mile east of Bernards-
ville, and one mile north of Basking Ridge, is an extensive (for Lake

Pa_aie) wave-built terrace of gravel. Its greatest length, 2,400--+
feet, is along the road to Basking Ridge, and its greatest width is
1,500__: feet. The gravel reaches a maximum elevation of 367-9
feet. Along the roads north, east and south of the corner there are

exposures which show considerable variation in the constitution of
the gravel. In the cuts north and south of the corner the gravel is
made up largely of flat, disk-like pebbles of red shale, the once-
angular corners entirely rounded. A few pebbles of trap, gneiss,
slate and quartzite are also found. In the cut along the road toward
Madisonvil]e the gravel contains much less red shale and a much
larger percentage of trap pebbles. The gneiss, slate and quartzite
pebbles are also found. The gravel from this part of the terrace
affords much better road material than that which is made up largely
of red shale.

This terrace is built at the head of what was a small bay, the
headlands of which were, on the northeast, trap, and on the south, a
surface covered by earlier glacial drift and red shale. We find,
therefore, materials from each of these sources in the terrace. The

great development of this deposit, compared to most of those found
about the borders of the lake, is due (l) to its favorable situation for
accumulation--the head of a bay (see page 240), (2) to the promi-
nence of the headland of trap, (3) to the erodable character of the
drift and red shale, (4) to the wide sweep of the waves from the east.
A well near the corner penetrated fifteen feet of more or less compact
gravel and then struck "red clay," which may have been nothing
more than clayey shale. A depth of thirty feet of gravel has been
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reported.* This gravel lies mostly on the properties of James V.
Blazer and Calvin D. Smith.

a 13. Half a mile north of the above corner, in a shallow bay
north of the trap headland, is a small deposit of water-worn gravel,
mostly trap, but with some shale and gneiss. It is exposed to a depth
of six feet along the road_and_ in the amount of rounding and wear
which its constituent pebbles have suffered, it is in marked contrast to
the angular trap fragments above the lake-leveh The gravel does not
appear at the surface above 360 feet, but its upper limit is obscured
by post-lacustrine wash. It is on the property of Mr. Childs.

2. On the gneiss highlands.--b 1. A little northwest of the above
deposit, near the head of a small bay between the gneiss and trap,
is a small but distinct spit, whose shoreward margin has an alti-
tude of 371 feet, and whose distal end is 365 feet A.T. The

gravel is composed almost entirely of gneiss, with occasional pebbles
_f Triassic red shale, Hudson river shale and quartzite, but it
contains practically no trap. Since the trap hill is but a few rods
away, the absence of trap is significant of the direction of the waves,
which must have been from the northeast along the gneiss highland.
The littoral current set along this side of the bay, and, dropping its
load nearly at the head of the inlet, built this spit, which reaches
almost to the trap hill on the other side. Traced shoreward the spit
is continuous with a wave-cut terrace (B 1) thirty yams wide, the
outer edge of which is marked by a few gneiss bowlders, but upon
kvhieh no trace of gravel could be found. A pit has been opened in
the end of the spit, which is on the property of Mr. Childs.

b 2. A mile and a half northwest of New Vernon, near the pro-
longation of Mount Kemble avenue, Morristown, there is a wave-
built terrace near the head of a small bay. The material was
supplied from both sides of the bay ; from the gneiss on the north-
west more rapidly, because of the greater sweep of the waves along
this shore ; from the Triassic conglomerate on the south less rapidly,
for the opposite reason. Consequently the terrace is longer and
wider on the northwest side of the bay than on the southern side.
Its greatest length is 600 feet, its width 450 feet.

The constitution of the terrace shows to some extent the deriva-

tion of its material. On one side, gneiss sand and gravel predominate,
with occasional pebbles which were. derived from the Triassic con-

*_Annual Report+ 1892_page 183.
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glomerate. On the other side, the quartzitcs from the conglomerate
are more abundant and the gneiss pebbles proportionately less, but
since there is gneiss in the conglomerate, it is certain that a part
of the gneiss in the south portions of the terrace came from it.
Definite data as to the thickness of this deposit could not be obtained'_
but there is certainly a considerable body of it. The height of. the
upper edge of the gravel is about 380 feet, which in a small bay of
this size could hardly be more than two or three feet above the mean
lake-level. This terrace is about three-quarters of a mile northeast
of the McAlpine_Pyle property.

There are no other well-marked gravel deposits along the gneiss
highlands, although in a few localities scattered water-worn pebbles
or thin layers of sand and gravel have been noted. The best marked"
of these have already been described in connection with the wave-cub
terrace along Mount Kemble avenue. (B 2.)

3. Oh Zo_g Hill.--If water should rise to a height of 360___feet
about Long Hill, there would be formed a series of nine long, narrow
islands, rising to heights not exesedilg 125 feet, and in general sep-
arated from each other by narrow,shallow straits. Debris carried by
the waves and currents along the shores of these islands woulct
accumulate at their ends as spits, bars, or beds of gravel and sand.
By these deposits the islands would in time become connected, or at
least the channels between them would be diminished both in depth
and breadth. When the cols of Long Hill areexamined, beds of trap
gravd, or at least water-worn trap pebbles, are found at accordant
heights between each pair of the former islands. The presence of
these water-worn beds of locally-derived gravel in just the poeition_
where they might be expected to accumulate as the result of wave
action if the lake existed, at the proper height, and where their origin
by any other means seems impessible, is in itself a strong proof of
the existence of Lake Passaic. These beds, with a few others on
the sides of the several islands, will now be considered in detail.

c 1. In the lower part of the cemetery of Chatham, and just north
of the paper mills on the Passaic river, is a high, well.marked wave-
built terrace of sand and gravel. At its northern end it is continuous
with the wave-cut terraceat the north end of Long Hill. (C 1.) To-
wards the south it terminates in a short, spit.like projection. It is
composed of glacial gravel, derived from the till which covers this
end of Long Hill. At its upper edge.it is 369 feet A.T. From
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this point there is a gradual slope to 351 feet, where it falls off"more
steeply. This terrace can be traced for more than a third of a mile

along the side hill; it varies in width, being widest opposite the

cemetery (440___ feet), and narrowing northward. A good view of
this terrace can be had from the southeast, across the river.

c 2. Along the road half a mile further southwest there is another

but much smaller wave-built terrace, whose height is 372 feet. A

pit shows the material to be glacial sand and gravel. At intervals
along the road between this terrace and the last, traces of a wave-cut

bench in till, at an elevation of 369 to 370 feet, were observed.

c 3. A mile and a quarter west of New Providence is the sag
which separated the first island of Long Hill from the second,
counting from the northeast. At the southwest end of the first

island is a short but pronounced spit. Northeastward it is con-

Fig. 20.

nurie spit and surroundings represented by contour lines. The spit is near the center of
the map, extending just Eouth of west from the 360 line. Scale, three tnch_ to the mile.

tinuous with the wave-cut terrace (C 2) ; southwestward, the free end

terminates just back of Mr. Samuel Durie's house. From its upper

edge, about 350 feet, it slopes gradually to 335, and then plunges off"
steeplyforseventyoreightyfeet. From thelow hill,halfa mileto

thesoutheast,a good profileview canbe obtained.In thepitwhich

hasbeenopenednearMr. Durie'shouse,thematerialisseentorange

from finesand topebblessixinchesin diameter,with rarelya small
bowldera foottoa footand a halfin diameter.The finerconstitu-

entsareverylargelyof red shale,which alsocomprisesmuch more

thanone-halfthelargerpebbles,althoughfreshgneiss_redsandstone

(unidentified), quartzite, trap, greywacke and slate pebbles are more

or less common. The shale pebbles are disk-like in shape, and,
17
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owing to their abundance, the gravel as a whole has this character-
istic form. Since the pit is in the end of the spit, the structure is
well shown. Along the axis of the spit the beds are seen to dip in
the direction of the free end, whereas on the sides they dip outward,
forming what may be called anticlinal stratification.

Some of the layers are of fine, clean sand; others are of loose
gravels, the interstices between the pebbles not being filled; others are
of pebbles which are coated with a film of clay, and by this means
loosely cemented together. The clayey layers are in the upper half
of the gravel. The gravel of this spit is used locally (within a radius

"Fig. el.

Cro__-_ec_!on of the Durie _pit, showing the general tendency to anticlinal structRrc.
(Drawn from a photograph.)

of two or three miles) for road material, but, owing to the great
abundance of red shale_ whieh crushes easily, and then forms, in wet

weather, a sticky mud, it is not so good as the trap gravel.
c 4. Across the road from the spit just described, more or less

water-worn trap gravel is found up to a height of 363 feet. Faint
indications of a terrace were noted at about this height, but in the

absence of exposures it is impossible to make any definite statement
as to the amount of gravel.

c 5. Rounded trap pebbles can be found more or less continuously

along the inner (northern) slope of Long Hill for nearly a mile south-
west of this locality. Within this distance a ditch was found, which,

by chance, bad been dug for several hundred feet directly across the
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old shore line. This exposure was the more valuable in that the
surface did not show any topographical evidence of wave action, nor
were wave-worn pebbles abundant on the surface. Above an eleva-

tion of 36 t feet the material exposed in the trench was trap residuary,
the rock fragments being deeply decayed, angular, or but slightly
rounded by exfoliation. At 361 feet there was a change. The trap
residuary was succeeded laterally (lakeward) by coarse, water-worn,
rounded, more or less fresh-looking trap pebbles, the whole somewhat
stratified and containing occasional foreign pebbles. Farther out, the
gravel passed beneath fine sand, which was succeeded by gravel, and
that again by sand. A thin layer of clayey loam covered the whole,
effectually concealing the gravel, except where exposed in the trench.

This exposure was valuable for several reasons. (1) It proved
conclusively that some agent had been at work upon the lower part
of the slope, re-working and re-arranging the trap residuary up to a
certain definite point, above which it did not reach. The element of

height was the only controlling factor. Waves working at this height
could produce the observed phenomena; running water, either as
streams, causing surface wash, or percolating water, causing creep,
could not. (2) This exposure was valuable in that it furnished a
definite point by which to fix the lake-level (361 feet). (3) It showed
conclusively the fact that the absence in some localities of topographic
shore features, and of rounded gravel on the surface, does not militate
against the lake hypothesis; and (4) it furnished a strong presumption
that shore gravel has a much wider distribution than at first appears,
and that it has been buried in post-lacustrine time beneath a thin
layer of surface wash, sod and vegetable mould.

c 6. A mile northwest of Berkeley Heights station is a second sag
in Long Hill, in which there arc ill-defined deposits of trap gravel,
with some foreign pebbles. There are no exposures, so that the sur-

face indications are the only guides. The foreign Pebbles (berg or
Wave-transported) extend to 358 feet.

c 7. Half a mile south by west of this gap is a terrace at 311 feet,
at the western end of which is a short but sharply-marked spit, whose
upper edge coincides with the terrace, and whose distal end declines

to 270 feet, where it terminates in a steep slope. The gravel is largely
of red shale, but trap, gneiss, slate, grsywacke and quartzite are by
no means rare. As this spit and terrace are forty-five to fifty feet
below the maximum lake-level of this vicinity, they must be referred
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to a stage in the lake's history when the water was below its maxi-
mum level.

c 8. On the road leading over the mountain eastward from Long
Hill village, and a third of a mile from the same, is a small but
typical exposure. By the roadside, at an elevation of 360 to 362 feet_
are a number of large, rounded water-worn trap bowlders, in the
crevices between which are sand and fine gravel--exactly what would
occur where waves beat upon a rocky shore. Near here are also.

several outcrops of trap, the thin soil covering of which was probably
removed by the waves. In the fields for some distance on either side
of the road, scattered rounded pebbles were noted. The shore line
here is not marked by any considerable accumulation of gravel.

c 9. Just below the corners, halfa mile north of Stifling station, a

road gully shows one or two thin layers of fine trap gravel, which
seem to be referable to the lake. Their height (340) is below the
maximum level.

c 10. A mile west of this last locality there is a pit in a trap-

gravel deposit, on the properties of Patrick O'Rourke and Mrs.
Thompson. A few foreign pebbles occur with the trap, which is_
poorly rounded, but nevertheless distinctly water-worn. It is in no
wise different from the numerous other trap-gravel deposits abeady

described. Its upper limit is at 361 feet, and it is said to be forty"
feet deep, but this could not be verified.

c 11. A little west of this locality, a few rods beyond the corner

along the road to Basking Ridge, the trap gravel again forms a con-
tinuous bed at an elevation of 359 feet. The gravel can be traced

along the north and west sides of the hill lying just north of Milling-
ton station. The gravel reaches a height of 361 feet, and in places
forms an indistinct terrace. In the railroad cut on the west side of

this former island, the gravel is seen to be distinctly stratified, to be
about twenty-five feet thick, and to range from coarse sand to ill-
rounded cobbles five or six inches in diameter. Nearer Millingto_

station is an exposure of red sl_ale. On the part nearest the trap, the
shale is covered by one to three feet of trap gravel, which gradually

changes to shale gravel as it gets further from the trap. Although
this is one of the largest gravel deposits found, little of it is available
for road material, since it is located mostly upon improved residence

property.
On the hill to the west, across the gorge, rounded pebbles of trap
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were noted, together with a few of gneiss, as high as 355 feet, but
there are no considerable beds of gravel.

e 12. Half a mile south of Lyons station, along the road which
passes between two trap hills, is another pit in a bed of trap gravel
which accumulated in the shallow water between the two islands.

The deposit is not extensive, though its limits cannot be well made oat
for lack of exposures. In the pit, the gravel is seen to vary in thick-
ness from three feet to/nore than eight feet. The pebbles under one
inch in diameter are well rounded, but the angularity increases with
•the size. Where exposed, the gravel is obliquely stratified, though
the stratification is not especially distinct and contains no layers of
sand. It is now used to a large extent for road material. Its upper
limit, which marks very closely the a_tnal water-level_ is 361 feet
A.T. The deposit is on the property of Benjamin Runyon.

c 13. A mile southwest of the last, on the parallel road, is another
.bed of trap gravel, likewise in the narrow channel between two
islands. Its greatest length is in the neighborhood of 1,200 feet, and
"its width about three-fourths as much. In a pit toward the northern
•end the gravel attains a thickness of over eighteen feet. Here it is
almost entirely of trap, the pebbles ranging upward to six or seven
inches in diameterj but averaging less than two inches. Towards its
southern limits the gravel contains a noticeable element of red shale,
which was derived from the wave cut terracein the red shale a short

.distance to the east. (C 9.) This gravel reaches up to a height of
356 feet. It occurs on the property of Lawyer Zieglow and of
Dominie Bowers.

c 14. Half a mile north of Liberty Corner are two small hills of
_rap, whose crests rose just above the surface of the lake. At the
southern end of the northern one is a broad, flat-topped spit, about
300 yards long ancl200 yards wide. In a pit near the road there is
,exposed twelve feet of coarse(constituents ranging up to one foot in
diameter), poorly-rounded, obliquely-stratified trap gravel, the beds
of which dip outward towards the periphery of the spit. This gravel
pit is owned by Bernards township, and the material is used on the
roads. This spit is 348 feet A. T. at its highest point. A few rods
to the southeast is the other trap knoll, at the northern end of which
is another spit, which, at its end, coalesces with the one already
described. This spit is owned by Charles Greulock. Its gi'eateet
height is 342 feet A. T. Judging by the heights of the gravel
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beds to the east, mentioned above, and by the phenomena at the
outlet, these beds are eight to fifteen feet below the maximum lake
level in this region.

c 15. A little north of Lyons station, south of the fork of the
roads, is an extensive deposit of trap gravel, forming a wave-built
terrace, 100 to 150 yards wide. This is at the southern end of
what was a peninsula, and is a favorable point for the accumu-
lation of debris transported along its eastern' and southeastern sides.
The deposit is best shown in the pit at the crossing of the Basking
Ridge-Liberty Corner road and the railroad. Here coarse trap gravel'
is seen overlying and horizontally inter-stratlfied with coarse sand.
The pebbles average two to three inches in diameter, but range up-
ward to ten inches. Ninety-nine per cent. of the material is trap,
the foreigners being gneiss, slate and quartzite. :Five per cent. of the
larger and probably thirty per cent. of the smallest material might
be called well rounded. Most of the pebbles not included in thi_.
class show signs of wear. Those showing no signs of rounding vary
from fifty per cont. of the largest pebbles to only five or ten per cent.
of the smallest. The gravel here reaches a height of 364 feet.

Northward from this terrace, through the timber and in the culti-
vated land along the foot of the trap escarpment, rounded pebbles of"
local origin were observed in considerable numbers. As the red shale
at Basking Ridge is approached, the shale pebbles become more
numerous, and the trap pebbles become proportionally less abundant.
Water-worn shale pebbles were noted around newly-sot fence posts,
just back of Moore's hotel, although on the surface no signs of gravel
were to be seen.

c 16. Southwest of Moore's hotel, Basking Ridge, is a broad wave-
built terrace at the head of a small bay. From this point the terrace.
can be traced for half a mile northward on both sides of the railroad

track. The gravel was derived largely from the local shale, the peb-
bles being fiat, disk.shaped and covered with a thin film of fine clay.
Nothing is known as to its depth save that it exceeds six feet. North-
ward from this terrace rounded pebbles were noted at heights varying
from 360 to 365 feet, and in a ditch near the railroad station the re-
worked upper part of a bed of till belonging to an earlier ice invasio_
was seen. The lake level in the vicinity of Basking Ridge was very
nearly 367 feet A. T.
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Three other small deposits of shore gravel should be mentioned in
this connection, although strictly they do not occur upon Long Hill.

c 17. One of these forms a small terrace along the road to Madi-
sonville, half a mile northeast of Basking Ridge. The gravel is
largely of red shale material, and its height is about 285 feet A. T.

c 18. A quarter of a mile nearer Madisonville is an exposure of
red shale gravel twenty-five feet thick which probably owes its origin
to the lake, but which does not form a topographic shore feature.
Its height is about 291 ± 3 feet. Both of these deposits are signifi-
cant because of their relationship to the height of the gorge of the
Passaic at Millington.

c 19. The third bed of gravel referred to above not connected with
the higher stages of the lake, if, indeed, it is to be attributed to the
lake at all, is about one and one-third miles southeast of Basking

Ridge station, at an elevation of something like 260 feet. It is diffi-
cult of exact location on the map.

On the hills _ear New Vernon.--d 1. A quarter of a mile west of
New Vernon is a wave-built terrace ending in a small spit extending
southward nearly across what was, in the days of Lake Passaic, a
small bay.

The material is largely red shale gravel with some pebbles, which
may be from the drift or from the Triassic conglomerate of the
vicinity. The top of the spit has an elevation of 372 feet, and at its
end it i'alls off abruptly twenty feet. The terrace extends northward
to the road, where it is interrupted by a deep gully, beyond which it
can be traced more or less clearly for half a mile in a slightly sinuous
course to the northeast. In this direction it departs slightly from the
shore, and assumes something of a spit-like appearance, at the same

time declining a few feet in height. Much of the material is quartzite
from the Trias conglomerate, and where not too largely mixed with
red shale gravel, is valuable as road-making material. This deposit
lies partly on the Fairchild property, and partly on that of N. S.
Benbrook.

d 2. Along the road half a mile east by south of New "Vernon is
a small bed of red shale gravel at an elevation of about 370 feet. It
is not significant topographically, nor does it seem to be of great
extent.

d 3. A mile east of New "Vernonare five more or less topographi-
cally.distinct constructional terraces,which are clustered about a small
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hill of red shale rising ten feet above the lake-level. They are within
an area lees than a quarter of a mile square, but nevertheless show

alight variation in altitude, their heights being 370, 371, 373, 376
and 376 feet, respectively. This gives an average height of 373
feet. There are no exposures, but from surface indications the

material seems to be well rounded. It is composed of disk-shaped
red shale pebbles and sand.

d 4. At the three corners a mile north of these terraces is another

deposit of fine red shale gravel and sand. This is on the property of
F. F. Lippmann and is nearly continuous with a wave-cut terrace

just north (D 3), its elevation being 362 feet. There are no good
exposures, but the depth of the gravel is known to be at least eight
feet. It is eemewhat lower than the maximum lake.level at this point.

Along the southern faces of the New Vernon trap hills occasional
water-worn pebbles were found at altitudes of 360 to 370 feet, but
so far as could be made out in the absence of exposures, the shore line
is not here marked by beds of gravel.

d 5. A mile and three-quarters due south of the Morristown depot
is a spit-like deposit of trap gravel, at the northern end of the trap
ridge which extends northward from Green Village. Occasional
fresh gneiss and quartzite pebbles, derived either from the drift close

at hand, or borne in by floating ice, are found in the gravel, which
otherwise is composed entirely of poorly-rounded trap pebbles. The
gravel was noted on the surface up to a height of 381 feet, but the
indications from the topography are that the lake-level was about 376

feet. If this was the case, the height of the lake at this locality is
brought into accord with the heights of the nearest shore features to

the west. The longitudinal profile of this deposit is interesting.
From the highest point (381 feat) at which gravel was noled, the
surface declines thirteen feet in the first seventy-five yards (1 in 17),
fifteen feet in the next twenty-five yards (1 in 5), eighteen fee_ in
the next 125 yards (1 in 21), and then thirty-five feet in the last

asventy-five yards (1 in 6), beyond which the gravel is not pre_eat.
This profile seems to indicate a lake-stage twenty to twenty-five feet
lower than the maximum level of 375 feet. This spit is on the
property of G. E. Talntor.

d 6. A mile and a quarter south by west of the center of Morris-
town two hills, one of trap, the other of Triassic conglomerate, ri_e
to a maximum height of about thirty-five feet above the old lake-
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level. In the narrow strait separating them, there was laid down a
•leposit of gravel whose flat surface is now 373 feet A. T., and whose
length is about 175 yards. The greatsr part of this deposit of gravel
was derived from the trap hill to the east. The Triassic conglomerate
hill at the west supplied comparatively little. The quartzite pebbles
from the couglomerats are abundant only where the gravel bed joins
the conglomerate hill. A large pit opened in the trap gravel shows
Chat the material is ill-rounded, obliquely-stratified, coarse--the pebbles
averaging two or three inches in diameter, but ranging up to eight
inches--and more than twelve feet thick. This bed of gravel is on
the Spring Brook farm, and is a valuable body of road gravel.

d 7. At the western end of the Triassic conglomerate hill just
referred to, there is a deposit of gravel haviog a rude resemblance to a
spit in its early stsges of growth. This depesit is well exposed along the
road in the gravel pits owned and worked by the city of Morristown.
The gravel is almost entirely of quartzite pebbles, which have been
derived from the hill of conglomerate. They are well rounded, but
this is due primarily to pre-Passaic wear. Those pebbles which
were broken in the process of disintegration of the conglomerate,
chow little evidence of wear during their lacustrine history. The
upper layers are horizontally stratified, forming the "top-set" beds.
Beneath these, the strata are inclined we3tward towards the end of
the spit, forming "fore.set" beds. This structure clearly indicates
the method and direction of growth of the spit.

The stratified material certainly extends up to a height of 376 feet,
and possibly a little higher. The surface of the hill at heights much
above any possible wave action is strewn with quartzite pebbles,
resulting from the disintegration, in place of the Triassic conglomerate.
These pebbles are in every respect similar to those found upon the
wave-built spit. Beyond the limits of the exposures, therefore, it is
impossible to determine positively the extent of the wave-worked
gravel. Judging from slight topographic evidence, it probably does
not extend higher than 380 feet, and the lake-level was probably 377___
feet. The testimony of the three beds of gravel last mentioned, con-
sidering both their material and their position, shows conclusively
that in this part of the lake the prevailing direction of movement
of the shore drift was a little north of west.
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IIL Subaqueous Overwash Plain Bordering the Moraine.

The terminal moraine crosses the lake basin between Summit an_

Morristown, forming a ridge which in places rises twenty-five to*

seventy-five feet above the lake-level, but which in other places falls
below it. Between Chatham and Stanley there is a break in the

moraine a mile and a half wide, in which lles the northern end of

Long Hill and the valley of the Passaic river. Along its course

across the lake basin, the outer margin of the moraine is bordered by

a subaqueous overwash plain of goodly proportions. :From what has

already been said concerning the process of delta growth (page 237),
it will be remembered that the especial characteristics of deltas and

subaqueous overwash plains are a flat top_ sloping gently from

the head to the front, a steep front slope, a lobate margin with deep

re-entrant angles and projecting cusps, and a tripartite structure,
as seen in vertical sections, consisting of nearly horizontal beds at

the top, these underlain by beds dipping steeply towards the front,

which in turn rest upon horizontal layers of fine material. (See

:Figuro 19, page 239.)
:Near West Summit there are three prominent marginal lobes o_

the subaqueous overwash p]aln. West of Madison, the flat top of the

plain is a third of a mile wide, and has a fall of about ten feet, whereas

the steep front falls off sixty feet in one to two hundred yards. As
will be seen from the accompanying contour map_ which was pre-

pared from a careful survey of the plain, the cusps and re-entmut

angles are here very pronounced. (Plate V.) Southwest of Convent
station the plain is half a mile wlde_ decliniog twenty to twenty-five

feet from its upper edge at the moraine to its outer edge, where it

ends abruptly in a steep slope of about fifty feet in 125 to 150 yards.
Kettle holes, varying in size from shallow, saucer-like depressions

to huge sinks fifty feet in depth occur, although such large ones are
not abundant. Travelers on the Delaware_ Lackawanna and West-

ern railroad have a fine view of the largest kettle_ which lies just west

of the track, a third of a mile northwest of Convent station. The

railroad runs on this plain from Convent northwestward for a ml]e or
more.

The material varies from very coarse gravel containing large

cobbles down to fine sand. Layers of sand are often intercalated

between beds of coarse gravel. Lithologically the material is similar
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Plato V.

Subaqueou_ overw_sh pla|nfrom M_Ison toMorrL_town (8outbwestof the ra|lway),wlth a partof

th_ moraine (malnlyto the uol%he_t of tho railway).
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to that found in the moraine, and was derived from the melting ice.
No exposures were found which showed the complete tripartite struc-
ture_ nor were there found any extensive exposures showing both
fore-set and top-set beds, although one or the other were seen at a
number of places.

To fix the exact water-level in which these subaqueous overwash

or glacial delta plains were formed, is a matter of considerable diffi-
culty. In a general way it may be said that the line marking the
junction of the gently-sloping upper surface of the plain with its
abrupt front, marks the water-level. This general statement is cer-
tainly very near the truth. But when it is desired to fix the level of
the water exactly, or even within two or three feet it seems to involve
many inconsistencies to assume that this line marking the change of
slope corresponds accurately with the water-level. There are several
reasons for supposing that it does not.

1% It has been found that even where the change of slope is most

marked and can be accurately fixed, its heights vary three, five or
even seven feet within comparatively short distances_ that is, the line
of change from the top to the front is not a horizontal line but a more
or less irregularly-curved line. The water could not stand five or
six feet higher at one point than it did at another less than a hundred
yards away.

2°. But more than this. A consideration of the manner in which

a delta is formed shows that the pronounced change of slope must

mark the point where the bottom current of the running water
which is rolling the coarse gravel along its bed loses its momentum
when it reaches the deeper water of the lake. It would seem, there-
fore, that the steeper slope cannot, at a maximum, be built nearer the
surface of the lake than the depth of the current which at that par-
ticular spot is supplying debris. Since the depth and velocity of
each stream supplying the detritus is different at different points in
its crees-section, and since a subaqueous overwash plain or a glacial
delta plain is built by a number of streams or by the distributaries
from a single stream, the several streams having various depths and
velocities, we should expect the upper limit of the frontal slope to be
of various heights on adjoining lobes, and even to vary in height on
the same lobe. We must conclude, therefore, that the lake-level was
somewhat (perhaps several feet) higher than the highest of the
_cfronts," and that the water submerged the outer and lower part of
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the gently-sloping top. The depth of the submergence at different
points would depend on local conditions.

Just how far above the frontal slope the lake waters reached in
the area under discussion is problematical. Its position is not marked
by any llne on the surface of the plain. It must be fixed rather by
the interpolation of data from this and adjacent regions than by any
specific mark. On this basis, bringing in data from neighboring
wave-cut and wave-built features, it seems probable that (a) west of
Madison the lake stood at an elevation of about 373 feet, covering
nearly all of the plain whose outer edge is 362-5 feet; (b) that west
of Convent it stood at about 374 feet, the lower edge of the p]aln
being 356 to 364 feet and the upper edge 382 feet; (o) that at
Morristown it stood at about 376 feet, the greater part of the plain
here being but little below this level. Likewise, by the interpolation
of data drawn from other sources in the immediate vicinity, it is be-

lieved (d) that the lake-level at the subaqueous overwash plains near
West Summit was at about 367 feet, whereas here the outer edge of
the plain is only 345 to 350 feet, from which height the plain rises
gently to an elevation of about 380 feet.

Summary of Shore Features in the JE,ztra-Morainio ,Basin.

The wave-cut terraces and lake oliff_ are in general but poorly
developed. In numerous localities ill.defined terraces have been
observed at about the supposed lake-level, some of whleb, by their
close connection with more decisive and more definite forms, are

probably of lacustrine origin. The best marked of these are upon
Long Hill and the gneiss highlands, but, with all possible allowances,
it must be admitted that were the proof of the existence of I-_ke Pas-
saic dependent upon its wave-cut terraces, the theory of its existence
could not be stoutly maintained. There is uot a terrace in the extra-
morainic part of the lake basin the wave-cut character of which, taken
by itself, can be said to be beyond question.

The constructional forms are much more satisfactory. In a num-
ber of localities there are small but distinctly-formed spits, bars and

terraces, whose heights are closely accordant one with another. In
many more localities stratified beds of poorly-rounded, but neverthe-
less of distinctly water-worn gravel of local origin exist_ whieb_ al-
though not possessing a distinct topographic form, agree in height,
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material and structure with the better-defined forms. Where the

gravel is not present in beds, scattered water-worn pebbles of local
origin have been found at numerous places at the proper levels, and
there is good reason to believe that the shore gravel is much more
nearly continuous about the lake basin thau the surface traces indi-
cate. Nowhere have shore forms, beds of local gravel or scattered
water-worn pebbles of local origin been found above the limit at
which the waters of the lake could have been confined.

The composition of"these gravel beds, considered in relation to the
underlying and adjacent indurated formations, is most significant.
On Secondmountain--a great trap ridge--thegravel depceitsattriboted
to shore action, are composed almost wholly of fragments or pebbles
of trap, with only occasional foreign pebbles. The same is true in
the main of Long Hill. But on the south side of this ridge the red
shale occasionally rises to the former level of the lake. Where gravel
beds are found at such points, the shale has made the principal contri-
bution to the gravel. The Durie spit (c 3) west of New Providence is
an instance in point. Where the supposed shoreof the lake was against
a drift-covered surface, the gravei beds are composed of drift gravel.
The terrace (c 1) back of the paper mills at Stanley is an illustration.
In the vicinity of Basking Ridge deposits of trap gravel grade into
those of shale, as the supposed shore line passes the contact of the trap
with the shale. Along the gneiss highlands only two gravel beds were
found, both of which were largely of gneiss gravel and sand, and
local sources for the other constituents are at hand. The gravel de-
posits on the trap hills about New Vernon are mainly of trap ; those
on the shale are composed chiefly of shale, and those on the Triassic
conglomerate of quartzite pebbles, derived from the conglomerate
itself. Waves and shore currents are the only known agencies which
can develop beds of water-worn, stratified gravel sustaining this defi-
nite relationship to the adjacent and subjacent formations. The few
foreign pebbles in the gravel are not difficult to explain, though their
absence would be. They were derived from several sources. A few
may have been transported along the shore from the moraine, or from
the ice front, when it formed one side of the lake, by the combined
action of waves and shore currents. This would probably apply only
to the fresher pebbles found not far from the moraine. Others were
probably carried by floating ice to the various parts of the basin.
Where the ice meitsd or grounded near shore, they were incorporated
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in the shore deposits. The occasional large, fresh-looking bowlders
which arc now and then associated with these gravel deposits seem by
this means to find adequate explanation. At a number of localities

about the lake basin, reaching considerable heights above it, deposits
of sand, gravel and till are found which present evidence of great age.
Beds of drift similar in composition to these and sometimes continuous
with them are found within the lake basin. These are believed to

belong to the invasion of an ice-sheet much earlier than that which
formed the moraine.* This pre-morainie drift was a third source of
the foreign material found in the shore deposits.

The topographic situation of some of these shore deposits of gravel,
taken in connection with their composition, is such as to admit of no
second interpretation. Generally speaking, they occur along a hori-
zontal belt at a definite elevation, either (a) on the slopes of higher
lands, or (b) in the passes and cola between them. Above this definite
level gravel such as is here described does not occur. Below this
level such beds of gravel occur at various points as might have been
formed during the later stages of the lake's history, when its level was
sinking and its area diminishing. The gravels under consideration
were deposited by waves and shore currents. Since they do not occur
outside the Passaic basin the waves and currents must have been those
of a lake.

There are certain deposits of gravel about the lake basin which are
not to be confused with those here discussed. These gravels are so
distinct from those of the lake shore, that even the tyro need not be
confused in their discrimination.

A careful study of the shore deposits, particularly their relations to
headlands of rock and wave-cut benches, gives us some knowledge of
the general direction of the waves and shore currents. On Long Hill
the shore drift traveled in general couthwestward_as is shown by the
high terrace near Stanley (o 1), the Durie spit west of New Provi-
dence (e 3), and the spit northeast of Gillette (c 7). On Second
mountain a general direction cannot be made out. Some of the de-
posits, notably the one south of Union village (a 2), were derived
from the southwest ; others are found to the west or southwest of the
sources of supply. Near Basking Ridge the material was carried
southward, as shown by the red shale deposit south of the depot

*Annual Report of the State Geologist of .New Jersey for 1891+ pages 102-111 ;
1892, pages 60-72.
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_c 16), and the trap gravel at the south end of the ridge near Lyons
(e15). The three deposits (dS, d6 and d 7) a mile and a half
south of Morristown were clearly formed by westward-moving
current.

Three particularly favorable classes of localities for deposition can
be made out. These are---1 ° , in the shallow, narrow straits between
islands, the numerous deposits along Long Hill being the most marked
examples ; 2°, at the ends of islands or peninsulas where the shore
currents (a) kept their course and velocity as the island was passed,

spits being the result, the Durie spit west of New Providence (c 3)
being a good example; or (b) where the shore currents lost their
velocity by spreading, in which event terraces were formed ; the ter-
race just north of Lyons station (c 15) may serve as an example;
3 °, at the heads of small converging bays, where terraces of consider-
able extent were sometimes formed. The terraces west of Basking
Ridge (c 16), east of Bernardsville (a 12), and a mile and a quarter
northwest of New Vernon (b 2), are good examples. Other instances
may be seen upon the map accompanying this report.

Finally, the subaqueous overwash plain along the whole outer
margin of the moraine,so far as it lies within the lake basin, is indis-
putable evidence that a large body of standing water onceoccupied the
low ground to the southwest, the height to which it rosebeing approxi-
mately marked by the outer edge of the gently-eloping upper surface
of the plain. The depositional shore features of the extra-morainic
part of Lake Passaic are therefore regarded as demonstrative of its
existence in this part of the basin. In view of this demonstration,
much weight may be attached to the possible wave-cut terraces and
accompanying cliffs heretofore described.

The extent to which most of the extra-morainic constructional

features of the lake are developed, and they sti]l retain essentially
their original form, is so moderate that the conclusion seems certain
that the history of the lake was a brief one. The spits_ for the most
part_arc no more than well started. The terraces are narrow and
often ill-defined. The beds of gravel are nowhere very thick or ex-

tensive. The very considerable subaqueous overwash plain along the
morainemightbeofveryrapidconstruction,sothata longperiodof
timeisnotdemandedforitsgrowth.

Deltc_ in the e_tra.moralnle part of the /ake.--Apart from the
glacial drainage, the streams which emptied into Lake Passaic were
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generally small and short. Those on Second mountain could not

have been more than a mile long. On the gneiss highlands they
were larger, but nevertheless were of slight importance. Whippany
river was probably the largest of these. Careful search failed to tho_r
any traces of deltas at the months of any of these streams. The
Whippany valley, from Morrlstown to Brookside, was examined with
great care. This valley was either filled by an independent lake, if"
the ice blocked the mouth of the valley at Morristown, or by an arm
of Lake Passaic. No traces of shore lines arc to be found, nor were
any remnants of a delta observed.

The absence of fossil deltas, not only here, but at the mouths of all
the tributaries to the lake, seems to substantiate the conclusion reached
from other lines of evidence that the lake was short lived. The drift

supplied by the streams was not more than could be handled by the
waves and incorporated in the shore drift.

B. ISTRA-_ORA_IC PORTmN OF T_E BASIN.

The intra-morainic portion of the Passaic basin differed from the
extra-morainic in certain essential features. Since it was occupied by
ice for a portion of lacustrine time, its lake history, if such there wasp
must have been briefer than that of the extra-morainic portion.
If shore features were formed in the interval between the closing
of the pre-glaeial outlet and the advance of the ice to the line of the
moraine, they stood good chance of destruction by the ice as it advanced
to its extreme position. Only those shore features which were formed,
after the ice retreated from the moraine, and before the old outlet
across the trap ridges was re-opened, could be expected to remain.
In so far as this period was shorter than that of the lake as a whole,
we should expect the shore features to be less strongly developed than
outside the moraine. On the other hand, since the glacier left thick

deposits of sand, gravel and till on the sides of the basin, upon which
the waves could readily work, and since an enormous amount of
loose material was furnished to the waves directly from the melting
ice, constructional terraces, spits, bars, &c., could have been rapidly
constructed under these favorable conditions. The abundant supply
of shore and glacial stream drift might even more than compensate
for the short life of this part of the lake.

There is another and essential difference between the two parts of
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the lake basin. Since the ice filled the Jaffa-morainic part of the
basin, and covered all the surrounding country, deposits of more or
less rounded and water-worn gravel are liable to be found at any and
all elevations. The mere presence, therefore, of such deposits, even
at elevations accordant with the shore lines, cannot be regarded as
evidence in favor of the existence of the lake. Unless they possess

the structure and the topographic forms characteristic of shore de-
posits, they cannot be of value in the present discussion. With these
general considerations in mind, the possible shore features of this part
of the basin may be considered in detail..

I. Possible Wave-cut Terraces and Lake Cliffs.

1. On the moralne.--F 1. Three-quarters of a mile south by east of
Madison station is a broad terrace on the inner face of the moraine,

above which the morainic topography, although gentle, is more
strongly marked than below. This terrace is covered by a few feet
of fine sand, which in a shallow road cut is seen to rest upon till.
This bench, whose upper edge is 352 -4- feet, and whose lower limit
is about 340 feet, is probably about twenty feet below the maximum
watsr-level. This terrace can be readily traced for half a mile or

more to the southeast, being most distinctly marked upon the slightly-
projecting headlands of the shore. In places the terrace is strewn
with bowlders up to four and five feet in diameter. The bowlders
are most abundant near its upper edge.

F 2. One mile northwest of Madison_ also, on the inner face of the
moraine, there is a bench which can be traced for three.quarters of a
mile. It is generally more than a hundred yards wide, and is markeff
at its upper limit by a distinctly-steeper slope, which, however,
is nowhere developed sufficiently to be called a cliff'. In places the
distinctness of the bench has been increased by grading and terracing.
Above this terrace, whose upper edge has a height of 354 feet, the
morainic topography is generally distinct, although often not strong,
whereas it is very obscure or altogether wanting below this level.
This same terrace was observed a mile further north on both sides of

the east and west road, but it cannot be traced across the interval.

Continuing northward, the bench is lost in the morainic topography
in the woods, but it begins again some distance south of the Morris-
town-Afton road, and can be traced to this road. Here its upper

18
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edge has an elevation of 356 to 359 feet, about twenty feet below the
maxlmum lake-level.

F 3. North of the Morristown-Afton road a higher terrace begins.

This can be traced, with but little interruption, to the M'orristown-
_Iouroe road, a distance of more than a mile. This terrace varies

trom 100 to 300 yams in width, and is bordered much of the way

by a lake cliff, fifteen to thirty feet high. Above it the moraine

topography is strongly developed, while below it is almost entirely
wanting. The upper edge of the terrace varies from 372 to 369 feet,

averaging fourteen or fifteen feet higher than the lower terrace to the
south, and being four or five feet lower than the estimated water-level
at Morristown.

The 354.foot terrace, so clearly marked towards Madison, could

not be made out on the outer face of this higher terrace, nor was the
higher terrace observed further south above the lower. The terraces

do not pass into each other, but on the contrary are distinctly at

different levels, where their ends most nearly approach each other.
F 4. Across Whippany river, a mile west of the end of the higher

terrace just described, another terrace occurs. Along its upper edge,

which has a height of 360 to 362 feet, it is bounded by a steep,

cliff-like slope, ten or fifteen feet high. The surface of the upper

part of the terrace is strewn with bowlders. Its lakeward slope has
a gradient of one foot in sixty. Above the summit of the cliff the

country is nearly fiat, and during the maximum lake stage was at

lake level, so that the waves here had no opportunity to cut a terrace.

The width (100 to 300 yards) of these terraces on the inner face of

the moraine is considerable for so small a lake, and for one having so
brief a history. But there were several favoring conditions for their

rapid development. The waves worked upon incoherent materials,

largely sand and gravel. The terraces are so situated as to have been
exposed to a considerable sweep of waves, particularly towards the

later stage of the lake period, when the ice had almost withdrawn

fro_l the lake basin ; and finally, when waves cut a terrace upon a

._ently-sloping shore, the lower edge of the terrace may pass almost
insensibly into the original slope, and so the width of the wave-cut

portion may seem to be much greater than it really is. It is quite

probable that only the shoreward parts of the above terraces are

really wave-cut.
F 5. Half a mile north of the terrace last described and at the
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eouth end of the high hill between Morristowu and Littleton is a
gravel-covered terrace at a height of 378 feet, and a steep cliff"above.
The terrace is fifty yards wide, declining fifteen feet in this distance.
It is terminated ]akeward by a much more abrupt slope. Westward
this terrace ends in a spit to be described later. It can be traced
eastward around the end of the hill and northward through the
woods for a mile and a half. For much of this distance the cliff is

steep and clearly marked, but it declines in height asthe general slope
of thehill inwhichtheterracewascutdiminishesinsteepness.The
terraceatthesame timebecomeswiderand lessdistinctlymarked.
_[tscontinuityisseveraltimesinterruptedby ravinesand valleys.
Halfa milesouthofLittletonthecliffisagainwellmarked,facing

a broad,gently-slopingfillplain,theupperedgeof whichisthickly
bowlder-strewn.Itsheighthereis376 feet,a littlelessthanthe
heightfurthersouth.Not farfromthenorthernendofthisterrace,
_ud undoubtedlycloselyassociatedwithitinorigln_isa emallspitat
382 feet.To thisreferencewillbe made later.Justeastof this

_pitisa gently-sloping_bowlder-strewntillfiat,whoseheight,365±
feet,bearsthesamerelationtothetopofthespitasthelowerter-
racesbetweenMadisonandMonroebeartotheupperbenches.
From LittletonnortheasttoPomptonno wave-cutcliffsorterraces

exist,but constructionalforms are presentin greatabundance.

Neitherwereany wave-cutfeaturesfoundupon thecurvingtrap
ridgenearWhitehall.BetweenSummitand Caldwella fewobscure
benchesof doubtfullakeoriginwerenoted. Thesewillnow be
brieflydescribed.North of Caldwellno wave featurescouldbe
found.

2. On Seooud mountaln.--H 1. Three-quarters of a mile southeast
_f Northfield, above the house of Mr. Christian Rimbeck, is a sharply-
marked bench possessing many of the characteristics of a wave-cut
_errace. It is one hundredyards wide with a ]akeward slope of twenty
feet between its lower and upper edges, which are at heights of 340
:and 360 feet respectively (hand-level). The accompanying cliff is
.conspicuous,and bowlders large and small arescattered on the surface
of the terrace at its foot. The cuter edge of the bench is marked in
91aces by accumulations of sand and gravel. Its length is about 750
yards. Southward it ends abruptly, without apparent cause, and
northward it falls away to a lower and wider flat. This failure to
holda constantlevelcastsdoubtupon itslacustrineorigin.Just
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north of the road leading east from l'qorthfield a faint bench and cliff
were noted, the height of which is about 360 feet (hand-level).

H 2. Beginning three-quarters of a mile east of Livingston, just
south of the road, a bench can be traced southward more or lees con-
tinuously for more than a mile, to the next road. :For part of this
distance it is limited by a distinct cliff, at the foot of which the ter-
race, fifty to one hundred yards wide, is more or less strewn with
bowlders. As determined with a hand-level from the nearest bench-

marks, its upper margin has an elevation of 358 to 360 feet.
K 1. Southwest of Livingston, along the eastern face of Riker's

hill, there is a bench which is perhaps referable to the lake. It ap-
pears first in the Livingston cemetery, where it has a height of about
375 feet. Southward it increases in distinctness, and its surface is
covered with sandy loam. At the same time it decreases somewhat in
height, being only 367 feet half a mile south of the cemetery. Since
these measurements were made with a hand-level there is a possible
error, but making allowance for this, the bench seems to depart too
much from horizmtality to be confidently referred to the lake.

Summary.--On the inner face of the moraine between Chatham
and Littleton there are discontinuous terraces in the drift, often of

considerable width. In places they are bowlder-strewn, and limited
above by sharply-defined cliffs. These benches belong to two sets of
elevations--the one fourteen to eighteen or even twenty feet lower
than the other. The upper is generally the most sharply deftned, and
has the steeper cliff. It is well shown at the southeast end of the
high hill between Morristown and Littleton, and also south of
Monroe. The lower set is developed midway between Chatham and
Madison, between Convent and Madison, and also northeast of
Morristown. These are probably lacustrine in origin. Ou the
eastern shore of the lake, between Summit and Caldwell, particularly

east and southeast of Livingston, benches have been observed which
in some respects resemble wave-cut terraces. Even if lacustrine, they
can hardly belong to the maximum stage of the lake. Elsewhere,
save the doubtful caseon Riker's hill, no benches were observed which
can be regarded as lacustrine. These poesib]e wave.cut terraces
would in themselves be an insufficient basis for affirming the exist-

ence of a lake in the iatra.moraioio part of the Passaic basin. Taken
in connection with other lines of evidence to be hereafter adduced,

the foregoing terraces have corroborative value.
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1I. Constructional Shore Features "Within the Moraine.

l. On th_ morains.--f 1. During the lake period the high hill mid-
way between Littleton and Morristown formed the northern headland
of a curving bay a mile in width. At the head of this bay is a small,
Wave-built terrace, sloping gently to the southeast, and connected
with higher ground to the northwest. Its upper limit is 315 feet,
and its lakeward slope is eight or ten feet in a hundred yards. A
few hundred yards east of this terrace is a spit two hundred yards
tong, forty yards wide at its free end, bat increasing in width north-
ward to its junction with a wave-built terrace, which rapidly passes
into the wave-cut terrace at the south end of the hill.

The spit rises eighteen or twenty feet above the low ground around
it. At its free end the height of its surface is 869 feet, which in-
creases to 378 feet at its upper limit. This spit, which is on the
property of John Pearson, furnishes much gravel for use on the
roads. The material, as is the case in all the constructional shore
features of this half of the lake, is glacial sand and gravel. This spit
is shown in Figure 23.

f 2. Just west of the three corners, half a

mile south of Littleton,is a flat-topped spur
of sand and fine gravel, having an elevation
of 382 feet. Its form strongly suggests
a lacustrine origin. Its height, and its
close association with the .wave-cut ler-

race along the side of the hill to the
southeast, gives weight to the suggestion. Fig. as.

Spit on the face of the too-
The association of these two spits with ralnemidwaybetween.',for-
the wave-cut terrace, the first (f 1) at the rLsto,_nandLtmeton.Scale
southwestsru end of the terrace end the tbreeluchestoouemile.

_econd (f 2) near its northern end, is a characteristic combination
of shore phenomena.

f 3. A mile northeast of Littleton, along the road to Boouton, is a

gently-undulating plain of sand and grave], containing some bowlders,
and passing, at its upper edge, into the moraine. The elevation of
this plain is about 380 to 385 feet, and although its form does not
point positively to a lacustrine origin, it seems most probable that it
is the result of the combined cutting and building action of the waves
working upon stratified drift. Towards the northeast this plain
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merges into a broad, fiat-topped, spit-like ridge of gravel and sand_
over a mile in length. Its crest is followed to its end by the road to_

Parsippany and Boonton. Where the road to Tabor turns off from
the Boonton road, the ridge is broken by a gap which does not appear
to be due to erosion subsequent to the development of the ridge, but
to lack of development at this point. The average height of the
part connected with the terrace is 360 to 370 feet, while that of the
isolated portion is ten feet higher. In front and beyond the distal
end of the isolated portion there is a lower terrace, about 350 feet in
height, or eighteen to twenty feet lower than the higher ridge at this
point. In view of the fact that this ridge is many times larger than
any well-defined spit in the lake basin, and in view of the fact that it
is interrupted by a gap across which material could not be transported
by waves and littoral currents, it is not probable that this ridge is a
spit, in any proper sense of the term. It does not seem to have bee_
due primarily to lake sgencles. It may, however, well represent
ridge or kame, or line of kames, more or less re-shaped by the waves.
Unfortunately, the structure is nowhere well exposed, so that this
hypothesis could not be tested.

2. On the gneiss Mghlands.--g 1. A mile north of Parsippany there
is a gently-sloping, slightly-undulatory plain of sand and gravel,
having an area of a quarter of a _quare mile. It has the lobate
margin, steep front and re-entrant angles, characteristic of a glacial
delta, i. e. a delta formed in standing water in immediate connection
with the ice, the detritus being nupplied by a glacier stream. The
lobes of this glacial delta rise abruptly thirty feet above the lower
land to the south and west. Northward the plain passes into an
irregular kame area, the site of which, it is believed, was occupied by
the ice during the formation of the delta. To the south there are
number of large kames, which were probably formed before the ice had
retreated to the kames north of the plain, and which, therefore, ante-
date the plain. The southern limits of the plain seem to have grow_
out to, and to have partly encroached upon the nearest of these kamee.
The general level of the plain is 396 feet. The ends of the lobes vary
from 390 to 394 feet. From these figures the water-level woul_

appear to have been about 394'or 395 feet. The kames south of the
plain must therefore have all been submerged during the maximum
lake stage. On some of them, traces of terraces at about 362 feet
were observed, although they were not very definite.
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g 2. Between Boonton and Montville, southeast of the canal, there
is another glacial delta having an average width of three-eighths to
one-half a mile, and a length of two miles. The surface is gently
undulatory but perhaps not more so than is possible for a plain built
in immediate connection with the ice front by a number of streams
of varying velocities and volumes. The ice, too, may have co-operated,
at least passively. The height of the outer margin of the plain at
the top of' the steep frontal slope varies between 381 feet and 399

feet, with variations of ten or twelve feet within thirty rads or less.
In general, however, there is a rise of the margin towards the north-
east. The general level of the plain is under 400 feet, and the water-
level, so nearly as it can now be determined, was about 394 or 395
feet at the Boonton end, and probably a little less than 399 feet at the
Montville end. Towards the upper limits of the plain, near the canal,
bowlders become more numerous and the surface is more irregular.
Patches of till are also present, apparently indicating that the ice lay
on the higher ground to the northwest during the formation of this
delta plain. If this were the case, the general slope of the surface of
the plain would be away from the ice towards the lake, and the inter-
nal structure should have a lakeward dip.

A single small pit was found on the Boonton plain, which showed
that the beds at that point dipped northward, nearly opposite to the
direction which would have been expected, if the plain was built from
the northwest as supposed. But it is unwise to a_sume that this is
the normal dip for all the beds, or indeed that it is the usual direction
of dip. Particularly is this true since other features of the plain,
i. e., for example, its surface slope and its lobate margin, and the un-
mistakable structure of neighboring plains, all agree in the suppo-
sition that the ice lay upon the high land to the northwest, and that
the plains were built from the edge of the ice outward into the lake.
The difficulty presented by the direction of dip at the observed ex-
posure may be met hypothetically as follows : If the plain was built,
around and over a number of pre-existent kames, its surface might;
be more or less hummocky provided the kames were not completely
buried. In this case the internal structure of the plain might be
more or less confused and discordant, as the material was washed
irregularly into the depressions between the kames. Besides this, the
beds of a kame might dip steeply in a direction opposite to the gen-

• eral dip of the beds of the delta plain proper, and a single small
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excavation might reveal only the kame beds. From such an exposure
it might seem that the plain bad been built towards the highland,
after the manner of a terrace formed in the angle between the side of
a valley and stagnant ice occupying the low ground, even though
this was not the fact. If this were the case the general dip of the
beds would be towards the hillside if the material was derived from

the melting ice.
The lobate front of the Boonton delta plain is well developed, the

projecting lobes being sharply defined, falling off steeply fifty to
seventy feet. The re-entrant angles also are clearly marked. Post-
lacustrine erosion has in some cases undoubtedly increased their
distinctness, but at many points they seem to preserve essentially their
primitive forms. Along much of the front of this delta plain, there
isa lowerterrace,theheightof whichisabout320 feet(hand-level).
At variousotherpointsalongthelakemargin,a seriesof terraces
aboutseventyfeetbelowthemaximum shorellnehavebeenobserved.

Thesewillbementionedintheirappro-
priategeographicalposition,buttheir
exactrelationshiptothehigherterraces,
structurallyand chronologically,will
notbe considereduntilthehisloryof
Lake Passaicisconsidered.

g 3.Justnorthof bIontvillethere
isas perfectan exampleof a glacial
deltaascouldbedesired.Itisrepre-
sentedin contourin Figure24. Its
areaisabouta quarterof a square
mile.Itssurfaceisnearlyflatsave
foran occasionalshallow_saueer-like

depresslon_and a gentleslopefrom
northtosouth.Itsdistlnctly-marked
lobesriseseventyto ninetyfeetabove

_"l_.u4. the irregular kame areas toward the
Topographic map of the Merit- south. The Delaware, LackawannavE]o delta. Scale three lnche_l to

_hc,_le. and Western railroad skirts its south-

ern edge at the foot of the lobes, cut-
ting directly across the end of the southernmost projection. The
upper fifty feet of this section shows cross-bedded sand and gravel
dipping towards the end (south) and sides of the lobe. This exposure
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is so large that there is no hesitation felt in asserting that this lobe
and the delta of which it was a part, were built from the north.
Beneath this fifty feet of gravel is one to six feet of clay and fine
sand. The laminae of the clay are thin, one e_ghth to one.sixteenth
of an inch in thickness, and separated by thin, sandy partings. As
seen in eection the clay and sand layers are borizonta], but they may
have a slight southward dip. The clay, to all appearances, is exactly
similar to that found at numerous low places in the lake besin, and

regarded as undoubtedly lacustrine. Towards the sides of the lobe,
the clay layer is succeeded by coarse sand and gravel stratified parallel
to the side slops of the present surface. Beneath the clay there is
more sand and gravel, the fine sand being stratified horizontally, the

Fig, 25,

Montvllle delta, as seen from the southeast, three-quarters of a mile distant.

coarse materials irregularly bedded as in a kurus. The coarse, irregu-
larly-bedded gravels probably represent a kame, around and over
which were deposited the finer materials supplied by the glacial drain-

age which entered the lake half or three-quarters of a mile to the
north. In time, the margin of the lake was so filled up by the coarser

materials deposited nearer shore, that the streams came to drop their
coarse material further out on top of the fine deposits, made at an
earlier time. Since there are no stratified deposits on the slope of

the hill north of the delta plain, and since the slope of this hill shows

no signs of river channels cut in the till, we conclude that the streams
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which built this delta mast have been short, and that the edge of the
ice must have been very near the head of the plain.

The heights of the margins of the different lobes vary from 388 to
895 feet, and the plain ascends gradually to a height little above 400
feet. The water-level seems to have been about 397 or 398 feet. On
one of the lobes there is a faint indication of a terrace at about 32_

feet, but no corresponding signs were found on the others.
Across the road just west of the northern end of this plain there ia

a small lobe _yhoseheight corresponds very closely with that of the
larger plain. This may properly be considered as a part of the larger
plain isolated in construction, and further separated by ereeion.
Figure 25 is a sketch of this delta drawn from a photograph take_
from a hill thrce-quarters of a mile to the southeast.

g 4. Half a mile northeast of the Montville delta is a small and
not very well-defined terrace, which may have been built in standing
water. It is more or less kame-like in places, and its origin is not.

Fig. 26.

The dell_t near Jacksonville school.house, one and three-fourth miles north of Whitehall,
_ht_wl_ In co.tour. Scale three inches to the mlle.

certain. If it is to be referred to the lake, which may be fairly ques-
tioned, it seems to indicate a stand of the water at about 370 to 380
feet. There is also a faint indication of a terrace on the northeastern

side of the _fontville delte, at about the same level.
g 5. With the above exceptions there are no tracesof shore lines in

the first two miles northeast of the l_¢[ontvilledelta, bat at the three
road corners, a mile and three-quartersnorth of Whitehall, there is a
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small and well-formed glacial delta, represented in contour in Figure

26. This may be called the Jacksonville delta, from its proximity U>
the Jacksonville school-house. In some respects this delta is the
most significant in the lake basin. The top has very little slope until
the brow of the lobes is reached, where there is a sudden change, and'
on the south an abrupt fall of fifty feet. Northward, towards the
head, the surface becomes slightly undulatory, and at length breaks.

up into low kames north of the sink represented in the figure. The
northern margin of the delta plain is marked by wide re-entrants be-
tween which are narrow, cusp-like lobes of gravel and sand. The
slopes are kame-like and bowlder-strewn. The limit of the bowlders
towards the front of the delta is nearly coincident with the limit of

undulations of the surface, although an occasional bowlder is found'
upon the plain proper. The topography of the head of the delta
makes it clear that the ice stood at this point while the delta wa_

being formed, and that when the ice melted, the head of the delta wa_
left unsupported, and the sand and-gravel slipped and settled down
irregularly.

It is only for a narrow strip on the northwest side that the delta
abuts against higher ground. Directly south of the delta front are a
number of kames which just escaped burial beneath the advancing
delta.

The heights of the crests of the different lobes are 408, 407, 40@
and 398 feet, the lowest lobe being as clearly and sharply defined as
the higher ones. The general level of the plain is about 410 feet,
and the height of water must have been between 408 and 410 feet.

No lower terraces were found upon the slopes of this plain nor

upon the slopes of the neighboring kames.
g 6. A mile southwest of the intersection of the New York and Green-

wood Lake railroad with the New York, Susquehanna and Westeru r
near Pompton, there is a striking sand and gravel terrace built against
the steep slope of the highlands. It is traceable for nearly a mile.
Its height is between 335 and 340 feet (hand-level), and it rises by
steep slope over 100 feet above the level plain to the east. The ter-
race varies in width from 100 to 150 yards. The face of this terrace is.

in part lobate, after the manner of the front of a glacial delta. There
is, however, some question as to whether this terrace ought to be re-
ferred to Lake Passaic. It possesses certain features which make it_
seem probable that it was formed in the angle between the gneiss
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highlands and stagnant ice occupying the valley, the material being
supplied by the ice. So far as could be determined with a hand-level,
its surface, at least in part, slopes gently towards the highlands,
whereas if it had been built out into a lake from the land, the surface

slope should be in the other direction. Further than this, the topo-
graphy of its eastern face strongly suggests, in places, the slipping
and settling which would occur by the melting of a supporting wall
of ice. Unfortunately the internal structure is nowhere exposed, and
it seems impossible to decide definitely between the two possibilities
of origin. The height, 335 to 340 feet, accords fairly well with the
faint lower terraces near Boonton and Montville.

g 7. Half a mile southwest of this terrace there is a large, isolated
kame of coarse sand, gravel and bowlders. On the east side, about
forty feet below the summit, at an elevation of about 340 feet, is a
narrow, wave-cut (?) bench, which at the south end of the hill passes
into a short, narrow, flat-topped, steep-sided, spit-like ridge. The
fact that this bench and spit are probably due to wave action would
seem to make it probable that the terraces nearer to Pompton are also
to be connected with the lake.

North of Pompton no traces of shore lines were observed, nor
were any seen upon the trap hills on the east side of the Pompton
plains. This is to be expected, since by the time the ice had melted
back as far as Pompton the outlet at Paterson would probably have
been open.

3. On and near Second mountaln.---Shore features are not so well

developed on the eastern shore of Lake Passaic as on the western,
hut there are enough to make it possible to fix the position of the
shore line with some accuracy.

h 1. At Upper Preakness is the largest and most typical glacial
delta plain found within the lake area. Its surface is nearly fiat.
Its margin is strongly lobate, falling off abruptly fifty to fifty-five
feet. Its area is about a square mile. Its altitude at its front is from
_30 to 335 feet, from which elevation its surface rises gradually for
nearly a mile, to 360 feet. To the northwest, the plain abuts against a
strongly-marked kame area, the knolls of which rise to 420 feet. On
the northeastern side, the plain falls off very abruptly eighty feet, into
a swamp. The margin here presents, to a slight degree, the concave,
steep, and billowy appearance characteristic of deposits built against
an irregular ice front. The material of which the plain is built

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 285

variesfromfinesandtocoarsegraveland cobbles,but bowldersare
uncommon,oraltogetherwanting.
Justnorthof thisplainisa moraine-likekame belthalfa milei_

width. The hillocksareofcoarsematerial,and ingeneralthickly
strewnwithbowlders.DuringthetimethattheUpper Preakness
deltawas beingbuiltbyglacialstreams,whichflowedintoa lake
whosewatersstoodata heightof between335 and 340 feet,the
•kame beltwouldseem tohavebeenformingjustbeneathandatthe
irregularmarginoftheice.A largeicemassperhapsoccupiedthe
areaoftheswamp justnorthoftheplain.
h 2._Iorthof thekame beltisanotherbutmore irregularplain

of sandand gravel.While itwas probablynotfashionedentirely
beneathwater,andperhapsnotprincipally_itssurfacestillseemsto
havebeenmore or lessmodifiedby theactionof standingwater.
Batthisisnotbeyondquestion; tohaveextendedoverit,LakePassaic
musthavehadan elevationof about412 feet.The surfaceof this

plainisnotstrewnwithbowlders,andinthisrespectitisinmarked
contrastwith the half-buriedmoraine-likekames which,nearits
southernmargin,_:iseaboveitssurface.The evennessof thesurface
of theplainisfm:therbrokenby numeroussinksandhollows,which
may finda partialexplanationintheunequalsettlingof thesandand
gravel,duetothemeltingof blocksof iceincorporatedin thesand
andgraveloftheplainduringtheirdeposition.The heightof this
plainaccordswiththeheightoftheJacksonvilledelta,whilethatof
theUpper PreaknessplaincorrespondstotheterracesnearPompton_
andthelowerbenchesnearBoontonand Montville.The relation-

shipofthe412-footplain,tothemoraine-likekame area,onitsouter
margin,issuchastostronglysuggestthatitwas formedafterthe
lowerplainatUpper Preakness.
h 3.On theslopeofSecondmountain,oneand a halfmileswest

ofHaledon,the'reareterracesattwo levels,theuppermarkinga
waterstageof405 ± feet,thelower,oneof 340feet.In placesthe
lobatedeltamarginiswelldeveloped,fallingoffstedplythirtyto
fortyfeat.Theseterraceplainsarecloselyassociatedwithkames,
some of whichrisesteeplyabovethesurfaceof the plain,while
othersarepartiallyburiedneartheouterpartof theplain.The
surfaceofthekamesismarked by many bowlders_whereastheyare
veryrareuponthesurfaceoftheterraces.The terracesarecomposed
of sandand llnegravel.Here againwe seemtohavea kame area_
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probably formed between or beneath the ice, as shown by the bowlders
on its surface, and which was afterwards partly buried by the sand
and gravel of a glacial delta, formed when the ice had retreateda short
distance from the kame belt.

Traces of the higher plain were noted between the kames further
north, toward the higher plain north of Upper Preakness, but they
are not distinct. The relationship in time of the higher terrace to
the lower, where they are both present, will be considered later.

h 4. There are no shore lines along the trap ridge between the ter-
races west of Ha]edon and Ca]dwell, a distance of seven miles, unless
a small, spit-like form, half a mile north of Cedar Grove, having an
elevation of 375 feet, is to be regarded as such. In the vicinity of
Ca]dwell there is a somewhat extensive sand and gravel plain, whose
evenness and regularity are more or lees interrupted by kames and
ravines. Those kame hillocks whose summits are of about the same

height as the plain are somewhat flattened, as if more or less truncated
by the waves. The plain is well developed near the school-house and
cemetery of Ca]dwell, where its height is 385 to 387 feet. It rises
towards the east, being about 410 feet at the Presbyterian chureh_
half a mile east by south of the school-house. This plain indicates
a lake-level of 385 to 390 feet.

In front (northwest) of the school-house and cemetery, this higher
_erraos falls off somewhat abruptly to a lower one, whose average
height is about 363 feet, and whose width is from 150 to 200 yards.
Half a mile north by west of the church, this lower terrace is better
developed, its outer edge being 3582 feet in altitude, and its upper
margin 369 feet. Above, there is an indistinct bench at an elevation
of about 400 feet. In front of the school-house, _he outer margin of
the lower terrace is more or less delta-like, and falls off steeply forty
or fiftyfeet.
The higherplain(393___feet)aboutEssexFells_onemilesouthwest

of Caldwell,isa continuationoftheupperpartof theschool-house
level,whilethepoorly.definedlevelwestofthedepotatEssexFells
isabout360feethigh,andappearstocorrespondtothelowerterrace
attheschool-house.Numerouspitshavebeenopenedinthekames
aboutCa]dwell,butthereareno largeexposuresshowingthestructure
of theplainsurroundingthekames. The thicknessof thestratified
gravelisverygreat.A wellneartheschool-housewas sunk 120
feet,andonenearEssexFellsstation145feet,neitherofthemreach-
ingbedrock.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 287

h 5. A mile south of Roseland a small terrace was noted on the

elope of Second mountain. Its height is about 370 feet (hand-level),
and it may be wave-built in origin, but no positive assertion can be
made to this effect. At one or two other places, also, between Cald-
well and Summit, faint traces of what might be wave-built forms
_havebeen seen.

4. On 18lands.--k 1. Near the northern end of the trap hill west of
Livingston is a small deposit of gravel, largely trap, poorly water-
worn and strongly resembling the trap gravel beds of the extra-
morainic portion of the basin, save that there is a larger percentage
of foreign pebbles. This deposit, which, where exposed, does not
exceed five feet in thickness, lies between two hills of trap, which
must have been islands in the lake. The height of the gravel bed is
378 feet (hand-level), agreeing very closely with the spit and wave-
cut terrace northeast of Morristown, due west across the lake. This
may probably be referred to the lake waves, although it is possible
that it might have been formed beneath the ice.

k 2. Again on Hook mountain, half a mile northwest of Horse
:Neck bridge, is a small, spit-like deposit of fine gravel. Its entire
length is less than 100 yards, and its upper edge has an altitude of
386 feet. Other than this rather indefinite feature, no traces of shore
lines could be found upon Hook mountain.

Within the area of the lake, there arc many hills 250 to 360 or
370 feet high. Some of these are of sand and gravel, others of till,
and still others seem to be mainly of sand and gravel more or less
thickly veneered with till. Careful search failed to show any un-
mistakable shore features upon the regular slopes of these hills. This
indicates the rapid final draining of the lake, a point which will be
discussed later.

Summary of Shore Fealurss in th_ lntra. Morainic JBa_n.

In that part of the lake basin lying within the moraine, the chief
constructional shore features are glacial deltas, built in immediate
juxtaposition to the ice, by heavily-laden glacial streams. Under
thess conditions the supply of material was great, and the growth of
the deltas rapid, resulting in the production of very considerable
plains, in a comparatively brief time.
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These glacial deltas are numerous and decisive in character. They
occur in greater numbers and better development on the west and
northwest side of the lake than upon the eastern shore. In one case,
at least, these deltas were built out into water seventy to eighty feet
deep, and depths of forty to fifty feet are common. The plains north
of Montville, west of Jacksonville school-house, and at Upper Preak-
hess are the best examples.

In the two last-named cases, the northern margins of the deltas
show the irregular form and the hummocky surface slopes character-
istic of gravel beds which were originally built against the ice, and
which have since slipped and fallen down as the ice melted, though
retaining in part the irregularities of the ice mould in which they
were cost.: Several of the other plains pass into kame areas which
are believed to have been formed beneath and at the irregular edge of
the ice, and to mark the position of the ice front, at the time of the
formation of the glacial deltas. The surface of these kame belts is
often strewn with bowlders, in marked contrast to the surface of the
associated delta plain. In a number of cases, kames of an older
generation have been partially buried by the advancing front of the
growing deltas. This is true of the Caldwell area particularly.

The only delta in which the structure is well exposed is that north
of Montville, where the railroad has cut across the end of one of the
lobes. Here the outward-dlpping, fore.set beds arc clearly shown_
underlaiu by horlz mtaI deposits of fine sand and clay. At the bot-
tom of the exposure, near one end, there is an irregularly-stratified
body of coarse gravel and sand, which is believed to represent the
surface of a buried kame.

In addition to the highest shore line indicated by the tops of aD

the glacial deltas except the Upper Preskness plain, two indistinct
lower levels can be made out in several places. One of these is about
twenty feet, the other between sixty-five and eeventy-five feet below
the highest. The time relationship of these inferior levels to the
maximum will be consideredlater.

In addition to these glacial deltas there are a few small spits con-
neeted with what appear to be wave-cut terraces, and a few kamea
whose summits seem to have been somewhat truncated by the waves_
but aside from the glacial deltas the wave-built forms are not con-

spicuous or decisive.

"_This report_ pages 152-6.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 289

As in the extra-morainic portion of the lake, the constructional
shore features are much better developed than those fashioned by the
destructive action of the waves. They are so numerousj and on the
whole so distinct and so harmonious, that in themselves they consti-
tute proof that the intra-morainie portion of the Passaic basin was
occupied by standing water for a length of time suitlcient for the ac-
complishment of the observed results. If the intra-morainlc shore
features seem disproportionately prominent when compared with the
extra-morainic, it must be remembered that the conditions were far
more favorable for the development of constructional shore features
within the moraine than without, since in the former area the waves
beat upon incoherent drift, while in the latter, except for the thin
coating of residuary material, they beat upon solid rock. Deltas are
the most conspicuous intra-morainic shore features. For the for-
mation of deltas outside the moraine there was little opportunity.
The largest deltas within the moraine may well have required far less
time for their building than the gravel beds along the trap ridges for
their accumulation.

THE LACUSTRINE DEPOSITS OF LAKE PASSAIC.

A. IN THE EXTRA_MORAI_qIC BASIN.

Iceberg deposits.--Iceberg deposits in the extra-morainic portion of
Lake Passaic were discussed briefly in the Annual Report of the
State Geologist for 1892.* Later field work failed to bring to light
any further facts concerning them. They consist mainly of bowlders
similar to those of the moraine, and are found frequently up to alti-
tudes of 340 feet, and more rarely up to the maximum level of the
lake. Although distributed more or less frequently over all the basin,
they are particularly conspicuous on the low ground in the immediate
vicinity of the Moggy Hollow outlet west of Liberty Corner.

In tbe vicinity of New Providence, Berkeley Heights, and Union
Village there are considerabledeposits of drift which at one time were
thought to be possible berg deposits. But since a tongue of ice
probablyextendedbeyondthe moraine,down thenarrowvalley
betweenSecondmountainand Long hill,thisdriftwasmoreprobably

_Page _3_.
19
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deposited by this means. This drift, however deposited, bears the
marks of subaqueous deposition, or of submergence subsequent to its
deposition. We believe it to be till, subsequently covered by the
waters of the lake.

As was stated in the report for 1892,* "bowlders of granite, gneiss,
quartzite and conglomerate are sometime3 found above the probable
shore llne on the trap ridges." As compared to the bowlders of cor-

responding material below the shore line, their greater age is shown
by their greater decomposition. They are regarded as a part of a
pre-morainie sheet of drift.

Laeustrlns silts and clays.t--Clays and silts, which are believed
to be lacustrine, have been observed at various points, and seem to
occupy most of the low areas of the extra-morainic bus're. They
extend from Green Village_ Pleasantville, and Logansville on the
north, to the foot of the northern slope of Long Hill on the south,
and to the foot of the subaqucous overwash plain on the northeast.
They therefore underlie all the area of the Great swamp and the
surrounding low ground. Within this area they do not occur above
an altitude of 240 feet.

The clay of the eastern half of this area, as far west as "the road
from New Vernon to Gillette, is covered with fine sandy loam, which,
east of the longitude of Green Village, changes into sand and gravel.

Clay more or less buried by stratified drift which is continuous with
the subaqueou3 overwash plain, has also been found south of Morris-
town, on the bauks of the brook southwest of Convent, and at the

bottom of deep wells southwest of Madison.
There seems good reason for believing that the ice during an

advanee, jast preceding the formation of the moraine, extended at
least as far as Green Village, forming the kame-like mounds of sand
and gravel _ which in that vicinity overlie the lacustrine clay. The
fine sandy loam, met with farther west, is probably contemporaneous
with these gravel knolls. This relationship shows that the lacustrine
clay antedates the maximum advance of the ice.

The clay in the Great swamp area attains considerable thickness.

In general, artificial excavations do not reach its bottom, except where
it is very shallow. Wells twenty-five or thirty feet deep do not pass

* Page 137.

'_Annual Report for 1892, pages 137-140.
**Annual Report of the State Geologlst of _New 3er_ey for 1892_ page 86.
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through it, except along the edge near the higher ground. Clay is
known to attain a thickness of over a hundred feet in at least one

locality,* a mile and a half south of Green Village_ although there is
no positive evidence that all this clay is lacustrine.

Although the clay in the Great swamp area does not extend higher
than 240 feet, similar clay has been observed at greater elevations
outside the swamp. At the clay pits south of Morristown it has an

elevation of 310 to 320 feet. Here it is overlain in places by two to
three feet of stony clay, which closely resembles the clayey till in the
vicinity of :New Providence and Union Village. :Fresh, glaciated
cobbles and bowlderets of slate, limestone, gneiss, Green Pond mann-

taln conglomerate, and trap are contained in this st_)nyclay. A few
glaciated pebbles were noted well down in the lacustrine clay. The
stony clay is not separated from the underlying lacustrine clay by a
charp line, but passes into it by a transition layer of no great thick-
ness. Here again the relationship is such as to indicate that the
lacustrine clay antedates the maximum advance of the ice.

A mile southwest of Convent station, lacustrine clay, beneath a
layer of stratified sand and gravel, is exposed along the brook near
the Spring Lake Company's ice-house. The clay has an elevation of
270 to 280 feet. Here the brook has not cut more than fifteen feet
in post-lacustrine times.

Again, three miles south of Morristown, near the red shale gravel
deposit (d 4), on the property of Mr. F. F. Lippman, lacustrine clay
is exposed along the road for 175 yards to a maximum depth of eight
feet. Its vertical range is from 315 to 345 feet. This clay is some-
what stony, containing pebbles of red shale and trap. In this
respect it differs from the clay at low levels_ which rarely contains
stony material. This is the highest point at which lacustrine clay, or
clay apparently of lacustrine origin, has been noted.

Between Second mountain and Long hill, along the Passaic and
Dead rivers, there is considerable clay. It does not reach elevations

higher than 220 or 225 feet. In appearance it is similar to the clay
_)f the Great swamp area, but it has not been shown to antedate the

morainal accumulations. Indeed, as will be seen later, some of it at
least, probably belongs to the closing stages of Lake Passaic.

The lacustrine clay at the lower levels is "fatty or greasy," and a
little below the surface is finely laminated, the thin laminae of clay

*Annual Report of the State Geologist for 1892, page 139.
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being separated by fine partings of a more sandy nature. It is cal-
careous, much more so than the adjacent portions of the moraine.

It frequently contains concretions of carbonate of lime. These
concretions are very abundant in certain layers of the clay. They
sometimes occur in clumps in certain horizons rather than being regu-
larly distributed. They have their fiat sides parallel to the layers of
clay. In shape they are curious and varied, ranging from slender
cylinders five or six inches in length, and ball an inch in diameter,
to perfect spheres and round disks. Many of the disks are double,
roughly resembling a pair of eye-glasses, and showing a marked degree
of symmetry. The accompanying plate shows a number of typical
forms taken from a well at a depth of twelve to twenty feet, on the
farm of Mr. A. H. Baird, Pleasant Plains. Similar concretions occur
in the clay pits south of Morristown. (See Plate VI.)

In addition to the evidence drawn from the shore features, the berg-
dropped bowlders and the lacustrine silts and clays, there are other
facts, or series of facts, which possess a corroborative significance.
When compared with the residuary soils above the shore line, the sol}
and subsoil covering the trap ridges below this line often possess slighb
but significant differences. These differences were noted more par-
ticularly on the gentle slope of Second mountain, although it is nob
always discernible even here, and is occasionally conspicuous elsewhere.
The difference is shown in several ways : (1) In addition to the fresh-
appearing foreign bowlders, dropped by icebergs, trap pebbles, which
have the appearance of wear, either because of partial rounding or
by reason:of freshened surfaces due to the removal of the weathered'
outer layer, are somewhat widespread. This is true even where there
are no beds of shore gravel. (2) The trap pebbles are frequently i_
a clayey matrix, somewhat unlike _heunmodified trap residuary clay.
The exact difference is difficult of definition in words, but less diffi-
cult of recognition in the field. In general, the matrix seems more
compact below the lake level, and the pebbles seem to be set in it
somewhat differently. Below the lake level, too, there is not the
same transition from greater to less oxidation from top to bottom as
in the:most typical residuary deposits. In many cases this re-working
of the trap residuary is very slight, and the differences in appearance
arenotobtrusive.In somecases,carefulsearchrevealsthepresence
of a few foreignpebblesalongwith thoseof traporigin,in the
matrixof clay.So faras observed,thesecharacteristicsarelimited
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¢0 the trap soils below the shore line and are not found in the trap
xesiduary above that limit.

In many places, also, the soil on the red shale within the lake basin
possessesa waxy, clayey nature, not characteristic of unmodified red
shale residuary. This waxy character is what would be expected in
a shale residuary soil which had been submerged wad more or less
re-worked beneath the lake. In the case both of the trap soll and
theshalesoil,itisnoteasytoassert,positively,thatthesechanges
aredue_;olacustrineconditionsratherthantoanyother,butsince,so
farasobserved,theyarelimitedtothelakebasinand donotoccur
abovetheshoreline,itisa rationalinferencethattheyareduetothe
_ake.

B. IN THE INTR&-MORAINIC BASIN.

Iceberg deposits may have been formed in this part of the lake
basin during the period of ice advance, before the glacier reached the
limit now indicated by the moraine, and also during the period of ice
retreat. The earlier deposits must have been overridden afterwards by
the ice, and more or less buried by the later deposits formed in direct
¢onncetion with the ice. It is, therefore, extremely improbable that
any of this theoretical early berg till is anywhere exposed in the lake
basin, or, if exposed, that it could be recognized. Berg deposits
formed during the retreat of the ice may be present, but their dis-
erimination would be very difficult, and in the majority of cases im-
possible.

Clays which are of the lacustrine type have been observed at several
localities within this part of the lake basin. They are finely lami.
sated, with thin partings of very fine sand. Like the extra-morainic
lacustrine clays, they are waxy or greasy, more or less calcareous, and
contain concretions similar to those found in the lacustrine clays of
_he Great swamp area. These clays are generally at low levels, and
are associated with clays which may be post.glacial in origin. Such
are the clays found in the marshes along the Whippany river.
Brownish-blue clay, which is probably lacustrine, was noted on the
hill midway between Whippany and Hanover, at a height of 230
fest--sixty feet above the river and marshes. Here it is overlain by
eeveral feet of stony, clayey till. l';orth of West Livingston there is
a low area, having an altitude of 200 feet, which seems to be covered

wlth lacustrine clay, but there were (1893) no good exposures by
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which this point could be tested. Similar clay, containing concre-
tions, is exposed on the right bank of the Rockaway river_ a mile
and a half northwest of the south end of Hook mountain. Here

the river has cut through a thin coating of glacial sand and gravel
into the underlying clay. Between Little Falls and Mountain View
and north of the latter place is considerable clay which, where exposed

iu pits, is of the lacustrine type. It is all at low levels, 170 to 190
feet, and is overlain by stratified material, and in places by till. At
one of the largest of these pits, half a mile north of Mountain View
station, the laminae of the clay are sharply crumpled and contorted
into anticlines and synclines two to three feet in diameter. The

crumpling is best marked in the upper layers, although all exposed
layers, ten feet or so in thickness, are affected by it. The axes of
these folds extend, as nearly as can be determined from the exposures
seen, from northeast to southwest, or roughly speaking, parallel to the
direction of glacial movement. The clay in this pit is overlain by
six or eight feet of glacial sand, which is contorted very similarly to
the clay, and which contains a few cobbles. The cause of this con-
tortion is not known. Since many of these clays are covered_ locally
at least, by till, they would seem to belong to an early period of the
lake's history, if they are lacustrine at all.

In addition to the lacustrine clays, there are certain peculiarities of
the glacial drift in paris of the lake basin which may be due to
]acustrlne conditions. These were mentioned in the annual report for
1892.* In brief they are as follows: Between Parsippany and
Madison, and eastward to the Passaic river, a thin but variable layer
of till covers a great depth of sand and gravel. Over considerable
areas, every excavation a few feet in depth penetrates the stratified
material. This relationship is frequently seen in the deeper road
eats. _ot uncommonly the stratified drift outcrops in small areas on
the crests or steep slopes of a hill, while the greater part of the sur-
face is covered with till, or with a stony clay which has not been dis-
tinguished from it. In some cases the topography seems to be deter°
mined by the underlying stratified gravel, no more than slightly
modified by the thin veneering of till.

Much of the till is not of the normal type. This abnormal phase
is stony, but not gritty. On the contrary, it is very clayey. It has
a more or less greasy feeling, a waxy or glazing surface when out_

* Pages 56, 57, 142.
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and a pronounced tendency to crack on drying. Many of the pebbles
are coated with a thin film of clay, which is not easily removed. The
color is dark red, tinged with brown. This clayey till occurs most
commonly at low levels of the lake basin, 180 to 210 or 220 feet,
but it is by no means limited to these heights, having been observed
at a number of places at heights up to 270 feet. It is not possible to
say to what extent this till was formed beneath the ice and afterwards

submerged, and to what extent it was formed beneath water by the
combined action of icebergs and water. Normal, gritty, stony_
follated till is not uncommon within the lake basin, and sometimes
occurs in close proximity to the clayey, waxy till. This might sug-
gest that the latter is due to iceberg action rather than to the modifi-
cation of glacial till by submergence. On the other hand,the peculiar
type of stony clay here referred to seems to be much too continuous

over considerable areas, and too closely confined to the lower level, to
make its reference to bergs plausible. Nowhere has this clayey till
been found upon the sides of the basin up to the shore line. Some-
thing similar to it has been found on the low-lying (forty to fifty
feet) Triassic areas outside the lake basin near the coast, where post-
glacial submergence may have occurred.

THE OUTLETS OF LAKE PASSAIC.

Liberty Corner outle_.--A mile and a half west by north of Liberty
Corner, at Moggy Hollow, is a notch in the rim of the basin, through
which Lake Passaic drained during its maximum stages. The bottom
of the notch has an altitude of 331 feet, and with the exception of the
gaps at Little Falls and Paterson, and the low ground along the
Pompton river, all of which were closed by the ice when the lake
existed, this is the lowest point in the rim of the basin. That a
large stream of water formerly flowed through this notch is at once
evident (1) from the size and shape of the notch itself, and of the
valley below the notch, (2) from the deposits in the :North Branch of

the Raritan at and below its junction with the lake outlet, and (3)
from the deposits in the lake basin at the entrance to the outlet.

The notch is a flat-bottomed, steep.sided trench, sixty yards wide
at the bottom and 157 yards wide at the height of the maximum lake
level. Figure 27 is a sketch made from a photograph, looking down
the outlet.
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The notch is cut in hard trap rock, which outcrops at many points
on the sides and bottom. Just east of the entrance to the notch is a

broad, ill-defined divide, at an altitude of about 331 feet, between a
stream flowing eastward into Passaic river and another flowing west-
ward into the North Branch of the Raritan. Westward from the

divide the bottom of the notch falls sixteen feet in the first 1,100 feet,
and then makes an abrupt fall of twenty-five feet. Below the fall
the bottom of the gorge is marshy for some distance. The stream
which at the present time flows from the 331-foot divide through the
notch and over the fall is so insignificant that it is impossible to sup-

Fig. 27,

Mo_,). 1I_;1o_ out let, ;c_Jkivg dov,n the valley, which turns abruptly to the leR In the background.
(Drawn from a photograph.)

pose the noteh_ as we find it to-day, to have been cut by it. It is
also impossible to suppose that the bottom of the notch has been
]owered an appreciable amount by it since lacustrine times. It is
equally inconceivable that the notch, in its present form, could be the
col between the headwaters of two pre.glacial streams. Its form is
altogether conclusive that it was the channel through which flowed a
._tream of water whose average width was over 100 yards, and whose
depth was sufficient to give it great velocity. In pre-lacustrine
tlme_ there may have been a col on the site of the notch, but the
notch in its present form is due to erosion by the outflowing current.
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About a quarter of a mile below the falls, the gorge loses, to some
,extent, its flat-bottomed character, and the present stream has slightly
,eroded the bottom. Where the valley passes from the trap to the

underlying sandstone and shale, three-quarters of a mile west of the
41estfails, another waterfall has developed. A short distance below
the second fall the valley widens out into the broad flat which borders
the North Branch of the Raritan. On this flat are strewn many trap
cobbles and bowlderets up to one foot in diameter. These pieces of
trap were quarried out of the notch, or out of the valley immediately
below it, and were carried down to their present position by the out-
flow of the lake. They are far too large to be handled by the present
stream, which, indeed, it has been necessary to ditch in order to get
4t across the deposits made by the outflow of the lake.

Below the junction of this valley with the _orth Branch, the
flood-plain of the latter is a little wider than above the junction, and
its materials are more than ninety per cent. of trap, many of them
beyond the power of the present stream td carry. Above the junction,
trap pebbles do not form more than ten or fifteen per cent. of the
deposits of the valley plain. These deposits confirm the conclusions
already drawn from the form and size of the outlet, that a stream of
,considerable dimensions, and of great velocity flowed through the
notch in comparatively recent times.

A significant feature in this connection is the number of large,
fresh gneiss bowlders, similar to those found in the moraine, which
,occur below the shore llne near the entrance to the outlet. They are
more abundant here than at other points in this part of the lake basin,
and are taken to indicatethat currents set towards the outlet, bringing
_o this point bowlder-bearing icebergs.

In iuxtaposition to the outlet there is a considerable body of drift,

some of which is glacial. It extends to a maximum height of 435 feet
in this vicinity, and downward below the level of the lake. One

phase of the drift is exposed in a pit a quarter of a mile south of the
outlet. Here the drift is seen to be compact and stony, with a matrix
,composed largely of gneissic material. The stones are generally
small, under eight inches, and consist of various quartzites, similar to

those of the Triassic conglomerate, decomposed gneiss, Potsdam (.9)
_andstone, Hudson river (?) shale and slate, Triassic shale, flint and
trap. A more satisfactory exposure of the drift occurs along the
road toward Liberty Corner, where its till character is shown.
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At first thought, the presence of this body of drift about the outlet,
at heights seventy-five feet above any possible lake level, might seem
fatal to the lake hypothesis. But this drift has nothing to do with
the lake. It is to be correlated with the bodice of extra-morainie

drift found in other parts of the Stats, which are confidently believed
to be much older than the moraine, and to have no chronological or
genetic connection with Lake Passaic. That part of this drift, how-
ever, which is below the lake level was doubtless more or less modi-
fied by lacustrine agencies, and may be, in part, berg drift.

The Millington gorge.--The Passaic river escapes from the area of
the Great swamp by a deep, narrow gorge through Long Hill, at Mil-
llngton. The gorge is sixty to seventy feet deep, very stsep-sided, and,
so far as its shape is concerned, seems to be of very recent origin. If
the gorge were to be filled up for sixty or seventy feet from its base_
so that the top was 280 or 290 feet in height, a basin would be formed
in the area of the Great swamp, the lowest point on whose rim would,
still be at this gorge. If this gorge has been eroded since the maxi-
mum lake stage, and some things may be said in support of this-
propositioo, we must conclude that after the ice had freed the Little
Falls-Paterson outlet, and thereby drained a large part of the lake r
and brought the level of the remainder below the l_oggy Hollow out-
let, a small lake still occupied the area of the Great swamp, and that
it persisted, with constantly-diminishing level and area, until its
outlet across the trap ridge at Millington bad been out down nearly
to its present level. Judging from the shape of the gorge, the
maximum amount of post-lacustrine cutting might have bee_
sixty or seventy feet, the bottom of the outlet being origin.ally,
in terms of the history of Lake Passaic, at an altitude of 280 or
290 feet. It certainly could not have been more than eighty-two
feet above the present channel, for at Lyons oration there is a sag in
the rim of the basin at an altitude of 303 feet, that is, but eighty-two
feet above the river at its entrance to the Minington gorge. If the
gorge at Milllngton were filled up to a level higher than 303 fset_
the hypothetical remnant of Lake Passaic would have been drained
by way of Lyons station and HarriSon's brook instead of via Milling-
ton. :If the gorge at Millington was cut in post-lacustrine timce_
the Great swamp lake must have existed for a considerable period after
the rest of the lake basin had been drained, for the gorge is cut ia

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 299

trap rock, and the stream flowing from the Great swamp lake must
have be_n free from sediment, and so have had but slight cutting
power.

If the Milliugton gorge be post-glaclal, shore marks at heights eor-
responding to its top, and to levels below its top, mlght be expected t_
exist. A few beds of shore gravel have been found at heights vary-
ing from 285 to 295 feet. Two well-marked beds of red shale gravel
occur along the road between Basking Ridge (c 17, 285 feet; c 18_
291 feet) and MadJsonville, and traces of water-worn trap pebbles
were found along the road thrce-quarters of a mile west of Green
Village. But shore features at this level are neither so numerous nor
so distinct as we should expect in a lake lasting the length of time
necessary to cut the gorge in the hard trap. It should be remem-
bered, however, that the lake was much reduced in size at this stage,
and that its waves were correspondingly less efficient.

If the gorge be the result of post-lacustrlne erosion, there shoulc_
be considerable deposits of trap gravel along the Passaic just below
the gorge. The material could not have been carried away, since
beyond the gorge the stream is far too sluggish to carry gravel. Trap
gravel is present in the bed of the stream and in the flood-plain, but,
apparently not in great quantity. From lack of exposure its quan-
tity may be underestimated.

We cannot well suppose that the gorge was occupied by such a
river as the Passaic in pre-laoustrine time. It seems to be too narrow
and too steep-sided. A comparison of this gorge with the pre-glacial
valleys of much smaller streams, such as Stony brook, which crosses
the massive trap ridge of First mountain, back of Plainfield, seems
conclusive upon this point.

It is possible to suppose that the gorge is located on the line of
narrow gorge or ravine which had just been cut by the headwater
erosion of a small stream, when the lake came into existence, and
that during and after the draining of the lake the ravine was
deepened and widened, and its sides steepened by the larger stream
draining the Great swamp country. The objection to this view,
although it is not believed to be fatal, is that the profile of the gorge
does not indicate recent cutting in an older valley. The only auswer
to this objection is that the older valley may itself have been young
when the lake began its existence.
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When the Millington gorge is compared with the post-lacustrine

gorge at Stanley, there seems to be good proof that the former is not,

in the main_ post-lacustrine. This evidence is given a few paragraphs
below. The above conclusion is corroborated by the apparently small

amount of trap gravel in the Passaic valley just below Millington.
In connection with the discussion of the history of the lake, the

possibility of a lake having existed in the Great swamp area in inter-

glacial time is considered. The outlet of this lake may have been

across Long Hill at Millington, and the present gorge may have been

partly eroded in inter-glaclal time. As will be seen ]ater_ there is

good reason for postulating the existence of this inter-glacial lake.
The Stanley _utlet.--Near Stanhy_ the valley of the Passaic is much

constricted_ and the river has in post-lacustrine times cut a passage

across a dam of drift. The amount of post-glacial cutting is here about

twenty-five to thirty feet. Eighteen feet of it is in drift, the remainder

in red shale. The passage which the river has cut here is much wider,

less steep-sided and less deep than the gorge at Millington. The
differences in width and slope are due to the difference in hardness of

the materials through which the stream has cut. The difference in

depth between the post-glacial gorge at Stanley and the gorge at

Milllngton is most significant. All conditions seem to favor erosion
at Stanley as compared with Mil]ington--l°_ the size of the stream is

greater at Stanley ; 2°, its gradient seems to he equally high, and 3 °,
the material in which it has had to cut is very much more easily

eroded. If_ under these circumstances, the post-glacial cutting at

Stanley has been no more than the figure cited above, the amount of

post-lacustrine erosion at the Milliugton gorge must have been much
less. The altitude of the obstruction through which the river has
cut was about 230 feet. It would seem that after the ice freed the

Little Falis-Paterson outlet, a long, narrow lake must have existed,

temporarily_ behind this barrier in the valley between Second moun-
tain and Long Hill. If the Milllngton gerge were as low as at present,

the Great swamp must have been a greater swamp, hardly a lake_ at
this time. The lake between Second mountain and Long Hill must

have been shallow, its greatest depth not much exceeding twenty feet.
The lake must have been studded with islands. It must have been

short-lived, since the upper part of the barrier at Stanley, down to
about 212 feet, was composed of easily-eroded till. When the outlet

was cut to this level, the lake would have mainly disappeared. A
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single bed of shale gravel, six feet thick, was found a mile southwest;
of Gillette station, at a height which permits its reference to this lake.
It is interesting to note further that all the lacustrine clay between
Long Hill and Second mountain lies below the level of such a lake as
is here described, and furthermore, that most of the surface below

this level is clay-covered. So small a body of water could not have
had waves of much strength, and its deposits must have been, for the
most part, of a clayey nature. The lacustrine clay seems to indicate
very clearly that such a lake existed. It must have been ten to twelve
miles in length, and a mile to a mile and a half in width. It was
confined to the low area immediately adjacent to the Dead and Passaio
rivers. Since the latter name has already been appropriated, this

subordinate lake may be called Dead lake, an appellation which has a
double fitness.

.Little _Falls gorge.*--Seeond mountain is broken by a gap more
than two miles wide, where it is crossed by the Passaic river at Little
Falls. The bottom of this gap is nearly flat and is covered with a

thin coating of till, clay and fine sand. At Little Falls the Passaic
river has cut through this drift covering, which here does not exceed
ten feet, and has eroded a channel in the trap beneath. On the glaciated
ledges of trap on beth sides of the river are many pot-holes of vary-
ing sizes. Most of them are shallow, and appear to have been more
or less worn away by glaciation. The height of these pot-holes is
179 feet, and their presence on a glaciated surface seems to indicate
that in pre-glacial times the river had here cut the trap down to this
level. Above the trap, as indicated, the drift is not more than ten
feet thick. It is, therefore, safe to conclude that when Lake Passaic
was drained, after the retreat of the ice, the waters could not have
been held hero at a height of more than 190 feet, and must have
been held to a height not more than 15 feet less than 190 feet.

The falls have within the last few years been blasted away_ but
their former position and height can be accurately determined. The

top of the ledge over which the water fell in the main fall is 148 feet,
and if_ on the draining of the lake, the river flowed at a level of
about 183 feet (the mean of the preceding limits), it appears that by
erosion on its bottom the river has lowered its channel five to ten

feet in drift and about thirty feet in trap. The falls have receded

*George H. Cook, Annual Eeport of the State Geologlst, 1882, page 15.
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about700 feetfrom themuralfrontofthetrapwherethecontact
betwseuthetrapand shalecrossestheriver.Itisnotpositively
known, however,thatallof thisrecessionispost-glaciaLThe
breadthofthefailsinthdrpositionatthismuralfrontwas about
300 feetand theirheightprobablyfiftyfeet.Duringtheirreee_iou
theylostinheight,owingtothedeepeningofthechannelinthetrap
abovethefalls.It isestimatedthat434,000cubicyardsof trap
rockwereexcavatedby theriverfromthegorgebelowthefalls,and
an additional181,000cubicyardsfromthechannelbetweenthehead

of thefallsand theledgesat theBcattydam. Besidesthis,about
125,000cubicyardsofdrifthavebeencarriedawaybetweenthedam
and theend of thegorge.Below thegorgeof traptheriveris
hemmed inforhalfa mileormoreby steepwallsofredshale,which
diminishinheightdown streamfromthetrapfront.
Midway betweenLittleFallsand WestPatersontheriver,which

isflowingnortheast,makesa sharpturntotheseutheast_and then,
halfa milebeyond,makes a sharpturnto theleft,resumingits
northeasterlydirection.Theseturnsare causedby two enormous
kames,whicharebuilt,likea dam,almostacrossthevalley.At its
secondbend,theriverflowsaroundthesoutheasternendofthisdam,
ina narrowvalleybetweenthedriftand thetrapofFimtmountain.
At firstsightitmightappearthatthedriftoncecompletelydammed
thevalleyat thispoint,and thattheriverhassinceoutitsway
throughit. In thiscasethewatersofthelakemust havebeenheld
fora shorttimeatabout250 to 255 feet.Carefulexaminationof

thevalleyatthispoint,however,seemsrathertoshowthatthedrift
nevercompletelyfilledit,hutthattheriverfounda passagearound
theendofthekame,beingshiftedby thedrifttotheright-handside
of itsvalley,againstthetrapof Firstmountain.The sidesofthe
kameswheretherivermakesitsfirstbendtothesoutheastwardare

beingerodedby thelateralcuttingof theriver,whereastheendof

thekamearoundwhichtheriverswingsatthesecondbendappears
tohavea constructionalslope.
Passaicfalls.--AtWest PatersonthePassaicrivercrossesFirst

mountainthrougha gap twomileswide. In thebottomofthisgap
theriverhasoutadeepgorge,attheupperend of whichthestream

plungesoverthesideofa narrowcationseventyfeetdeep. When
theicehadso farmeltedastoopenthisoutlet,therivermust have
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_iowed at an elevation not higher than 150 feet, and not lower than
125 feet, for at higher levels the water would have chosen some other
channel. Since this height is at least twelve feet lower than the
height of the lowest swamps in the lake basin, this rocky harrier
,could not have caused subordinate lakes within the Passaic basin.

Previous to the improvements for manufacturing purposes, the larger
part of the river flowed into a side gorge, the "race_" about 340 yards
above the head of the present falls. Between this gorge_ at the head
of which were steep rapids, and the narrow cation at whose head
were the falls, was a long, narrow, rocky island. Originally the falls
was probably located at the eastern front of the trap ledge about 630
yards north of the end of the "race" gorge, and was then 85 ± feet
high, and 140 -4- yards wide. It slowly receded about 275 to 825
yards, and then became divided into two parts, one of which receded
_p the "race" gorge, the other up the deep ca_Ion at the head of
which is the present falls. The head of the canon h_ retreated
150 ± yards from the point of separation, and the "race" gorge was
worn back about 300 yards. A very rough estimate, probably too
small rather than too large, of the amount of trap rock eroded from
_hese gorges, gives 1,493,100 euhic yards. This is equivalent to a
,column of rock 300 feet on a side and 447 feet high. :No data
are at hand by which to estimate the time involved in such
excavation.

Great Notd_.--Three miles south of Paterson, First mountain is
cut by Great :Notch, a deep, narrow_ steep-sided gap, whose bottom
has an elevation of 303 feet. It is conceivable that during the retreat
of the ice, the gap in Second mountain at Little Falls was opeeed,
before the gap in First mountain at West Paterson. In this case the
lake must have overflowed through the Great :Notch at an altitude of
303 feet, if the ice freed the :Notch before it did the West Paterson
outlet. Since they are so near together, the West Paterson gap would
be expected to be opened very soon after the Little :Falls gap, and
therefore the outflow through Great Notch, if it took pines at all,
could not have been of loDg duration. If the water escaped there,
even temporarily, it must have stopped the outflow west of Liberty
Corner. Moreover, it is possible that Lake Passaic drained through
a passage under the ice before its front melted back beyond the Little
Falls gap. In this case the Great Notch gap may not have been used.
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Examination of the _oteh failed to reveal data which could be re-

garded as indicating either that the lake did or did not drain through
it at any time.

The drlft-filled gap at Short Hills.--At Millburn, First moantai_
is broken by a gap a mile and a half wide. Although drift-incum-
bered, the lowest point in this gap has an elevation of 100 feet
A.T. Opposite and west of this gap the moraine crosses Second
mountain, between Short Hills and Summit. West of Short Hills.
the surface rises slightly above 380 feet. This elevation represents
the lowest point of the gap in Second mountain, almost two mile_
west of the gap in First mountain at Millburn. From the bottom
of this gap, at 380 feet, the surface descends westward towards the
lake basin, and eastward towards the wide gap in First mountain.
The average height of the trap crest of Second mountain north-
east of this gap near Short Hills is 575 feet. Its average height
towards the southwest is 550 feet. Since the morainal accumulations

in the vicinity of Short Hills are very considerable, it is evident that
the gap in Second mountain, opposite the gap in First mountain, i_
very much more considerable than it seems. Some idea of the size
of this gap may be obtained when it is recalled that, even with the
drift-filling, the surface is 170 to 200 feet lower tban the average
height of the crest of Second mountain.

A few years ago a deep well was dug about a mile north of the
Short Hills depot, and nearly in the middle of the 380-foot sag. The
elevation of the surface at the site of the well was about 370 feet

A.T. The well was sunk 200 feet * witho_ reaching the trap rock,
The rock bottom of this gap, therefore, must be below 170 feet A. T.
That it must be considerably less than 170 feet is shown by the fol-
lowing data--1 °. At the greenhouses of Mr. Jones, opposite the
Short Hills depot, a well was sunk 150 feet without reaching rock.
The elevation of the surface at the site of this well is about 200 feet.

Rock at this point is, therefore, less than fifty feet above sea-level.
The well is located in the shale valley between First and Second
mountains, and in line with the gaps in First and Second mountains,
respectively. 2% A quarter of a mile east of this boring is the well
which supplies Short 1:fills with water. This well has an elevation

These data and those concerning the second welt mentioned below were obtainecl
from .Mr. Stewart Hartshorn, Short Hills, N. J.
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of 200 feet A. T. and is 200 feet deep, at which depth rock was

struck. Therefore the rock bottom of the gap in the shale between

First and Second mountains is at one point known to be at sea-level,

and this is not known to be the lowest point. The known deep gap
in Second mountain near Short Hills, the deep gap in First mountain

at Millburu, and the known deep buried valley between the two

mountains, and in line with the two gaps, give strong suggestion thai;

a pre-glacial stream flowed through these gaps to the sea. Apart from

this gap in Second mountain near Short Hills, the lowest possible pro-
glacial outlet of the basin was at Little Falls, and this, so far aa

known, was not lower than 180 feet (see page 328). The boring

referred to, therefore, reached a level ten feet lower than any other
known pre.glacial outlet of the Passaic basin. This seems to confirm

the suggestion just made, that in pro-glacial time a stream fluweem
through the gaps in First and Second mountains, at Short Hills and

Millburn, respectively, and thence to the sea.

This leads to another important inference. It will be rememi_ered

that the bottom of the rock valley between First and Second moun-

tains is known to be as low as sea-level at one point, and that this is
not known to be its lowest point. Now, if the rock bottom at the

gap in Second mountain be no lower than 170 feet--the bottom of the

boring--the pro-glacial stream must have had a fall of 170 feet on the

south face of Second mountain. The width of the gap is such es to

militate against this conclusion. It is so great as to indicate that the

stream which occupied it was of considerable age. The chances

against its being possessed of any such fall are good. It is probable,
therefore, that the rock gap in Second mountain is very much lower

than 170 feet, the height at which the boring ceased.

It follows that the main drainage of the Upper Passaic basin in

pro-glacial times was almost certainly through the Short Hills-Mill-
burn gaps. Manifestly, therefore, Lake Passaic could not have come

into existence until the first of these gaps was closed.

The Summi_ Jfotch.--A little east of Summit station is a narrow,
steep-sided notch in Second mountain. Its bottom is now at an eleva-
tion of about 320 feet. About Summit station and westward there are
thick accumulations of drift. The elevation of Summit station is 387

feet. It would seem that the narrow notch east of the station must have

afforded an outlet for the lake at a level of 320 fee_ before the drifl_

20
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to the west and westward was accumulated. No evidence of such
overflow could be discovered. But since the ice afterwards covered

this notch, such evidence could not be expected to exist. The possi-
ble existence of this outlet introduces another factor into the problem

of the pre-morainic history of the lake, and renders the problem still
more complicated. But the insignificanceof this notch, in comparison
with the gap at Short Hills, is such as to make it probable that this
notch did not play an important role in the history of the lake.
Neverthe]eas, the p_)ssibiHtythat for a time at least the pre-morainic
lake, if it existed at all, may have overflowed at this notch must be
keptinmind.

THE HISTORY OF LAKE PASSAIC.

Study of the heights of the various gaps in the rim of the
lake basin reveals something of the pre-glacial drainage of that
region. Through the lowest gap, that at Short Hills and Mill-
burn, the larger part of the present Passaic drainage escaped.
Another stream of much less size, draining the northeastern part
of the Passaic basin west of Little Falls, probably flowed through

the gaps at Little Falls and Paterson. The drainage areas of these
two streams could have been separated by no more than a low divide,
as shown by the present topography. Apart from the gaps occupied
by these two streams, there were no deep gaps in the rim of the basin.
The next deepest was Great Notch, the bottom of which is now 303
feet A. T.

THE ADVANCE OF THE ICE

For a time aRer the ice sheet reached the gaps in the trap

ridges at Little Falls and Paterson, the river which formerly
flowed through these gaps may have been able to keep its
channel open beneath the ice. So long as this was true, no lake
could have been formed within the Passaic basin. But there came a

time when such a sub-glacial outlet, if it existed at all, was closed.
When this occurred the drainage which, but for the ice-bloaking,
would have escaped to the sea via Little Falls, must have accumulated
in front of the ice in the northern drainage basin referred to above.

Any lake which may have been formed .at this time must have been
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_mall and shallow, for it must soon have overflowed the low divide,
separating the drainage basin which had its outlet at Little Falls,
from that which had its outlet through the Short Hills gap. This
divide was in all probability lower than 303 feet, the height of Great
Notch, which, therefore, could not have served as an outlet at this
time. As the ice advanced it encroached upon this hypothetical
early lake, displacing its water and diminishing its size. This pro-
cess continued until the ice had displaced all the water, and so de-

stroyed the lake. No lake could have been formed in the drainage
area of the river which flowed through the Short Hills gap, until after
the ice reached that gap and filled it. Then, and not until then, could
a lake have existed in the basin south of Morristowm For a time

the waters of this lake may have escaped through the narrow notch
at Summit (height 320 feet), but since this notch is so close to the
Short Hills gap, it must have been filled by the ice very soon after the
Short Hills gap was occupied. The lake then drained through
Moggy Hollow near Liberty Corner, where there is now a notch, the
bottom of which is 331 feet above tide. It is not necessary to assume
that when the lake first overflowed at this point the outlet was at this
devation. On the contrary, it was somewhat higher. During the
period when this notch served at the outlet, erosion cut it down to
the present level. From the evidence of shore lines in the immediate
vicinity of the outlet, it is certain that the amount of erosion here

cannot have been greater than twenty-five feet. It may have been a
little less.

The sequence of events outlined above is based upon the assump-
tion that all the drift iu the Short Hills gap is late glacial, and that
until the ice reached the line of the moraine, drainage escaped through
this gap at the level of the rock bottom. Oa this assumption, no lake
except a shallow one in the northern part of the present basin (see pages
229 and 306) could have existed until the ice reached the line of the

moraine and filled this gap. But certain facts have been observed,
which suggest the existence of a pre-morainic lake in the southern
part of the basin. In the region of the Great swamp extensive deposits
of clay are known to exist (pages 290-293). By their relationship
to overlying deposits these are clearly shown to antedate the moraine
and accompanying overwash plain. If this view be correct, and there
_cems no escape from it, a lake must have existed in the Great swamp
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area for a considerable period before the ice reached its maximum..
extension.

Three hypotheses concerningsuch an early lake may be considered--
1°. Some part, perhaps a large part, of the drift filling of the Short
Hills gap may belong to the earlier ice invasion which deposited much
of the extra-morainic drift (page 270) found more or less abundantly
about the lake basin. In this case Lake Passaic might have come
into existence for the first time, when the ice filled the Little Falls gap.
It would have overflowed through the drift-clogged Short HilLs gap
while the ice was advancing fromLittle Falls to Short Hills, if this gap
were lower than Great Notch (303 feet) or Moggy Hollow (356 feet).
Under this hypothesis, the Great swamp clays could then be referred
to this part of the lake's history. Under this hypothesis, we must
assume that the ice advanced very slowly, so slowly that more than
100 feet * of clay accumulated before the deposition of the over-
lying loam, sand and gravel, which is correlated with the greatest
advance of the ice. The very general occurrence of these clays at
levels below 240 feet might be taken to indicate that the Short Hills
gap had this elevation. The clays north of the moraine, which are
similar to lacustrine clays, are also in general at low levels, and so far
as elevation goes, may have been formed in a lake draining as thus
suggested. This hypothesis makes all the clay of the Great swamp,
which may be lacustrine, later in origin than the closing of the Little
Falls gap by the last ice advance.

2°. We may conceive that the earlier ice invasion wrought such
changes in the pre.glaeial topography that, after its retreat, a low-
level lake occupied the area of the Great swamp, and perhaps also of
the lowlands north of the moraine. In this lake much of the lacus-

trine clay may have been formed. We may suppose farther that the
lake was drained during inter-glacial time by the clearing out of the
Short Hills gap. In this ease we should expect to find the clays over-
lain by an old soil. Above this old soil would come whatever deposits
were made in the lake of the later glacial invasion. So far as known,

such an old soil does not exist. The upper part of the clay, including
all that exposed in the various clay pits, and in one or two newly-dug
wells, to a depth of twenty feet grades into the sand and silt or stony
clay which overlie it. In comparison, however, with the whole

*Annual Report of the State Geologist for 1892, page 139. It is not certain that
the great depth Qf clay and alluvium here cited is all lacustrine.
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_area, the points at which observations can be made arc few and the
,exposed sections shallow, and it is not certain that such a soil does
not exist.

3% The third hypothesis differs from the second only in the
assumption that the inter-glacial lake lasted until the later ice
invasion, and was continuous in time with the lake formed in conse-

_luence of that invasion. According to this hypothesis the _lays may
be all or nearly all early-glacial and inter-glacial. They would pass
directly into the deposits of the later lake without the intervention of

an old soil. In so far as there is no knowledge of such a buried soil
this hypothesis is favored.

The first hypothesis makes the clays, so far as they are lacustrine,
-entirely late-glacial. The great objection to it is the very long time
required for the advance of the ice in order to give so great a body
of clay, compared to the time of its maximum extension and retreat.

The silts and sands correlated in time of origin with the moraine are
not buried by any later deposits.

The second hypothesis makes most of the clays early.glacial and
inter-glacial, and seems to demand an old soil separating these deposits
from the later ones. Such a soil is not known to exist, neither is it
known positively that it does not exist. The third hypothesis makes
most of the clays early-glacial and inter-glacial, and it demands their
transition upward into the later deposits without a break. Against
this hypothesis there do not appear to be fatal objections. Bat if the
amount of inter-glacial erosion was as great, as it has sometimes been
thought to be, it would hardly be expected that such a lake could
have endured through all the intervals between the first and last ice
invasions.

The clays about Mountain View and Little Falls, so far as they
may be lacustrine, may be accounted for on either of the three

hypotheses--on the third more readily than on either of the others.
The presence of stratified drift directly beneath a more or less thin
coating of till, over a large part of the area from h_adison and

Chatham north to Hanover Neck and Whippany, may find explana-
tion on either of the three hypotheses, although it is difficult of

-explanation on the assumption that a lake never existed in the upper
Passaic valley until the moraine filled the Short Hills gap.

Although there is much indefiniteness concerning the pre-morainic
_aistoryof the lake, facts seem to indicate that there was such a his-
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tory. No such indefiniteness prevails concerning the post-moralnic
history. It is not implied that all the stages of the later history ca_
be made out, but they are certainly clearer than the earlier stages.

The Madison stnge.--When the ice had reached the limit of its
maximum advance, the area of the lake was at a minimum, and
at this time it must have overflowed through the _,foggy Hollow
outlet near Liberty Corner. The lake seems to have remained at
approximately the same level during the time when the moraine
and the subeqoeous overwash plain were formed. During this
period of maximum level there were formed, in part at least, the
high-level shore lines in the extra-morainic basin. Correlated
with these is the broad eubaqueous overwash plain extending from
Chatham to Morristown, and perhaps also the somewhat lower
plains near West Summit. The pebble-strewn terrace in Mr.
Apgar's orchard (k 4), at Moggy Hollow, the gravel deposits near
Bernardsvine (a 12, b 1), Basking Ridge (e 16), Lyons (c 15, e 12),
Millington (o 11, c 10), Union Village (a 2, a 1), New Providence
(e 3, c 4)_New Vernon (d 1, d 2, d 3), and one and a half miles south
of Morristown (d 5, d 6, d 7), together with the subaqueous overwasb

plain (see pages 266-8), are all referred to this stage of the lake.
']:his may be called the Madison stage, from the fine development of

the subequeous overwash plain west of that place. It is hardly to be
expected that the lake remained at absolutely the same level during
this stage. There were undoubtedly minor oscillations of a few feet
from time to time, due to varying rates of melting of the ice. What-
ever may have been the ratio of drainage from the surrounding bill_-
to that from the ice in the early history of the lake, during this stage,

owing to the diminution of the land-drainage area, the melting ice
must have supplied by far the greater part. Such oscillations of level
would be best shown upon such shore features as were of rapid

growth, as for example the sobequeous overwash plain. In this way
perhaps many of the minor inequalities in the height of different
lobes are to be explained. It will be remembered that the various
shore features, described in detail in preceding pages, and correlated
with the Madison stage of the lake, are not now at a constant eleva-
tion. These differences are too great to be ascribed to any minor
oscillations. They are to be explained on the hypothesis of post-
lacustrine warping of the earth's ernst, a subject which will be more
fully discussed a little later.
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THE RETRE&T OF THE ICE,

As the ice melted back from the moraine, the lake increasedin area
by saceessively filling that part of the basin from which the glacier
withdrew. Daring this period the lake must have been more or less
completely divided into two parts by the moraine, which, for part of
its course across the basin, rises above the maximum water-leveL
This barrier did much to prevent debris-bearing icebergs from reach-
ing the extra-morainic basin, and thas limited the time, in which sach
deposits could be made, to the period of ice advance.

A stady of existing glaciers, which have both a water front and a
land front, has shown that when they remain in a condition of equi-
librium or of retreat, the water front melts back more rapidly than
the land front and an embayment is formed. This is shown in several

of the Greenland glaciers and in the Muir glacier of Alaska.* That
this was more or less true of the continental ice sheet, where it was
margined by glacial lakes, is shown by the stady of many of these
lakes. The deltas of Lake Agassiz--a glacial lake in northern
Minnesota and Dakota and extending into Canada--together with the
terminal moraines of that region, show that "against this great lake
the ice was melted back faster than on the adjoining land areas."t
Mr. Upham states that the "extent of the indentation of the ice
boundary was fifty to one handred miles back from the lobed exten-

sions of the ice sheet on each side."_ To a less extent the same thing
was true of the water front of the glacier where it crossed the gla_al
ancestor of Lake Champlain.§

The same thing seems to have occurred in Lake Passaic during the
retreat of the ice. An embayment of several miles back from the
ends of the land lobes marked the front of the glacier where it
crossed the basin of the lake. The glacial deltas between Boonton
and Parsippany, southeast of Boonton, north of Montville, at Jack-
sonville, Upper Preakness and Caldwell (see pages 279-287), wereall
formed by glacial streams, while the ice edge was in the immediate
neighborhood. The ice seems to have remained upon the higher

_S. Prentiss Baldwin, Amer. Geol.j Voi. X[., page 374, et 8eq.

tWarrenUpham. Glaclallakesia Canada_ Bulletin of the Geological Sc_iety
of America, Vol. II., page 273, a *eq.

$ Baldwin, loe. eit., where Mr. Upham is quoted.
Baldwin, loc. elt.
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ground above and back of these plains, after it had retreated from the
lower ground in the same latitude. This is shown (1°) by the basin-
ward slope of the surfaces of the plains, showing that they were built
from the highland ; (2°) by the forward-plunging strata, which, where
seen, generally dip toward the lake and away from the highlands;
(3°) by the frequent occurrenceof bowlder-strewn kames at the heads
of the plains, which, it is believed, mark the position of the ice
while the plain was being formed; and (4°) sometimes by the forms
of the margins of the deltas next the highlands above the lake.
(See pages 279, 281,283, 284 and 285.)

The other possibility, that these plains were formed in depressions
belwcen the highland on one side and the edge of the ice, which
filled the lower ground of the lake basin on the other and supplied
the material, was kept in mind as a working hypothesis in the field,
hut was finally abandoned, since it does not match the facts. In ter-
race plains formed in this way, the surface should slope towards the
highland, not away from it ; the beds should dip in the same direc-
tion, and the edge of the plain should, by the character of its slopes,
indicate that the material had slumped down as the ice melted ; or,
in other cases, should preserve the' knob-and-hollow type of irregu°
hrity which represents, in reverse, the irregularities of the surface of
the ice, against which the sand and gravel of the plain were
deposited. These criteria are wanting, except next the highland
margins of the deltas, where they are explicable on the other
hypothesis.

The Upper _Prealmessstuge.--At a number of places, more or lees
well-defined terraces are present at elevations varying from sixty-five
to asventy-five feet lower than the maximum water-level. These
lower terraces are sometimes directly in front of the higher, which
rise from the upper margin of the lower. In other localities, the
higher are present without the lower, or the lower without the higher.
The two are seen in close connection between Bocntun and Montville,

at Upper Preakness, and west of Haledon.
The following hypothesis may be framed to account for these ter-

races and their time relationship to those of greater altitudes : The
fundamental assumption is, that the tops of these terraces represent
the actual level of the water in which they were formed, just as it
has been assumed that the surface of the subaqueous overwash
plain marks" the maximum water-level. Let us suppose that
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_his assumption is correct and follow its lead. These terraces
then mark a subordinate stage in the lake's history, which may be
caned the Upper Preakness stage, from the marked development of
the delta plain near Upper Preakness. If this hypotheeis be the
true one, the time relationship of the upper to the lower terrace seems
to be clearly shown at Upper Preakness, less distinctly south of Mont-
ville and west of Haledon. At Upper Preakness, the lower glacial
delta plain at 335 to 340 "feetwas undoubtedly formed while the ice
edge stood at the kame moraine belt, which borders the plain on the
north. This kame belt rises forty to eighty feet above the level of
the northern edge of the plain. At a later period, after the ice had
melted back a mile or more, the upper plain, in so far as it was
developed beneath the water, was formed in water standing at about
412 feet. According to the terms of this hypothesis, the lower fiat
clearly antedates the upper. It should be said, however, that the
plain north of the kame or moraine belt, which lies just north of the
Upper Prsakness plain, is, in places, markedly undulatory. It is not
believed that it is strictly a delta plain, though there seems to be
evidence that its surface was, in some places, modified by the water
of the lake.

South of Montville, the lower terrace is 150 yards wide, nearly a
quarter of a mile long, and falls off steeply in a lobate front for forty
or fifty feet. Save at one point, it is separated by depressions from
the front of the higher terrace. At this one point, the fiat rises to a
bowlder-strewn kame, which is partially buried by a projecting lobe
of the upper terrace. The relationship here is such as to render
improbable the hypothesis that the lower fiat has been cut by the
waves from the upper terrace, or that the upper has supplied the
material for the formationof the lower." No stream channels dissect

the surface of the upper fiat, as would be the case had the lower been
formed after the upper, and of material supplied by streams which
crossed the surface of the higher plain and emptied into water stand-
ing at 320 to 330 feet. The conclusion here is the same as that drawn
from the Upper Preaknsss plains, that the lower terracesare older
than the higher. Near Boonton the lower terrace is quite well
marked along the front of the upper slope, but there the relative age
is not clearly indicated. Although the data at that point do not show
the younger age of the upper fiat, they show nothing to the contrary.
West of Haledon, the relationship of the terracesfavors the hypothe-
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sis that the lower terrace is the older, but the evidence is not so strong
as at Upper Preakness. Nowhere is the relationship between the two
such as to necessitate the assumption of the greater age of the upper
terrace.

On the assumption, therefore, that these delta plains mark the
water-level at the time of their formation, it would seem that the
front of the ice became deeply embayed as it retreated from the llne
of the moraine, and that the waters of the lake sank about seventy
feet below the Madison level. During this lower stage, the 320-325-
foot terraces from Boonton to Montville, the ill-defined fiat between.
the first and second canal planes at Montville, possibly the terraces
(340 ± feet) north of Jacksonville, the 335-340-foot plain at Upper
Preaknees, and the lower terraces (340 feet) west of Hahdon were-
formed. Perhaps the red shale gravel beds between Madisonville.
and Basking Ridge, which are about eighty feet below the maximuar
shore lines, belong to this stage, though this is not at all certain_

No other shore features were observed in the extra-moralnic basin,
which by any possibility can be referred to this stage of the lake.
The Upper Praakness stage, if it existed at all, was probably a short
one, since the terraces are not of great size, and deposits of this.
character were undoubtedly built very rapidly. In order to account
for the lowering of the lake-hvel from the Madison stage to the_
Upper Preakness stage, it is necessary to assume that the lake had, at
this time, a sub-glacial outlet. There could have been no surface out-
let, as the present topography shows, and climatic changes, or possible
changes in the rate of ice-melting, do not at all meet the case. There
appears to be no difficulty in the way of supposing that a sub-glacial
outlet might be brought into existence, as the ice retreated toward the
Little Falls gap. Bat the difficulties involved in the assumption of
such a sub-glacial outlet, as is necessary to account for the existing.
phenomena, are considerable. They will be considered after the next
succeeding stage of the lake has been described.

The Montville stage.--The hypothesis under consideration renders.

necessary the assumption that the low stage of the lake postulated
above was followed by a rise of the water approximately to the Madi-
son level. The name Montville is proposed for this stage of the lake.
During this stage there were formed the high-level plain north oF
Litthton (f 3) and the delta plains and terracesat corresponding levels.
north of Parsippany (g 1), between Boontou and Montville (g 2),
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north of Montville (g 3), at Jacksonville (g 5), north of Upper
Preaknees (h 2), west of Haledon (h 3) and at Caldwell (h 4). Some
of these, especially those on the western side of the intra-morainic
part of the lake, may have been partly fashioned during the earlier
Madison stage. The ice retreated a little between the Upper Preak-
hess stage and the Montville stage, and the plains of the latter were
built a little back of and above those of the former. In some cases

the higher plains reached and partially buried the lower ones, and the
absence of the lower shore lines in some eases may be due to their
complete concealment beneath the later-formed higher plains. Al-
though of essentially the same height as the Madison stage, the
Montville stage, according to this hypothesis, cannot be associated
with it in time, as shown by the different positions of the ice edge at
the two stages.

With the glacial delta plains of the Montville stage are correlated
the higher wave-cut terraces on the inner face of the moraine between
Madison and Monroe (F 3), the cut terrace and associated spits on the
hill between Morristown and Littleton (F 5, f 1, f 2), the gravel bed
at the north end of Riker Hill near Livingstone (k l), the gravel
bed on Hook mountain (k 2), and a few other features of doubtful

shore origin. The Montville stage seems to have been a little longer
than the Upper Preakness stage, but the wave-cut terraces may have
been partly formed during the Madison stage before the water sank
to the Upper Preakness level. The higher shore features, also, of the
extra-morainic basin, particularly the local gravel deposits, may in
part belong to the Montville stage, which is believed to correspond in
height very closely with the Madison level.

In a few places possible shore lines have been noted at elevations
between those of the Montville stage and those of the Upper Preak-

ness stage. They range from fourteen to twenty-five or twenty-eight
feet below the highest levels. It haq not been possible to correlate
them definitely with each other, or to make out their time relation-
ship to the other shore lines. So far as known, they may either pre-
cede or succeed the l_Iontville stage. They are best shown on the.
inner face of the moraine south of Montville, near Caldwell, and
northeast of New Vernon.

In connection with the lowering of the water during the Upper
Preakness stage of the lake, it was indicated that climatic changes_
and changes in the rate of melting of the ice, seemed altogether inade-
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quate to account for the supposed drop in the level of the lake's sur-
face. The same factors seem equally inadequate to account for the
subsequent rise of the water from the level of the Upper Preaknees
delta to that of the Montvillc deltas. It would seem that the only
cause which can account for this rise, is the blocking of the subglacial
outlet by which the lake was lowered. It must be confessed that it
is difficult to understand how such an outlet, once established during
the retreat of the ice (and in the way of this there seems to be no
difficulty), could again be closed during the further retreat of the ice.
When the ice was advancing, as in the early stages of the last ice
epoch, it is not difficult to see how an under-ice ontle_ could be closed.
But it is not easy to see how an under-drain could be stopped when
the ice was retreating, when its motion was probably diminishing in
vigor, when its rate of melting was very likely increasing, and when
it was becoming thinner. Nevertheless, the stopping of the outlet,
even under these conditions, is not believed to be beyond the range of
possibility.

The hypothesis that the Upper Prenkness delta plain and its cor-
relatives are older than certain other and notably higher delta plains,
such as the Montville deltas, necessitates the following assumptions:
1°, that the lake secured a sub-ice outlet after the ice had receded as
far as Upper Preakness ; 2°, that by means of this outlet the lake
was lowered from the level of the Madison stage to the level of the
Upper Preakness delta plain (about seventy feet) ; 3°, that the water
stood at the level of this and other corresponding delta plains, for a
time sufficiently long for their construction ; 4°, that the sub-glacial
avenue of drainage was then closed, and that the water again rose to
the Moggy Hollow outlet, where it stood during the building of the
Montville and other deltas and certain other correlated shore features.

if, in view of all the considerations, the hypothesis seems a difficult
one, it nevertheless remains true that the hypothesis would explain
the faeta. It involves conditions which it is hard to believe existed ;

but if they existed, the observed phenomena would find adequate
explanation. No other hypothesis of less or equal difficulty presents
itself.

The drainage of Lake .Paeeaic.--After the Montville stage had
endured for a time, sufficient for the formation of the glacial

delta plains which mark that level, but, nevertheless, brief
compared to the whole period of the lake, the ice was so far
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melted back as to permit the escape of the lake drainage
through the Little Falls and Paterson gaps. Whether for a short
period the water flowed out through the Great Notch is uncertain.
If it did, the lake must have been held for a time about ninety feet
below the Montville stage. If this stage existed, it must have been very
brief, since it has left no positive record. Upon the opening of the
Paterson gap the intra-morainic part of the lake was drained to the

level of the barrier at Little Falls, about 185 feet. This draining of
the lake must have been rapid, since on the many hills within the
basin, rising to heights of 200 to 300 feet, there are no shore lines_
although many of the elevations are of loose sand and gravel, in
which terraces could easily and quickly be cut by shore activities.

Although the intra-morainio basin was drained upon the opening
of the Paterson gap, a small post-glacial lake remained in the low
ground between Second mountain and Long Hill, in the valleys
of the Passaic and Dead rivers. It was held at 230 feet by the
dam of drift at Stanley, through which the river has since eat

a passage. The greatest depth of this lake was not much more
than twenty feet. It disappeared gradually as the Stanley outlet was
cut down from 230 feet to its present level. If any considerable
portion of the Millington gorge in Long Hill is post-glacial_ the area
of Great swamp also was occupied by a shallow post-glacial lake.

If, when the Paterson outlet was opened, the bottom of the Milling-
ton gorge was higher than now, by so much as ten feet, the lower
part of Great swamp must have been covered by water_ and the
limits of the swamp considerably extended.

Judging by the meager development of the shore features of Lake
Passaic, save in those cases where the supply of material from the
glacier was abundant, their indefinite form in many instances, and

their entire absence in localities where they might rationally be
expected to exist, we cannot but conclude that the entire life of the
lake was, geologically speaking, brief. On the other hand, when we
take into consideration the great thickness of lacustrine clay in the
Great swamp basin, assuming for the moment that it is all lacustrine_
and that it all belongs to Lake Passaic, a very much longer period of
time seems necessary.

If, as was suggested above, a lake existed in part of the Passaic
l_asin in the first glacial epoch, and during a part or the whole of
inter-glacial time, much of the clay may be lacustrine and yet ante-
date Lake Passaic.
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Summary of _heHislory of the Lake.

Whether a lake existed in any part of the basin in early.glaclal or
inter-glacial time is not definits]y known, but the balance of evidence
seems to favor the hypothesis that Lake Passaic had an ancestor. It
is, however, certain that when the ice blocked the Little Falls and
Paterson gaps, or at latest, when it blocked the buried Short Hills
gap, Lake Passaic was born. If not sooner, at least by the time the
ice reached its maximum advance, the lake had reached its maximum

height, and overflowed its basin at Moggy Hollow west of Liberty
Corner. The areal extent of the lake was probably at this time at a
minimum. Its length could not have exceeded nine miles, and its
greatest width was a little less than eight. This, the Madison level,
was approximately constant during the formation of the moraine and
the subequeous overwash plain which fronts it. The greater number
of the gravel beds, and the ill-defined terraces of the extra-morainlc
basin were in part at least formed at this time. The clays of the
Great swamp area and vicinity antedate the maximum" advance of
the ice, since towards the east they pa_s beneath sand and gravel
deposits formed at that time. Too little is known of the Little Falls
clays to warrant any positive inference from them concerning the
history of the lake. The interpretation of these clays can probably
not be satisfactorily made until the whole body of clay in the north-
eastern part of the State and up the Hudson has been carefully
studied. Such study transcends the limits of the work which it has
yet been possible to devote to this subject.

As the ice melted back from the moraine, it became deeply indented
along its water front, the embayment apparently amounting to some-
thing like eight miles. According to the hypothesis presented to
account for the lower terraces at Upper Preaknese and other places,
the lake sank, during the retreat of the ice, to the level represented
by the delta plain at Upper Preakness, a level about seventy feet
below a later maximum represented bythe Montville delta and the other
plains and terraces at corresponding levels. During this hypothetical
stage, which is believed to have been brief, the lake could not have
drained through the Moggy Hollow outlet. Its outlet must have
been sub-glacial. After the Upper Preaknese stage the waters rose
about seventy feet to the Montville level, which is believed to be ap-
proximately the same as the Madison level. During the Montville
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_tsge were formed the higher terraces found on the shores of the
intra-morainic basin, and the extra-morainic shore features were

t)robably completed. Fourteen to twenty-eight feet below the Mont-
ville deltas there are ill-defined terraces and a few gravel beds at

-other points, the exact age of which is not determinable.

The final draining of the lake, which occurred after the Montville

-stage, must have been rapid, since no signs of wave action can be
found on the sides of the many hills of loose materials within the

"basin of the lake. A small post-glacial lake in the Dead river valley,

•and perhaps another in the Great swamp area, remained until the
barriers, which obstructed their outlets at Stanley and perhaps at

Millington were cut away, but Lake Passaic may be said to have dis-

=appeared on the opening of the gap at Paterson. During its maxi-

.mum extent, Lake Passaic must have been not far from thirty miles

long, ten miles wide at its widest part, and over 225 feet deep in the
intra-morainic part. This depth is indicated by the relative height

of the Great Piece meadow and the highest shore lines near Boonton

and Montville. The greatest depth of the extra-morainic part of the

lake could have been little more than 140 feet. The preponderance
-of evidence seems to indicate very clearly that the life of Lake
Passaic was brief.

DEFORMATIONS OF THE LAKE BASIN.

So soon as the heights of the highest shore lines of Lake Passaic

"were accurately determined, it was seen that they were no longer at a

constant elevation in reference to the present sea-level. The most

important of them are here given in tabular form, the maximum
water-level in each locality being taken :

Northwest Side of the Lake Basin.
At l_loggy Hollow .................................................... A 4.* 356 feet.
'Two and a half miles northeast .................................. A 5. 365

Basking Ridge ........................................................ e 16. 367 "
Near Bernardsville ................................................... a 12. 369
Half a mile northeast of the above ........................... b 1. 371 "
West of New Vernon ............................................... d 1. 372 "
•One mile east of New Vernon ................................... d 3. 873 "

• These designationsrefer to the descriptionsj pages 243-288of this roperh and to
4.helarge map of Lake Passaic.
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One and a half miles northwest of New Vernon ........ b 2.
between 377 and 380 feet.-

One and three-quarters miles southwest of Morris*
town ............................................................... d 6, 7. 377

One and three-quarters miles south of Morristown ...... d 5.
between 376 and 380

Morristown ........................................................... probably 376
Two miles north of Morristown .............................. f 1. 378 "
South of Littleton ................................................. f 2. 380. "

North of Littleton .................................................. f 3. 385_"
Glacial delta plain north of Parsippany .................... g 1. 394 "
South of Boonton ................................................. g 2. 394-5"
South of Montvillc .............................................. g 2. about 398 "
North of Montville .............................................. g 3. 397-3"
Jacksonville .......................................................... g 5. 408--9"

South and Hast Share of the Lake.

One mile south of Moggy Hollow (B. Anthony) ........ a 10. 349 feet..
One mile southeast of the above (Thomas Mad-

dock} ...................... _.................................... a 9. 347 "
One and a half miles south of Liberty Corner

(John Dougherty) ............................................ a 8. 345 "
Mount Bethel ........................................................ a 6, 350 "

Two and a half miles northeast of Mount Bethel,
near Old Home Life Insurance Co, pit ............... a 3. 358 "

Union Village (John F. Sehwalb/ ............................ a 2. 355-360 "
One mile northeast (Joseph Frazer) ........................ a 1. 357-360 "

West Summit deltas ....................... ; ....................... probably 367-{-"

North end of Riker Hill ......................................... k 1. 378=]-"
About Caldwell ...................................................... h 4. 385-390 '_
West of Halcdon .................................................. h 3. 405 "
North of Upper l_reakness ...................................... h 2. 412 "

On Long Hill and the Moraine.

North of Lyons station ........................................ c 15. 364 feet.
Half a mile south of Lyons ................................... c 12. 361
Millington ............................................................ e 11. 361

Long Hill village .................................................. c 8. 361
One and a half miles northeast of the above ............ c 5. 361-3"
Northwest of New Providence ................................. C 2. 365 "

End of Long Hill near Chatham ............................ C 1. 869 "
We_t of Madison ................................................... probably 373 "
West of Convent ................................................... " 874 "
Morristown .......................................................... " 376 "
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These figures show that there is an increase in the elevation of the
shore lines from the southern to the northern end of the lake from

345 to 412 feet, a total rise of sixty-seven feet in thirty miles, or two
and one-quarter feet per mile. This increase is by no means regular.
Within short distances, the gradient varies from nearly four feet per
mile to less than one foot. In one or two instances, notably along
the subaqueous overwash plain, the shore line, after making all possi-
ble allowances, seems to be slightly lower than at points farther
south and southwest. But in spite of these variations and apparent
contradictions, generally speaking, the shore lines can be said to rise
constantly from the southward to the northward end of the ]ake_ at
an average rate of two and a quarter feet per mile.

An outline map of the lake basin is given in Figure 28. On this

map there have been drawn isobases at intervals of five feet. These
isobases are lines drawn through points which have suffered equal
amounts of deformation. These lines are necessarily hypothetical to
a large extent, but they are useful in indicating, so far as can be de-
termined, the nature and direction of post-lacustrine changes of level.
The direction of these lines indicates graphically several important
points. The great differences in the rate of rise of the shore lines in
different localities is clearly shown by the varying distances of the
lines from each other. Irregularities in rate of rise are also brought
out by the curves of several of the lines. It is further seen that the
shore lines do not rise most rapidly in the direction of the longer axis
of the lake, but rather from south to north. Calculated in this direc-
tion, the rise is sixty-seven feet in twenty-five miles, or a gradient of
two and two-thirds feet per mile.

The explanation of the greater northward elevation of the shore
lines may be sought along two lines. 1°. The great mass of ice
which covered all the country to the north of Lake Passaic must
have exerted some attractive force upon bodies of water along its
margin. The tendency of such attractionwould be to draw away the
water from the end of the lake furthest removed from the ice, and to
raise its level at the other end. The shore lines, therefore, would not
be horizontal in reference to the present esa-level, but would rise to
the northward.

To what extent can the changing elevation of theshore lines of
Lake Passaic be referred to this cause? If the northward rise of the
shore lines were due solely to this cause, the rate of rise for each mile

21
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should be constant, or should increase by a regularly-changing incre-

ment. The northward elevation ought to be represented by an upward-

slanting, straight line, or by a regular curve, concave upward. A

study of the shore elevations as given above, or of the position of the
isobeses in Figure 28, will show that this is not the case, hut that the

MILES

_iK. 28.

The dotted lines are i_oba_e_. The numbers upon them represent their height in feet, above
the south end of the lake. Dotted areas repre._nt islands.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIBT. 323

gradient changes irregularly from place to place. Further than this,
it has been shown * that, under the most favorable conditions which
¢_ould possibly have existed during the glacial period, as respects ice
mass and bodies of water free to he attracted, the amount of elevation
of the surface of the Watercould not have exceeded a half foot per
mile. It is extremely probable that in the case of'a small body of
water like Lake Passaic the rise of the water towards the ice was

lunch less than this. Manifestly, therefore, this hypothesis is quanti-
tatively insuifieient. Nevertheless, the ice mass doubtless had some
effect in raising the level of the waters of the lake along its northern
aide.

2°. The other explanation of the present altitude of the shore line is
¢o be sought along the line of crustal deformation in post-lacustrine
times. According to the doctrine of isostasy, which has found much
favor with geologists in recent years, the crust of the earth is in a
delicately-balanced condition of equilibrium between forces, which arc
tending on the one hand to depress, and on the other to elevate it. It
is believed that, in consequence of this balanced condition, changes in
the level of the crust are somewhat readily brought about by the
transference of sediments from o_e place to another, by the ordinary
processes of erosion and deposition. The theory that the crust of the
earth is much more sensitive to changes of load than we are accus-
tomed to believe, seems to be borne out by many facts which have
come to light in recent years, and by many others which have but
recently been studied from this standpoint. Mr. McGee,t for exam-
ple, believes that there is evidence to show that in the Gulf of Mexico
the area of sedimentation is depressed one foot for each foot of sedi-
ments deposited, and that this depression takes place because of the

weight of the sediments. Although all geologists do not accept this
doctrine to the extent advocated by Mr. McGee, yet it seems to be
wall established that the crust of the earth is to a greater or less de-
gree sensitive to changes of weighting.

With the advance of the ice at the beginning of the later glacial
epooh_the northern half of Lake Passaic basin, together with all the
country north of the moraine, was weighted down beneath the load of

*Chamberlin and Salisbury., Sixth Annual Report, U. S. G. S., page 291, et s_g.
The mathematical calculations are by R. S. Woodward.

i "The Gulf of Mexico as a Measure of Isostasy," Am. Jour. of Sci., 3d Series,
Vol. XLIV., pages 177-192, 1892.
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ice, which, not many miles back from it8 margin, must have been
many hundreds of feet thick. In addition to the load of ice there
was the much lesser load of drift, which toward the ice margin, and
particularly in the area of the lake basin, attained considerable thick-
ness. In the extra-moralnic part of the basin there was, in place of
the ice load_ the load of water and of the lacustrine deposits, which,

as we have sceu_ are probably of considerable thickness. It is
believed that beneath the weight of these various elements, but
chiefly the mass of ice, the crust of the earth sank differentially, and
that the amount of sinking was greatest to the north, where the load
of ice was greatest. The area south of the ice, and south of the water
of the lake_ was probably depressed also, hut to a less extent than the
country further north, on which the load which caused the depres-
sion lay.

It is not to be supposed that these effects were confined to the area
of Lake Passaic. They were widespread, influencing a wide area in
the northern part of the United States and Canada.

On the removal of the greater part of this load by the melting of
the ice, and for this particular region by the draining of the lake_ the
land tended to regain something of its original position. The resil-
ience was probably differential, as the subsidence is thought to have
been. On the doctrine of isostasy, the rise would be expected to be

greatest at the north. This differential resilience must have deformed
the shore lines, which_ whcu formed, were horizontal. It is not to

be expected that such an elevation would proceed with a constant
gradient. It would rather be of the nature of an irregular warping_
with the greatest rise to the northward. The irregularities of rise
might well be such that locally there were areas, which failed to rise
so much as other areas further south. This appears to have been the
case in the basin of Lake Passaic. Although the average gradient
from south to north is two and two-thirds feet per mile, it is some-
times as high as four feet per mile, while in one or two instances and
for short distances the shore lines descend slightly to the northward.

The deformation of the shore lines occurred after the lake was

drained, rather than during different stages of the lake. This is
shown by the fact that the Upper Preakness shore line is everywhere
about seventy feet below the Montville level, whereas, if any defor-
mation had occurred in the interval between these two stages_their
shore lines would not be essentially parallel.
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It must not be supposed that only the basin of Lake Passaic suf-
fered post-glacial warping. All the surrounding country must have
been similarly affected if the doctrine of isostasy is well founded;
but it is only along the shores of lakes or seas that measurement
of warping san be made, since it is only here that the former altitude
of the land can be determined.

It is interesting to compare briefly the results obtained from the
study of the warped shore lines of Lake Passaic with those derived

from the seashore and from other glacial lakes. Baron De Geer,*
in his studies on post-glasial warping, chiefly along the New England
and St. Lawrence coasts, found a gradient varying from 2.7_0to 1.07
feet per mile. The differential elevation of the Iroquois beach around
the eastern end of Lake Ontario is five feet and more per mile.j" The
highest of the many beaches observed around the glacial Lake
Agassiz has now a northward ascent of about 35 feet in the first 75
miles, 60 feet in the second 75 miles and about 84 feet in the third

distance of 74 miles, a total of 175 feet in 224 miles. These grad-
ients vary from slightly less than one-half foot to more than one foot
per mile. The gradient, which has been shown" to exist within the
Lake Passaic basin, lies about midway between the maximum and
_ninimum quoted above.

ECONOMIC CONSIDERATIONS.

Gravel depo_.--As has already been shown, the shores of Lake
Passaic are marked by beds of gravel. In the extra-morainic basin
the gravel is usually trap, occasionally red shale, more rarely gneiss
or quartzite. The value of these deposits as sources of supply for
road material has to a limited extent been recognized, and pits have
been opened in a number of them. The trap gravel, by reason of im
abundance, its durability and its angular character, is by far the best
of the gravels for road purposes. The pebbles or fragments, al-
though distinctly water-worn, are not much rounded, and pack firmly,
making a hard, substantial road-bed. Although this gravel does not
make such fine roadsas the assorted sizes of crushed trap rock shipped
from the various stone crushers located along the trap ridges, yet be-

Proceedings of the Boston Society of Natural History, Vol. XXV., pages 454-477.
J"Upham, Bultetin of the Geological Society of America, Vol. II., page 260.
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cause of its cheapness and wide distribution it is more available for
use on the adjacent country roads. To secure the best results the
gravel should beassorted, since in the beds cobbles four to eight inches
in diameter arc mixed with the finer constituents. The formerare

serviceable at the bottom of road-beds, but should be covered by the
finer. For the best results, a small amount of crushed rock should
be used with the gravel, or the finest of the gravel should be reserved
forthesurface.

The amountofavailabletrapgravelon theshoresofLake Passaic
isveryconsiderable.NearUnionVillagetherearedepositsuponthe
propertyofJosephFrazer(a1),John Schwaib(a2),and theOld
Home LifeInsuranceCompany (a3). Southand southeastof Lib-

ertyCornerareconsiderabledepositson thepropertyofJ.H. Moore
(a7),James Dougherty(a8),and Thomas Maddock (a 9). The

gravelatthefirsttwoplacesisatleasttwentyandthirtyfeetthick_
respectively.South of Moggy Holbw isa smalldepositon the
propertyof B.Anthony(a10).
On Long Hilltherearedeposits,theextentofwhichisnotknown.

In thesagswestof New Providence(c4) and northof Berkeley
Heights(c6),nearMillington(c10 and 11),thereareextensive
depositswhosedepthiscertainlytwenty-fivefeetand issaidtobe
fortyfeet.Much ofthis,however,isunavailableforroadmaterial,
asitison improvedresidenceproperty.Otherdeposits,whichhave
beenconsiderablyutilized,aresouthand southwestofLyonsstation_
on propertybelongingtoBenjaminRnnyon (c12),Mr. Zieglowand
Dominie Bowers(e13). North of LibertyCorner,ais%isa pit
owned and worked by Bernardstownship(c14),and thereare

extensivedepositson the adjoiningpropertyof Chas.Grculock.
Justnorthof Lyons station,also(c15),and eastand northeastof
Bernardsvillc(a12,a 13),therearedepositsofconsiderableextent.
Extensivedepositsarefoundsouthof Morristownon theSpring
Brookfarm(d6)andon thepropertyof G. E. Talntor(d5).
Besidesthesewell-definedbeds,concerningwhoseareaand depth

somethingisknown,surfaceindicationsofgravelhavebeenobserved
alongtheshorelineatmany places,particularlyinthetimber.Itis
quiteprobablethatmuch moregravelexiststhanhasbeenaccurately
located.The placeswhereitistobesoughtarealongtheoldshore
line,asshownontheaccompanyingmap. Itisentirelywithinbounds
toasEertthatthereisenoughtrapgravelaroundtheextra-morainio

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 327

shores of Lake Passaic, to macadamize all the roads within that part
of the basin.

The red shale gravel, which is used upon the roads to some extent,
is not nearly so valuable as the trap. It packs readily, but the shale
pebbles are easily crushed and ground to a fine dust, which, in wet
weather, makes a sticky red mud. The principal beds of this gravel
are the"Durie spit west of :New Providence (c 3), the gravel beds nesr
]]asking Ridge (c 16, c 17, c 18, c 19), and Bernardsville (a 12), and
those both west and east of :New Vernon (d 1, d 2, d 3).

South of Morristown (d 7) is an extensive deposit of gravel, chiefly
quartzite, formed from the weathered Trieesic conglomerate. It has
been very extensively used by the city of Morristown, and makes ex-
cellent roads.

Along the moraine, and within most of the lake basin north of the
moraine, glacial gravel is very abundant, and is used more or less
upon the roads. It is, however, far inferior to trap gravel for several
reasons. It very often contaius a large paresntage of sand, which makes
the road heavy and sandy in dry weather, and prevents the material
packing into a hard road-bed. The percentage of red shale pebbles
is often large, and these are easily ground up, causing dusty roads in
dry weather and muddy roads in wet weather. Since the gravel is
generally quite well rounded, it does not pack so firmly as the
sharply-angular fragmentsof crushed trap or the poorly-rounded trap
pebbles.

Laoustrine days.--The clays within the lake basin are used to some
extent in the manufacture of brick, rough pottery and tiling. The
most extensive brickyards are those south of Morristown, those north-
west of this placeand those between Little Falls and Mountain View.
The supply of clay within the lake basin, particularly in the Great
swamp area, is practically inexhaustible. It is not all equally good,
but there is much which is of as good quality as that used in the
brickyards nest_Morristown. Unfortunately, it is not all so available.
Within the intra-morainic lake basin, too, there are good lacustrine
and post-lacustrine clays. These are worked to some extent in the
vicinity of Whippany.

The swamp areas.--If the land were to be restoredto thealtitude pes-
sessedduring the lake period, the restorationwould involve a depression
of fifty feet at Little Falls, and about the same at Boonton. Under
these conditions the swamp areasof the lake basins would be greatly
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ha_ged.The submergedor partially.submergedlandsnorthofthe
moraine,alongtheWhippanyand Passaicrivers,wouldat oncebe
drainedandtransformedfromswamps torichalluvialbottomlands.

The Greatswamp areawould be differentlyinfluenced,sinceits
drainageisheldat itspresentlevelby theobstruction(traprock)in
th_r_wrs_Minington.If thelaudwererestoredtoitsglacialalti-
tudethiswouldnotbelowered,but,on thecontrary,wouldberaised

relativelytotheswamp. Such a northwarddepressionmightcon-
vertthelowerpartsoftheGreatswamp areaintoa shallowlake.
The swamps and meadows alongthePassaicrivernorthofthe

moraine,areconclusiveproofeitherthatthePa.,saicriverdoesnot

now flowin itspre-glacialchannelacrossthe trapridgeat Little
Falls,orthatthepost-lacustrineelevationsotiltedtheland,thatthe
riverhasnotyethadtimetocutdown itstrapbedatLittleFallsto
theextentofthedifferentialriseatthispoint.Untilthisisdonethe

swampy landwillnotbedrained.No dataareathandconcerninga
pre-glacialchannelatLittleFallsotherthanthepresentcourseofthe
stream.The facts,5o faras known,make itimprobablethatsucha
buriedpre-glacialchannel,evenifitexists,isasdeepastheburied
ShortHillsgap. The lossofarablelandeitherthroughtheblocking
of thepre-glacialchannelacrossthetrap,orthroughthewarpingof
thelakebasin,or throughtheircombinedaction,amountstomany
thousandacres.A partof this,however,willsoonbe reclaimedon
thecompletionoftheworkofblastingawaytherockbarriersatLittle
Fails_a work whichhasbeengoingon forseveralyears.
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LETTEROF TRANSMITTAL.

o

Professor 3". C. 8mock, 8tare Geologis_,Trenton, N. J. :

SIR--I present herewith the report of my investigations the past

year upon the Cretaceous and Tertiary formations of New Jersey.
Considerable progress was made in deciphering the stratigraphy of
the "marl belt" during the field season, which was necessarily short,
on account of the small allotment for the work. The services of
Messrs. H. S. Gane and R. M. Bagg were had for a portion of the
time as assistants. They aided very materially in the investigations
conducted, and I dssire to cordially acknowledge my obligations to
them at this time.

The lines of work pursued may be classed under two heads, viz.,
areal mapping and section study.

The first was a continuation to the southward of the areal mapping
commenced the previous year and which resulted in the completion
of the United States Gcologieal Survey Atlas Sheets of Sandy Hook
and New Brunswick. During the present season, largely with the
aid of Mr. Bagg, the atlas sheet of Ca_ville was completed, adding
235 square miles to that already done.

Under the second head, five type sections were studied and com-
pared. Two were in the area already mapped, and a third comprised
portions of the region under investigation the past season. The other
two were without the areas hitherto studied, but were selected at

crucial points in order to determine the relations existing between the
various formations throughout the area of their outcrop. The five
section lines selected run from New Brunswick to Long Branch,
Monmouth Junction to Shark River, Trenton to New Egypt, Phila-

delphia to Vinccntown, and Bridgeport to Glaesboro.
By means of the auger, the use of which was explained in the last

annual report, it has been possible to penetrate the surface deposits so
that the stratigraphy may be deciphered in areas where the under-

(331)
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lying beds do not outcrop. This method will be pursued throughout
the region to be investigated, with the hope of important results.

In my first report the fewest possible alterations were made in the
aceel_ed names of the formations_and the results of the work made
to conform, so far as it was possible, with those of the State Survey
hitherto. It was deemed advisable to act with great deliberation
before suggesting changes in a classification proposed by so competent
a geologist as the late Professor George H. Cookj for so many years
the head of the Survey. As the work has progressed, the necessity
of modifying the classification hitherto adopted has become apparent,
and such changes are presented at this time.

Very respectfully,
WILLIA_'¢B. CLARK.

Johns Hopkins University, January 1st, 1894.

NEW JERSEY GEOLOGICAL SURVEY



CRETACEOUSAND.TERTIARYGEOLOGY--
REPORTOF PROGRESS.

"i893.

t

BY WILLIAM BULLOCK CLANK.

t

SECTION I.

GENERAL DISCUSSION AND CLASSIFICATION OF

THE FORMATIONS.*

Ik_I_RODUCTION.

In the last annual report will be found an historical sketch of the
investigations hitherto conducted upon the Cretaceous and Tertiary
deposits of New Jersey_ together with a description of the several
formations represented. On that account it is considered unnecessary
to enter into a full consideration of the subject at the present timer
although in proposing the important changes in classification found
upon the succeeding pages it is important to compare the nomenclature
of others, and discuss the grounds for the use of the terms employed.
In that connection a brief description of each formation is introduced.

The use of lithologic terms for the formations in the earlier nomen-
clature will be in the future discarded for place names, the older terms
being retained to designate their economic equivalents. Local terms
have been adopted_care being taken to select such as would chareeter-
istical_y represent the formations. The names of rivers, hills and
towns in the vicinity of which typical sections are found have been

_Portions of this chapter were read before the Geological Society of Amerlea, at
Boston, December 29thj 1893, and printed in The Journal of Geology, Vol. 2, pages

181-177. t_)
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generally employed. In this manner the results of the work in New
Jersey are brought into conformity with methods generally adopted
at the present time in other areas.

GENERAL STRATIGRAPHICAL FEATURES,

The geological formations of the coastal area of New Jersey
represent a nearly complete sequence from the Cretaceous to the
Pleistocene. They form a series of thin sheets which are inclined
slightly to the southeastward, so that successively later formations are
encountered in passing from the northwestern portion of the district
toward the coast.

Oscillation in the position of the shore line and later denudation
have occasioned in many instances a marked divergence from these
normal conditions, so that detached areas are frequently found far
removed from the body of the main outcrop.

The formations of the Now Jersey coastal area and their economic

equivalents are given in the following table :

Age. Formation. Economio Equivalent.

Pieistocene .....Columbia Formation.

. / Lafayette Formation.Neocene ...... _
( Chesapeake Formation.

Eocene ....... Shark River Formation } .......
.... _ . "" _ upper _aari _ea. "]

( _,Ianasquan 2ormatlon... J I
Rancocas Formation ......... Midd_ Marl Bed. ] Greensand

/Redbank Formation .......... Red _and. _ Series.

Cretaceous...1 Nave,sink Formation ......... Lower Marl Bed. ]
| _Iatawan Formation ......... Clay Marls. j

i

( Raritau FormaLion ............ Plastic Clay.

The greensaads characterize all the deposits from the Matawan
formation to and including the Shark River formation. The glau-
conite appears in varying amounts and under different conditions in
these several formations, so that the lithologio features are often sufli-
ciently distinctive and persistent to be of the greatest service in the
determination of the horizons. The presence of greeneand as an

original accumulation has not been observed in the Reritan formation,
which underlies, nor in the Chesapeake formation, which overlies, this
series of glanconitic deposits.
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DEBCRIPTION OF THE FORMATIONS.

Itaritan Formatlo_ (Plastic Clay).--The term Raritan was intro-
duced for this formation in the last annual report, the name hav-

ing been long in use by Cook, Newberry, Smock and others for a
greater or less portion of the series in question. The most char-
acteristic development of the formation is found along the Raritan
river and bay, so that the term is in every way applicable.

The strata consist of alternating beds of sand and clay, many of
them of grsat economic value. Many of the beds, particularly the
sandy layers, change in thickness and texture so rapidly that no sec-
tion is typical except within very narrow limits. Clay§, however,
preponderate in the lower, and sands in the upper half of the series.
No unconformity is found at any point beyond the base of the series
which rests upon the Newark formation, although the individual beds
of sand often meet along sinuous lines and exhibit frequent instances
of cross-bedding. It is ditBcult to assign a limit to the upper por-
tion of the series, since no physical unconformity occurs, and similar
deposits are found in the overlying Matawan formation.

The fossils described from the Raritan formation are chiefly of
plant origin, and consist both of leaf impressions and lignite, but in-
dicate a considerably earlier period than do the fossils of the over-
lying depceits. The invertebrate fossils are very rare and consist
altogether of brackish-water types.

The thickness of the formation in the vicinity of the Raritan hay
has been estimated at 347 feet, but to the southward it evidently
reaches a somewhat greater thickness, as shown by recent borings,
although satisfactory data for comparative purposes are not attainable.

_fa_awan Formation (Clay Marls).--On account of the extensive
and typical development of the Clay Marls on the shore of the Raritan
bay, in the vicinity of Matawan creek, and along the banks of the
latter stream, the name Matawan formation is proposed for the de-
posits of this horizon.

The greensand is a less pronounced feature than in the overlying
formations. The deposits consist, for the most part, of dark-colored
clays with inter-bedded layers of sand, the latter becoming very pro-
nounced in the upper portion of the formation. At some points beds
of grecnsand appear, but they are generally thin and of very narrow
geographical extent. The deposits are largely fragmental, with here
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and there an admixture of carbonate of lime, derived from the shells
of organisms.

The most extensive section is afforded by the bluffs on the shores
of the Raritan bay, between the mouth of Chesquake creek and the
Navesink Highlands. From this point the formation extends south-
westward across the State, the best exposures being found along the
stream channels entering the Delaware river from the east. Both
along Croeswicks and Pensauken creeks the strata are highly fossil-
iferous, at the latter locality over a hundred species having been
identified. In the main, the forms are the same as those in the over-

lying Navesink formation, although some are distinctive.
From its surface outcrops the Matawan formation has been esti-

mated to have a thickness of 275 feet.
The most striking ditrerenees, both in the sharaeter of the materials

and the thickness of the beds, are shown by well borings along the
line of dip. A recent boring at Ashury Park penetrated the Nave-
sink formation (Lower Marl Bed) at 400 feet, beyond which, for a
distance of over 400 feet, typical Clay Marls were encountered.
From 750 to 780 feet glanconitic layers were found, while the deposits
in general are finer and more regularly stratified than in the surface
outcrops to the westward.

_Nave_ink Formation (Lower Marl Bed).--The Lower Marl Bed_
has an extensive development throughout the region of the Navesink

Highlands, in the vicinity of the village of Navesink and along the
north bank of the Navesink river, so that the name of Navesink
formation may be with propriety employed.

Greensand forms the distinguishing feature of the deposits. The
lower portion is frequently quite sandy, in this respect showing the
change from the sandy layers of the upper portion of the Matawan
formation upon which it lies conformably, to the typical gresnsands of
the _Navesink formation. The upper portion again shows the pres-
sure of much land-derived material ; it is highly argillaceous and just
at the top frequently arenaceous. The greensands along the thinned-
out western edge of the Navesink formation have been oxidized to so
great an extent that their separation from the red sands of the Red-
bank formation is often a difllcult matter.

On account of the great economic importance of the greensand beds
of the Navesink formation, frequent pits have been dug into it all
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along it_ line of outcrop from the northern to the southern end of the
district. As a result, the strata may be studied to great advantage.

A magnificent exposure is found in the great bluffs of the Navesink
Highlands facing the Raritau bay, while excellent sections are to be
found along many of the streams that cut through the formation.
The beds are highly foesiliferous, and the most varied fauna in the
_ew Jersey Cretaceous is found at this horizon. Between 300 and
400 species have been described.

The Navesink formation has a pretty constant thickness of forty
feet, although locally ranging from thirty to sixty feet. The deposits
have been found to be remarkably persistent in character both along
the strike and dip, so far as they have been examined.

Redbank Formation (Red Sand).--The bright red sands of this
formation afford one of the most striking features of the country
throughout the marl district. They are extensively developed in the
vicinity of Red Bank, so that the name Redbank formation is pro-
posed for the deposits of this horizon.

The strata are glauconitie throughout, although the great prepond-
erance of coarse arenaceoussediments has facilitated the oxidation of

the greensand, changing the green color of the beds to red or brown.
The lower portion of the Redbank formation is often composed of
black sand or sandy clay, while at the top of the formation there is
an indurated clayey layer generally of a distinctly greenish color.
This hardened stratum has bad an important influence in the devel-
opment of the topography of the marl district, and especially in the
extreme north the higher hills are largely due to its presence. The
fossils are, in the main, the same as in the preceding formations, but
on account of their poor preservation have not up to the present time
been very fully studied. The indurated layers have afforded the
greater number. The formation has a pretty constant thickness of
100 feet.

_anceea$ Formation (Middle Marl Bed).--The Middle Marl Bed
is not as prominent a feature in Monmouth county, where the type
localities for the other formations are found, as farther southward.
The Rancocas creek, in Burlington county, cuts through the Middle
Marl Bed, exposing a full sequence of the deposits of that formation_
while in the neighboring area extensive exposures of the strata are
found.

The formation is largely a greensand_ although much more _high!_
22
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glauconific in the lower than the upper half. Although the lower
half is largely a pure greensand, it becomes in some portions of the
State very argillaceous toward the base, forming the so-called "choc-
olate marl," while toward the top it becomes crowded with shells, the

upper two feet characterized by the presence of Terebratula Harlanl,
the most persistent fossiliferons zone in the State. The upper half
of the formation is highly calcareous, frequently appearing as lime-
stone ledges, known as "yellow limestone_" and often containing as
much as 80 per cent. of carbonate of lime. It is highly fossiliferous,
and has efforded many beautifully-preserved specimens of Bryozoa,
Echinodermata and Foraminifera. The fossils are, in the main, dif-
ferent from those in the underlying formations.

The strata reach a thickness of about forty-five feet.
Manasquan Formation (Lower portion of the Upper Marl Bed).--

The name Manasquan Marl was, in an earlier publication, made to
include the Yellow Sand, together with the "grcensend" and "ash
marl" of the Upper Marl Bed of Professor Cook. For that horizon
the name of Manasquan formation is retained. It is typically devel-

oped in the valley of the Manasquan river and its tributaries.
Like the preceding formation, it is essentially a greensand through-

out, although distinctly quartzose in the lower part, and, at times,
argillaceous in the upper layers. The fossils, so far as observed, are
confined exclusively to the more highly greensand member, but the
numbei"of species is not large. The large percentage of phosphates in
the Manasquan marl has long given it a high reputation as a fertilizer.

The thickness of the strata has been estimated at sixty-five feet.
Shark River .Formation (upper portion of the Upper Marl Bed).--

The term Shark River Marl was earlier employed by the writer to
embrace the "blue marl" of the Upper Marl Bed, which has been
generally referred, in recent years, to the Eocene, although the beds
are conformable with the underlying strata, concerning whose Crcta-
coons age there is apparent unanimity of opinion.

The Shark River formation is a characteristic greensand with a
slight admixture of argillaceous materials, while a hardened and
stony layer is found directly at the top. The fossils are numerous,
but cannot be readily compared with those from the Eocene areas to
the southward. The strata of the Shark River formation have not

been found at any point to exceed twelve feet in thickness.
The Shark River formation closes the series of greensand deposits.
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It is unconformably overlain by strata of a very different character,
"which show evidence of marked mechanical disturbances and rapid
deposition.

Throughout the entire sequence of deposits just described the pres-
ence of grcensand has been the most distinguishing feature. Its
origin is, therefore, a matter of great importance to the understanding
of the several formations, and will be found fully cliscussad in the
last annual report.

Chesapeake Formation (Miocene marls, sands and elays).--The
name Chesapeake has been employed by Darton for the Miocene de-
posits of Virginia, Maryland and Delaware. Although the New
Jersey strata are evidently in part older than the Miocene of the
Chesapeake area, they are a direct continuation of those deposits
northward, and the same name may be temporarily, at least, adopted.

The deposits consist of marls, sands and clays, the coarser sedi-
ments prevailing, so that few localities exist where fossils are found
in any numbers. In this respect they differ greatly from the more
southern" representatives of the Miocene, where the strata are often
largely composed of beds of shells. The sands are highly character-
"istic,coarse, angular grains of quartz being everywhere interspersed
in the deposits, which are commonly snuff-colored and loosely
stratified.

Very little is as yet known of the areal distribution of the deposits,
but it is probable that they cover an extensive region in eastern and
southern New Jersey, and form a series of deposits several hundred
feet in thickness. Recent deep well borings at Atlantic City have
thrown much light on this subject, while extensive surface outcrops
have been found by the writer in Monmouth and Ocean counties,
xeaching to the summit of the Highland range.

Lafayette Formation (Yellow gravel in part, sands and clays).--
An extensive superficial formation, covering levels above the Pleisto-
cene (Columbia) deposits, has been considered to represent the late
Neocene or Lafayette of the middle Atlantic slope. Along the land-

ward border of the formation the deposits consist of gravels and
coarse sands, and often attain considerable thickness. Portions of the

so-called "yellow gravel" are here included under the Lafayette. A
satisfactory discrimination of the deposits is not yet possible in all
instances. Upon further study of the formation it may seem wise to
•lesignate it by a local term.
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GENESIS OF THE DEPOSITS.

The opening of the Cretaescus period along the Atlantic border,
as shown in the Raritan formation, witnessed the deposition of large
amounts of irregularly-stratified sands and clays, together with beds
of gravel in the vicinity of the coast. It was a period of great
mechanical disturbance over the area of deposition_ and both the
physical and faunal charactersof the strata point to the close prox-
imity of land, while inclosed basins doubtless existed for a portion of
the time.

With the opening of the epoch of greensand deposition as repre-
sented in the Matawan formation, much the same conditions at first

prevailed. Alternating beds of sand and clay were laid down, but
gradually the coarser elements disappeared, deposition became less
rapid and grccnsand was locally developed. The conditions for
gresnsand production were not widely extended nor long existent, for
successive periods of rapid and slow accumulation of materials con-.
tinued to the close of Matawan deposition.

With the advent of the Navesink epoch, land-derived materials,
became greatly reduced in volume, and shortly ceased almost altogetherr
so that throughout the area of deposition there was formed at this
horizon some forty feet of highly glauconitic greensand. Toward
the close of this period terrigenous deposits became more pronounced,.
but the production of glanconite did not altogether cease.

With the opening of the next epoch represented by the Redbank
formation, dark sands, in which the proportion of glanconite was very
small, were at first deposited. Throughout the whole series of beds
glauconite is found distributed in greater or less amounts, but at no
time did its production reach the prominence that it had during the
previous epoch. The markedadmixture of coarseelements through-
out most of the deposits later renderedthem subject to the ready per-
colation of water, by which the complete oxidation of the glanconite
was accomplished. Toward the close of the Redbank epoch fioer
sediments prevailed, and there is every evidence that land-derived
materials found ingress to the areaof deposition in gradually lessening
amounts.

The succeeding Rancocas epoch was a time of slow accumulation
of continental materials, so that the production of g]auconite went
on unhindered. Duriug the latter portion of the epoch, however,
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_there must have been a great profusion of animal life, for.the deposits
.show a marked admixture of carbonate of lime, while, in many in°
stances, the shells are still in an excellent state of preservation. The
formation of glauconite was not interrupted, although its relative

proportion is at times much diminished by the great amount of car-
bonate of lime, which may, in some instances, reach eighty per cent.
of the whole.

The Manasquan epoch was characterized throughout by constant
formation of greensand beds, although land-derived materials in con-
siderable amounts reached the area of deposition during the early
portion of the period.

No very marked changes apparently affected the region near or
at the close of the Cretaceous, but the same conditions persisted on

into the :Eocene, as shown in the Shark River formation, during
@hich similar deposits with very different types of animal remains
were accumulated. At the close of the Shark River epoch the condi-
_tionsfavorable for the formation of greensand ceased, not to be again
rev-'.vedduring the period of formation of the coastal deposits in l_ew
Jersey.

The succeeding epochs gave proof of much shallower waters, while
.the ancient Cretaceous-Eocene sea-floor frequently stood above sea-
level, and along its landward portions constantly lost as the result of
,erosion. As the land rose higher and higher in late geological history,
.during the Lafayette and Columbia epochs, further inroads were
made, until the deeper portions of the ancient sea bottom were ex-
posed by the forces of denudation and the present topography pro-
duced.

SOURCEOF THE MATERIALS,

The source of the materials which constitute the several formations

of the coastal region of iqew Jersey has not been altogether satis-
factorily explained, although the deposits .indicate that they were
largely derived from crystalline rocks.

That the red sandstones and shales of the Jura-Trias (Newark for-
mation) which adjoin the coastal series upon the landward side have
not been the chief source of the materials is a striking fact, and one
which has been largely commented on in the past. By some it has
been supposed that an area of crystallines must have existed to the
-eastward to afford the materials for the deposits. A study of the
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drainage of the Jura-Trine belt which separates the coastal formations
from the area of crystalline rocks beyond is of interest, however, in
showing the probable extension of the coastal deposits quite over the-
red sandstones and shales of the Jura-Trine to the border of the crys-
talline region, and, at the same time, affords a sufficient explanation
for the absence in the main of sediments derived from the Jura-Trias

itself.* The evidence for this has been recently presented by Davis "_
in the National Geographic Magazine, and the reader is referred to
the article for a fuller explanation of the subject.

Accepting the explanation of Davis as highly probable, we may
look for the source of the land derived materials out of which the

deposits are formed in northwestern New Jersey, eastern Pennsyl-
vania and southeastern New York, a portion of that tract of crystal-
line rocks which stretches along the eastern side of the continent. A
separation of the mineral constituents of the deposits shows a prfi-
ponderance of both the constituent and accessory minerals which
characterize those rocks. It seems pretty conclusive, therefore, that
the area mentioned was the source of the materials for the formations

of eastern New Jersey.

TAXONOMY.

The geological formations of New Jersey early attracted the atten-
tion of geologists, and Professor Peter Kalm,:_ of Sweden who was

_Profe_or J. D. Dana has called the attention of the writer to tile fact tbat tllo

red sandstones of the Jura-Tria.% formed, as tlley are, chiefly of quarlz and feldspar,

would be better adapted for the production of the clays of the Raritan formation

than crystalline rocks, since tile sandstones would be much more porous and disin-

tegration could the more readily take place. Moreover_ he finds that thick-bedded

and light-colored clays are generally formed in inclosed fresh-water basins or marshy

tracts, such a_ no doubt adjoined tile coasts during the earlier portions of the Rari:

tan epoch. The writer i._ inclined to accept tbis interpretation of the origin of the

light-colored and thick-bedded clays of tbe lower !qaritan, since during the gradual

depre_slon of the coast line in Cretaceous time successively more inland tracts must
have been submerged, and until this submergence was fully completed the exposed

Jura-Trias sandstones would have been an important source of the Cretaceous sedi-
ments. The later Cretaceous formations, however, were doubtless derived directly
from the crystalline rocks.

t igat. Geog. Mag., Vol. IL, No. 2, pages 1-30, 1890.

:_En Rosa til iqorraAmeric.%8vo,3vols.,1753-Sl, Stockholm. Translationsit_.

English by J. R. Forster, 1st Ed. 1770-71, 2d Ed. 1772; another edition in J. Pink-

erton's Voyages, Voh 13_ 1812; in German, by J. H. Murray, 1754-64; in Freneh_.

by L. W. Marchand, 1859.
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sent out in 1749 under the auspices of the Royal Academy of Sci-
ences to make a study of the various branches of natural history in
America, presents many interesting observations concerning the de-
posits in question. He spent much of his time in New Jersey.

In 1777, Dr. Johann David SchSpf,* of Germany, visited America
in order to study the geological features of the eastern portion of the
continent. His observations and comparisons of the coastal plain
formations, especially of New Jersey, mark considerable advance over
those of Kalm. The importance of his investigations have not been
very generally recognized by later writers, but he showed a remark-
ably keen insight into the geology of eastern America, which was
lacking on the part of some of his successors.

The first attempt at a correlation of the deposits of New Jersey
with the geological column then established in Europe was made by
William Maelure,t in 1809, in his "Observations upon the Geology
of the United States." In this publication the coastal deposits of
New Jersey are collectively referred to the "AUuvial formation," the
fourth of the main divisions of geological strata proposed by Werner.
The work was subsequently revised and enlarged, appearing in book
form in 1817._

Professor John Finch was the first to propose a division in the
coastal plain deposits of .New Jersey. In his "Geological Essay on
the Tertiary Formations in America" he states that what has been
called the "Alluvial formation" by earlier writers "is identical and

contemporaneous with the newer Secondary and Tertiary formations"
of other portions of the globe.

A few years subsequent to this, Professor Lardner Vanuxem,§
through his friend, Dr. S. G. Morton, presents the criteria for a more
complete and definite recognition of the several members of the
coastal series, in which both the Cretaceous and Tertiary are described
in some detail.

With the establishment of the official Geological Survey of New

Beitr£ge zur mineralogischen Kentniss des 5stlichen Theils yon Nord Amerik_

und seiner Gebiirge, 8vo., 1787, 194 pages. Erlangen.

tAmer. Phil. Soc. Trana,voh 6,1809, pages 4ll-428. Translation in Journal dv

Physique, Vol. 69, 1809, pages 204-213, and Voh 72, 1811, page_ 137-165.
:_Philadelphia, 8vo., 130 pages. Also in Amer. Phil. Soe. Trans., new series, Voi.

], 1817, pages 1-92, and Leonhard's Zeitschrif_, Baud 1, 1826, pages 124-138.

_Amer. Jour Sci, Vol. 7, 1824, pages 31-43.
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Jersey, under the direction of Professor H. ]9. Rogers,* the first
attempt was made at a detailed differentiation of the local deposits.
The formations, beginning at the bottom, are designated as follows :
Clays and Sands, Greensand, Limestone, Ferruginous Sand and
.Brown Sandstone. Although the various members are not dearly
defined, and widely different materials are included under the same
division, yet the easterly dip of the strata was observed, and the
broader distinctions in the stratigraphy of the area were recognized.

Dr. T. A. Conrad,_" in 1848, first suggested that the upper portion
of the greensand series was of later age than the Cretaceous, a con-
c]usion which he more fully elaborated at a later date.

The second Geological Survey of New Jersey, organized in 1854,
under the direction of" Win. Kitchell, had as Assistant Geologist,
George IL Cook, who a few years later became himself State Geol-
ogist, a position he held for over twenty-five years, until his death in
1889. He devoted from the first much attention to the greensauds,
and his classification of the strata has met with wide acceptance. It
is elaborated in much detail in the Geology of blew Jersey, published
in 1868. The series of formations as recognized by Professor Cook
is as follows, beginning with the oldest : Pbx*tic Clay, Clay Marls,
Lower Marl .Bed, Red Sand, Middle Marl .Bed, Yellow Sand and
Upper Marl Bed. Subsequently, Professor Cook _ considered that an
unconformity existed between the Eocene and Cretaceous members of
the Upper Marl Bed. The later formations were discussed in these
reports, but no satisfactory classification was proposed. The fossil-
iferous _&ioceuedeposits of Shiloh and Jericho were reooguized, and a
dark micaceous clay farther to the northward was also referred to that
horizon, but the stratigraphieal relations of these and later strata were
not comprehended.

There is no area in this country where the several formations have
been studied more with reference to their own characteristics, and less
with reference to the supposed similarity of faunas and deposits with
other and particularly European horizons.

The difficulties in the way of extended correlation are so great that
for purposes of study it is often necessary to apply local names to the

"#Philadelphia Aead. Sat. Sci. dour., Vol. 6, 1828, pages 59-71.
: Philadell, hia Acad. Nat. Sci. dour., new set., Vol. 1, 1848, page 129. Philadel-

phia Acad. Nat. ScL Proc., Vol. 17, 1865, pages 71, 72.
.'.:_.ntlua[ Rt.port of the State GeologLst for 1883, pages 13-19.
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_everal formations of a particular district. There are, beyond a
,doubt, ob}cetions to the multiplication of names of geological horizons,
and already accepted terms should be employed as far as possible, but
very frequently they prove to be inadequate for stratigraphical
requirements. Such is the ease in the New Jersey area.

Outside of the major divisions of the geological columu it is im-
possible to employ the terms of European authors. All such attempts
have, upon critical examination, failed to stand the test. The litho-
logical and faunal characteristics show such wide variations that
definite correlations of minor horizons are impossible. The geological
formations of America must be studied first upon their own merits, and
.only after a complete understanding of them has been gained, can
satisfactory comparisons be made with foreign areas. A detailed
correlation of the New Jersey formations with European will there-
fore not be attempted.

Again, the conditions under which the strata of the different por-
tions of this country were deposited are so varied that the same terms
are not applicable over wide areas. The formations of the Interior
are, in a marked degree, dissimilar from those of the Atlantic border,
and even throughout the Coastal Plain very considerable differences
are found in its various portions. Correlations of more satisfactory
•character can be made here than with foreign areas_ but many obsta-
.elss debar the geologist from the full consummation of his task. It
is possible to show, in a general way, the equivalency of the deposits
upon the Atlantic border with those in the Gulf, the Interior or on
the Pacific coast, although in the case of individual formations such
comparisons are of doubtful character.

The three essays recently published by the United States Geological
_urvey upon the Cretaceous,* Eocene t and Neoceue,:_ contain dis-
,cussions of the evidence for the correlations of the New Jersey strata.
The results there recorded, together with more recent work upon the
Cretaceous, indicate a marked time-break between the Raritan and the
later formations, although there is no physical unconformity. The
recent investigations of Professor L. F. Ward show a much closer
relationship between the Raritan formation and the Potomac forma-
tion of the Middle Atlantic slope, than has been hitherto supposed to

i

_C. A. White. Bull. U. S. Geol. Surv., 82, 1891_ 273 pages.

J"W. B. Clark. Bull. U. 8. Geol. Surv., 83; 1891, 173 pages.

_W.H. DallandG. D. Harrls. Bull. U.S. Geol. Surv, 84,1891_3t9 pages.
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exist, although it seems probable that the Raritan in its upper beds
may be of younger age.

Dr. White * discusses very critically the evidence for the correlation
of the New Jersey greensands, but does not attempt to separate the
individual members of the series beyond the reference of the upper
member to the Eocene, as was also done by the writer_ in his report
upon the Eocene.

Concerning the other formations of the grcensand series, there
seems to be little doubt of their reference to the Upper Cretaceous_
although they probably do not include its earliest portions. Many of
the same specieshave been found in the Cretaceous areas of the Soutl_

Atlantic and Gulf States. Stanton :I has recognlzed thirty, five speciea
as identical in Alabama, eighty.six in Mississippi, and fifty-four in
Texas. Some of the species which are very much restricted in the
New Jersey area appear to have a much greater vertical range in the
gulf region. It is, therefore, very difficult to delimit equivalent
horizons. It is not unlikely that a fuller knowledge of the forma-
tions may render it possible to make more detailed correlations, but at
present it is impossible. °

It is impossible, likewise, to satisfactorily correlate the upper mem-
ber of the greensand series with the Eocene elsewhere. It is not
known how much of that horizon is included in it, although it has
been generally thought to represent the Lower Eocene of other
regions.

The later Tertiary deposits as hitherto described are supposed to rep-
resent in part, at least, the Chesapeake and Lafayette formations of the
Middle Atlantic slope, and these terms have been employed to tem-
porarily designate them.

It will, therefore, be seen that, with one or two exceptions, an inde-
pendent classification of the New Jersey formations has been rendered'
necessary. The objections to the use of lithologie terms have been
already given, as well as the grounds for employing the place names
adopted.

* Bull. U. S. Geol. Surv., 82, 1891, pages 78-84, 92-100.
"['Bull. U. S. Geol. Surv., 83, 1891, pages 40-43, 80, 85, 86.
:_Bull. U. S. GeoL Surv., 82, 1891, page 84.
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SECTION II.

TYPICAL SECTION-LINE8 ACROSS THE CRETACEOUS

AND TERTIARY FORMATIONS.

INTI_ODUCTION.

Throughout so extensive a portion of the Coastal Plain as that rep-
represented by eastern and southern New Jersey, it would naturally
be anticipated that changes in the character of the formations would
be found upon a detailed examination of the deposits. In order to
determine the change in passing from the northern to the southern
end of the Cretaceous-Tertiary belt, five sections have been carefully
studied. They were selected at points that were held to be thor-
oughly characteristic and at the same time most useful for the further
mapping of the district.

It is important to note that the formations hitherto estabhshed,
chiefly from an examination of the deposits in Monmouth county,
have been found to be remarkably persistent, the several divisions
extending almost the entire distance across the State from the shores
of the Raritan to the vicinity of the Delaware bay. Local variations
in thickness and texture of the deposits occur, but the strata nowhere
lose entirely the lithologicel features found to be characteristic of
them. To the southward the Neocene deposits overlap the later mem-

bers of the greensand series so completely that the full section is not
revealed_ although deep borings at several points near the border of"
the overlap have shown their presence. The section lines selected
extend from New Brunswick to Long Branch, Monmouth Junction
to Shark river, Trenton to :New Egypt, Philadelphia to Vincentowa
and Bridgeport to Glassboro.

FIRST SECTION--NEW BRUNSWICK TO LOI_G BRANCH.

The section extending from New Brunswick to Long Branch is the
most typical, since it crosses the northern part of Monmouth county_
where the formations are most characteristically developed. The pro-
nounced topography of the region admits of extensive outcrops s<>
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that the relations of the several formations may be readily observed.

The Raritan, Matawan, Navesink, Redbank, Raneccas, Chesapeake
and Lafayette formations are found represented along this section
line.

The Rar_tan formation overlies unconformably the sandstones and

shales of the Jura-Trias. It consists chiefly of sands and clays which
show marked lateral variation along the line of strike, the individual

beds being persistent for very short distances. The clays are found
more largely in the lower half of the formation, while the sands

characterize the upper half. No line of separation can be found

between the Raritan and the Matawan formations, the beds seeming
to grade from the one into the other, although a marked faunal break

is evidently present. As several thousand feet of deposits in the

Southwest represent the hiatus between the two, continuous deposition

could not have occurred, although no physical unconformity is shown
in _'ew Jersey. Similar occurrences have been recorded at other

horizons of the geological scale.

Extensive exposures are shown at Washington and at other points
along the banks of South river. The thickness of the Rariten for-

mation has been estimated at 3_:7 feat in this region_ although this is

not constant, and borings near its eastern margin will doubtless prove
it to be much greater.

The Matawanformalion consists of sands and clays with beds and

seams of greensand scattered sparsely through the deposits. The
lower portion of the formation consists of beds so similar to the Rari-

tan that a separation is made with difficulty. Between Browntown and

Morgauville the Matawau formation outcrops at the surface, but is

not so extensively exposed as a short distance to the northward along
the shore of the Raritau bay. The deep ravines of Hop brook and
its tributaries expose the Matawau deposits on the south flank of the

Mount Pleasant hills, but the erea of outcrop is not large. The
thickness of the Matawan formation in this region has been estimated
at 275 feet.

The Novesinl: formation is chiefly composed of greensand, although
the basal beds are arenaceous, while the upper layers are often dis-

tinctly argillaceous. The formation is typically exhibited on the

northern slope of the Mount Pleasant hills_ while extensive exposures

are found above the Matawan formation in the valleys of Hop brook
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and its tributaries. The Navesink formation in this section is about

fiftyfeetinthickness.

The RedbankformationiscomposedprlmariIyof redquartzose
sands,inwhichgreateror lessquantitiesofdisintegratedgreensand
arefounddisseminated.The lowerportionof theformationiscom-
monlydark-colored,whiletheupperportionisinduratedand oRen

greenishincolor.The Redbenkformationformsthegreaterportion
of theMount Pleasanthills,aswellasthelowercountrytotheeast-
wardasfarasandbeyondthevalleyof theSwimming river.The
thicknessofthedepositsreachesabout110feet.
The Raneoea_formationisfoundcappingmany of thehigher

levelsoftheMount Pleasanthills,and successivelylowerheightsto
theeastand southof them. Itconsistsverylargelyof greeneand
thathasbeenextensivelyoxidized.The uppercalcareousmemberof
the Rancocas formation has not been detected in this region. The
greensandmemberof theformationreachesfrom twentytotwenty-
fivefeetinthickness.

The Chesapeake formation has been found as an extensive deposit

in the area to the south of Long Branch. It also caps many of the
higher points of the Mount Pleasant hills, always overlying the Ran-
cocas formation. The deposits consist almost exclusively of sand, the
coarser varieties predominating toward the ancient shore line.

The Lafayette formation consists of gravels and sands, for the most

part !rregularly stratified, that are found best developed in the area
lying between Lawrence brook and the western flank of the Mount
Pleasant hills. Portions of the yellow gravel of this region should
be here included. The deposits seldom attain much thickness.

SECONDSECTION--MONMOUTHJUNCTIONTO SEfARKRIVER.

The section extending from Monmouth Junction to Shark river is
situated about ten miles to the south of the first section, and follows
for much of the distance very near the line of the railroad passing
from Monmouth Junction to the coast. The country is less broken
than in the northern sectiou_so that the natural exposures are not so
extensive. The Neoeene deposits are much more widely distributed
and cover broad areas of the Cretaceous. The formations represented
arethe Raritan, Matawan, Navesink, Redbenk_ Rancocas, Manasquan_
Chesapeake and Lafayette.
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The .Rarilan formation is large]y buried in this region by the late
Tertiary and Pleistocene accumulations. Wherever it has been pene-
trated, alternating beds of sands and clays have been found, but_ due
to the level character of the country between Monmouth Junction and

Jamesburg, the relations of the deposits cannot be readily observed.
Although no deep borings have been made, it seems probable that the
Raritan formation is somewhat thicker than in the northern section.

The Matawan formation, although consisting chiefly of sands and
clays, affords more extensive deposits of greeneand than the northern
section. On the railroad below Lower gamesburg, glanconitie layers
are found in the cuttings, while a short distance to the south of the
section line at Bergen Mills, over twenty feet of glaneonitic clay was
penetrated by boring.

The Navednk formallon consists chiefly of greeneand, as in the
northern section, the highly-arenaccous member being found at the
base, and more argillaceous deposite capping the formation. Good
surface exposures are found along Wemrock brook. The thickness

of the deposits is somewhat less than in northern Monmouth county,
being commonly about forty feet.

The .Redbank formatlon consists of a Icoeely-compacted, reddish-
yellow sand in the region to the west of Freehold, the proportion of
glauconite being very small. The thickness of the deposits is about
100 feet.

The Rancoca.sformallon covers a wide area to the east of Freehold.
Along its western edge it is very much altered, giving a very char-
acteristic reddish color to the surface outcrops. In the deeper valleys
the typical greensands appear, and along the eastern margin of the
formation the strata become somewhat calcareous, a feature that be-

_comssmore prominent in the southern extension of the deposits.
The Manas_luan formation, which directly overlies the Rancocas

formation, is so covered by later deposits that the line of contact was

not observed. The upper members of the formation appear along the
banks of Shark river_ where extensive pits have been opened. The
estimated thickness of the formation in this region is sixty-five feet.

The Shark River formation is here typically developed, appearing
near Shark River village. The consolidated glauconitio layers cap
the series of greensand deposits, but apparently are of limited geo-
graphical exteut. The formation is nowhere found exceeding twelve
feet in thickness.
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The Chesapeake formation caps the upper members of the green-

sand Eeries, including the Rancocas, Manasquan and Shark River for-

mations. It attains great thickness and is composed chiefly of light-

-colored sands, although extensive beds of clay also occur, the latter

largely confined to the basal portion of the formation. The Hominy
hills are largely composed of the sands, while in the valley of Shark

river massive beds of clay appear.

The Lafaydleformation, is found extensively developed in the broad

plain to the west of the "marl belt," being typically exhibited in the

vicinity of Jamesburg.

THIRD SECTION--TRENTON TO NEW EGYPT.

The third section is situated about fifteen miles to the south of the

second, and follows in a general way the line of the drainage of
Crosswieks creek. Some of the formations are less distinctive than

in northern Monmouth county, but the occurrence of none but the

Shark River formation is in doubt. Those represented are the Rari-

tan, Matawan, Navesink, Redbank_ Rancocas, Manasquan, Chesa-

peake and Lafayette formations.

The t_aritanformation is found to the east of Trenton, but deeply

buried by late Tertiary and Pleistocene deposits. On Back creek, a
tributary of Crosswicks creek, the characteristic clays of more northern

localities appear, but without extensive boring the relations of the
various members of the Raritan formation cannot be fully deciphered.

The Matawanformatlon outcrops widely in the vicinity of the vil-

lage of Crosswicks, and extensive diggings have been made in the
dark-colored clays at that point. The pits have afforded great num-
bers of characteristic molluscan fossils. At other points along the

valley of Crosswicks creek the Matawan deposits appear. The thick-
hess of the formation is not far from 275 feet in this section.

2"he zYavesink formation is less distinctive than in Monmouth

county, the greensand beds becoming much mingled with argillaceous

and areuaceous deposits. As a result the formation is oftentimes not

readily separated from the overlying and underlying deposits. On
Crosswicks creek it is highly fossiliferous, and the thickness approxi-

mates forty feet.
The Redbank formation consists of marked reddish, sandy de-

posits, interstratified with beds of greensand. The separation of this
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horizon from those overlying and underlying is oftentimes extremely
difficult. The formation has thinned greatly as compared with

the preceding section, the thickness of the deposits not exceeding
thirty feet.

The Rancocas formation is very fully developed in this section, all

the characteristic members being represented. On Croeswicks creek,
to the north and west of New Egypt, are excellent exposures of both
the greensand and calcareous beds. The thickness of the formation

is about forty feet at this point.

The Manasquan formatlon appears to the south of New Egypt as
a characteristic greensand. The whole region, with one or two ex-
ceptions, is so deeply buried by later accumulations that the fall sec-

tion is not exposed_ while the Shark River formation does not appear
at any point.

The Chesapeake formation forms an extensive cover over the region
to the east of the greensand deposits, and consists of basal clays and

overlying sands, as in eastern Monmouth county. It also occurs
capping the higher points in the marl district.

The LafayeUeformatlon consists of gravels and sands in the region"
to the east of Trenton, the deposits being a direct continuation south-

ward of the Jamesburg beds.

FOURTH SECTION--PHILADELPHIA TO VINCENTOW_T.

The fourth section extends from Philadelphia to a point somewhat

south of Vinosntown, and is about twenty miles to the south of the

previous section. The country is very nearly level, only a few bread

valleys breaking the general uniformity of the surface. Only in excep-

tional cases do surface exposures appear_ so that the deciphering of the
stratigraphy was almost exclusively dependent upon the records of

well borings and the smaller openings made by the writer and his

assistants. The formations represented are the Raritsn, Matawan,

Navesink, Redbank_ Rancocas, Manasquan, Chesapeake and Lafay-

ette. As the section, for several reasons, was not made at right angles

to the strike of the beds, the relative thickness of the deposits is some-
what distorted in the section drawing.

The Rarltan formation has been "penetrated by numerous well

borings in Philadelphia and its vicinity, as well as in the deep borings

at Maple Shade and Moorestown. Alternating sands and clays have
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been found, the former at times of extreme coarseness, even passing
into gravel beds. The Raritan formation is considerably thicker
than in the northern sections, having been penetrated to a depth of
over 400 feet.

The Matawan formaiion is well developed in the valley of Pen-
sauken creek, excellent sections being afforded by the well borings at
Maple Shade and Moorestowu, and at the diggings near the railroad

crossing of the east branch. Alternating beds of sand and clay aW
pear, together with a glauconitie layer, filled with fossils. The forma-
tion is between 300 and 400 feet in thickness.

Tha zVaveainkformation presents few surface outcrops, but has
been found in borings in the vicinity of Friendship, where it reaches
a thickness of about forty feet. Little differentiation appears in its
various parts, the formation consisting largely of an impure green-
sand, in which argillaceous elements largely appear.

Ths Redbank formation is characteristically developed as a red
sand, although the proportion of glauconite is small except in the
upper layers. In a well boring to the west of Medford the upper
portion of the formation was found as a typical grcensand filled with
characteristic fossils. Its thickness is approximately 100 feet.

The Rancocaaformatlon is well developed in this section, which is
but a short distance to the south of its typical locality. The dark
argillaceous "chocolate" marl is found at the base of the series over-

lain by thick, bedded grecnsands, in the upper portion of which is the
Terebratula Harlanl zone, which extends so persistently across the
State. The overlying calcareous bed is here strongly developed,
although scattered grains of grecnsand everywhere abound. The
thickness of the formation is about forty-five feet.

The Manasquan formation occurs as a typical greensand. At
Vincentown it has been extensively worked for marl. It is about
sixty feet in thickness in this region.

The Chesapeakeformaiion is not strongly developed in this section,
although found a short distance to the eastward very extensively
represented.

The ZafayeUe formation consists of sands and gravels that have
been as yet with difficulty diflhrentiated from similar deposits of later
date.

23
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FIFTH SECtION--BRIDGEPORT TO GLASSBORO.

The fifth section is situated about twenty miles to the south of the

fourth, and affords an excellent idea of the relations of the leading
divisions of the Cretaceous-Tertiary series in southern New Jersey.

The upper members of the greensand series do not outcrop, although

probably existing beneath the covering of later formations. It was

impossible to obtain data upon this point, since few wells have been
bored in this region, and no records were accessible.

The Rarltan formation is found on both banks of the Delaware

river, although on the New Jersey side the covering of late deposits

precludes its outcrop at the surface. It, however, underlies the low
areas adjoining the Delaware river and its tributaries.

The Malawanformation is found overlying the Raritan formation,

and consists of alternating beds of sand and clay. Numerous borings
were made into the clays near Swedssboro, but few outcrops are found

except near the upper limits of the formation.
The Nuvesink formation consists of typical greensands, with a

variable admixture of arenaceous and argillaceous materials. The

formation rarely reaches forty feet in thickness.

The Redbunkformation consists of deep red sands, through which
considerable amounts of glaueonite are frequently found disseminated.

The upper portion of the formation is very green at times and is

generally firmly consolidated, this feature being well exhibited at
Mullion Hill, where the indurated layer is very rich in fossils. The
formation is about 100 feet in thickness.

The Rancocas formalion is characteristically developed, the highly-

glauconitie sands overlying the indurated layer of the Redbank for-
mutton. The contact is clearly shown at Mullica Hill Farther to

the east, on Raccoon creek, the Terebratula Harlaai zone is well

exposed, but the calcareous member is not exhibited.
The Cheeopeakeformation is found overlying the Rancoeas forma-

tion along its eastern edge, completely burying the higher members

of the greensand series. It consists largely of sand, with thin-bedded

clays near the base.
The Lofaydts formation has not been very fully differentiated from

the overlying sands and gravels of later date, but is not absent from

the region.
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SECTION Ill.

• AREAL WORK DURING THE YEAR 1893.

The mapping of the atlas sheets of Sandy Hook and New Bruns-

wick during the year 1892 was followed the past season by the com-
pletion of the Caesville sheet, which adjoins the New Brunswick sheet
upon the south. The work was largely done by Mr. R. M. Bagg,
and a fuller explanation of the results will be given at a later time.
The formations found represented in the northern district, and de-
scribed in detail in the ]ast annual report, were traced to the southward,
where certain changes in the thickness and character of the deposits
werenoted.

The Chesapeakeformationiswidelyextendedoverthesouthern
portionof thedistrictcoveringthelatermembersof thegreensand
series,althoughastheresultofnumerousboringsmadeatmany points
alongthestreamchannelstheManasquanformation-wasdetected,a
factnothithertorecognizedinthisdistrict.
The Rancoeasformationwas foundwidelyextended,consistingof

thecharacteristicgreensanddepositsofmoresouthernlocalities.

The Redbank formationwas tracedacrosstheareaof themap,
forminglargelythehillsin thenorthwesternportionof theregion.
Itconsistschieflyof thecharacteristicredsandsof northern!_on-
mouth county.

The Navesinkformationisnotcharacteristicallyrepresented,since
thegreensandsarchighlyargillaceousand st timeswithdifficulty
separatedfromtheMatawandepositsinportionsof thearea.
The Malawan formationistheoldestmember of theCretaceous

seriesrepresented,andcoversa considerableareainthenorthernpor-
tionof thedistrict.

1_Iuchinformationhas beencollectedinregardtothearealextent
oftheformationson theadjoiningatlassheetsof AsburyParkand
Bordentown,and itispurposedto continuetheworkuponthemat
theearliestopportunity.
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THEGEOLOGICALSTRUCTUREIN THEVICINITY
OF HIBERNIA,NEWJERSEY,AND ITS

RELATIONTO THE ORE
DEPOSITS.*

BY J. F,. WOLFF_ ASSISTANT PROFESSOR IN PETROGRAPHY,

HARVARD UNIVERSITY,

i

INTRODUCTION.

In the various publications of the Geological Survey of New Jer-
sey, especially the final report of 1868 and subsequent annual reports,
the general mode of occurrence of the iron ores and their associated
rocks has been described, with many detailed sections of mines,
and with discussions of the origin of the ores and rocks, in which
a general belief is expressed in the original sedimentary origin of
the iron ores and most of the associated rocks. The acceptance

of this theory naturally led to attempts to establish definite levels
or horizons in the series, and hence, in the report of 1885, and
especially of 1886, Dr. N. S. Britton subdivided the whole series
of gneisses of the Highlands into three members: a lower, mas-
sive one, a middle, iron-bcaring one and an upper, schistose group,
which were in general supposed to lie in anticlinals or synclinals, so
that the Highlands consisted of a compressed series of folds, over-
turned to the west, and with therefore a uniform monoelinal dip to
the east, in which these members alternately appeared or disappeared.
In the reports of 1889 and 1890, however, the problem was attacked
in a different way by Mr. F. L. Nasou, who first showed that the
three subdivisions previously made were based on indeterminate
characters,and that they could not be applied in practice. He then

Published by permission of the Director of the U. S. Geological Survey.
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attempted to establish certain characteristic types of rock in the High-
lands, and to trace belts of these characteristic rocks through con-
siderabh distances. In the latter connection he describes belts of

characteristic coarse biotite-garnet-graphite rock, one of which forms
an important feature in the present paper. The possibility that a
great part of the rocksof the Highlands are eruptive is also discussed.
While Mr. Nason'e work was only a beginning and his eouclusiofis
tentative, he applied the only methods which can now yield definite
results in this region.

When, in the spring of 1891, the United States Geological Survey.
began work on the Areheau Highlands, as part of the geological map
of the United States, it was realized by the writer that the only way
to make any definite advance over the previous work in this region
was by careful detailed mapping, going over the ground step by step,
and recording observations and collecting specimens in such a way
that the work could have a permanent value aside from any theoreti-
cal conclusions; a method necessarily slow and tedious, and with at
first little to show in the way of results. The completion of the topo-
graphic map made this method now possible, a resource denied to
many previous workers in this field. The following system was
used: Photographs were obtained of the original sheets of the
tgpographic survey (scale three inches to the mile), and divided into
quarters; the corresponding squares were cut out from the pub-
lished topographic sheets (scale one inch to the mile), ruled in small
squares and pasted in the front page of the note.book. Each square
received a number and letter, aud when an observation was recorded
in the body of the note book, or a specimen collected, a little dot
within a square having the correct number and letter for that sheet
made a permanent record of the locality, so that any one subsequently
using the material would have no dit_eulty in determining the exact
location. The observations were at the same time, or subsequently,
plotted on the large scale map.

In the following pages the results yielded by the study of one of
the important ore districts of the State arc presented, with the state-
ment that owing to the partial stoppage of the field work in 1892 and
1893 the results are incomplete, and much remains to be done in the
application and extension of the facts so far established.
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GENERAL DESCRIPTION OF THE HIBERNIA REGION.

This lies well in towards the centre of the belt of crystalline rocks
forming the New Jersey Highlands, since Hibernia is six miles from
the eastern edge of the Archean near Boonton, and twelve miles from
the western boundary north of Andover. The fact that it lies north

of the glacial boundary and has abundant rock exposures, as well as
the presence of some of the largest iron mines in the State, makes it
an excellent region for structural investigation.

As will be seen from the accompanying map, the topography be-
tween the northeast end of the Hibernia ore bed and Mount Hope is
characterized by long parallel ridges trending northeast and southwest,
while at the northern end of the Hibernia mines a transverse or

northwest.southeast topography begins, both of which are the expres-
sion of the rock structure. The termination of the long northeast
ridges by a gentle northerly slope and the beginning of others by a
steep bluff facing southwest, a feature which is so characteristic of the
:New Jersey Highlands, and due to the pitch or inclination towards

the northeast of the underlying rock masses, is developed here to per-
fection. Plate VII., from a photograph taken from the trestle at
Hibernia looking northwest, shows this feature distinctly on the hill-
side back of the church, both in the slope of the hill and the structure
of the underlying ledges.

DF_CRIPTION OF THE ROCKS.

The rocks have a generally uniform structure, consisting of massive
or foliated gneiss, of white, grey or light-greenish colors, which grades
constantly into darker varieties, whose color is due to the greater
abundanceof hornblende,biotite or similar minerals. These varieties
often form separate beds, which may run as bands of reck for con-
siderable distances, hut with one exception none of these varieties

have bad sufficiently-dlstinct characters or su'fficient continuity to
.make them of much aid in determining the general structure.

The minerals composing these gneisses are: quartz, feldspar (either
orthoclase, plagloclase, microcline or microperthite), brown or green
hornblende, a deep-grsen or co]orles3 augite (sometimes diallage),
biotite, sometimes hypersthene, and apatite, magnetite or zircon as
.constant accessories. The comparative rarity of muscovite is notice-
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able, as well as tle frequency of augite---in fact these augite gncisse_

are widespread elsewhere in the Highlands.
Two constant structures need special mention. In the banded rock

there are alternating layers of gneiss of variable thickness, which.
differ in mineral composition, especially in the relative proportions of
hornblende, biotite, &e., and within the individual bands these min-
erals are arranged in rough parallelism to a plane, which is called thv
plane of foliation, because the minerals, like the mica, have their fl_t_
dimensions, plates or folios in this plane. But not merely the mica
or hornblende, but the other essential minerals as well, such as the
quartz, feldspar, augite, &c., have a flattened shape in reference to
this plane, being rather discoid than roundish in outline. As a result

of this shape, when we make a thin section parallel to the plane of" 1
foliation, the minerals appear in broad, irregular masses, while ia
transverse sections they appear in narrow, irregular bands. In other
eases the rocks of the region are without this plane.parallel structure-
or show but faint traces of it, yet, while they have a massive appear-
ance on surfaces transverse to the general northeast trend, when we
look at the side of such an outcrop we often see a linear structure_
due to the fact that the component minerals of the rock are not in
roundish grains, but in pencils or elongated, ]entieular masses, the
long axes of which lie parallel to the strike of the formation, and are
generally inclined to the northeast. As described above, Plate VIL
shows this structure in the whole hill, the lines inclining northeast
about 20°. Plate VIII., taken from a point a little to the right or
northeast of the end of the slope in Plate VII., shows this structure
near to, while Figures 1 and 2, in Plate IX., are magnified photo-
graphs of thin sections of the rock seen in Plate VIII. Figure 1,
which is transverse, shows the irregularly-rounded and interlocking
shape of the crystals of quartz and feldspar when cut at right angles
to their long axis, while Figure 2, which is parallel to the linear
structure, shows their irregularly-elongated shape in the latter direc-
tion. The well-known occurrence of the magnetic ore bodies of the

Highlands in long, pod-shaped masses whose axes incline or "pitch '_
northeast, needs no further description here, and that the linear
structure of the gneisess described above is parallel in direction aud
angle to the pitch of the adjoining ore bodies was brought out by Dr.
Cook and others. That this pitch of the gneisses is connected with

compression and folding is well brought out in several places near
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Hibernia, where, in beds of massive gneiss with the pitch well
developed, there happen to be scattered bands of dark hornblendic
rock, which are crumpled in several small folds, the axes of which
lle parallel to and incline with the pitch. But another important fact
is established from the microscopic study of these massive pitching
gneisses, namely, that the elongated shape of the individual minerals
which produces the pitch is one impressed on them when they crystal-
lized as we now find them and not by later shearing forces, for the
grains of quartz, feldspar, hornblende, &c., are, with rare exceptions,
seen to be entirely unaffected by any straining, cracking or granula-
tion, interlocking with all the appearances of primary crystallization,
and this is true whatever origin we may assign to them. This pitch
is then a marked structural feature in the massive gneissss about
Hibernia, often combined with a plane foliation, so that the minerals
of the rock have both a flat dimension and a long dimension, the one
corresponding to foliation, the other to pitch.

Two special varieties of rock, common throughout the Highlands,.
occur here. The first is a coarse granite or pegmatite, composed
essentially of quartz and feldspar, which is found in narrow bands
generally parallel to the structure of the gneisses, but here and there
cutting across their foliation at a Perceptible angle. This lack of
parallelism is especially clear where the gneisses have been much
compressed along the strike, and the Pegmatitc occurs in the space
left between the crumpled and faulted layers of the gneiss. Plate X.
shows such an occurrence in the hanging wall of the Hibernia ore
bed. These facts establish the laicr age of the pegmatites_ whether
they be considered as eruptive or segregated masses.

The other variety forms what may be called the dioritic bands of
the gneiss. They are dark, basic rocks, composed of plagioclase feld-
spar, hornblende, augite, hypersthene, biotite and magnetite in vary-
ing proportions, with oRen orthoclase quarlz and other accessories,.
and correspond therefore mineralogically to the eruptive rocks known
as diorite, norite, &c., but differ from them in that their minerals
have the form and relations described above in the gneisses. They
are foliated and pitch like the inclosing gneisses, and have been
folded with them, yet they often show, like the pegmatites, a boundary
oblique to the layers of the gneiss, as though they were of later origin
and intrusive rocks. From our present knowledge, it is hardly safe
to assign a common origin to all these occurrences.
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GEOLOGICAL STRUCTURE.

An important feature of the region is the Hibernia ore bed, which
outcrops at the surface for about a mile and has been worked down
_)n the dip from 600 to 800 feet in the different mines. The ore has
maintained a remarkable continuity from the surface down, so that
this deposit is exceptional in the subordination of the pod form, the
ore occurring more like a bed of coal or other bedde:l rock, yet pitch
is present both in the ore body and country rock. The strike curves
gradually to the east at about the middle of the outcrop, correspond-
ing to the curve in the general strike of the rocks. (See map.) The
gneiss forming the hanging and foot walls is well handed near the ore,
having a straight, even foliation or bedding, and but rarely sharp
twists, such as that shown in Plate X., which interrupt the straight
strike of the gneiss layers. The dip averages about 65° southeast,
varying from steeper to flatter, and lines of pitch are easily found
both in the ore bed and in the country rocks, conforming in angle
and direction to the general pitch of the region (2l °aud greater).
At the south end the surface outcrop of the ore disappears under the

soil of the valley bottom, while at the north end, in the Willis or
Wharton mine, the country rock comes in above the outorop of the

ore as cap-rock, and the ore seems to plunge downward (northeast)
and disappear from the surface. The reason for this will appear
presently. The straight bedding of the gneiss in proximity to the
ore bed extends several hundred yards into both hanging and foot
walls, when the gneiss becomes more massive with development of
pitch.

This pitch-structure is especially well developed in the long ridge
beginning at a point a mile east of Mount Hope (see map) and
extending to a point nearly opposite the north end of the Hibernia
ore bed. Plate VII. shows the effectof pitch on this ridge where it is
cut through by Hibernia brook. The angle of pitch varies from 15°
to 20° -_, in a direction northeast. The rock of this ridge is a mas-
sive hornblende gneiss, with generally little other structure than the
pitch, until a point is reached about half a mile northwest of the
Willis mine, on the north end of the ore bed, where the structure
suddenly becomes a plane-parallel or laminated one, and bands of
dark hornblende or biotite gneiss alternate with lighter-colored, more
massive rock; in other words, the rock has bedding or foliation
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planes which incline in the same direction and at about the same

angle as the former pitch, which has been replaced by dip, and con-

tinuing in a northeast direction the edges of these northwest-striking
and northeast-dipping beds are crossed for a distance of over a mile,

representing, therefore, with a dip of 80 °, a thickness of rock of at

least 3,000 feet. If we go back to the place of change from pitch to

dip and follow the northeast-dipping ledges southeast along their
strike towards the Hibernia ore bed (see map), they soon curve to

the south and then to the southwest, so as to coincide in strike and

dip with the ore, and become, in fact, part of the foot wall. If we

follow the ledges the other way, or northwest from the starting point,
they are found to turn gradually to a west and then a southwest

strike, finally losing their dip-foliation and retaining simply pitch.

If we follow the hanging wall of the ore bed along its strike to a

point opposite (southeast) the north end of the workings at the Willis
(Wharton) mine, we find that it strikes northeast and dips southeast,.

in conformity with the ore, until this point is reached, when the rocks,
llke the foot wall, curve gradually to the north and then to the north-

west, crossing the line of the ore bed a short distance north of the

Wharton mine in a railroad cut and running into the series of north-

west-dipping and northeast-striking gneissse previously described.

The structure, therefore, resembles that of a dome-shapsd fold in the

country rock, the centre of which is about one mile due north of

Hibernia, with the ore bed, as far as now explored, lying on the
eastern flank at a level several hundred feet above the lowest rocks in

the centre of the fold. In this case the strata dipping off from the
northern end of the dome_hould be in normal succession from bottom

to top, representing a series at kast 3,000 feet thick. But with the

possibility in mind that such an antielival structure might be simulated

in massive rocks either by secondary foliation or the flowing of an
igneous mass, it was necessary to find some continuous layer or level
of rock which could be traced around the sides of the dome. No

marked change in character was observed in the rocks lower down or

higher up in this series, and it was only after long search on the side
of the dome that this characteristic rock was discovered. It consists

in a coarse or fine gneiss, composed of quartz, feldspar (orthoclase and

plagioclase), garnet, biotite, magnetite and often graphite, this com-

bination being peculiar and easily recognized, especially as the rock
has a deep-red color when weathered. This rock is first found at a.
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point about half a mile southeast of the White Meadow mines, and
can be traced continuously from there nearly five miles northeast to a
point one-quarterof a mile southeast of the Cobb mine, opposite the
middle of Split Rock pond. It has in this belt the strike and dip of
foliation (southeast) common to the gncisses. Two hundred yards
northwest, across the strike from the end of the first belt, near the
Cobb mine, a second belt of the same rock begins, which can be
traced continuously west and then north, in a crescent, about three
miles long, the strike at first southwest, then wsst, northwsst, north
and northeast, the corresponding dip being at first northwest, then
north, northeast, east and finally southeast (see map), while in the
other band the strike is northeast, dip southeast. The presence and
structure of this rock, combined with the general structure as shown
on the map, seem to establish its character as a continuous band,
connecting the east and west flanks of the dome and occurring in its
place on the east flank. The same characteristic rock was found in a
cliff under hill 939, near the letter A of the profile on the map, con-
sequently in the right place on the west flank of the dome, but there
has been no opportunity to trace its connection with the other bands.
This garnet-biotite-graphite horizon seems, therefore, to lie above the
ore and separated from it by over 2,000 feet thickness of rock. .,d_
There is a possibility, based on facts observed a few miles west of !here, that it representsa limestone horizon. The course of this band,
combined with the general structure platted on the map, shows that
in the upper layers of the dome the intense compression drew the
rocks out into two long, finger-like folds, which were gradually
squeezed into parallelism with the general.northeast trend.

PROBABLEEXTENSIONOF THE OREBED.

Such being the structure and course of the country rock, both in
the hanging and foot walls, it is evident that the ore bed should con-
form to this, and that consequently its extension should be found in
the proper position in the northwest-striking series, as indicated ap-
proximately by the dotted line"on the map. The plunging downward
of the present outcrop of the ore is evidently due to the sharp curve
in the rocks, and the resulting nose may continue some distance
northeast, carrying the ore with it ; but if the ore exists in its proper
place in the series, it should be found where indicated, To find the
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.ore in the centre of the fold and determine its possible value is, of

.course, the task of special prospecting and magnetic surveys, which

are beyond the scope of the present work.

GENERAL CONSIDERATIONS.

In reviewing our knowledge of the Highland area of New Jersey,
_V'auHise * writes as follows :

"The weight of opinion in former years has been in favor of the
sedimentary origin of this gneissic series. Mather, who gave by far
the best early descriptions of the district, and Nason, who has recently
been closely studying the limestones of New Jersey, find that the
white crystalline limestones which have been regarded as Arehean
grade into the blue limestones, which are fossiliferous. These writers
regard all of the white limestone as parts of a newer series which
have been metamorphosed either as a result of extreme folding or by
intrusive masses of granite of later date, with which they are fre-
<luently associated. If all of these limestones are excluded from the
pre-Cambrian, and this is a very doubtful assumption, the evidence
in favor of the detrital origin of the High]land area is restricted to
the wldely-disseminated graphite and to the magnetite beds of iron
ore. Magnetite is widely associated with certain belts of the granite
gnelsses of New Jersey, but this and its concentration in lentieular
masses within the gneissee in the form of magnetite can hardly be
considered as decisive evidence of their sedimentary character. The
magnetites associated with the basal gahbros of the Lake Superior
Keweenawan are in purely igneous rocks. The graphite of the
graphitic gneiss is a point of more weight. The absence of graphite,
as an important constituent over large areas in any definitely-deter-
mined igneous granite gneiss, bears in favor of the sedimentary origin
of the gneissie series. If this theory proves true, the Highland
gneissic series more nearly approaches the characters of a massive
eruptive than any other metamorphic sedimentary rock known to the
writer. Upon the whole, in the regularity of its lamination, in its
lack of extreme contortion and foliation_ and in the presence of
graphite, the Highland gneiss is not like the fundamental complex,
the genuine Arehean of Canada and the West. However, there are
no certain criteria upon which it can he referred either to the Algon-
klan or Arehean. It must be simply classified, so far as present
knowledge goes, as pre-Cambrian.

Correlation Papers--Archean and Algonklan. Bulletin of the U. S. Geologica
•Survey, No. 86, 1892, pages 414_ 415.
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"If it cannot yet be decided whether the Highland gneiesse are
sedimentary, the supposed structural divisions of Britton and Nason.
can be regarded as only lithological. Britton's arrangement of a
massive group in the cores and schistose groups on the outer parts of
the ranges can be as well explained, as has been repeatedly seen, by
the eruptive theory of the origin of the series as by the sedimenlary.
From Nason's work it appears that certain varieties of rock have a
contianous_ widespread distribution, but the descriptions show that.
his various types grade into each other instead of being sharply dif-
ferentiated, as supposed. Magnetite is the distinguishing characteristic-
of one type, and yet, in order to make out the continuity of this belt,
rocks have to be classed with this type, in which hornblende and
biotite are the chief basic constituents. The same thing is true of the

second type, in which the hornblende, the distinguishing character-
lstie, is locally almost wholly replaced by magnetite or biotite."

With this impartial statement of the difficulties of the problemr
what aid does the present work give towards a solution ?

It appears to the writer that the following conclusions are justified_
so far as this area is concerned :

(a) The whole series has a top and bottom, the rocks near the
centre of the dome having originally been below those at the

periphery, so that as we go outward from the centre we pass to higher
levels, and, moreover, the different layers of the series must have.
been once horizontal, or nearly so, and forced into their present posi-
tion by folding, unless the common facts of stratigraphy can be set
aside.

(b) At least one characteristic horizon or layer of rock, the garnet-
biotite-graphite gneiss, must, from the stratigraphy, have once existed
over a large part of the present area, have been folded and eroded to
its present form, and the same would be true of the lower horizon of
the iron ore could it be traced completely around the dome.

(c) That the foliation, in part at least, is parallel to the bounding
planes of the different layers of rock (bedding), and that the pitch and
foliation are closely connected, since one takes the place of the other

or both occur together; also, the pitch is plainly connected with
lateral compression, since it is parallel in direction and angle to the
axes of crumples in the gneiss.

(d) That the essential crystallization of the rocks as we now find
it took place either during or after the action of the compressing
forces which folded the rocks and produced pitch, but not before,
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since the pitch-structure is inherent in the shape of the minerals as

they crystallized ; and that hence, if we consider the rocks to have
been formed by a series of eruptive flows or segregations, one above

the other, they must have been able, while in the fused state, to act
as solid masses in order to form the folds which have been described

--a difficult assumption.

These considerations seem to the writer to favor an origin for the
series from a previous bedded series by metamorphism and re-crystal-

lization which took place contemporaneously with the folding and

without fusion, a familiar fact in regional metamorphism. The diffi-

culty in understanding how such mineral composition and structure

can be produced without fusion is not so extreme, when one studies
the characters of the Cambrian gueisses of the Green mountains,
which can be traced into sediments. It is perhaps not possible to

state definitely at present whether this original bedded series was

water-deposlted or clastie in the ordinary sense, or of a different
nature. Facts already obtained near the Hibernia region point to

the transition of a similar garnet rock into limestone. Should this be

established, it will go far towards establishing the sedimentary origin

of this series, and its consequent classification as Algonkian.
24
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WATER-SUPPLYAND WATER-POWER.
t

BY C. C. VERMEULE.

o

The collection of data for the forthcoming report upon the water-

_upply and water-power of the State has been comphted. Much
interesting and important matter continues to come to hand, but it

has been necessary to confine the studies to material already collected
in order to close the report. It has been conclusively ascertained

that our streams obey defnite laws of evaporation and flow, and the

report will make possible as close estimates of flow by months, sea-

sons and years as will be necessary for a basis of hydraulic works of

all kinds. Some new light has been shed upon the subject, and it

is hoped that the report now in press will contribute materially to
accuracy in computation of stream-yield and the available water-
supply of our State.

We shall confine this present progress report to a consideration of

a few points relating to water.supply, which are now prominently
before the public.

STREK_ POLLUTION.

It appears evident to all that certain streams have become almost

indispensable as outlets for the sewage of our'populous districts and
large cities. They will continue to be more or less defiled in the
future, even should systems of chemical treatment or other clarifica-

tion of sewage be forced upon our cities. Should the sewage be
diverted_ much effete organic matter will be washed into these chan-

nels from their populous water-sheds with every heavy rain. The

abandonment of these streams as sources of domestic water-supply is
imperative. A prominent example is the Passaic, below Paterson.

This stream, including all of its lower branches excepting the head-
waters of Saddle river, has become badly polluted. A measure of

(378)
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this pollution may be obtained by comparing the volume of actual
sewage discharge with the dry-season flow of the stream /it various
points.

At Dundee the flow for weeks at a time in dry weather does not
average more than 150 cubic feet per second. The sewers of Paterson
at such times discharge twenty-one cubic feet per second of sewage
into Dundee lake, consequently one part in seven of the flow at
Dundee is sewage. This is particularly dangerous sewage matter,
farthermore_ being partly dye-stuffs and refuse from the manufactur-
ing establishments. An average of one part in seven, therefore, of
the water passing Dandec dam for weeks together in dry, hot weather
is made up of particularly offensive sewage. 1Nordoes this give the
worst phase of this pollution at Dundee. There are periods of
thirty-slx hours over Sunday and of twelve bours over nigbt, a total
of ninety-six hours weekly, when absolutely no water passes Dundee
dam at all. The raceway gates are closed and all of the flow is held
back in the pond. At such times, for thirty-six hours at a time, we
have observed an average inflow to Dundee lake of only from fifty_
five to eighteen cubic feet per second, the river being held back in
ponds above Paterson. This inflow, therefore, held back of Dundee
dam, is at such times from forty to ninety per cent. sewage, running
into a still pond of water, where it is exposed to the sun with no
chance for a_ration or oxidization. Below Dundee we have added to

the inflow Saddle river, which is reasonably free from pollution, and
the dry-season flow of which is about eight cubic feet per second.
The city of Passaic, however, immediately adds about two and one-
half cubic feet per second of sewage, and the mills a large additional
quantity of dye-stuffs and refuse. The other branches, Third and
Second rivers, are notoriously impure, and it is plain that at no point
below Dundee are the conditions even as good as we find them here.
The idea that a stream which flows with a smooth, gliding current,
like that of the Passaic below Paterson, can purify itself, is falla-
cious, and a dangerous one to obtain currency. Streams which leap
over cataracts and rapids, or even ripple over stony beds, become
purified by afiration and oxidization because a large proportion of
their waters are brought in direct contact with the atmosphere. No
such contact is obtainable with streams flowing in deep channels
with smooth, unbroken surfaces. The figures here presented, bad
as they appear, do not take into account all the pollution which,
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reaches the stream. An examination of the course of the Passaic

from Newark to Paterson will convince any person of intelligence
that we have in nowise overdrawn the picture. We call attention to
the matter here because it does not merely demand the immediate
abandonment of this portion of the Passaic as a source of domestic
water-supply, but suggests that unless some effective remedy is
applied the stream may become a menace to the population along its
banks. The diversion of the headwaters of the stream already begun
will lessen the flow through this channel, while the steady and rapid
increase of population will increase the amount of sewage.

Three remedies suggest themselves. The building of an intercept-
ing sewer along each bank to the bay is one, the compulsory treat-
ment and clarification of sewage is another. Even should one of
these be adopted, the third remedy might be found a desirable one to
apply. Briefly, this is the storage of the waters of such of the
branches of the Passaic as the Upper Passaic and Lower Whippany,
which are unfit for use as sources of water-supply, and their utiliza-
tion to increase the dry-season flow of the Lower Passaic, thereby pre-
serving and increasing the water-powers of Little Falls, Paterson and
Dundee, and at the same time raising the flow to a point where it
will be effective to flush and produce reasonably wholesome conditions
in this channel. From an engineering standpoint this is a perfectly
practical suggestion, and from a sanitary point of view it will prob-
ably become a necessity in the future.

While pollution is not yet serious upon the Lower Raritan, popu-
lation and threatened contamination have reached a stage which
makes it necessary to withdraw all of that stream below the town of

Raritao, but not including the Millstone, from our stock of potable
waters.

The Delaware, at Trenton, during dry seasons, falls below 1,730
cubic feet per second. At such times the sewers of Trenton may be
expected to discharge ten cubic feet per second, so that the proportion
of sewage is one in 173 for the river below. We may for the present
consider that the sewage received at various points above is disposed
of by a6ration during the rather turbulent course of the river over

the rapids. Below Trenton, to Philadelphia, is a long tidal pool,
with no chance for a_ration. During very dry seasons the total
inflow to this pool, down to and including the Schuylkill river, does

not exceed 2,500 cubic feet per second. The total amount of sewage
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discharged into this channel at points below where a_ration is possi-
ble, from the various towns and cities, amounts to 211 cubic feet per
second, or one part in twelve of the total inflow. We have at the
upper end, therefore, one part in 173 of sewage discharge, and at the
lower end, at the mouth of the Schuylkill_ one part in twelve. It
ought to be evident that tidal action can do little to improve the con-
dition of this water. The upflow will usually be worse than the ebb,
and tidal action produces very slight a_ration. While we are not
prepared to say that the Delaware, considerably above Philadelphia,
is at present polluted to an unsafedegree, these figures certainly teach
us that it cannot safely be adopted as a future source of supply by
our cities, and will probably have to be abandoned in the near future
by those cities which are now using it.

We do not wish to be understood as taking the ground that sewage
can ever be rendered safe in drinking-water by any reasonable degree
of dilution. Its presencein very small proportions may be daagerous_
but the figures which we have given furnish an approximate measure
of the extent of pollution. For instance, the average pollution of
the Passaic at Dundee, in dry weather, amounts to seven gallons, or
nearly twa pailfuls_ of sewage in a barrel of water, and of the Dela-
ware at Philadelphia to four gallons, ar one pailful per barrel, and
this condition of things is rapidly growing worse.

There are a few other streams of the State similarly polluted, but
they are comparatively unimportant, and their use as sourcesof water-
supply would never be thought of, consequently we omit them from
our consideration.

Apart from these streams which must be abandoned to drainage
purposes, there are some others which may be in danger from pollu-
tion which are among those most valued for purity and general
adaptability to be a supply for our cities. On the Ramapo, the
Tuxedo, :New York, sewer is already emptying an objectionable
amount of filth into the stream, and the growing villages of Hilburn
and Snffern, in New York, threaten further pollution. On the
Rcokaway, Dover is considering sewers ; Roekaway and Boonton are
likely to follow suit. The Whippany affords practically the only
natural outlet for Morristown. If unrestrained, all of these growing
communities may be found sewering into the streams in the next few
years. The Rahway is endangered similarly_ although Cranford and
Roeelle contemplate a sewer to tide.water.
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Plainfield, lacking a stream of sufficient size for an outlet, is about
_o adopt intermittent filtration of its sewage. East Orange has bad
_ewage-dispoeal works in operation for several years. Similar
methods should be adopted by all towns upon small streams, for the
use of such small, shallow streams as the Ramapo or Rcokaway as
sewage outlets not only destroys the beautiful gathering-grounds of
the State water-supply, but it endangers the general health along
their courses. There is no subject more vital to the conservation of
the gathering-grounds needed to supply the large urban population of
the State than this of stream pollution. Those water.sheds which
are suitable for gathering potable waters must be in some way guarded
from sewage contamination, or the demand for good water will very
shortly exceed the supply. Many of the communities mentioned
appreciate these considerations, and would readily acquiesce in meas-
ures taken to protect, these streams if they knew it to be the settled
policy of the State.

The Delaware above Trenton receives the sewage of several towns
and villages scattered over the water-shed, the aggregate amount oI
which is about ten cubic feet per second, but this is discharged here
and there in small volume, and, as we have already remarked, the
water is so thoroughly a/_rated that evidence of serious pollution is
not found at present above Trenton, although the evil is increasing.
Above Easten the stream is almost entirely free from sewage.

The volumes of sewage used in this discussion are based upon
official returns of water supplied to the several towns. The dry-
_eason stream.flows were measured- by the Survey. It has been
thought best to present the matter in this definite way because of the
fact that much has been published that is indefinite and misleading
upon this subject, intending either to exaggerate or depreciate the real

.conditions.
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Classification of Public W'ater-Supply Systems by Sources.

NORTHERN STREAM_ BY GRAVITY,

I
Po)pulatlon Dally Con- Treat-
of Town, sumption, 1893. Remarks.

Water.
Tox, .'L s'rn_A_t, P 1890. Ga ons. ment of

Newark ..................... Peq uannoek ........... , 181,830 • 15,_0,_ None.
Or,_n_e ................. Eahway ................. 15,844 1.500,000 Filtered.
M.rr:-Io_l n ............... 5prln_ .................. 8,156 _.50,_ Strained.
D.vcr ..................... " . ................ 4,£_0 60fl£0 None.
LamI1, rtviile......_.... _ _an's creek ........ , 4,142 200,£_ None.
Washing%on .............. Bra_s Castle creek.. 2 834 100,009 None.

Newto_ ..................... Morris pond ........... (8,993) 18,_0,900 .............. Propo$cd.

Haekett_tnwn ........... ._ rings ................... 2,417 ......... 1_i()_""' None.
Boun¢l ]]rook ............ _iddle brook ........ 1.492 1OO,O00 None.
PcnnlnLqnn ............. t_prings. .................. 7¢0 19,_
LAttle York ............... " , ................. IC0 5,900

..._ T,tal gravity rJppl 7 .......................... 224,485

NORTHERN STREAMS BY PUMPING.

Hobokt n .................. Hat kensaek ........... 43,648
West I Ioboken .................... 11,665
Uniontown ......................... 10,643
Haekt,nsaek .........................L 6,004 Combined
]':nglewocd

................ r ........... 4,785 supply by
North Bergen ....................... 5,715 llaekensaek
Out h'n ber_. ......................... 1,947 Water Co.. re-
Weehawken ......................... 1,943 ... orgaalzed.
Rldgctlcld ............................ 5,477

91,82q 6,900,000

Jerst.y City ................ Passaic. ................. 163,003
**Bayt nne ....................................... 19,{)33

Harrison ......... . ......... " ......-. ..... 8,938
kearny ........................................ 7,064

197.438 20,0£0,000 (7) None. Unsatisfactory.

Pa..r on ...................................... . 78,847 19.000,000 None.
Pa_aie .................... " . .................. 13.028 1,400,000 None.
Elizabeth ................. Elizabeth ............ ,, 37,764 9,5_0,000 Filtered. Alsowells.
Rahway .................... Rabway ................. 7.105 1,0G0,000 Filtered.

Somerville ................ Raritan .................. 3,86l } iRaHlan .................... ,. . ................. 2,556 800,000 Filtered,

1-:a-t Orange .............. Springs .................. 13,282 _B om eld ................ " .................. 7.708 1,500,000 None.

Fh,mln _,t_n .............. RaHte.n ........................... ._._ J. l£0,G00 None.Shnrt ] [lil._................ " ................. 40.000

B airstown ................ BIaJr'B creek .......... 500 I 10,000 None.

Total pumped from northern streams. 458,918 I 48,250.060

DELAWARE RIVER BY PUMPING.

Camden ................... Delaware .............. 58 813 10,000,000 None. Unsatisfactory.

Trenton .................... " ............... 57 458 5,91fi,464 None. well.

Philllpshurff .............. ,' ............... 8644 300,000 Filtered. Infiltrat'n well_
Burlington ............... " ............... 7 264 400,0_ None,
Bor entown ........................... 4,232 250,000 Filtered. Unsatisfactory.
Bel_ Idere ................................ 1,768 200,0C0 None.
Bever y ................................... 1,957 100,0c@
Rlverton & Palmyra. " ............... 8,000 150,000 Filtered. Largely from

Total from Delaware ..........................-"_2,6"_'- 17,010,464 " infiltration
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Classification of Public Water-Supply Systems by Sources--
Continued.

SOUTtIERN STIIEAMS BY PUMPING.

Po ulation Daily Con- Treat*
TOWN. STRE2.)L o_Town, Remarks._umption,1893 merit of

I 1890. Gallons. Water.
I

New Brunswick ........ Lawrence's brook., u, 18,608 1,521,097 I_one.
Perth AmhOy ............. Tennent'a brook .... 9,512 1,100,090 None.
Bridgeton ................. East lake .............. 11,424 500,C00 Nolle.
Mlllvllle ................... Maurtoe river ........ 10,002 500,000 _one
Long Branch ............ Whale Pond brook. 7,_M 1,000,00O Filtered.
Gloucester ................. Newton creek ........ 6,564 75,_0 None. Also wells.
Salem ....................... Laurel creek .......... 5,516 B0O,C[_ NOlle.
Mount Holly ............. Raucoeas ............... 8,876 225,600 None.
Woodbury ................ Mantua creek ......... 8.911 225,500 None.
51oorestown .............. Pensauken ........ 2,5_ 135,C¢0 None. Unsatisfactory,
Haddonfield .............. Co0per's creek ....... 2,502 75,000 None.
Lakewood ................ bletedeeonk ......... 2,000 289,_0 Filtered.

Mercbantville ........... ,Springs ................. I 1,225 150,000 None.State Reform School - ................... 500 400_0 None.
Wenonah ................... " ................... ! 500 25,¢C_0 None,

I

Total from _outhern streams ............. I _6.418 6.181.597

FROM OPEN WELLS.

kflanlle City .......................................... 18,055 1,00O,0GO ............... Also has tube
:ape May City.......................................2,136 5{_,000 wells,
dontelals-. .............................................. 8,656 200,000
e_ Bank ............................................... 4,145 150.5_)
lmmls ................................................. 3,502 75,(E9 {?)

tIadison ................................................. , .................. 50,_ (?)
?rinceton ................................................ 8,1_2 75,000
3awrencevllle Sch ................................................... 15,_0

Total from open wells ....................... 34,918 2.065,000

FROM TUBE WELLS.

Plainfield, &e......................................... 11,267 1,850 000 ?) ............... Wells at
Asbury Park ........................................... 5,000 1,00O,000 (?)[ [Netherwood.

Atlanlt_ City ............................................................ 550 050 ............... Twenty-four

Ocean Grove ............................................ 2,754 125,(E0 (?)

100 0(9 wells,
Seabrl ht ................................................................. 5_i) ............... Also open

I 200,OrO wells.

Vlneland ................................................. 3,822
Freehold ................................................ 2.98,!
Keylm_, .................................................. 8,411 150.000 I...............]Newworks.

Total from tube wells ........................ 29,185 - _-_ I I

Summary.

Population. DailyConsumption.

Northern streams by gravit ........................................................... 224,485 18,030,000
Northern streams by pumping ....................................................... 453,918 48.250,000
Delaware by pure lng .................................................................... 142,688 17,010,464
Southern streams_y pumping ....................................................... 86,416 6,151,597
From open wells ............................................................................ 31,916 2,065,0_)
From tube wells ............................................................................. 29,186 4,425,000

Totalpublicsupply .................................................................971,557 96,932,061
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DAILY CONBUMPTION BY WATEE-BHEDa,

Hackensack water-shed ...................................... 6,900,000
Passaic water-shed, above Paterson ...................... 80,410,000
Passaic water-shed, below Paterson ...................... 20,000,000
Delaware, above Trenton ................................... 6,110,464
Delaware, below Trenton ........................... . ........ 10,900,000

PER CAPITA CONSUMPTION.

Jersey City .................................................. 102 gallons daily.
Newark ..................................................... 86 "
Paterson ..................................................... 167 "
Camdert ..................................................... 171
Trenton ...................................................... 98 "
7_ob.ken, &c.............................................. 75 "
Elizabeth ................................................... 93 "
East Orange and Bloomfield ........................ 71 "
Orange .................................................... 80 "
New Brunswick .......................................... 82 " "
All towns of less than 15,000 inhabitants, ex-

c_adlng summer and winter resorts ......... 75 "
Average of whole State ............................... 99

The above table is from the latest data obtainable. Inquiries were

addressed to the various companies and city departments, and for'the

most part brought a prompt response. Some replies have not come
to hand at this date, and in such eases estimates have been made. In

any cases where these are found erroneous, we shall be pleased to
receive a correction from the proper authorities.

The per capita consumption has increased throughout the State,

and it is noticeable that it generally exceeds seventy-five gallons daily.

The average for the whole State is raised by the large manufacturing
and seaport towns, but excluding these it will be seen that eighty

gallons is generally reached. We must allow 100 gallons as a basis

of future computations, wlth a prospect that this will be exceeded.

The consumption of summer and winter resorts should not be com-

pared with the re_ident population shown by the census.

THE FL"rUREGATHERII_G-GROUNDS.

It will be observed that the Passaic water-shed furnishes more

than one-half oi_ the total public supply of the State. The towns

supplied from Passaic falls at Paterson will probably find their source
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satisfactory for some years to come, although the growing population
of the main valley will require increasing watchfulness. We have
already given our reasons why those drawing from below this point
must promptly abandon their present supplies. They will probably
go to the headwaters of the same stream, which arc the most valuable
of the water.supplies of the State. It may be well to again enumerate
those soureas which, either because of their exceptional excclhnce or
their present occupation by our towns, should be regarded as a part
of the future water-supply of the State. They are indicated on the
accompanying map.

Itaekensaek above New Milford.--Elevation at outlet, 4 feet.
Supplying capacity, 76,590,000 gallons daily. Used by Hackensack
Water Co., Re-organized, to supply Hoboken, Hackensack, &e.

Saddle river above Paramus.--Elevation at outlet, 90 feet. Sup-
plying capacity, 14,000,000 gallons daily. Not utilized. Not avail-
able for gravity supply of much magnitude.

Ramapo above Pompton.--Ehvation, 202 feet. Supplying capa-
city, 107,000,000 gallons daily. Not utilized. At an elevation of
275 feet, 90,000,000 gallons daily are available.

Wanaqus above Pompton.--Elevation, 200 feet. Supplying capa-
city, 73,000,000 gallons daily. Of the 109 square miles of water-
shed, 28 _quare miles are tributary to Greenwood lake, a storage
reservoir of Morris canal, the waters of which have to flow almost
the whole course of the stream. The rights of the canal company on
this stream are important.

t)eq_tannoek above .Pompton.--Elevation of outlet, 220 feet. Sup-
plying capacity, 56,000,000 gallons daily. Utilized by East Jersey
Water Company for Newark supply to such an extent as to make the
ba]ancc of little value.

Rovkaway above .Bovnton.--Ehvation, 480 feet. Supplying ca-
pacity, 78,000,000 gallons daily. Not utilized. The Morris canal
draws its supply from Lake Hopatcong, and has claimed that it
diverts no waters from the Rockaway permanently.

The above are the only practicable sources of supply on the eastern
slope north of the Rariten water-shed which are sufficient for towns
of over 20,000 inhabitants. Oi these, only Ramapo, Wenaque and
Rockaway rivers are available for new gravity systems of supply of
any magnitude. The aggregate supplying capacity of these three
streams is 258,000,000 gallons daily. These arc the sources to which
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our large cities must go in order to acquire ample, independent
supplies.

The importance of a proper development of these sources has fre-
quently been pointed out, and it grows in the eyes of the close
observer with every census and with the accumulation of data as to
our water-sheds. Not only are these the only sources which are at
present accessible enough to be financially within reach of our cities,
but they are the most desirable in quality of the streams still unutil-
ized. Those streams which are tributary to the Delaware can gener-

ally only be brought to our eastern cities by pumping, or by very
costly tunnels.

On the Rarltan headwaters we have the following :

North Branch of _arlian.--Above an elevation of 170 feet, the
supplying capacity of this stream is 19,300,000 gallons daily, the
drainage area being 29 square miles. The intake may be raised to
300 feet elevation with small loss of capacity.

Black rlver.--At an elevation of about 500 feet we can collect from

32 square miles, the supplying capacity being 22,000,000 gallons
daily.

8outh Branch of Raritan.--At an elevation of intake of 500 feet,
we may collect from 55.5 square miles ; capacity, 37,000,000 gallons

daily.
These Raritan headwaters are not so accessible as those of the

Passaic, but are nevertheless a desirable part of the available potable
waters of the State.

On the Delaware slope we need only consider those streams whmh
lie mostly upon the gneiss rock. These are the following :

Museonetcong r/ver.--The whole water-shed of this stream com-
prises 157.6 square miles, and will supply 105,000,000 gallons daily
at an elevation of 129 feet. About two-thirds of this, or 70,000,000

gallons daily, is available above 500 feet elevation. Of this, how-
ever, 17,000,000 is controlled at Lake Hopatcong, leaving 53,000,000
gallons daily, which ranks next in accessibility and value to the
Raritan headwaters.

Pequsst rivsr.--This stream drains much flat limestone country, of
which eighty-two per cent. is cleared and cultivated. We may
expect the waters to be hard and in other respects less desirable than
those we have heretofore enumerated. Facilities for storage are also
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lacking, and the stream can scarcely rank as a part of our available
water-supply.

.Paullns KilL--Our remarks as to the Peqnest apply to this in a
slightly modified degree. It is better gathering-ground than the
Pequest, and the storage facilities are much better, but it and the
other branches of the Delaware northward cannot be considered as

good as the Delaware itseli} and the latter is more accessible.
.Delaware r/ver.--This stream will furnish, without storage, 894,-

000,000 gallons daily at Trenton, at tide-water. Above Eastov, at
an elevation of 156 feet, it will supply 631,000,000 gallons daily
without storage. Above the Water Gap, from an elevation of 300
feet, 517,000,000 gallons daily without storage, which could be in-
creased to 2,667,000,000 gallons with storage. It will be seen that
this last excellent water-shed may at some future time become a
valuable resource for supplying the large cities of New Jersey, New
York and Pennsylvania. Its water-shed is an admirable gathering-
ground. Not being within the control of New Jersey, however, it
cannot be regarded as a part of the gathering-grounds of the State.

As we have seen, the Delaware is now supplying nine New Jersey
towns with 142,634 population, an aggregate of 17,010,464 gallons
daily. In our remarks on pollution we have given reasons why
towns below Trenton must eventually seek other sources."

Possibilities of Southern Waler.sheds.--We pointed out in our last
report some of the possibilities of southern New Jersey streams as
a source of supply. In our table of Public Water-Supply Systems,
we find fourteen towns, with a population of 86,416 and consumption
of 6,151,597, are already using these waters, and they pronounce
them satisfactory. This is a better indication of their fitness than
any other, but it may be helpful if we give the comparative results of
some chemical analyses of a few of these southern streams and some
typical northern ones. It will be noted that those of the Croton,
Passaic north and Passaic south branches above Two Bridges and the
Delaware at Point Pleasant have always been regarded as excellent
stream-waters. With these and Professor Leeds' standard we may
compare the southern New Jersey stream-waters.

Croeswicks creek water-shed is largely agricultural and partly in
the marl region. It is a type of the southern branches of the
Delaware.
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Back creek is a type of the purer of these streams, and probably"
of the headwaters of the l_Iilistane.

Great Egg Harbor and Maurice rivers are types of the Atlantic
coast streams.

Some Results of Chemical Analyses of New Jersey Streams.

(;RAIN_ IN ONE U. S. GALLON.

I
I .

Crot_ln river, N. Y ........... _aHet, Wormley &
Croton river. N. Y....... ....

Leeds, '83.
Pa_alr--N,.war k ............. 5.521 ., . .i..............
Delaware--Pt.P)easaI_t...'$.f_, ..................

s.ssi 2.90 .a_ ..................

Delaware--TrL'nlon.-....,! 4081 ................... 225 ,003'Diel_tW_.l'(_ Fr_i_k I[(Jrd ..... ICro_w ick_--I_rdentnwn 3.3T .................. 174 .001,
Cx_wick_ -_ro'¢evillc,,. 6¢I_ 254 352: ,05
Back creek -';_rdville ... 3 !_I 1.52 2.39' .10 .......

Maur_cc-- 311i1_ilh'. ........ 2.22 1.19 1.0_ .03 .......

Great Egg Ilarl_or--31ays 20,0 .................J 1.00 .012La_dill ................ 2.51 1.*.0 1.81' .02 1.......Prof. _e_" _audard ....

NOT_.--Thls _tand_Lrd. nut !o be exceeded, for rlver-waters in the United States, is given It_

Pro£ I_-ed_,' r_,por_ Io Ph ll_dcIphia W_ter Department. See report of 1883, page 2t3.

It will be observed that Crosswicks creek has less salts or inorganic
solids, Iess chlorine and about the same hardness as the northern

streams, but more volatile organic matter. Back creek is lower still

in Baits and very soft, with very little chlorine. Maurice and Great

Egg Harbor rivers are very low in salts and chlorine, with about the

same amount of volatile organic matter as the Croton, and are the
softest waters of all--as soft as rain-water.

So far as these analyses can show, the southern New Jersey waters

are excellent, soft, pure waters. Probably not even such streams as

the Crosswicks would show any higher proportion of volatile

inorganic matter than the northern streams if they had the same ad-
vantages of a_ratian from roughness of bed. Their smooth, gliding

currents give little opportunity for such action, and the natural in-
fersnce is that such waters would be improved by artificial a_rstian.

All four of these southern streams show a trace of acidity, and this
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might cause slight corrosive action in steam-boilers, although we do
not apprehend serious trouble therefrom.

The best of these southern water-sheds, and those which seem

worthy to be included in the State gathering-grounds, are the

following :
Daily Supply,

Streams. Driest Year.

Toms river at village ............................... 108,000,000gallons,
Cedar creak at village .............................. 37,000,000 "
Wading river at Harrisia ........................ 102,000,000 "
Mulliea river at Batsto ............................. 1_0,000,000 "
Great Egg Harbor at Maya Landing ......... 144,000,000 "
Maurice river at Mitlvltlo ........................ 146,000,000 "
Rancocas, South branch .......................... 112,000,000 "
1gancocas, .North branch .......................... 96,000,000 "

As thesestream-watersaregenerallymuch betterthanthewaters

obtainedfrom drivenwells,they may in futurebecome of value

to our southerntowns and seasideresorts.They are generallytoo

low to afford a gravity supply, hut it would be possible to deliver
170,000,000 gallons daily from the headwaters of Mulliea river to

the towns along the Delaware or the seashore, at an elevation of from

fifty to sixty feet above mean tide. Most of these streams are secure
from future contamination. Indeed, as we pointed out in our last

report, their waters are subjected to natural filtration on a scale which
makes contamination almost impossible, except by direct discharge
into the stream.

PROBABLE FUTURE NEEDS.

Our lableof PublicWater-Supplyshows a presentconsumption

of about97,000,000gallons.5udgingfrom thegrowthof thecities

of theStatethisislikelytoincreaseat therateof fortypercent.in

each decade. At thisrateour whole availablegravitysupplyis

likelytobe calledintouse at theend of a generation.It isquite

evidentthatthismostvaluableportionof theStatesupplyshouldbe

judiciouslyconservedand developed,and thatthepublicwater.supply

has a greaterimportancein thisthanin otherStates.The accom-

panyingmap shows the utilizedand unoccupiedgravitysourcesof

supplyand themore valuablesoutherngatherlng-grounds,aswellas

thelocationof pumping-stationsof varioustownsand ,i_es.
25
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IN

SOUTHERN NEW JERSEY.

BY
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ARTESIANWELLSAND WATERHORIZONSIN
SOUTHERNNEWJERSEY,WITHECONOM-

ICAL,GEOLOGICAL,AND PALEON-
TOLOGICALNOTES.

BY LEWIS WOOLMAN.

Q

The feasibility of obtaining water in southern New Jersey by
means of artesian wells may no longer be looked upon in the light of

.experiment and venture, but may be regarded as a matter of certainty.
The first artesian well in this part of the State was put down about

_the year 1851, at Winslow. It reached a depth of 335 feet. The

water rose above tide-level, but did not overflow, because the surface

was too elevated, being 120 feet above tide. Flowing wells

not much above fide-level and of no great depth, were put down in
the year 1873 at Pleasant Mills, and in 1877 at Weymouth. In 1878

a flowing well was completed at Charleston, S. C., at a depth of 1,970

feet. This well found its supply in Cretaceous strata, while those at

Pleasant Mills and Weymouth obtained theirs from Miocene strata.

Doubtless encouraged by these and other facts, Prof. G. It. Cook,
in the annual report for 1880, indicated the existence of water-bear-

ing sands in this part of the State and the desirability of reaching

them by deep borings. In the report for 1882 he reiterated these

views and predicted the depth to the water contained in the red sand

below the middle marl bed along a number of northeast and south-

west lines drawn across the southern portion of the State map issued

that year. The depths named were no doubt fully warranted by the
information then in hand. Subsequent developments have, however_

ahown these depths to be greater than was then stated.

About the year 1883 artesian wells were successfully pot down at

(8s9)
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Ocean Grove and Asbury Park. Since that year this method of

obtaining water has been gradually growing in favor, and has been

largely stimulated by the publication annually in the Survey reports
of the details of such wells.

It is probable that in a few years the accumulation of data in the

Survey department will render it possible to state the number o_
water horizons interbedded within the various Miocene, Eocene and

Cretaceous strata, and to determine which and how many of these

exist beneath any given locality, and to calculate with a close approxi-
mation to accuracy the depth to each. For a large part of the area
under consideration this can even now be done.

From data collected the past year respecting wells, additional

interesting and practical facts have been learned, which may now be

briefly stated.
An additional water horizon has been located at Atlantic City, at

a depth of 800 feet. This occurs between horizons formerly known
at 760 and 950 feet. A well almost simultaneously put down at

Ocean City confirms the existence of this horizon. It is a clear,

quartzose sand, varying from brownish to greyish in color, about sixty
tcet in thickness, and must constitute an immense reservoir for water.

This gives us eight horizons from which water has been obtained
within Miocene strata. Their position, and depths, at Atlantic City

will now be given :

1 Atabout8.082. 406 and 430 In sands above the diatom bed.

8. " about 525 "4. " 650 ,, J In the middle of the diatom bed.
5. " 700 to 720 " _- At the base of the diatom bed.
6. " 760 " _

7. " 800 " t Below the diatom bid.8. " about 950 "

All the above have been opened during the progress of drilling the
various wells at Atlantic City, except the one at about 650 feet,

whose position within the diatom bed has been calculated. This
horizon has only been developed in the interior. The first and second

horizons have, however, not been utilized at Atlantic City, though

the second supplies wells in the interior.
Of the above horizons, those whose extension over a considerable

area has been the most thoroughly proven are those at about 525-
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feet, and at 700 to 720 feet. The various localities where these
horizons have been utilized for water.supply, with their depths at

each place, are here given :
Upper Lower

horizon, horizon,

Waretown ....................................................... 280

Great Sedge Island ............................................ 820
Seven Islands ............................................. 385 535
Beach Haven ........................................... " 425 575
South Beach Haven .................................... 535 ......

Atlantic City ............................................... 525 700
Ocean City ........................................................ 720

The upper of these was noted at Ocean City at 512 feet, but was
not utilized, the parties preferring to go deeper. It will be seen that
these two horizons are from 150 to 175 feet apart. Both are, however,.

stratigraphically higher than the 60 feet of brownish and greyish sands
found the past year at the depth of 800 feet, or about 100 feet deeper_
both at Ocean City and Atlantic City. This latter horizon probably
underlies all the above-named localities

The 525-fect horizon of Atlantic City is in the central part of the
300-feet diatom clay bed. The 700-feet horizon is just below the
base of the same bed, while the 800-fect horizon is some considerable
distance beiow. Quits a number of shells occur just above this latter
horizon at the two places where it has been reached. The most
noticeable of these is a clam shell of the identical form now sold in_

our markets, though with it are numerou_ other shells, both bivalves.
and univalves, that are of decidedly Miocene species.

From wells developed at Woodstown and Quintonj it is learned _
that the red sand bed, as defined by Prof. G. H. Cook in the Geology
of New Jersey for 1868, becomes in the lower part of the State a clear-
grey, medium-coarec sand, of about eighty feet in thickness, that yields.
an abundance of good water. This horizon occurs just below the mid-
dle marl bed, from which it is separated by a few feet of impervious.
strata in the wells at both the above-named places. An interesting"

geological fact learned at Quinton is that the lime sand overlying the
middle marl has a thickness of over 100 feet, or more than four times
greater than had been previously known.

Wells successfully developed during the year at Gloucester and,

Maple Shade emphasize the fact_ indicated last year by wells at
Pavonia, Stockton and Collingswood, that at the base of the plastie_
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clays--or, in other words, at the base of the Cretaceous strata of
southern New Jersey--there exists a bed of heavy gravels and cobble-
stones that yields a large supply of water of better quality than has
generally been obtained from the sands within the overlying day
marls, the name given to a series of sands and clays about 275 feet in
thickness that occur below the lower marl bed and above these

plastic clays. This bed of cobbles and heavy gravels is perhaps the
equivalent of what has been called by the United States Geologists
the Potomac formation, so named because its typical outcrop is found
near the Potomac. It probably forms a vast reservoir. This lower-
most stratum no doubt rests upon the old crystalline rock floor. It
is most likely fed, not only by water percolating from the surface,

but also by numerous springs of excellent water in the underlying
rocks that in all probability find their way into the aggregation of
loose and heavy cobbles and gravels of which it is composed.

If, in the sinking of wells into the laminated sands and clay marls,
the water therein be found unsatisfactory, it is most probable that a
good quality can be obtained by continuing the boring quite through
the underlying whitep yellow and red plastic clays till the Potomac
gravels are reached.

The sands and gravels in the clay marls may be described as bluish-
grey in color, while the sands, gravels and cobbles near'and at the
base of the plastic clays are by comparison a yellowish-white.

Now that the question of the water-supply of Camden has become
an important one, the writer would query whether it might not be
wise to incur the small expense needful to sink at least one artesian well
_t some favorable locality, say to the eastward of the city,* in order
to ascertain the thickness of this Potomac bed, the number of water
horizons, and the quality and quantity of water that may be obtained.

From the facts as now known this bed may be reasonably expected
to yield a large amount of water of good quality, which could always
be relied upon to supplement that from any other source should it not
be deemed proper to rely altogether upon this horizon for water-supply.

From a set of borings long hidden, but recently brought to light
in the office of the Asbury Park Water Commission, the extension
of the great Miocene diatomaceous clay bed farther northward than
had been heretofore known has been demonstrated. The interval

*Thoohject in going to the eastward would be to avoid reaching toosoon the

crystalline rock floor that approaches the surface along the Delaware river.
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between fifteen and ninety-three feet at this point passes through the
base of this bed as, shown by the diatoms* contained therein. One
form, well known to microscopists under the name of Heliopelta,'["
occurs here. The writer's researches show the occurrence of this

form to he mainly, if not entirely, restricted to the base of the bed.
It has thus been also found at the following additional localities:
Shiloh, N. J.; Clayton, Del.; Claiborne, Eastern Shore, Md.; Notting-
ham and vicinity, Western Shore, Md., and Bermuda Hundred and
Petersburg, Va. This basal portion of the Miocene clay is what has
been familiarly called rotten-stone by the artesian-well drillers, and is
"thesame as the astringent clay described by Prof. G. H. Cook.

This fact, o_ly, respecting wells at Asbury Park is noted at this time.
Further detailed reports are necessarily deferred, pending the com-
pletion of deepwellsnow beingdeveloped,bothatthispointand at
OceanGrove_adjoiningon thesouth.
The extensionof Miocenedepositsfartherwestwardthanhereto-

foreknown hasalsobeendemonstratedby boringsobtainedfrom
wellsputdown atGlaesboreand Quinton.Diatomswerenotfound
intheclaysatthesetwopoints,batinsteadfossilshellsof undoubt-
edlycharacteristicMiocenespecies.Thesearenamedin thedetailed
reportsofthewellsatthesetwoplaces.(Seepages407and415.
New and novelinformationrespectingundergroundstructurein

Cape May countyhasbeen learnedfrom a microscopicalstudyof
well-boringsatWildwood,on FiveMileor HollyBeach,New Jer-
sey. Betweenthedepthsoftwenty-nineand forty-sixfeetoccursa
.clay.bed,theequivalentof one thathasseveraltimesalreadybeen
penetratedby wellsnorthwardalongthebeachesasfaratleastas

BeachHaven,atdepthsvaryingaccordingtolocalityfrom thirtyto
ninetyfeet.Thisbedismarine,as isshown by thepresencewithin
it,atalllocalitiesfromwhichsampleshave beenreeeived_ofthe
remainsofnumerousmar/usdiatoms.Theseorganismshavea box-
likestructureformedoftwosiliceousvalves,whicharefinelymarked

andhighlyornamented.Theyarenow generallyregardedashighly-
specialized,singh-eelledplants.
Fartherdown,however,anotherclaybed existsthathasnotbeen

found inanyoftheboringstothenorthward.Thisbed occupies

_ These are slngle-celled microscopic plants. Thelr sillceous skeletons have be_n
preserved in these beds.

t Formerly called lleliopelta Ehrenbergii_ RalI's., by a recent revision of the genera
itbecomeskctlnoptychusheliopeitatGrunow.
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the interval between 78 and 180 feet, and likewise contains diatomsr
in this case both of marine and fresh-water forms, the latter largely
predominating.

A former delta of the Delaware river in past-geological time i,
perhaps largely responsible for this intermixture of marine and
fresh-water forms. This was probably before the formation of the
Cape May peninsula.

The assemblage of diatoms in this lower clay is unique, not only
in the mixture with marine forms of a surprisingly large number of'
fresh-water forms, but also in the great variety of species of the latter,
and in the occurrence of one form, a triangular one, that has hereto-
fore only been known in New Zealand. It occurs there, living in
present waters and fossil at some considerable elevation in the interior.
(See last paragraph page 400.)

The various wells of the past year (1893) will now be reported in_
detail. They naturally fall into three classes that obtain their supply
respectively from the Miocene, and the Cretaceous beds and their
overlying Quaternary sands and gravels.

Those in the Miocene will be first noted. Included therewith are

several wells on or near Delaware bay, but in the State of Delaware.
In the absence of necessaryinformation along the bay in New Jersey,
these afford valuable data as to the stratigraphieal position of our
New Jersey water horizons, and should be an encouragement to those
interested along the bay shore in this State to search for fresh water
beneath the salt marshes. Several failures along the river border
have been reported in this State, but generally the records show that_
in the light of recent knowledge, the wells were not continued deep.
enough.

ARTESIANS IN MIOCENE STRATA.

ARTEBIAN WELLS, BEACH HAVEN.

Two wells, each with a depth of 425 feet, were noted in the report;
for 1890 as having been put down for hotel use. During the spring
of the present year a third well was put down, this time for the bor-
ough, by Uriah White, contractor. In this well the 425-feet water
sand of the previous wells was met with and passed, it being pur-
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posed to open the next lower water-yielding sand. This was found
between the depth of 543 and 575 feet. This well has a diameter of
eight inches and flows over the surface. Its yield is 125 gallons a
minute, being considerably more than that of the horizon at 425 feet.

The 425-feet horizon is the equivalent of that at Atlantic City at
525 to 530 feet, while the 543 to 575-feet horizon is the equivalent
of that at 700 to 720 feet at Atlantic City. The llrst is in the mid-
dle of the diatomaceous clay ; the second is at or below the base of
the same clay bed. Wherever these two beds have been tested, the
lower one yields much the greatest quantity of water. It is hoped
that in the future some well in this immediate region will be sunk
deeper and demonstrate the continuance northward of the sixty-fcet
brown-sand bed horizon developed this year at the depth of 800 feet,
both at Atlantic City and Ocean City.

A full set of specimens was furnished by the contractor and his
engineer who superintended the work, and by the co.operation of
members of the Borough Council. These specimens, and those form-
erly obtained from the 425-feet wells, have been carefully collated_
and the following record compiled therefrom. The first 425 feet is
given more in detail than in the previous annual report (1891), but
is essentially the same. The present boring adds to our positive
knowledge of the diatomaceous clay bed, since examination shows
that all the clays from 280 to 543 feet contain diatoms. There ap-
pears to be a thickness at this locality of about 250 feet for this bed :

Beach sand .................................... 17 feet. 17 feet. 1 _

Mud, with roots.............................. 1 " 18 _ ._Grey sandj with shells and recent Recent. _,y_
marine diatoms ........................ 37 _ 55 " i

Greysand ...................................... ]0 " 65 " J

White clay and gravel ..................... 25 " 90 " )
Fine wMte clay .............................. 5 " 95 " Fossiliferous
White sand, a few fossiliferous pebblcs_ 20 " 115 . _ gravels.
Fine white sand ............................. 20 " 135 "
Alternation of sand and clay, both

yellow ........... :........................ 15 150
Coarse grey sand............................ 10 160 "_

Black clay.................. _.................. 5 165
Fine white sand.............................. 5 170 White and =

Fine yellow sand............................ 10 180 yellow sands. _=
_Iedlum-fine white sand ................... 20 200 G,_
/_Iedimn-coarse yellow sand ............... 5 205
"White sand .................................... 10 215
Yellow sand ................................... 35 250
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Grey _and ..................................... 30 " 280 feet. ] "1

Greeni_h_ndandclaymixed ........... 10 ",, 290 "[., I _

Greenish marly clay, containing dia- .a
toms ...................................... 75 " 365 "

Dark marly clay, containing diatoms.. 45 410 I Diatom

Fine sand, with ,_at,,r ....................... 19 " 429 " _ clays and t _Coarse sand, with wat,,r ..................... 2 l " 450 _' [ interbedded

Tough, diatomaceous clay ................. 26 " 476 " sands, ]

Alternation of sandy dlays and clayey [ _o_and_, all diatomaceous .............. 67 " 543 "
IGrey, .harp sand, with trot,T; same as

at Seven islands_ at 510 to 535 ft... 32 ,i 575 ir J

Associated with the grey sand and shells at the depth of fifty-five
feet were a considerable quantity of marine diatoms. Many of the
forms are the same as those in the 250 feet of diatomaceous clay, just
noted at 280 to 543 feet. Other forms, however, are quite different,
while there are also forms in the lower bed that do not occur in the

upper, so that collectively the assembled forms in either distinguish
the beds from each other. The existence of these two beds has

already been learned from examination of the borings at Atlantic
City, Ocean City and Wildwood, and each contains, at all these
localities, its same characteristic assemblage of forms.

The equivalent of the upper bed was found at the depths of nine
to eighteen feet in the wells bored for the old Atlantic City Water
Company, on the mainland at Absecon. What is probably the
equivalent of the same bed was exposed at the base of the bluff at
Long Branch by the storms, both last year and this. Examinations,
made by the writer, of clays from the two localities last named,
revealed the same characteristic microscopic forms. This upper bed,
which is reached beneath the beaches at depths varying from thirty to
ninety feet, represents a deposit much later than Miocene in age, to
which the lower bed, the deep artesian diatomaceous clay bed,
belongs.

SECOND WELL AT SEVEN ISLANDS, WITH CORRELATION OF
RECORD OF THE FIRST WELL.

During the spring of 1893 a four-and-one.half.inch well was bored
by Uriah White on Crab island, oae of the group known as Seven
islands, situated in Great bay, at the mouth of the Mullica river.
It reached a depth of 535 feet, and is one-half mile southwest of the
first well, which is located upon another of these islands. The first
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well is noted in the annual reports of 1885 and 1886. Its depth was
their stated at 408 feet. The superintendent on the ground says the
well was bored to a depth of 487 feet, and the writer is further in-
formed that a measurement by sounding was made this season that
shows the depth at the present time to be 480 feet. The second well,
the one just finished, flows sixty gallons per minute; the water rose,
on a test being made, twenty-two feet above high tide. The recor&
furnished by the engineer who did the work is as follows:

blud and large gravel ................................ 58 feet. 58 feet. ].White and yellow sand .............................. 75 133 " "

Hard crust ............................................... 2 135 t Quaternary.
Dark bluish-green clay, hard ...................... 37 172

Sand ...................................................... 100 272 J

Marly clay and wood ................................ 108 380 "_

Coarse sand, small tlow of water .................. 12 392

Lighter-colored, bluish clay, soft .................. 118 510 Miocene.

Coarse sand and gravel, _a/er 510 to 555 ....... 25 555 l

The water passed at 380 to 392 is the equivalent of that at Atlantic
City at 525 and all_oof that of two wells of 425 feet in depth at
Beach Haven. The water utilized by this well_ and which comes
from between the depths of 510 to 535 feet, belongs to the stratum
reached at Atlantic City at 700 feet and at Beach Haven at 543 to
575 feet. The description of material in the central, part of this
record is not sufficiently minute to enable one to positively indicate
the dividing line between the upper or Quaternary portion and the
lower or Miocene portion of this well, but from our knowledge of the
strata at Beach Haven and Atlantic City it probably occurs at about
272 feet.

ARTESIK_ WELL, ATLAlqTIC CITY.

A well noticed last year as then being put down by P. H. &J. Con]an,
for the Knickerbocker Ice Company, has been completed. It reached

a depth of 800 feet and entered a brownish sand, shown in the litho-
graphed columnar section in the report for 1889 to have a thickness
of about sixty feet. This well opens up an additional water-bearing
stratum at this point. As already stated, there avenow known to be
eight water-yielding horizons in Miocene deposits, including this one.
Five of these are now utilized at Atlantic City, viz., at the depths of

525, 700 to 720, 760, 800 and about 950 feet. Two of the others,
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opened in boring, but not uEed,occur at about 328 and 430 feet,
while the remaining one has only been developed in the southern
interior. Its position within the 'great diatomaceous clay bed would
place it at the depth here of about 650 feet. This horizon probably
does not exist as a water-bsaring sand at Atlantic City, since it has
not been reported from any of the nine wells already put down there.

This additional or 800-feet horizon has also been opened by a well,

put down about the same time, at Ocean City, where it occurs at the
same depth. The two localities are nearly upon the same line of
strike, hence their agreement in depth. (See next well record.)

ARTESIAN WELL, OCEAN CITY.

In the fall of 1893 a well was bored by Uriah White at Ocean
City. This is the second well at this place, a former one, bored to a
depth of 720 to 760 feet, but finished with a depth of 720 feet, being
noted in the report for 1892.

As was done at Beach Haven, so likewise here it was determined
to develop the next lower water-yielding sand. In the process of
boring, the water horizon of the first well, that at 720 feet, was found
and passed, and this well continued to the depth of 800 feet,'when
the same brown sand reached by the Knickerbocker Ice Company's
well at Atladtic City was met with and at the same depth. The
water obtained is excellent. It will rise in the casing fifteen feet

above the surface and flows 140 gallons a minute. As noted in the
report of the Knickerbocker Company's well, this horizon is probably
about sixty feet in thickness. (Seo preceding record.)

The following record in detail is made up from notes kindly
furnished by the engineer in charge for the contractor, and from
careful examination of full sets of borings likewise furnished by

the same person. To 660 feet the record is a reprint, nearly, of that
of the first well, and which was reported last year, since there was
no difference shown except the occurrence at 658 feet of 18 inches of
rock, probably a local leuticalar bed. The water found and noted on
the record at 334 and 371 feet is thought, by the engineer who

directed the drilling, to be the equivalent of that found at the depth
of 350 to 390 feet in a well he put down at Sea Isle City, the
record for which was noted in the report for 1890. This correlation

is mentioned subject to confirmation in the future :
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RECORD.

Beach sand_ recent shells at the base ............ 30 feet. 30 feet. ) Recent.
Sand ...................................................... 85 115

Sand, with thin clay seams ......................... 60 175

Sandy clay ............................................... 10 185 Quaternary.
Fine gravel and sand, with streaks of clay ..... 93 278 )
Bluish, sandy clay, solid ............................ r 40 318

Sand, with waler ....................................... 16 334 Miocene, not
Bluish, sandy clay, with small shells ............ 32 366 diatomaceous.

Seam of sand_ with uuter ........................... 5 371 "

Grey sand, with small shells ....................... 29 400 "

Bluish, sandy clay, diatomaceous ................. ll2 512 "

Grey sand, with water, 7 gallons a minute ...... ]6 528 "

Bluish, sandy clay, diatomaceous ................. 72 " 600 "

Brownish, sandy clayj hard, with shells and Miocenej
diatoms ............................................ 55 " 655 " diatomaceous,

Brownish clay_ with hard streaks described

as crusts, including 18 inches of rock ...... 5 " 660 "
Grey sand, some diatoms. .......................... 20 " 680 "

Clayey sand, diatoms ................................. 5 " 685 "

Sand, with _er ........................................ 5 " 690 "

Coarse gravel, sand, shell and thin clay seams, l0 " 700 "

Fine gravel, _and, shell and thin clay seams... 16 " 716 "

Alternation of clay, gravel, sand_ shell and

thin clay seams; water at 720 feet_ 25 Miocene_ not
gallons a minute ................................. 20 " 736 " diatomaceous.

Brownish sand, with wood .......................... 19 " 755 "

Coarse brown sand and wa_erj 140 gallons
a minute ........................................... 45 " 800 "

ART_]IAN WELL, WILDWOODj N. J.

An artesian well was sunk the past year at Wildwood, on Five
Mile or Holly Beach, Cape May county. The contracterj J. Shaw,
of Bridgeport, Conn., has courteously furnished a very full set of
specimens of the borings, together with some notes. The well reached

a depth of 215 feet. Water, which did not overflow, was found at 75
and at 215 feet, but was not deemed satisfactory in either case. The
drilling of this well has been abandoned. It is, however, intended
the coming year to put down a deep well to some one of the excellent

water horizons associated with the great diatomaceous clay bed.
After an examination of the specimens and a comparison of the notes_
the writer presents the following record. The elevation of the surface
is about eight feet above high tide :
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Filled*in ground .......................................... 2 feet. 2 feet.

Black muck, full of roots of red cedar and holly.. 1 " 3 " "]

Sand, similar to be_eb _and ............................. 26 " 29 " I_Iuddy, sandy clay, marine d_atorna.................... 4 " 83 " i

Bluish, muddy chy, diatv_ ............................. 13 " 46 " [
Sand, similar to beach sand, fine on top, coarse at I

the h ittom, wi_h triter; rises within 4 feet of t Quaternary_
the surface ............................................. 32 " 78

Clay, mqrbJc a_dfl'e_l_-w_r d&toma .................... 24 " 102 " [
Sand, salt water ............................................. 4 " 106 I
Clay, maline and freak-water d_atorns................... 74 " 180 " I
Sand andz_atcr .............................................. 35 " 215 c_ j

The microscopic examination and identification of the species o_

diatoms in the seventeen feet of mud at twenty-nine to forty.six feet
show this deposit to be the equivalent in age of similar beds met

with near the surface at Absecon, and noted in the report for 1892,.
page 9.83, and also passed through .by the well borings at Atlantic.

City and at Beach Haven, at depths ranging from thirty to ninety
feet. One form, Trlsera[iumfavus, a beautiful triangular, flat form,
has been observed on the slides prepared. This is found in marine

deposits now forming along the coast and up the Delaware river as-
far as Philadelphia. It is never seen in the 300-fsot Miocene dia-

tomaceous clay bed throughout its entire known extent_ from Asbury
Park, 1_. J., to Richmond and Petersburg, Va.

This Miocene diatom bed, which will be reached at this point by a

well to be put down the coming year,* can be equally well recognized
by a fine, large, circular, disc form, having three or more central eleva-

tions or excavations called processes_ that look somewhat like retlcu-

luted eyes. This form was shown and can be recognized on the plato

opposite page 224, in the report for 1891. It is technically known by
the name of C_oavinodi_cu_ ezcava_us. It is not now known to b_

living upon any coast, nor does it occur fossil elsewhere in the world,

being confined to the Atlantic Miocene diatom clay bed.

Intermediate, however, between the beds containing, respectively,
the before-mentioned Triteratium and Coseinodi_cus, there occurs, at

78 to 180 feet; another clay bed also containing diatoms. In the two.

beds previously noted the diatoms arc almost exclusively marine, but

_At the time of proof-reading, the boring of the deeper well_ above alluded to, was.

being prosecuted and had reached a depth of about 1,000 feet. The clays were diato-
maceous between the depth of 370 and 793 feet_ and exhibited the characteristic

Miocene species.
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while many of them are marine in this bed there is a preponderating

number and variety of fresh-water species. A corresponding clay
bed does not exist beneath the beaches to the northward, if we may

judge by the specimens of borings furnished from the various wells
or by the records where no specimens were obtained. It wa_ proba-

bly in some way associated with the deposits of the Delaware river
delta in a somewhat recently past geological age, and before the

present peninsula of Cape May was formed.
A diatomist who has examined this deposit enthusiastically says

that it contains almost every known flesh.water species. One of these

fresh-water forms is unique. It is named Trlterallum trlfoliatum,
and has heretofore been known only from New Zealand, where it

occurs, living in present waters and fossil in comparatively recent de.*

posits, but at a considerable elevation in the intelior.
Another form has heretofore been reported only from the La Plata,,

in South America. Taken altogether, this is a remarkably interest-

ing and unique bed.

ARTESIAN WELL_ MAHON R1VER_ DEL.

In the early summer of 1893 an artesian well of one and one-half

inches diameter was put down upon the salt marsh meadows on Dels-

ware bay, at the boat landing just north of Mahon river light and six

miles east of Dover, Del. The success of this well demonstrates the

entire practicability of obtaining water of good quality at a corre-

sponding depth upon the New Jersey side of the bay. This well is
located west-southwest of _'ortescue, N.J. W.D. Walls, of Dover,.

Del., who sunk the well, furnishes the following accurate record,.
which is inserted verbatim :

Blue m_.rl and mud ......................................... B5 feet. 35 feet.

Blue sand and mud ......................................... 40 75 "
Blue sand ...................................................... 35 " ll0 "

Hard blue sand rock ....................................... B _ llB .c

Blue sand and [chalk] .................................... 35 " 148 "

Fine hard white sand ....................................... 6 154 " . Miecene_
White sand, mixed wlth a substance resembling

[._tagnesia] ............................................. 39 " 193 "

Very fine white sand, mixed with fine black sand.. 5 " 198
Coarse wblte sand, mixed wlth gravel ; an abund-

auceofcool_freshwater ............................... 8 " 206 " J'

The strata described as resembling chalk and magnesia were most

probably richly diatomaceous clays and the exact equivalent of clays.
_6
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similarly described by the well-drillers at Atlantic City, N. J., and
which occur in the middle and lower part of the diatom clay bed

there. The water obtained may be regarded as coming from the 700

to 720-feet horizon at Atlantic City, and also as being the equivalent

of the upper horizon at Dover, viz, that at 157 feet. This well is

nearly on the line of strike with Harrisia, N. J., where many years

ago an abundant supply, quite possibly the same, was improperly
cased off. The elevation of the well at Harrisia is like this one, but
little above tide-water.

ARTESIAN WELL AT KITTS HUM_OCK_ DEL.

J. D. Walls, who bored the well already reported at Mahon river,

also reports a well sunk seven miles further south, at Kitts Hum-

mock, a picnic resort on Delaware bay. It is 110 feet deep. This
well has a diameter of one and one-half inches, and the water rises

within two and one.half feet of the surface, The supply comes from

a coarse gravel at the bottom.

ARTESIAN W ET,]'., DOVER, DEL.

An artesian well was put down this year at the Dover Water

Works by George J. Kennedy, of Philadelphia, who courteously fur-
nished a full set of borings and imparted desirable information. It

obtains its supply from a coarse dark sand, some of the grains being

as large as peas, that was penetrated between the depths of 167 and
196 feet. The elevation of the surface is about six feet above tide,

and the water will rise in the casing six feet higher. The diameter

of the well is ten inches, and the natural flow is thirty-five and a half

gallons a minute, but it has been pumped 218 gallons per minute_
the full capacity of the pump used.

A four-inch well formerly put down in the same inclosure obtained

water at a depth of 157 feet. This horizon was found and cased otF
in this well.

The two water horizons of these wells are probably the equivalent

of those at Atlantic City at the depths of 720 and 760 feet. An

additional depth at Dover of about fihy to seventy-five feet below
the lower horizon would probably find the sixty-feet brown sand

bed opened the past season at the depth of 800 feet, both at Atlantic

City and Ocean City_ N. J. _ (See pages 397 and 398.)
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The following is the record :

Yellow gravel .......................................... 7 feet. 7 feet.
])eep orauge-colored sand and clay .............. at 11 " Quaternary.

$Iedium orange-colored sand_ coarse ............ " 26 "

Slight orange-colored sand, finer ................. " 42 "

Sandy clay_ a few marine diatoms ................ " 54 "

Sand and marly clay (tt few shells were found

between 40 and 90 feet) ....................... " 62 "
Sand ...................................................... " 71 "

Brownish clay and e,and, with m,_rine diatoms, " 83 ':

Sand and comminuted shell, marine diatoms

and _ong¢ spicul_ .............................. _' 90 "
Sand ...................................................... " 94 "

Sand and broken shells .............................. '* 100 "

"Marl" ............................................... " 109 "

_Iicaceous marly sand, some reddish sand
• Miocene.

grains .............................................. " 117 "

Sand, bad water; commlnt_ed 8hells, diatom_
and eocrolitl_ ..................................... " ]20 _t

Sandy clay diatoms ................................... " 128 "

Clay, with d/aZores.................................... " 147 "

Sand, shell and diatoms (Hdiopelta) ............. " 150 "

Clay, u few diatoms ...................... ] ............ " 155 "
Sand_good water ....................................... " 157 "
Clay_ thickness, 10 feet; contuins pyrite-cov-

ered diatoms ...................................... to 167 "

Dark sand, some grains large as peas ; good
water ................................................ 29 " " 196 "

This well is furnished with a strainer at the bottom eight inches in
diameter and twelve feet long.

The Miocene diatomaceous clay bed of the Atlantic Coastal plain
is represented in this well by all the strata below the depth of about
fifty feet.

ARTESIAI_ WELLj LEWESj DEL.

An artesian well was put down as a sanitary precaution and pre-
paration before the possible influx from abroad of epidemic disease
early in the summer of 1892, at the United States Quarantine Station
at Lewes, Del. It was drilled by P. t]. & J. Conlan. The elevation
of the surface is about seven feet, the diameter of the well is six
inches and the depth 400 feet. The water barely rises over the sur-

face. Information respecting this well was kindly furnished by the
health officer, Dr. H. D. Geddings. The water-supply comes from a
sand between the depths of 392 and 400 feet. At the bottom, rock
was encountered, thought by the driller to be granite. It was, how-
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ever, probably a lenticular bed of cemented sand rock ; such',beds have
several times been met with in sinking wells in southern New Jer_ey_
they generally are but a few inches, or, at most, a few feet, in
thickness.

The material passed through was described as follows::

Ordinary beach rand to about ...... 90 feet.

Yellowish gravel, medium-coarse.. 10 feet. ]00 "

Grey sand and sandy clays .......... 200 " 300 "

A "cedar branch," well preserved,

wa_ found at about 200 feet,

and a little lower fragments

of wood quite friable and

changing to brown in color.

B ue tenacious clay, mixed with Almost certainly Miocene r

about 30 per cent. of pebbles.. 30 " 330 " /_ but probably higher thanSimilar blue clay and alternations
of sand ............................. 62 " 392 " 1 the great artesian diatom

Sand and water ......................... 8 " 400 " t clay bed.

Stopped on rock.

There was pumped in one day 22,000 gallons, lowering the water
to fifty-five feet, which, however, soon roee when the pumping ceased.

ARTESIANS IN CRETACEOUS STRATA.

DEEP ARTESIAN BORING AT GLOUCESTERj 1_. J.

A test boring to and into the reck which was met with at 276 feet,
was made at the water works plant at Gloucester, N.J. This loca-
tion is upon Newtown creek, directly west of the New Jersey railroad
station. The depth this well was prospected into rock has not been
learned, but the well has been abandoned. P. H. & J. Conlan,
who bored the well, courteously furnished specimens of the various
earths passed through to the rock. A group of more shallow wells_
to be next noticed, were afterward put down for the company at the
same place by another contractor, who also kindly furnished specimens
of the borings. After a careful study of both sets of borings, the
accompanying record of the soft strata at this point is presented :

Made ground_ filled in with yellow

gravel from the adjacent higher
surface .................................. 3 feet. 3 feet.

Meadow muck_ accumulation of I_ew-

town creek; oontainsrecentfos-
silfresh-water diaton_ .............. 12 " 15 " Recent.
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3"ellow clay .................................. 20 feet. 35 feet. " Clay marls.
Indigo-blue clay ........................... 7 " 42 "

Bluc-grey sand, wood ..................... 12 " 54 " Sands at thebase

{ Coarse blue-white sand and blue- of the clay marlswhite fine gravel ...................... 21 " 75 " --bluish-grey

r Blue.and white gravel, with large gravel water

B ! pebbles; contains water ............. 10 " 85 " horizon.Alternations of sandy clays and water-

k bearing sands. ......................... 28 " 113 "
Reddish clay ................................ 7 " 120 "

White sandy clay ........................... 9 " 129 "

Coarse yellow-whlte sand, some peb-

bles the size of shellbarks; con-

'C tains water .............................. 1O " 139 " Plastic clays,
Alternations of white sands and with interbedded

white clays ............................. 16 " 155 " yellowish-white
Gravel; water ............................... 14 " 169 " gravel water
Red clays .................................... 26 " 195 " horizons.

Clay ........................................... 31 " 226 "

Sand, slightly red .......................... 16 " 242 "

D { Clays and water-bearing sands andgravels; water c_ 270 feet ........... 34 " 276 "
Greenish micaceous clay_ evidently

decomposed rock ..................... 14 " 290 "
Solid rock.

The let_ra upon the left refer to similar letters in the next fol-

lowing record of a group of wells at the same place.

ARTESIAN WELL(] AT GLOUCF_TER, N. '.--'-GROUP AT THE
WATER WORKS.

A group of eleven four-and-one-half-inch wells were sunk by

Leach Brothers at the plant of the Gloucester Water Company, upon
Newtown creek, a short distance east of the West Jersey railroad
_tafion.

The depths of these wells are as follows :

(A) Three with depths ranging from ....................... 67 to 79 feet.
(B) Four with depths ranging from ........................ 85 " 96 "

(C) Three with depths ranging from ....................... 149 " :162 "

(D) One with depth of.......................................... 270 "

The wells of sub-group A draw their supply from the blue.grey
gravels at the base of the plastic clays. See sectional record in the

report next preceding this. Those of sub-group B draw from transition

.gravels between the clay marls and the plastic claysj while those from
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sub-groupsC and D draw from the yellowish°whitegravelsinter-

bedded and at the base of the plastic clays.
We are informed that from nine of these wells, connected and

pumped at one time, there has been obtained from 700,000 to

1,000,000 gallons per twenty-four hours. The water from these
wells will rise about one foot or so above tide• It also pulsates a few

inches in the casing with each rise and fall of tide.

GROUP OF WELLS AT THE GLOUCESTER GINOttA_ WOBKS.

There are six three-inch wells at the works of this manufacturing

company. They are near the Delaware river, and were put down

by Leach Brothers. They have depths of 65 and 102 feet, two

water horizons being utilized. A stratum of blue clay six feet

thick was passed near the surface. Below occur the same series of
beds noted in the section for the other wells• The gingham works

are about one-half mile southwest of the water works plant, or nearly

upon the same llne of strike. The wells evidently draw from the two
horizons designated in the report of the water works wells by the.

letters A and B. Each well, separately pumped, yielded 100 gallons.
a minute.

ARTESIAN WELL AT WENONAH_ BORED BY ORCUTT BROS.

Elevatlon_.70 feet ; depth, 820 feet.

An artesian well has been finished at this place Dwhich we are in-
formed found water betweeu the depths of 320 and 341 feet. Thecon-

tractor writes that "the water-bearing stratum is a nice gravel_ coarse

and fine mixed." Also that "it was pumped forty gallons a minute_ _

and that the water is good. The supply is evidently from the top of

the same gravel furnishing the well on the property of F. J. Anspach,

at Sewell_ reported last year as opening a water horizon at 395 to ,12(_

feet. Making allowance for difference in elevation, 8ewell being one
and a half miles across the lines of strike from Wenonah_ the dip ap-

pears to be about thirty-eight feet per mile, which agrees with the.
observed dips of the marl bed elsewhere. This water horizon is at

the base of the clay marls, and above the plastic clays. It is con-
tained within what the writer has designated as the bluish-grey gravels.

:From information received from various sources, the writer pre-

sents the following as an approximately correct section :

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 407

Loam....................................foot.32f?t.}Gravel .................................. 20 " 52

Black clay, oyster shell (Exo- !

gyra) atll5feet ............... 193 " 245 " }- Clay marls.Gravel in streaks .................... 35 " 280 "

Lighter-colored clay ............... 28 " 318 " J

Coarse sand and gravel ............ 23 " 34t " } Top of the bluish-greygravels.

DEEP ARTESIAN WELL_ GLASSBORO_ N. J,

An artesianwell was drilled for the New Jersey Packing Company
at Glaesboro, N. J., by Charles H. Leach, of that place. The well
is located almost exactly on the 140-feet contour line of the State
maps. It reached a depth of 511 feet, but a supply of water deemed
entirely satisfactory was not obtained, and the drilling was discon-
tinued. Through the courtesy of the contractorand of J. W. Towles,
the company's superintendent, a considerable number of specimens
were obtained. The record inserted below is as furnished by the con-
tractor, with the addition, in italics, of the fossils found. In the
identification of these, the author had the assistanceof C. W. Johnson,
of the Wagner Free Institute of Sciences, Philadelphia :

_,Vhlte sand and large white and /

blue pebbles ......................... 8 feet. 8 feet. _ Quaternary.Fine yellow, sticky sand ............... 72 " 80 "

Black sandy clay and sand and

lignite ................................. 10 " 90 "

Dark.blue clay, contained Turritella

_equlstrlata and Cardila .qran_ . Miocene.
Iota; also coccolilhs, both dis-

colith and cyatoliih varieties;
no diatomsseen ..................... 55 " 145 "

Black sand marl (Ostreabryani, Fora- ) Upper marl, including
minifera--large_rodosario,&c).. 45 " 190 " _ the |ime sand (?) or its

Blue clay, lighter than above ......... 50 " 240 " ) equivalent.

Conglomerate, ponderous shells*. .... 15 " 255 " _ Middle marl.
Light-blue clay (?) ...................... 80 " 335 " _ Red sand horizon (?).

Green and white sand, mixed (Be- } Lower marl.lemnitellaand ponderous shdl_). 45 " 380 "

Clay, with white quartz and green- "1

sand grains, mixed ................. 15 " 395 " _ Laminated sands and
Yellowish sand ........................... 15 " 410 " | clay marls.
Mieaceous, marly, sandy clay ......... 101 " 511 "

9

_ Obtained in fragments, probably broken by the drill.
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Although this well was not successful as a water-supply, yet the
facts learned, being of special geological value at this time, will
now be reviewed. Unfortunately specimens were not frequently and
regularly saved between 145 and 335 feet at the time of drilling,
though some in a mixed condition were aherw_rd obtained from the

dump. It is consequently not possible to interpret this portion of the
record so accurately in detail as has been done both above and below
this interval. The writer has, however, in preparation a vertical sec-
tion from Camden to Atlantic City upon which numerous wells are
plotted. Upon placing this well in its proper position upon the
same, it is found that the middle marl bed should occur at 250 feet

and the lower marl at 350 feet. Broken and unidentifiable fragmenta
of some ponderous shells, probably a Gryphea, a species of ancient
oyster, were furnished, marked 240 to 255 feet. Similar broken
fragments, with the addition of Belemnitella, were also received,
marked 345 feet. These two horizons may therefore be regarded as
accurately defined. The record notes black sand marl at 145 to 190
feet. A considerable number of specimens of a very small oyster,
_gstrsa bryani_ were obtaiaed from the dump from marl said to belong
_toabout that depth. This may possibly represent the lower portion
_f the upper marl bed, since Prof. Whitfield defines this specific form
in his Paleontology of New Jersey as occurring in this bed. Among
the mixed material procured from the dump are a very noticeable
number of Foraminifera, peculiarly characteristic and abundant in the
lime sand above the middle marl bed, but no clearly-defined specimen
of this lime sand could be obtained. This horizon, very possibly, may
be represented here, though being further northeast than the localities
_vhereit has heretofore shown a good development, it may be that it

occurs only as a thin layer, its character being changed, and the in-
terval where it would otherwise be found being occupied by the
"light-blue clay," reported between the depth of 190 and 240 feet.
I_o sample of this blue clay was obtained, for the reason that the well
was considerably deeper than this before the fact of the drilling was
learned.

In the fifty-five feet of dark-blue clay near the top, occupying the
section between 90 and 145 feet, were found a few very small but wen-
defined shells, readily identifiable and quite characteristic of beds of
Miocene age. (See page 407 for species.) As already, in substance,
stated in the introduction to this paper, this gives us the first knowl-
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_edgeof the occurrence of Miocene deposits so far westward in this
_tate.* Peculiarly-small, transparent, oval, calcareous plates, visible
only with high powers under the microscope, were also seen in this
clay. These are technically called Coecoliths. They are of two
forms--named Discoliths and Cyatoliths. Both of these varieties
•occur here. One of these forms is shaped much like a collar-stud.

ARTESIAN WELL, MAPLE SHADE_ N. J.

Elevation_ 55 feet ; depth_ 375 feet.

A well has been put down at Maple Shade, two and threc-quarter
miles south of west from Mcorestown station on the Burlington county
railroad. The contraptor, Uriah White, furnished a full set of speci-
mens of the earths, &c., penetrated, while Dr. James M. McCrae, of
Maple Shade, furnished the following record:

_urface gravel ............................................ 5 feet. 5 feet. - Quaternary.

Yellow clay ............................................... 8 " 13 "

Ferrlferous clay and ironstone crust ............... 4 " 17 "

_ossiliferous black sand (containing Ammo-

nites, S_aphitea, .Baculites and other Mol-
luscs) .................................................. 3 ': 20 "

-Black clay ................................................. 44 " 64 "

.(A) Fine and coarse gray sands at the top, • Clay marls.

changing to medium and then to coarse

and pebbly gravels at the bottom .............. 33 " 97 "
Greensand marl ......................................... 6 " 103 "

_B) Fine, grey sand and coarse gravel_ similar
to A .................................................. 27 " 130 "

_ln the Annual Report for 1891_ page 220_ the same contractor reports "marl" at
_eventy-elght feet at Richwood and at ninety-six feet at Pitman Grove. Since Rich-

wood is but two miles nortbwe3t and Pitman Grove but two miles north of this well_
and as all three localities are upon the same plateau and at about the same elevation_

it is most probable that the so-called marl represents at these places a still further

westward and northward extension of tlfis same Miocene clay, which is generally
bluish-green in color and is often called marl by the well-driller, a name likely to be

misleading in New Jersey, at least, where this term is almost universally used to de-

note the true greensands of the Cretaceous beds. Being unaware of the existence of

the Miocene in this region, and supposing the so-described marl was a true greensand_

some remarks were made in said report referring these so-called marls at Pitman

Grove to the middle marl bed, and at Glassboro and Richwood to the upper marl

bed. That these two marl beds are respectively buried beneath these localities, but

•deeper than tben indicated, isj however, most probable.
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White clay ................................................ 100 feet. 230 feet.
Red clay ................................................... 10 " 240 " /Alternations of sand and clayj sometimes red-

dish ................................................... 20 " 260 " !

(C) White _nd ......................................... 40 300

LWhite sand, fine, with btreaks of clay ........... 15 315 Plastic clay
White sand, coarse ....................................... 15 330 series,

White sand, medium coarse ........................... 20 350
White gravel, coarse .................................... 10 360
White gravel, coarser ................................... 10 370

(D) _,ghite gravel_ very coarse, with large peb-

hlesand bowlders ................................. 5 " 375 " J

The sands and gravels marked A, B, C and D, all furnish water_

and may be regarded as water horizons; that marked A being the

one reached by wells dug in this neighborhood and which penetrate

through the black clay. Strata A and B belong to the blue-grey

gravels at the base of the clay marls, while C and D are the yellow-

ish-white gravels within and toward the base of the plastic clays.
This well now supplies water of satisfactory quality to residents of

Maple Shade from the bowlder gravel (D) at the base.

The upper portion of the forty-four feet of black clay near the top.
of this section outcrops at tidewater on the Pensauken one mile to the

eastward near Lenola station. It is there dug, together with the nine
feet of yellow clay above; the two clays are then mixed and used iv,

making bricks at the factory of Augustus Reeve. In digging there are

unearthed large numbers of cretaceous fossil molluscs.
Most of the fcesils occur in the bed of black sand about three feet_

thick, interbedded between the two clay beds, the lower one a thick

bed of black clay somewhat mieaccous, and the upper one composed

of two divisions, as follows : that next the black sand, a ferruginous
clay with ironstone crusts, and the one above this, a soft, yellow clay.

Over these are the superficial or yellow gravels. A few fossils, how-
ever, are found both above and below the black sand but not in the

overlying gravels.
The fossils are malnly in the form of casts_ and are remarkably

well preserved in comparison with similar fossils from other localities
in the State.

The most noticeable among them are two species of Ammonites,

each about twelve inches in diameter, being considerably larger than
any of the same species now in the collection of the Academy of Nat-

ural Sciences, Philadelphia, from the State of New Jersey, though

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 411

there are in the museum two individuals of one of the forms from

the Delaware and Chesapeake canal that measure respectively six-

teen and eighteen inches across.
The whole number of forms which the author has seen at this

point is seventy-six.
In the identification of the various forms he has had the assistance

of Professors A. Heilprin, C. W. Johnson, H. A. Pilsbury and R.
P. Whitfield. In nomenclature we have followed Whitfield, to whose

work the specialist is referred for synonyms and references to other

literature. For convenience the volume, page, plate and figure where
each is described and illustrated arc noted. The list is as follows :

CRETACEOUS FOSSILS AT LENOLA.

CEPHALOPODA.

Ammonites (plaeentaeera*) placenta De Kay.* Vol. II., page 255, PI. XL., Fig. 1_

XLI., Figs. 1 and 2.
Ammonites ddawareusls Morton. Vol. II., page 252, P1. XLII., Figs. 6 to 9.

Scaphites hippoerepis De Kay. Vol. II., page 262, PI. XL[V., Figs. 8 to 12.

Seophites nodosus Owen. Vol. II., page 261, PI. XLIV., Figs. 13 and 14.
.Baeu/ites ovatus Say. Vol. II., page 275, PI. XLVI., Figs. 3 to 9.

OABTEROPODA.

Alexia rostrata Gabb (numerous). -qol. II., page 119, PI. XIV., Figs. 5 and 6.

Anehura ebrnpta Conrad. Vol. 1[., page 113, Ph XI.V, Figs. 1 to 3.

Avdlana bullota Morton. Vol. II., page 163, Pl. XX, Figs. 1 to 4.

Cerithium (-Potamides ?) Sp ?
Cithara erosswiekensis Whitfield. Vol. 1I., page 1O7j P1. XIIL, Figs. 7 and 8.

3)entalium subareuatum Conrad, internal casts. Vol. lI., page 166, Fl. XX., Figs.
19 and 20.

D¢ntalium subaretmtum Conrad_ external impression. Vol. II. t page 166, PI. XX. r

Figs. 2l to 24.

Eadoptygma +zrabilieata Tuomey. Vol. I[., page 136, PI. XVH., Fig. 30.

Gyrodes obtasitvlva Gabb. Vol. II., page 129, PI. XVL, Figs. 9 to 12.

C_rodes altlspira Gabb. Vol. ]I, page 125, PI XVI., Figs. 7 and 8.

Gyrodes infraearinata Gabb. Vol. II., page 125, PI XV, Figs. 13 to 16.

Lunatia halli Gabb. Vol. IL, page 130, PI. XVI., Figs. 13 to 16.

Natiea abysslna Morton. Vol. 11., page 123, PI. XV., Fig. 9 to 12.
3[argarlta abgssina Gabb. Vol. I[., page 133, PI. XVII., Figs. 1 to 5.

Modulus lapldosa Whitfield. Vol. IL, page 152, PI. XVII., Figs. 6 to 8.

Odontofusus _ Gahb. Vol. II. 1page 66, PI. VI, Figs. 8 and 9.

2_/ropsis alabamensis Gabb.

lhyropsis natieoides Whitfield. Vol. II, page 43, PI. 1[, Figs. 5 to 7.

gThe references, unless otherwlso stated, are to Whltfleld's Palmontology of New Jersey.
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Roste:lites 1_¢_tt.+Gabb. Vol. ]I., page 86, P1. XI., Figs. 1 and 2.
3_ostellitestexturat_ "Whltfield. Vol. 11., page 88_PI. XI., Figs. 5 and 8.
t_ostcltites angulatu._Wbitfield. Vol. I I., page 88, PI. XI., Figs. 3 and 4.
Sealoria thorac_iGabb. YoL II., page 137, PI. XVIII., Fig. 1.
Sc_l,lrix sillimani Morton. Vol. II., page 138, P1. XVIIL, Fig. 2.
,Scalarla -- Sp ?
Turrildla encrinolde._Morton. Vol. II, page 143_PI. XVIII, Figs. 19 to 22.
Tttrritdla lipp_ncotti Whitfield. Vol. lI, page 145, Pl. XVIII., Figs. 23 and 24.
Tarrltdla pumga Gabb. Vol. ] 1, page 187, PI.XXdII, Figs. 5 and 6.
Turbindla parra Gabb. Vol. I I, page 80, PI. IX., Figs. 4 to 6.
TurrlIella rertd_roldes Morton _?). Vol. IL, page 146, Fl. XVII[., Figs. 13 to 18.
Voluta (?) delawarensls Oabb. Vol. II., page 84, Pl. X. I Figs 5 to 7.
t_ohttodermaabbo/ii Gabb. Vol. I I, page 173, P1. :¢_X[.,Figs. 4 to 9.
I'ol_tomorpha- Sp. ?
Vol,,tomorpha eo_,radi Gabb. Vol. II., page 71, P1. VI._ Fig. 21, and PI. VII._

Figs. 1 to 5.

Included in the total number of molluscan species as above etated_

and therefore to be added to this llst, are two forms of Gasteropoda

pronounced by Prof. R. P. Whitfield to be new to the lgew Jersey

fauna; one of these, in a preliminary note received, he inclined to

regard as a Volutode_a and the other he stated is probably a

Cerithium and much resembles C. eonradi Whitfield_ the type of

which came from the Cretaceous of Syria. These forms were again

referred to him for further detailed description, and were named as
follows :

Vol_tode_na troolmani Whitf. Figured in the Nautilus, September, 1893. PI. II.,
Figs, 4, 5.

Described in the Nautilus (August) Vol. VII., p. 38.
Cerithium p//sbr_i Whiff. Figured in the Nautilus, September, 1893. P1. II.,

Fig. 8.
Describedinthe.Nautilus(August)VoL X,rYLI.,p.38. Drawn froma gutta-percha

squeezeofthenaturalcast.

LAMELLIBRANCHIATA.

Area qulndeeimradiata (;abb. _'ol. I., p. 208) P1. XXVII.j Figs. I0 to 13.
_Lt_crnlatft!inoldes Morton. Vol. L, page 43, P1. IV., Figs. 12 and 13.
A1;nca morto_llConraq. Vol. I., page 99, PI. XI., Figs. 23 to 25.
,tp_rodln,t tippon*_Conrad. Vol. l., page 154, Pl. _XII, Figs. 6 and 7.
Chlliste delau,arenM._Gabb. Vol. I, page 153, P1. XXIL, Figs. 8 to 10.
CJrdium _p.
G,rdium (Cri_eardb_,_l dumo_J_ Conrad. VoL I, page 133, Pl. XX, Figs. 9 to 13.
t'_rd;=m {F,.ag_m) pe_,,;.,tri,_t,_mWhilfield (numerous). Vol. I., page 139, PL XX.,

Figs. 15 and 16.
C:_prlmoria_cifpria; Whitfield. VoL I., page 160, Pl. XXII., Figs. 14 and 15.
GSjpriraerMden_ata Ctmrad. Vol. I., page 157j P1. XXII._ Figs. 19 to 21.
Camt_tom'ctc.,{.lm_._ir_ra)burlir_yt,_te_aqisGabb. Vol. 1., page 58_ PI. VIII., Figs.

0tog.
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Glat_gella armata Morton Vol. I., page 192j PI. XXV., Fig. 24.

C_'atsatella eonradi White Vol. I.j p. 209, P]. XXV[[I, Figs. 1 to 5.
_Exogyra co,rata Say. Vol. I._ page 39, P1. VI., Figs 1 and 2.

Gouldla eonradi Whitfield. Vol. I., page 125, Fl. XVII[., Figs. 1 to 3.

Idonearea antro_a Morton. Vol. I., page 96, P1. XIII., Figs. 6 to 11.

Idonearca vulgaris Morton. Vol. I._ page 98, Pl. XIII, Figs. 1 to 5.
Inoeeramu8 8agsn_is Owen. ¥ol I _ p. 76, Pls. X[V., XV., Figs. 15, 1 and 2.

lnoeeramus sagensi* var. quadrans White Vol. I., p. 79, Pl. XV., Fig. 16.

Linearia metastrlata Conrad• Vol. I., page 165, PI. XXIII., Figs. 6 and 7.

I_uclna slaoeka_a White Vol. I, p. 130, Pl. XVIII., Figs. 21 and 22.
Leiopistha protexta Conrad. Vol. I., page 140, Pl. XX, Figs. 1 to 3.

_*eithea quinqueeosl_ta Sowerby. Vol. I.j page 56, Pl. VII [., Figs. 12 to 14.

._Iytilus oblirq_ Whitfield. Vol. I., page 64, Pl. x\rI[., Fig. L

a]Iarte_ia eretacea Gabb. Vol. I.j page 190_ Pl. XXV., Figs. 20 to 23.

,l[odlola (I_'thodom_?) i,flata White ¥ol. L, p. 197, Pl. XXVI., Figs. 13 and 14.

Panopea devi_ Conrad. Vol. I.j page 181., PL XXIV., Figs. 5 to 8.

Pinna laqueata Conrad. Vol. I., page 81, Fl. XVI _ Figs 1 and 2.

Pfioladomya oceld_a_al£s Morton. Vol. [., page 175, Pl. XXIV._ Figs. 1 to 3.

_nlicatula urtlcosa Morton. Vol. I, page 6lj Pl. IX., Figs. 1 and 2.

Tenea pingugs Conrad. Vol. I., page 163, PI. XXII., Figs• 1 to 3.

'i3"igonia mortani Whitfield. Vol. I._ p. 112_ Pl. XIV., Figs• 5 and 6.

Teredo irregularis Gabb. Vol. I., page 191, P]. XXV, Figs• 18 and 19.

Teredo tibialf8 Morton. Vol. I.j page 201, P1. XXVI., Figs. 19, to 22.

Veniella eonradi Morton. Vol. I, page 144, Pl. X [X., Figs. 8 to I0.

Ve_tiella subot.a//_ Conrad. Vol. I.j page 150_ Pl. XLY, Fig. 1.

ECHII_OD]_RMATA,

• Hemlasler loarazialuo l_forton. I_Iorton's Cretaceous Fossils_ page 77_ PI. III._
i Fig. 21.

ARTESIAN BORI_G AT MOORF_TOW_ N. J.

Elevation of surface, about 10 feet; depth, 457 feet,

This well is located upon the west bank of the north branch of

Pcnsanken creek_ one and one.quarter miles southwest of Moorestown
station. It was bored by Kisner & Bennett for the Moorestown

Water Company. Through the co-operation of interested members

of the company and of the contraetorsj a series of the boriDgs was

obtained. The following record is presented--it is almost verbatim

as furnished by the contractors, with the addition by the writer of

notes as to the colors of the sands and gravels and of notes_ upon the
right_ of the geological positlon of the strata. Water that flowed in

considerable quantity above the surface was found at llSj 136, 320
and 338 feet.

1. Bog mud or muck_ creek alluvium ............ 6 feet_ 6 feet. _ Recent.
2. White quicksand .................................... 6 " 12 "

3. Blue clay or black mud ........................... 81 " 93 ,, _ Clay marls.
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4. ('t*lrse sand, almo_*, gravel, blue-grey in
coh_r, ,,at, r........................................ 25 feet. 118 feet.

5. White c:ay ........................................... 3 " 121 " Blue-grey
sands at the

6. ,_and, _,me _ater ................................... 8 " 129 "
base of the

7. White clay ......................................... 2 " 131 "

8. t oar_,, sand and flinty gravel, blue-grey in clay marls.
ruler ............................................. 31 " 162 "

9. White and red days .............................. 50 " 212 "

10. ]-'ins _'hite sm_d and large gravel, yellow-

{-h-white in c_dor, ,rat, r ....................... 38 250 "
Plastic slays

11. Sand, c3arse gravel and rlay mixed ........... 60 310 ,and inter-
12. While clay ........................................... i0 320

bedded water
13. Sand and gravel, blue-grey in color, uv/er... 24 344 horizon in

14. Bt,_e clay ............................................ 6 350 yellowish-
1.5. White clay ........................................ 8 358

16. Red i'lay ............................................ 60 418 whkegravei_.

17. Rt_I _lzy and quick_and .......................... 33 451

lS. Red clay and cobblestones (no water) ......... 6 457

The tubing of this well was finally withdrawn to the 136.feet
water horizon, and the well finished with a depth of 150 feet. It
flows constantly, but has not been utilized for supply. To the writer,
at least, it is a matter of regret that the boring was not, or could not,
have been prosecuted further. It was probably not many feet deeper
to the heavy gravel and cobble horizon at the base of the Cretaceous,
and which has already been defined, page 410, as a good water-
bearing horizon. The last line of the record indicates that this
stratum was nearly reached. Its upper portion was probably mixed
with impervious clay, and hence yielded no water. An open and free
water-bearing stratum may possibly exist below.

ARTESIAIq WELL AT*KEYPORT_ N. J.

RECORD FURNISHED BY THE CONTRACTORS, KISNER & BENNETTj OF BELbIAR, kW. J.

WA.Tr2_. WAS FOUND AT 242 FEET.

Common sand and gravel ................................ 16 feet. 16 feet. Recent.

Bhle clay ................................................... 5 21 Clay marl (?)
Fine sand .................................................... 6 27 "

_A'hlte clay .................................................. 17 44 "

Grey quick.mud ........................................... 20 64 •
Whlte clay .................................................. 22 86 "
Fine sand ................................................... 15 I01 " Plastic clay

series.
Blue and white elay_ ..................................... 37 138 "
Fine _and .................................................. 15 153 "

Red aml _Ofite clay ....................................... 37 190 "
Sand and _xater ............................................ 52 242 "
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ARTESIAN WELL AT QUINTON N. d.

A six-inch artesian well was bored in the fall of 1892 at Quintou,

N.J. It was put down for the Salem Water Company, under the

supervision of I. S. Cassin & Son, civil engineers. The drilling was

done by Kisner & Bennett. Charles W. Casper, president of the
company, and I. S. Cassia, Jr., cordially furnished notes of the strata

passed through and also divided with the writer a series of specimens

that had been preserved. Further samples were collected from lumps

of clay that were still lying about and which had been thrown out

from a dug well put down some years previously to the depth of
about 35 feet.

After a careful examination of all the specimens and comparison

with the notes, the following record has been made :

1. Surface soil ............. 1 foot. 1 foot. } Recent.2. Gravel .................. 3 feet. 4 feet.

3. Clay, with shells ...... 26 " 30 " } Astringent clay or Miocene.rotten-stone.

4. Green and white } Upper marl (?l.sandy_ clayey marl, 8 " 38 "

5. Alternations of lime _ Lime sand.
sandandlimerock, 108 " 146 " l

6. Clay ..................... 2 " 145 "

7. Greensand marl and "_ . Cretaceous.

shell comminuted _ Middle marl.

by the drill .......... 14 " 162 " )

8. Clay ..................... 4 " 166 "

9. Grey quartzose sand, }with waJer............ 82 " 248 " Red saads.

The elevation of this well is about ten feet above tide.

That the clay (No. 3) is Miocene, is shown by the following fossil

shells found in the lumps obtained from the dug well : .D_na
traeta, Yoldla lima_ula_ Corbula elevata, Astarte undulata, TarrlteUa

pleibela and numerous fragments of another shell believed to be
Artemis acetabulum.

Shells were also shown in the borings from the drilled well_ but so

thoroughly comminuted as to be entirely unidentifiable. Stratum No.

4, in the washed-out borings, appears as a sand, but in the lumps from

the bottom of the dug well it is shown to be more compact than sand,
and is better described as a sandy, clayey marl. It contains white

sand grains and pure greensand grains_ with a considerable mixture
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of Foraminifera. This stratum probably represents the lower layer
of the upper marl bed.

The alternations of llme sand and lime rock (No. 5), are especially
interesting, since they unexpectedly reveal a thickness of 108 feet for
this upper member of the middle marl, as against twenty-five feet, the.
maximum thlckness heretofore known from outcrops, and which,.
therefore, exhibit only the basal portion of this lime stratum. This
section consists of an aggregation of Bryozos, large and small Forami-
nifera and coral.

Stratum No. 6 is the true marl of the middle marl bed, and shows.
clustered greensand grains beautifully illustrative of the casts of
Globegerina, which they really are. This greensand comes out so pure
that it is called, by well-drillers, "powder-grain marl." With it is,
seen some finely-comminuted shell, probably from the Terrebratula
layer that is so generally shown in outcrops of the same marl.

The lowest ten feet of the lime sand and all the underlying stratsr
Nos. 6, 7, 8 and 9, correspond with beds penetrated by the wells at
Woodstowu, between the depths of 8 and 134 feet. No. 6, however,.
shows a difference in composition--here it is a thin clay seam, there
it becomes a correspondingly thin cemented shell rock or coquina.

The water, both at Woodstown and Quinton, is obtained from a
pure, clean sand, No. 9 in above record, showing at both localities a
thickness of eighty feet. This is the equivalent of the so-called red
sand bed that occurs below the middle mar]. At outcrops its color is.
frequently reddish, but in these wells it changes to grey.

This water horizon has also been opened by a well one and three-

quarter miles southeast of Mullica Hill (see page 417), and is doubtless
quite extensive. It is probably identical with the one at Asbury
Park below the middle marl or at the depth of 425 feet from the

surface. The bed, however, seems to thicken in this more southern
region, where it furnishes a large supply of good water. The yield
at Quinton is stated at about fifty-five gallons per minute, and at
Woodstown at about sixty gallons. The wells at both localities have
a diameter of six inches. The elevation of the surface at Quinton is,

about ten feet, and the water rises to within one foot thereof. This
Eaed bed should be expected to yield a good supply at Glassbor_.
and eastward and southward therefrom.
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ARTESIAN WELL NEAR MULLICA HILL_ N. J.

An artesianwellwas drilledby CharlesH. Leach forThomas
Bortenone and three-quartermilesdue southwestof MullieaHill,
atapointhavinganelevationof 100feet.
The middlemarlbedhaslongbeenworkeduponlowergroundon

theoppositesideoftheroad,whereitisexposedatanelevationofabout
_eventyfeet.Thiswellisreportedtohavefoundmarlnearthesur-
face,andtohavecontinuedin thesame tillwaterwasreached.No

specimensofmaterialpenetratedweresaved.
The supplywas foundin a greysandthatwas penetratedabout

tenfeet_evidentlytheequivalentof theredsand bed belowthe
middlemarl. Thisisthesame stratumthatfurnishesthewellsat

Woodstown,andalsothewaterplantof theSalemWaterCompany
locatedatQuinton.

ARTESIANWELLNORTHEASTOF AND NEARMEDFORDjN. ft.

ThiswellisuponthefarmofJoshuaS.Wills,aboutoneandthree-
quartermilesnortheastofMedfordstation.A setof boringswere
exhibitedina drugstoreatMedford,andwereafterwardforwarded
tothewriterthroughtherecommendationofa geologicalfriendwho
chancedtoseethem_and who rightlyappreciatedthevalueofthe
specimenstotheSurvey.
By correspondencewithJ.S.Wills,theelevationof thesurfaceis

learnedtobesixty-threefeet.Aftercarefulexaminationofthevari-

ousspecimensthefollowingrecordhasbeenmade:
27
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Specimen.

_'o. 1. Soil .......................................... 2 feet. 2 feet.

2, (-'lay, ycUow sand ....................... 3 " 5 "

3. Fine grey _nd with greensand grain .... 5 to 15 "

4. (kmr_egreysandwilhgreen_andgraln... 15to23 u
5. Olive-colored marl, at .............................. 30 "

Bottom of
6. Dark-green marl, at ................................. 35 " upper marl.

7. Lime sand and Foramani?era, Bryozva t at... _0 " } Lime sand.

8. I_reen marl wi_h shell ........................... l
G.-L_l,h_aaud 7crrebr,_!uta, at .................... ) 70 ( Middle marl.

ct

9. Pure greensand, dark color, at ................... 76 "

10. " light color, at .................. 80 "
11. dark color, at ................... 91 " o

12, " chocohtte color, at ............. 104 "

13. dark green_ at .................. 120 't

14. Grey _anll r_ith greensand gr_ins and shell, "1

&c., l=c,y,j,'a and Bden_dete._, at ............... 124 " I Red sand bed.
15. tirey _and and u'ater, at ............................ 126 "

In last year's report, page 302, a record is given for a well bored
for Isaac W. Stokes, one and a half miles almost due northwest on
ground devatcd about 78 feet. The relative position of these two
wells/s almost directly across the line of strike of the sh'ata. I.W.
Stokes' well, as stated last year, was deepened from a water horizon at
about 70 feet to one at 175 to 183 feet A comparison of the records
and specimens of the two wells shows condusivdy that the upper
water horizon at 64 to 70 feet in I. W. Stokes' well is the same as
that at 126 feet at the bottom of J. 8. Wills' well.

ARTESIANS IN THE SUPERFICIAL STRATA.

ARTESIAN WELL AT BRIDGETONj N. J,

A shallow well was bored at the residence of O. Cook_in East

Bridgeton, on ground near the forty-feet contour line. It reached a
depth of ninety feet and was then abandoned without water having
been obtained. The well is reported and the record inserted because
it has a value in interpreting the geologieal s_ructure of the super-
tidal covering of New Jersey that overlies the Miocene beds and
which were not probably reached by this boring, though they no
doubt exist not much lower down.
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The drilling was started from the bottom of a dug well having
a depth of twenty-one feet. The owner kindly saved and presented
eamp]es of the materal passed through and furnished the following
record:

Depth of old well ............................................ 21 feet.
Clay ............................................................. i foot. 22 "

]fight-grey quicksand ....................................... 40 feet. 62 "
Sandstone, top of clay ...................................... 1 " 63 "
White clay ..................................................... 1 " 64 "
Sand "............................................................ 2 " 66 "

Quicksand ..................................................... 3 " 69 "
Coarse sand ................................................... 8 " 77 "

Qulcksand ...................................................... " 79 "

Sand, small amount of water .............................. 1 " 80 "
Hard, stiff, yellow clay ...................................... 2 " 82 "
Sand ............................ .'. .............................. 2 " 84 "

Reddish clay .................................................. 1 " 85 "
Sand ............................................................ 4 " 89 "

Dark clay ...................................................... 1 " 90 "

ART_IAN WELLS AT CLA'YTON_ I_'. J.

Three two-inch walls and three three-inch wells were bored at

Clayton by Chas. H. Leach for Moore Brothers. These all found
water in a coarse gravel at approximately 80 to 105 feet from the sur-
fabe. The elevation here is about 140 feet--the water rises to within

twenty-one feet of the surface. C.H. Leach says each well on being
tested pumped 150 gallons a minute, the full capacity of the pump,
without lowering the supply. These wells draw from the superficial
sands and gravels that, from the record at Glaeshoro, we now know
rest in this vicinity upon the beveled edge of the Miocene clays, which
clays cannotbefarbelowthegreatestdepthreachedby_therofthese
wells.

The bottomof thesewellsisabovetidelevel; theunderlyingim-
permeableMioceneclaysprobablypreventthewatercontainedin
thesegravelsfromsinkingdeeper.
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SHALLOW ARTF_IAN WELLS AT.GLASSBORO.

Elevation, about 140 feet.

Five wells were bored at this point for he West Jersey Railroa@

Company. They find their supply in a water-hearlng sand at seventy-

three to eighty feet, at which depth the wells were finished. A test

bore, however, was made to eighty-eight feet, from which the followo

ing succession of strata was learned.
Leach Brothers, who bored the wells, furnished the following

record :

Clay to ...................................................... 20 feet. 20 feet.

Sand and gravel .......................................... 3 23 I
Yellow quicksand ....................................... 47 70 |

Yellow clay ............................................... 3 73 I Quaternary.

Sand, with water ......................................... 7 80

Light, fine gravel ....................................... 6 86
Black sand ................................................ 2 88

Green marl, marly clay ................................ Miocene.

This group of wells was noticed last year, but without a detailed

record. The green marl at the base is, doubtless, the top of the bed

of Miocene clay described in the record of a much deeper well at the

same place as having been reached at the depth of eighty to ninety
feet and continuing to the depth of 145 feet. (See page 407.)

These Miocene clays, when brought out of the wells, and before

becoming dry, are variously described as dark blue_ greenish nr bluish-

green marls by the well-drillers.

RECAPITULATION.

In the preceding pages there have been noticed as follows :

Wells in Miocene strata.

At Beach Haven, Seven islands, Atlantic City and Ocean City,

N. J., and at Mahon river, Dover and Lewes, Del. With these has
been included one well at Kitts Hummock, Del., that possibly barely
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,entered the Miocene, and one at Wildwood that should and would
haveenteredbedsofthatagehad work notbeentemporarilysus-
.pended.

' Wells in Cretaceoz_ strata.

In the red sand bed wells have been described in detail at Woods-

town, Quinton, Mnlliea Hill and Medford.
In gravel, at the base of the clay marls, one well is reported success-

fully developed at Wenonah, while one at Glassboro, N. J., is noticed
as abandoned at the depth of 511 feet.

In the Potomac gravel_, at the base of the plastlo clay, or in other
words, at and near the base of the Cretaceous as it exists in New
Jersey, wells have been noted in detail at Gloucester, Maple Shade
and Moorestown.

Wells in Qua_rnary stra2a.

In the Quaternary or superficial gravels, wells are reported at
_lassboro, Clayton and Bridgeton.

_erati_ of Horizons.

There has been demonstrated the existence of several water-yielding
sands interbedded within impervious Miocene clays, of which the
most promising are'those occurring at Atlantic City at the depths of
•525, 700, 760 and 800 feet.

In Cretaceous strata a similar water-producing grey sand bed, the
so-called red sand bed, is shown to occur below the middle marl.

Also in Cretaceous strata water horizons are revealed in certain

bluish-grey gravels at the base of the clay marls, and again in coarse
gravels and bowlder gravels, yellowish-white in color, toward and at
the base of the plastic clays.

A few wells in the superficial strata of sand and gravel of later
age than any of the preceding have been noticed. These are of local
_applicatlon only.
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Mineralsof NewJersey,

Noteson Mineral Localities.
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MINERALSOF NEWJERSEYAND NOTESOF
MINERALLOCALITIES.

l

I. METALLIC MINERAI_.

GOLD. "

Gold has been reported as occurring in pyritlferous ncks at several

localities, and some failures have resulted from attemp'a to win the

metal from these so-called gold-bearing minerals. Many assays have

been made of them without finding any gold, excepting; traces in a

very few assays. The evidence is against its probable _,xietence in
workable quantity in the State.

SILVER.

Silver occurs in the galena at the old Andover iron mine in Sussex

county, but the occurrence has no practical value. It is present in

the copper ores of the red sandstone belt, although not in amount to
justify worklng_ as these ores are lean, and the percentage of silver is

small. Also in copper pyrites, Howell farm, Jenny Jump mountain.

REFERENCas: Geology of New Jersey, 1868, p. 682.
Ann. Rep. State Geologist, 1880, pp. 174-177.

COPPER.

Native copper_ cuprite (the red oxide of copper), and the carbonates

_)f copper (malachite and azurite), occur in contact deposit_ in the sand-
stone near the trap-rock sheets in the Trlaesic belt of the State.

Other copper-bearing minerals also occur associated with these ores.

(_opper mines have been worked at Fort Lee on the Hudson_ at

(425)
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Belleville, in Essex runty ; at New Brunswick, in Middlesex county ;:

near Plainfield, at _himney Rock, near Somerville, at Martinsvillc,

at Griggstown, an near Pluekamin, in Somerset county; and at

Flemington and at _opper Hill, in Hunterdon county. The Schuyler

mine, at Believille, was opened long before the Revolution, and was

worked vigorov_l_ for English works. These copper mines have
attracted a grsa_ deal of capital and have not yielded corresponding

returns for the outlay, on account of the lean ores.

Chalcepyrite or copper pyrites, is of common occurrence, and

attempts to mi_ c it have been made near Glen Gardner and on Jenny

Jump mountai near the Great meadows.

At the Pahe luarry mine, on the Kittatinny mountain, copper ores-

are found, but _pparently in wid_ distribution in the sandstone.

]_EFEREN(KS: Geology of New Jersey, 1868, pp. 218-223, 675_80_
Ann. Rep. State Geologist, ]870, pp. 5.5-58.
Ann. Rep. State Geologist, 1881, pp. 39, 40.

LEAD.

Galenite occurs in quantity at the Sussex lead mine, near Howells-

ville, and _t the old Andover iron mine, both in Sussex county. At

the latter locality cerussite was found with the galenite and chalco-

pyrite. The Sussex lead mine is the only locality where lead ore has
been mined in the State, but it has been idle for many years. The

mineral occurred in a coarsely-crystalline limestone and so dissemi-

nated through the rock as to make it a lean ore.
The other occurrences of lead-bearing minerals are of mineralogical

importance only.

REFERENCES: Geology of New Jersey, 1868, pp. 681,682.
_' Final Report of State Geologist, Vol. II., Ft. 1, p. 10.

ZINC.

The zinc ores are limited to Sussex and Warren counties. The

famous mines at Stirling Hill, near Ogdensburgh, and at Franklin

Furnace, in Sussex county, are worked steadily and yield a large pro-

duct of high-grade ores. They consist of zincite, willemite, franklin-
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ire, calamine and other associated zinc-bearing minerals. Sphalcrite

or blende occurs in considerable quantity on the Raub farm, near

Oxford, Warren county, and the locality has been opened for zinc_

but has not been developed into a productive mine.

REFERENCES: Geology of New Jersey, ]868, pp. 669-674.
Catalogue of Minerals in Final Report State Geologist,

Vot. II., Pt. 1, p. 3, et seq.
Ann. Rep. State Geologist, ]6?5, p. 86.
Ann. Rep. State Geologist, 1883, p. 167.
Ann. Rep. State Geologist, 1884, pp. 109, 110.

IRON.

_ative Iron.

Iron_ocours native, but sparingly disseminated, in the trap-rock of

Bergen Hill ; also in red sandstone and shale at Martin's dock, o_
the Raritan river.

REFERENCES: Ann. Rep. State Geologist. 1874, pp. 56, 57.
Ann. Rop. State Geologist, 1883, pp. 162-164.

IRON ORES.

Magnetite, hematite and limonite are the ores of iron which are

worked. The magnetic ore is the basis of the iron-mining industry

of the northern part of the State. I_ occurs in large ma_ses, and

also as a constituent of the rock in the crystalline schists of the High-

lands. At many localities these masses or beds are of workable

extent, and there are many mines in Sussex, Warren, Morris, Passaic

and Hunterdon counties, besides a few small ones in Bergen and
Somerset counties.

Hematite has been mined at Simpson mine, Vernon township, and

Andover mine, Sussex county; Cooley's mine, West Milford, in

Passaic county ; and at Marble mountain, Warren county. The total

production of hematite is inconsiderable in comparison with that of

the magnetic variety.

Limonite, or brown hematite, is common in the limestone-slate
valleys of the northern part of the State. It has been worked ex-
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tensively at several localities. As an ore of iron it is next in import-

ance to the magnetite.
Siderite---carbonate of iron--has been found at bottom of Shields'

brown-hematite mine, Beattystown, Warren county. Also sparingly

at the Cedar Hill mine, Sussex county. These occurrences have not)

however, been proven of extent to be of practical importance.

The lists of iron mines and ore.producing localities, and descriptive
notes are to be found in the references as below.

REFEnESCES : Geology of l_ew Jersey, 1868, pp. 532-668.
Ann. Rep. State Geologist, 1873, pp. 21-90.

Ann. Rep. SLate Geologist, 1874, pp. 12-32.

Ann. Rep. State Geologist, 1886_ pp. 135-154.
Ann. Rep. State Geologist, 1890, pp. 51-72, 87-127.

Ann. Rep. State Geologist, 1891, pp. 235-253.

IRON MINERALS.

Vivianits-- Mullicite.

Vivianite--iron phosphate---occurs in the greensand-masl beds at

Shrewsbury, in Monmouth county; also in Gloucester county, at
Mullica Hill.

REFERE_C_ : Geology of New Jersey, 1868, pp. 282, 283.

Bog.lron Ore.

]_og-iron ore--limonite in part--is abundant, particularly in the

southern part of the State.

RErEaEnCZs: Geology of New Jersey, 1868, pp. 664-668.
Ann. Rep. State Geologist, 1880, p. 178.

Ochre.

A bed of yellow ochre near Harmony, Warren county_ has been
worked to some extent.

In Monmouth county a bed of red ochre was worked near English-

town, which was a deposit from a chalybeate spring.
Near the Delaware Water Gap there is in the town of Pahaquarry

a large bed of ochreous earth deposited from a mountain spring.

REFZUE_C_ : Ann. Rep. State Geologist, 1872, pp. 31, 32.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 42_

Py_te, Py_tss, Sutphldsof Iron.

This mineral is common in all parts of the State, but at a Few

localities only to workable extent. It is found associated with mag-
netite at the Green or Copperas mine, Vernon ; Silver mine, near

Waterloo; Old Copperas, or Green Pond mine, Morris county ;.

Jenny Jump mountain, Davis's mine, Warren county ; and in smaller

percentages at other localitlss in the iron-ore district. It is abundant
in the clay beds, with ]ignite, near Cliff,rood on Rarltau bay, and'at
Bordentown on the Delaware river.

In places it is mixed with marcasite and pyrrhotite, more rarely'

chalcopyrite.

R]_FERENCEFl: Geology of New Jersey, 1868, pp. 711, 712.
Ann. Rep. State Geologist, 1881, pp. 176, 177.
[See also references to Nickel.]

MANGANF_E.

Manganese ore has been mined one mile southeast of Clinton, in
Hunterdon county. This ore is a mixture of the oxides pyrolusite

and braunite, and occurs in the Triassic sandstone.

Manganese is characteristlc of the ores, minerals and rocks at the
zinc mines in Sussex county. Franklinits, rhodonlte and rhodo-

chrosite occur, as also manganiferous calcite or spartaite. The

manganese is utilized in the spiegel.eisen product in the working of
the ores_ but the manganlferous calcite is not used.

:REFERgSCES: (Clinton) Geology of New 3ersey, 1868, pp. 224, 711.
Geology of Now Jersey, 1868, pp. 670, 673.

NICKEL.

Nickel has been Found in traces in pyritlferous crystalline schists

at several localitles in the Highlands. It occurs in pyrrhotite and in

arsenopyrite and, probably, in pyrite also.

LOCALITmS: Jenny Jump mountain, Warren county.
Washington, Warren county.
Pottersville and Chester, Morrls county.

REFEREnCeS: Ann. Rep. State Geologist, 1871, p. 84.
Ann. _ep. State Geologist, 1875,p. 55.
Ann: Rep. State Geologist, 1879, p. 152.
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ARSENIC,

Arsenopyrite, containing 29.8 per cent. arsenic_ occur_ on Jenny
Jump mountain_ near the Great meadows.

REFERE._CE: Ann. Rep. State Geologist, 1871, p. 34.

MOLYBDENUM.

Molybdenite or sulphide of molybdenum and the oxide or molyb-

dit_, oceur associated with magnetite in the Hude iron mine and at

the Ogden mine, in Sussex county.

REFSRF_qES: Geology of New Jersey, 1868, pp. 623, 711.
Ann. Rep. State Geologist, 1889, pp. 53, 59.
Ann. Rep. State Geologist, 1890, pp. 56, 57.

I[. NoN-METALLIC MINERAI_.

GRAPHITE--PLUMBAGO---BLACK LEAD.

Common in the crystalline rocks of the Highlands, disseminated

sparingly in gueisses and white limestone.

Mine localities: Englemann's, near Peapack, in Morris county;

Bloomingdale, Morris county; High Bridge, Hunterdon county;
Pottersville, Morris county.

Other localities: Mendham, Chester, Morris county; Conover
farm, near High Bridge, Itunterdon county.

REFERENCES: Geology of New Jersey, 1868, pp. 710, 711.
Ann. Rep. State Geologist, 1873, pp. 112, 113.
Ann. Rsp. State Geologist, 1879, pp. 153-156.
Ann. Rep. State Geologist, 1880, p. 178.
Ann. Rep. State Geologist, 1883, pp. 167, 168.
Ann. Rep. State Geologist, 1885, pp. 107, 108.
Ann. Rep. State Geologist, 1889, pp. 64, 65.

COAL.

Coal has not been found in workable quantity in the State.
Thin seams of bituminous coal are known in the Triassic forma-

tion at Old Boonton, Morris county ; Martinsville, Somerset county ;
near Pompton, Passaic county ; and near Trenton.
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Shafts in search of coal have been put down at localities of darlr-

_olored shales in the Kittatinny valley, as well as in the red sand-
stone district.

REFSREZ_CF.S : Geology of New Jersey, 1868, pp. 174, 609, 511, 696.

A.nn. Rep. State Geologist, 1888, pp. 27, 28.

LIGNITE---BROWN COAL.

Lignite is common iu the Rarltan formatlon, in Middlasex, Mon-

mouth and Burlington counties. A bed was opened and worked near

Jacksonville, Middlesex county, about thirty years ago. Pyrites
occur generally with the lignite in these clay beds.

REFERENCE : Geology of New Jersey, 1868, pp. 696-698.

PEAT.

Extensive beds of peat are found in the northern parL of the State.
They are underlain in some places by calcareous or shell marl.

The peaty earth of the cedar swamps in the southern part of the

State is properly classed under this head.

Attempts at the utilization of peat have been made at Allendale,

Bergen county, and near Mountain View, in Morris county.

REFEaENOr: Geology of New Jersey, 1868, pp. 236, 481-484, 698-700.

QUARTZ.

[See Sand, Sandstone, Infusorial Earth.]

GARNET.

Abundant at Franklin Furnace, also at many localities elsewhere

in the Highlands, but not to workable extent.

REFEaENCS : Final Report, 1889, Voh IL, Pt. 1, p. 11.
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ZIRCON.

Common in the Highlands. A notable locality is near Stockholm,

Sussex county.

REFERENCES: Ann. Rep. State Geologist, 1889, pp. 58-61.
Final Report, 1889, Vol. II., Pt. 1, p. 22.

MICA.

Common in the crystalline schists of the Highlands as a mineralL

ogical constituent of the rocks. Mines have been opened in the _

Scott's mountain range near Broadway, and in Harmony township
north of Stewartsville,in Warren county. They are not worked.

REFERENCES: Ann. Rep. State Geologist, 1871, pp. 38-40.
Ann. Rep. State Geologist, 1872, p. 31.

ASBESTOS.

A long, fibrous variety occurs at the Roseville iron mine, Sussex

county. Undeveloped.

REFERE._CES: Geology of New Jersey, 1868, p. 630.
See also Catalogue of l_,Iineralsin Final Report, 1889.

TRIPOLITE---INFUSORIALEARTH.

Large deposit at Drakeville, Morris county, which has been worked

at irregular periods since 1872.
Also near Andover, Sussex county.

REFERENCES: Ann. Rep. State Geologist, 1874, pp. 54-56.
Ann. Rep. State Geologist, 1876, p. 56.

TALC.

Massive steatite or soapstone occurs in Marble mountaiu_ north of"

Phillipsburg, Warren county. Opened and worked to some extent.

Also on Jenny Jump mountain, near Great meadows.

Other localities of mineralogical importance only.

REF_.RE_CE:Geology of New Jersey, 1868, pp. 319, 655.
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SERPENTINE.

In rock masses at Stevens Point, Hoboken. Associated with fibrous

variety (chrysotile) at Montville, Morris county, and Wanaque, Pas-
saic county. Mixed with dolomite in ophiol_e, near Augusta and

Branchville, Sussex county.

REFERESCE: Geology of New Jersey, 1868, pp. 128, 325.

KAOLINITE.

[See Clays.]

APATITE.

Hnrdtown apatite mine, Morris county.

[See descriptive notes in Geology of New Jersey, 1868, pp. 60_-596.'J

Canfield phosphatic-lron mine r Ferro Monte_ Morris county.

REFERENCES:Ann. Rep. State Geologist, 1871, pp. 34-38.
Catalogue of Minerals in Final Report, Vol. I[., Pt. 1,

BAmTE---BARYTES.

Barytes has been found in workable extent near Newton_ Su_ex

county; near New Brunswick; and at Hopewell, in Mercer county.

The Hopewell mine is the only mine in operation. Other localities
are Feltville_ Union county; and Lambertville, Hunterdon county.

R_]ZE_R_:_CE:Geology of 1_ewJersey, 1868, pp. 129, 224, 709.

CALCITE.

[See Limestones, Marbles and Shell Marls.]

MAGNF.SITE.

With serpentine_ at Hoboken.

SIDERITE.

[See under Iron Ores.]
28

NEW JERSEY GEOLOGICAL SURVEY



434 ANNUAL REPORT OF

III. _]'ATERIALS OF CONSTRUCTION--STRUCTURAL_ATERIALS°

GRANITFr---GNEISS.

Granitic and gnelsslc rocks occur in the Highlands. Quarries

have been opened near Pompton, at Bloomlngdale and at Charlotte-

burg, in Passaic county ; on Poehuck mountain near Franklin, and
near the Cranberry reservoir, in Sussex county ; at Port Murray and

Washington, in Warren county; and in the vicinity of Dover, Mor-
ris county. Many other localities afford stone for local use only.

REV_:RE._CF": Geology of ,N'ewJersey, 1868, pp. 502, 503.
Ann. Rep. State Geologist, 1873, pp. 99, 100.
Ann. Rep. State Geologist, 1881, pp. 41, 42.
Ann. Rep. State Geologist, 1889, pp. 56-58.

MARBLE.

The crystalline limestone of the Highlands and Highland valleys

affords, in places, a good marble, and there are quarries near Rose-
vine and Andover, in Sussex county ; at Upper Harmony, Marble

mountain, and the "rose.crystal marble" quarry on Jenny Jump
mountain near Danville, in Warren county. The variegated calcite

and serpentine at Montvil]e, Morris county, and at Augusta, in Sussex

_ounty, are notable localities, but not worked.

RZt'ERKNCES:Geology of New Jersey, 1868, pp. 400-404.
Ann. Rep. State Geologist, 1872, pp. 26-28.
Ann. Rep. State Geologist, 1881, p. 42.

LIMESTONE.

The magnesian limestone of the Kittatinny valley and the valleys

in the Highlands is quarried in many localities for local use in

building. There are quarries near Deckertown, at Franklin and at

Newton, in Sussex county ; Washington, Oxford, Belvldere and Phil-

lipeburg and other places in Warren county ; Clinton, in Hunterdon
county, and others in Morris and Somerset counties. For geographic
limits of the limestone, see Geology of New Jersey, 1868, p. 90, e_

meq.,and pp. 513-515.
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The limestones of the upper Delaware valley, from Flatbrookville
to Carpenter's Point, have not been used, except to a small extent for
local construction.

S&NDSTONE--FREESTONE.

The largest and most important sandstone quarries are in the red
sandstone (Triassic) belt. Quarries have been opened at many places
in Bergen, Passaic, Essex, Somerset, Middlesex, Hunterdon and Mer-
cer counties. The more notable are Paterson, Little Falls, Belleville
and Avondale, Newark, Orange, Washington Valley, Martinsville,
Princeton, Wilburtha on the Delaware, Stockton and Milford.

REFERENCES:Geologyof New Jersey, 1868,pp. 504-512,515.
Ann. Rep. State Geologist,1879,pp. 21-25.
Ann. Rep. State Geologist,1881,pp. 42-60.
Ann. Rep. State Geologist.,1888,pp. 16-23.

C_NGLOMERATE AND SANDStOnE.

The older sandstone and conglomerate (siliceous) formations in the
Highlands, Kittatinny valley and Kittatinny mountain have not
afforded much building stone. The Medina sandstone and Oneida
conglomerate in the Kittatinny mountain are hard and difficult to
dress, and are, therefore, not used, except for local use. In the High-
lands valleys there are small quarries, which are worked occasionally
at Franklin, Sussex county; Danville, Oxford Furnace, and near
Washingtou, Warren county ; and McCainsville, in Morris county.

The Green Pond mountain conglomerate has been quarried at one
place on Kanouse mountain, Passaic county. Bowlders in Morris
county have been used effectively in construction in Morristown and
Boouton.

_EFEREIqCES: Geology of New :Iersey, 1868, pp, 303, 304.
Ann. Rep. State Geologist, 1872, pp. 28, 29.
Ann. Rep. State Geologist, 1881, p. 42.

In the southern part of the State the brown, iron-cemented sand-
stone is used for local construction. It occurs generally in the hill-
tops in the greensand marl belt.

REFE_CF-S: Geologyof New Jersey, 1868,pp. 516,517.
Ann. Rep. State Geologist,1881,pp. 66-68.
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FLAGGING-STONE.

Quarries : Flagstone hill, Sussex county.
Bearfort mountain, Sussex county.

Milford, Hunterdon county.
Woodsville, Mercer county.

The Flagstone hill quarry is in the Hudson river slate formation.
It has been worked extensively. The Milford quarries also have

yielded a great deal of good stone. Some of the thin beds of the
red sandstone formation at other localities have been used for flagging.

REFSRENeas: Geology of New Jersey, 1868, pp. 520--523.
Ann. Rep. State Geologist, 1872, p. 80.
Ann. Rep. State Geologist, 1881, pp. 63-66.

SLATE.

The Hudson slate formation of the Kittatlnny valley and of the val-

leys in the Highlands, has been worked at several localities in Sussex
and Warren counties for roofing slate. The important quarries are

near Lafayette and near Newton, and at the Delaware Water Gap.

REFERENCES: Geology of New Jersey, 1S68, pp. 518, 519.
Ann. Rep. State Geologist, 1872, pp. 29, 30.
Ann. Rep. _tate Geologist, 1881, p. 66.

HYDRAULIC LIMESTONE--CEMENT ROCK.

The water-lime group is represented by limestones and shales in the

Upper Delaware valley, and there are good sections at several places
in Sussex county between Flatbrookville and the State line. It is

undeveloped.
The calcareous shale, or shaly limestone, at Bonneville, near Phil-

llpsburg, is the basis of a Portland cement works, the only one in the
State.

REFER_'_CE: Geology of Now Jersey, 1868, pp. 155, 156, 5_5-527.
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LIMESTONE FOR LIME.

Lime is made from limestones in the various limestone formations

of the State, but almost exclusively in the northern part. There are
quarriesnearHamburg and MeA_fee,inSussexcounty,whichyield
stoneforlimeformasonrypurposes.Othersdo a more localbusi-
ness,whilea fargreaternumber a_ordlimeforagriculturaluses
only.

REFERENCES: Geology of New Jersey, 1868, pp. 387-413.
Ann. Rep. State Geologist, 1872, pp. 38, 39.
Ann. Rep. State Geologist, 1873, pp. 105-109.
Ann. ttep. State Geologist, 1877, pp. 58, 54.
Ann. Rep. State Geologist, 1878, pp. 104, 105.
Ann. Rep. State Geologist, 1879, pp. 175, 176.
Ann. :Rap. State Geologist, 1882, pp. 173, 174.

CLAYS,

J_riel: Clays.

Clays for brick-making are found in all of the counties, and bricks
are made in M1parts of the State. The plastic clays and clay marls
have thick beds of clays and sands, which are adapted to brick-
making, and worked extensively at Washington and Sayreville on
the Raritan and South rivers, and at Cliffwood_Matawau and Union,
in Monmouth county. There are yards at Kinkora and Fish House,
on the Delaware river which use the same clays. There are many
localities undeveloped.

The more recent geologic formations afford good brick earths at
many localities. The most extensive brick works on them are at
Hackensack and at Trenton. Other important localities are Newton,
Sussex county ; Singac and Mountain View, Passaic county ; Flem-
ington, Hunterdon county ; Wiaslow_ in Camden county ; Vineland ;
Bridgeton, and Mays Landing.

NEW JERSEY GEOLOGICAL SURVEY



438 ANNUAL REPORT OF

Clays for Terra Cotta--Tile--Hollow Brlek.

These clays are dug at Manrer, near Perth Amboy, and along the
Raritan river. They are found in the Raritan formation.

The surface clays found in many localities are available for brick
and tile-making, and some of them for terra cotta.

Fire-Clays--Clays for .Firs .Brlck--Refractory Clays.

The clays of the Raritan formation are in large part refractory and
superior fire-clays. The Raritan river clay district is famous for its
product. Large pits are worked at Woodbridge, Perth Amboy and
on the north shore of the Rarltan, and south of that river at Sayre-
vll]e and South Amboy, in Middlesex county ; along the Delaware
river at Florence; Pensauken creek and Fish House, in Camden
county; and Bridgeport and Billingsport, in Gloucester county.

In the northern part of the State, fire-clay has been discovered
near Holland, in Hunterdon county.

Pipe clays have been found in the southeastern part of the State at
Wheatland, and Union Clay Works, in Ocean county; Conrad, in
Camden county.

Clays for Pottery.

The stoneware clay bed of the Rarltan formation yields a large
amount of clay. It is worked at Ernston and Morgan, in Middlesex
county. The Raritan clay district of Middlesex county produces
much fine potters' or ware clay. Extensive pits in vicinity of Wood-
bridge, on north shore of Raritan river, Sayreville, South Amboy.

Other localities of potters' clay are near Ten Mile run, Somerset
county ; Hamilton Square and Trenton, Florence, Pensaukan creek,
Fish House, Red Bank and Billingsporb on the Delaware river;
Vineland, along Maurice river below Millville, Mays Landing, Egg
Harbor City, Union Clay Works, all in central and southern parts of
the State ; Stewartsville, in Warren county, Bethlehem and Holland,
in Hunterdon county, are localities in the crystalline schists in the

northern pert.
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RE_RF_'_OES:Report on Cl_.yDeposits, 1878.
Ann. Rep. State Geologist, 1874, pp. 50-52.
Ann. l_,ep.State Geologist, 1875, p. 87.
Ann. l_ep. State Geologist, 1878, pp. 48-69.
Ann. l_ep. State Geologist, 1879, p. 157.
Ann. Rep. State Geologist, 189-o, pp. 181-190.

8AND--GLA_S SAND_FIRE SAND AND MOULDINGSAND.

Gla_s Sand.

Sand for glass-making is dug extensively along Maurice river below
Millville, near Williamstown and south of Bridgeton.

For full list of localities in southern part of the 8tate_ see Annual

Report State Geologist, 1878_ pages 70-80.
In the northern part of the State, sand was formerly obtained a_

Sand pond, on the Kittatinny mountain ; also at Flanders, Morris
county.

.Fire Sand.

Large pits in the Rarltan clay district, Middlesex county. Hylton's,
on Pensauken creek, Camden county.

Moulding 8and.

South shore of Raritan river, Whitehead Brothers' pits; Chee-

quake creek, near iErnston, Middlesex county ; Hylton's, Pensaukeu

creek, Camden county.

REVERE_:CES: (Glass sand)--Geology of New Jersey, 1868, pp. 293,
094, 690-692.

Ann.Rep. State Geologist,1878, p. 105.
Ann. Rep. State Geologist, 1878,pp. 70-80.

(Fire sandl--Report on Clay Deposits, 1878 (see :Fire
Sand).

(Moulding sand)--Geology of New Jersey, 1868, pp.
692, 693.
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ROAD _ATERIALS--ROAD METAL,

Trap-Rock.

The trap-rocks afford excellent stone for both Telfo_ and Macadam
roads. The Palisade mountain and Bergen hil], Snake hill, Wateh-
ung mountains, Hook mountain, New Vernon trap hills, Long hill,
Ten Mile Ran mountain, Rocky hill, Pennington mountain, Bald
Pate hill, Belle mountain, Sour]and mountain, Round mountain,
Casbetunk mountain and New Germantown trap hills afford inex-
haustible supplies of trap-rock for the northeastern and noah-central
parts of the State. There are large quarries in Bergen hill; near
Orange; Upper Montclalr; near Rocky Hill; at Lambertville; and
atRaven Rock_on Dela_vareriver.
The traprubbishon someofthesteeperslopesofthesehillsaffords

materialalreadybroken.In theUpperPassaicvalleytheshoreline
of theoldLake Passaichasrolledtrap-rockfragmentsavailablefor
road-building.

G'bt_glameratesand Crystalline Rocks.

The qusrtzoseconglomerateat DelawareWater Gap and the
siliceousrocksatGravelHill,nearHolland,arealsonotablelocalities

forroadmaterial.The crystallinerocksof theHighlandsarealso
adaptedtoroadconstruction.The limestonesandsandstonesanswer
forsomelocalitiesandforlocaluse.

Ydlow Gravel.

The wMely-distributsd yellow gravels in the southern part of the
State are used largely for turnpike-building.

R_:_ER_:._C_'S: Ann. Rep. State Geologist, 1871, pp. 40-43.
Ann. Rep. State Geologist, 1872, pp. 39, 40.
Ann. Rep. State Geologist, 1873, pp. 113-115.
(Trap*rock}--Ann. Rep. State Geologist, 1879, pp. 25, 26.

Ann. Rep. State Geologist, 1881, pp. 60-63.
Ann. Rep. State Geologist, 1882, pp. 43-66.
Ann. Rep. State Geologist, 1888, pp. 82-38.
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FERTILIZERS.

Z_iraestone8and Limes.

Lime is made for agricultural use at many places in the limestone
valleys of the northern part of the State. Generally kilns supply
local or neighborhood markets only. The industry is declining. The
largest centers of the lime business have been Pcepack, in Somerset
county; Clinton, in Hunterdon county; Carpenterville, in Warren
county; and Hamburg and Stillwater, in Sussex county.

The calcareous member of the middle marl bed, or yellow lime-
stone, has been used in Gloucester and Salem counties as a sourceof
lime.

Along the coast, oyster shells are burned into lime.

REFERENCE_:Geologyof _ew Jersey, 1868,pp. 387-418.
Ann. Rep. State Geologist, 1871,pp. 43,44.
Ann. Rep. State Geologist,1873,pp. 105-109.
Ann. Rep, State Geologist,1877,pp. 53, 54.
Ann. Rep. State Geologist,1878,pp. 104,105.

Calc Sinter-- Travertine--Cale Tttfa.

There are notable deposits of earthy and stony calcareous tufa in
8andiston township, Sussex county, at Dingman's Ferry and at
Peters Valley. They are undeveloped.

l_EF_E_CZ : Geology of New Jersey, 1868, pp. 172, 479.

Greensand Marl-- Glaueoniti¢ Marls.

Marls are dug in the greeneand marl belt which stretches from

Raritan bay across Monmouth, Ocean, Burlington, Camden, Glouces-
ter and Salem counties to Delaware river. The use is local, almost
exclusively, and there are openings on nearly every farm on the out-
crop of the grceossod beds.

Farmingdale, Pemberton, Vincentown, Kirkwood, Barusboro
(West Jersey Marl Co.) are localities whence marl is shipped by rail
to outside territory.
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REFERENCES: Geology of New Jersey, 1868, pp. 258-282, 414--470.
Ann. Rep. State Geologist, 1873, pp. 109-112.
Ann. Rep. State Geologist, 1878_pp. 108, 109.
Ann. Rep. State Geologist, 1880, pp. 183, 184.
Ann. Rep. State Geologist, 1886, pp. 154-210.

Calcareous Marls--Shell Marls.

Shiloh, Cumberland county, is a locality of calcareous marls of

Miocene age. The use is local and small, declining.

Shell marls in the northern part of the State occur under peat beds

or on shores of ponds. The use in agriculture is experimental. For
Portland cement these marls afford calcareous constituents in a fine,

pulverulent condition.

REFEaENCFS:(Shell marls)--Geology of New Jersey, 1868, pp. 297,
298, 471-473.

Ann. Rep. State Geologist, 1877, pp. 22-
30.

Peat--Muck.

[See references above under "Peat."]
As a fertilizer, the use is local and very limited in extent. The

be_s in the northern part of the State are large, and in some eases lie

upon shell marl.

RE_'SZRE._('ES:Geology of New Jersey, 1868, pp. 481-486.
Ann. Rep. State Geologist, 1879, pp. 119, 120.

GEM STONES.

.4 number of minerals have been cut as curiosities, as willemite,

prehnite, quartz, red and blue corundum, orthoclase, amethyst, agate,

iasper, tourmaline, rhodonite, isopyre, geeenockite, smithsonite,

spinel (red and green), opal aud pyrite. Willemite and amethyst are
perhaps the only real gem stones.

Rs_'I:_zxcE: F. A. Canfield, List of l_Iinerals, Vol. 1I., Pt. 1, Final
Report State Geologist, 1889.
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IRON ORE.

The statistics of iron ore for the year 1893 are: total output of"
the mines, as collected by John Birkinbine, of Philadelphia, special
agent of the United States Geological Survey, division of Mining
Statistics, and the total iron ore carried on the various railroad and

eana] lines from stations in the State and from New Jersey mines.
The total output of the mines amounted to 356,150 long tonsr

valued at _909,458. Of this total, 351,453 tons are magnetite, the
remainder brown hematite and red hematite.*

The total shipments of iron ore from knewJersey stations, reported
by railroad companies to this office, were 328,028 tons.

There is a falling off in the annual production of 109,305 tons, or
23 per cent., from that of 1892_ and 169,462 tons, or nearly 48 per
cent., from that of 1891, which was the largest yearly output since
1882, and the maximum in the decade 1882--1891. The rank of the

State was ninth, having fallen from eighth in the iron-ore producing
States in 1892.

The statistics of last year's report are reprinted, with the output
for 1893 added to the table:

IRON ORE.

1790 ......... 10,000 tons ............ l_Iorse's estimate.
1830 ......... 20,000 tons ............ Gordon's Gazetteer.
185.5......... 100,000 tons ............ Dr. Kitchell's estimate.
1860 ......... 164,900 tons ............ U. S. census.

1864 ......... 226,000 tons ............ Annual Report State Geologist.
1867 ......... 275,067 tons ............ " ', ,,
1870 ......... 362,636 tons ............ U. S. census.

1871 ......... 450,000 tons ............ Annual Report State Geologist.
1872 ......... 600,000 tons ............ " " "
1873 ......... 665,000 tons ............ "

1874........ 50-5,000tons ........... ,,
1875......... 390.000tons ........... " "
1876......... 285,000tons_-...........
1877........ 315,600tonst...........

*Throughthe courtesyof John Birkinblne,of Philadelphia.
1"From statisticscollectedlater.
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1878 ......... 409,674 tons ............ Annual Report State Geologist.
1879 ......... 488,028 tons ............ "
1880 ........ 745,000 tons ............ "
1881 ......... 737,052 tons ........... "
1882 ......... 932,762 tons ........... "
1883 ........ 5Ol,416 tons ............ " "
1884 ......... 393,710 tons ............ "
1885 ....... 330,000 tons ........... " "
1886 ......... 500,501 tons ........... "
1887 ......... 547,889 tons ............ "
1888 ......... 447,738 tons ........... "
1889 ......... 482,169 tons .......... "
1890 ......... 552,996 tons ...........
1891 ......... 551,358 tons ........... " "
1899 ......... 465,455 tons ........... " "

z[l_C ORES.

The zinc ore mined in the State in 1893 amounted to 55,852 tons,

as reported by the companies working the mines at Stifling Hill and

at Franklin Furnace, in Sussex county.

The statistics for preceding years are reprinted :

1868 ......... 25,000 tons* ........... Annual Report State Geologist.
1871 ........ 22,000 tons ............ " "
1873 ......... 17,.50(}tons ............ "
1874 ......... 13,6i_0 _ons ............ "
1_78 ......... 14,467 tons ............ "
I879 ......... 21,937 tons ............ " "
18',0 ........ 28,311 tons ........... " "
1881 ........ 49.178 tons ........... " "

1882 ......... 40,18,_ tons ........... "
18S3 ........ 56,085 tons ........... " " "
lbs4 ......... 40,094 ton_ ............ "
18_5 ....... 38,521; ton_ ............ " "
1_,'_6......... 43,877 tuns ........... " "
18'_7 ....... 50,220 tons ........... "
18'_8........ 40.877 tons ............ " "
1889 ....... 56,154 tons ............

1890 ....... 49,618 tons ............ "
1891 ......... 76,0,_£ tons ........... "
1_,92 ....... 77,'x98 tons ............ " " "

_I':stlmated for 1868 and lq71. Statistics for 1873 to 1890_ inclusive, are from
report_ of the railway _.ompanle, carrying the ores to market. The reports for 1890,
1891 and 1892 _ere from the ¢_mpanie_ working the mines.
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DISTRIBUTION OF PUBLICATIONS,

The demand for the publications of the Survey has in nowise
diminished during the past year.

There is a steady call for the topographical maps. The sales dur-
ing the last year amounted to $400.

It is .the wish of the Board of Managers to complete, as far as pos-
sible, incomplete sets of the publieatious of the Survey, chiefly files
of the Annual Reports, in public libraries, and librarians are urged
to correspond with the State GeolOgist concerning this matter.

By the act of 1884 the Board of Managers of the Survey is a board
of publication with power to issue and distribute the publications a_
they may be authorized. The Annual Reports of the State Geologist
are printed by order of the Legislature as a part of the legislative
documents. They are distributed largely by members of the two
houses. Extra copies are supplied to the Board of Managers of the
Geological Survey and the State Geologist, who distribute them to
libraries and public institutions, and as far as possible, to any who
may be interested in the subjects of which they treat. Several of the
reports, notably those of 1868, 1873, 1878, 1879, 1880 and 1881, are

out of print and can no longer be supplied by the office. The first
volume of the Final Report, published in 1888, was mostly distrib-
uted during the following year, and the demand for it has been far
beyond the supply. The first and second parts of the second volume
have also been distributed to the citizens and schools of the State, and
to others interested in the particular subjects of which they treat.
The appended list makes brief mention of all the publications of the
present Survey since its inception in 1864, with a statement of editions
that are now out of print. The publications of the Survey are, as
usual, distributed without further expense than that of transportation,

(4451
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_xeept in a single instance of the maps, where a fee to cover the cost
of paper and printing is charged as stated.

CATALO_,UE OF pCBLIC&TIONg.

_EO: L_y t_V NEW J_ L-t-.y, Ntwark, 1868. _vo., XXiV.+S99 pp. Ontof print.

P,,RTrOL:U el 31.4.rs accompanyiug the _ame, as foltows:

I AzoL' _ud lmloazofc fi_rmatIons, tocluding the Iron-ore and limestone districts; colored.
Scale, 2 m_les to an luch

2 THa,,Ie formation, Inchldlng the red sandstone and trap reeks of Central New JerSey:
oo!crcd. _eah,, 2 miles _o an inch.

3. Cr(tacrons formation, including the greensand-marl beds; colored. SCale, 2 miles to au
inch.

4. TorP._D" end recent formations of Southern New JerSey; colored. Scale, 2 miles to an
inch.

5. Mal, of a Wroup 0f iron mines in Morris county ; printed th two color& SCale, 3 thches to
1 mlle.

_. Nap vf the Rin_,_-oediton rnlne_; printedin two colors. SOMe, 8 inchestoI mile.

7. Map OF Oxford Furnace iron.ore veins ; colored. SOMe, 8 inches to 1 mile.
8..Map of !he z_nemine% S_sex county ;colored. Scale,8 inchestoI mile.

A few copies are undistributed.

R_r_i:r c_';TIIZ CLAY DFa-osrrsof Woodbrldge, South Amboy and other place_ in New

Jersey, tt,vLther wiflt their uve_ for fire-brick, pottery, &c. Trenton, 1878, 8vo., viii.+381 pp.,
with map. Out of print.

A Pn_l.l_,ls _nv Co'_lf_,ivt of the Flora of ,N'ew 3er_ey, compiled by N. L, Brttton, Fh.D.

Ne_ Bt_n-_Ick, la_l, _o., xi.+233 pp. Out of print.

FINAl. II}lon: cr Trll! STARE GZOLOGIST. VOi. I. Topography. Magnetism. Climate.
"Yrentcn, laSS, ave., xt.+ 4o-'9pp, Very scarce.

_I_AL R[TIO]:T OF ThE _TAT); GEOLOGIST. Vol. n. Part Ii Mineralog).'. Botany. Trenton,
1_,_. b_*O, x. 4-t;i2 pp.

FINAL n_3 0KT OF '_U: _[ATi: GEOLOGIST. re1. IL Part n. Zoology. Trenton, 18_), eve.,
x. _-$21 pp.

BRACIilOVOD,, ',ND LAMELLIB_ANCHIATA of the Rafitan Clays and Greensand Mafia of New

JerSey. by Rober_ P. Whitfleld, Trenton, 18_6, quarto, pp. 338, plates XXXV. and map. (Pal¢on-
telex', VOI. I )

GA_YE_OyODA 2,ND t'1:; I_ALOPODA Of the Rarltan Clays and Greet_$snd Marls of New Jersey,
by Robert P. Wbitficld, Trenton. 1_$2, quarto, pp. 402, plates L. (Peaeontology, Yol. IL)

ATLAS el NEW J _Rszy. The complete work is made up of twenty sheets, each twenty-seven

by thtriy._even inches, including margin, intended to fold once aflross, making the leaves of
the Atlas 15,_ by 27 inches. The locat|on a_d number of each map are give_ below. Those
from I to 17 are On the scale of erie mile to an inch.

_Vo. 1. J_atbIIn/ $'all_t and Mounlatn, from Hope to the State line.
2"0. t..cony _tu*_ern /-IigMand_% with the southwest pert of Klttatin_y valley.
,go. 8, t3 _t,_ Yl]gMamts, tnclnd]og sli of Morfis county west of Boonton, and Soasex sonth and

ea-t of Newton.

2.0. ,. 3_or?ll_n_hrn Hi oMand.% including the country lying between Deogertown, Dover, Pater-
_on and Suffern.

,_o. _. l'_a, ily of Flemi_on, from Somervllle and Pfineeton westward to the Delaware.

2.0, 6. T_e l"al_'v _f the t_*s_ie, with the country etmtward to Newark and _0nthward to the
RaHtan fiver.

,vo. 7. 77_ Cou,*ti,_ of Bergen, Hudson and Enact, with parts of Palate and Union.
2"o. 8. _'hit_ity of _-tl/en, fi_m N@W Bruuawtek to Bordentown.
.Vo. 9..Vomno_ah _]*ore, with the interior from Metttobea to Lakewood.
2"0. 10. Vicinity of Salem, from Swedesboro a_ad Bfidgeton westward to the Delaware.

•_o. 11. lqcintty of 6_mden, to Burlington, Wlnslow, Elmer and Swede_boro.
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2"0.12. 1"is_l_ of _ou_t HoUr, from Borde_thwu southward toV,'iuslowand Woodm_usle.

2"0.13. Vicln_yofBarnegat Bay, with the greaterpartof Ocean county.

.No. 11,. I'/cfn/ty of Br/dgc#_n, from Allowaystown and Vineland southward to the Delaware bay
_hore.

._'o. 1_. 8ou/hrm Into/or, the country lying between ArGo, MiUvllIe and Egg Harbor City.
.A'o. I6. F@fl Harbor and Vicinf !/_ lnc udlng the At an e shore from Barnagat to Great EgS

tlarbor.

_o. 17. Cape May, with the country westward to Maurice river.
2.o. IB. A'_Jers_SIais3top. Scale, Smltesthanlneh. Ge<_Yaphie.
_xb. iP._VewJersey._disfMap. Seale, Smilestothelnch. HYpsometrie.
2"0.20. N_Jer_GcologicalMap. t_cale, Smllestothetneb.

In order to meet the constantly increasing demand for these sheets_
theBoard of Managersof theGeologicalSurveyhave decidedto
allowthem to be soldat thecostof paperand printing,forthe
uniformpriceof 25 centspersheet,eithersinglyorinlots.This
amountcoversallexpenseofpostageor expressage_asthecasemay
be. Setsofthesheets,boundinatlasform(halfmorocco_clothsides,

gilt title, maps mounted on muslin, and guarded), are furnished at
$13.50per copy. Applicationand Payment,invariablyin advance,
shouldbemade toMr. Irving S. Upeon, New Brunswick, N. J., who
will give all orders prompt attention.

REPORT OF PROFE_OR GEORGE U. COOK upon the Geological Survey of ,New Jersey and its

progress during tb e year 1563. Trenton, 1864, Svo., 13 pp. Out of print.

THR ANNUAL EgPORT of ProL Gee. H. Cook, StateGeologist,to His ExcellencyJoelParker,

President of the Board of Managers of the GoMogieal Survey of New Jersey, for the year 1854.
Trenton, 1885, 8re., 24 pp. Oat of print.

ANNUAL REPORT of Prof.Gee. H. Cook, StateGeologist,to His ExcellencyJoel Parker,Presl-

<tent of the Board of Managers of the Geo]ogisal Survey of New Jersey, for the year 1865
Trenton, 1866,8re.,12 pp. Out of print.

A .v_A L REPoRt of Prof. Gee. II. COOk, State Geologist, on the Geological Survey for the year

_._. Trenton,18_, 8re.,28pp. Out of print.

REPORT OF THE STATE GEOLOGIST, Prof. Gee. U. COOk, for the year 1867. Trenton, 18S8, 8vo.

9.3 pp. Out o_ print.

ANNUAL R£PORT of the State Geologist of New Jersey for 1_9. Trenton, 1870, Svo., 57 pp.,

with maps.

ANNUAL REPORT of the State Geologist of £_ew Jersey for 1870. New arunswlek, 1871, 8re.,
'75 pp., with maps.

A:CI_UAL REPORT of the State Geologist of _*ew Jersey for 1871. New aruns_'iek, 1872, 8re.

16 pp., with maps.

AN_AL RErORZ of the State Geologist of New Jersey for 1872. Trenton, 1872, 8re. 44 pp.,

with map. Out of print.

A_NU_L REPORT of the State Geologist of New JerSey for 1873. Trenton, 1874, 8vo.,128 pp,,

with maps. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1874. Trenton, 1874, Svo.. 115 pp.
Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1875. Trenton, 18/5, 8vo., 41 pp.,

with map.
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ANNUAL REPORT of the StateGeologistof New Jel_ey for1876. Trenton, 1876,8re.,66 pp.,

with map_, Out of print.

ANNUAL R_PORT of the StateGeologistof New Jerleyfor1877. Trentou, 1877,8vo, 55 pp.

Out of prinL

ANNUAL REPORT of the StateGeologistof New Jerseyfor I_78. Trenton, 1878,8re.,131pp.,

with map. Out of print.

AN_U_tL R_PO_T Of _he StateGeologistof New Jerseyfor 1879. Trenton, 1879,8v_,,199pp.,

with maps, OUt of print.
t

AN_AL REPORT of the StateGeologistof New Jerseyfor 1889. Trenton, 1880,8vo.,220 pp.,

with map. Out of print.

ANNUAL REPORT Of the StateGeologlstOf New Jerseyfor1_I. Trenton, 1881,gvo.,87+107-1-

Xiv. pp., with maps. Out of print.

ANNUAL RF_POETof the State Geologist of New Jersey for 1852, Camden, 18S2, Svo, 191 pp.,

with maps, Out of print.

ANNUAL RFJ'OBT of the Slate Geologi,t of New Jersey for 1_. Camden, 1883, 8re., 188 pp.

AI_,'_UAL RETORT of the State Geologist of New Jersey for 1881. Trenton, 1881, 8vo, 168 pp.,

with maps,

AN,_rAL REPORT Of the State Geologist of New Jersey for 18_5. Trenton, 1885, 8vo., 2_8 pp.,
with maps.

A_l_rXL RF.PORT of the StateGeologistof New Jerseyfor 1_8. Trenton,1887,Svo.,254pp.,

With maps,

A_r_AL RZPORr of the Stale Geologist of New Jersey for 1887. Trenton, 1837, 8re., 45 pp.,
with maps.

A,'_rAL R_PORT Of the State Geologist of New Jersey for IS_. Camden, 1889, 8vo., 87 pp.,

with map.

ANNr._L REPORT of the State Geologist of New Jersey for 1_9. Camden, 1889, 8vo,, 112 pp._
with cut.

ANNt'AL RiZl"ORT of the State Geologist of New Jersey for 1890. Trenton, 18_1, 8vo., _ pp.,

with maps.

AI_Nt'AL RI_PORT Of the State Geologist of New Jersey for 1891. Trenton, 1692, 8vo, xll._-ZT0

pp., with map and cuts.

AN_PAL RI_PORT of the State Geologist of New Jersey for 1892. Trenton, 1893, 8re., x.+86_-

pp,, wRh _aps,

ANNUAL REPORT of the State Geologist of New J_rsey for 1893. TrentOn, 1894, 8re., x.+452

pp., with maps.
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Bridgeton, Artesian Well at .................................................................. 413
Brltton, Dr. N. S., Reference to Work of.................................................. 359
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Cement Rock ...................................................................................... 436
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Chesapeake Formation ........................................................... 339, 349, 351, 352
Chester_ Prof. A. H., Letter of. ............................................................. 27
City Water-supply Systems.................................................................... 375
Chatter Marks on Palisade Ridge ............................................................ 173
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Clarksburg Gravel-capped Hills ............................................................. 40
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PAGE.

Clays ................................................................................................ 437

Clays in Lake Passaic Basin ......................................................... 290, 293, 327

Clay Deposits, Palisade Ridge ............................................................. 204
Clays, Diatomaceous ............................................................................ 392

Clay Marls .............................................................. 335, 348, 350, 351,353_ 354
Clay_ Plastic, Formation ............................................. 335, 348_ 350, 351,352, 354
Clayten_ Artesian Wells at..................................................................... 419
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