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ADMINISTRATIVE REPORT.

—_—————

The work of the Geological Survey has been carried forward on the
same general lines of investigation as in 1896, and the organization
has been practically the same as it waa last year, The surface forma-
tions have been studied by Prof. R. D. Salisbury and the mapping
has been about completed. Dr. H. B. Kiimmel has continued the
survey of the Red Sandstone belt—the rocks of the Newark System—
and has finished the work in that belt. Mor. C. C. Vermeule has been
in charge of the topographic work and has prepared a supplemental
report on the Hackensack and Newark meadows, The artesian well
records have been continued by Mr. Lewis Woolman, In co-opera-
tion with the United Btates Geological Survey, Dr, J. E, Wolff has
gpent some time in further surveys of the crystalline schists in the
vicinity of Franklin Furnace, and Prof. Wm. B. Clark has con-
tributed a report on the Upper Cretaceous Formations. The forest
surveys are in charge of Mr. Gifford Pinchot, coneulting botanist
and forester. Mr. Irving 8. Upson remains in charge of the work
of distribution of topographic maps.

SURFACE GEOLOGY.,

The survey of the formations which make the surface of the country
constitutes the field of investigation of the division of the Geological
Survey which has been termed Division of Surface Geology. The
work has been done under the direction of Prof. Rollin D, Salisbury,
and has been in progress since 1891. It has been carried forward
steadily and the whole State has been traversed in the prosecution of
the survey. Professor Salisbury was in the field from the 1st of
April to July, and gave a large part of the time to the southern part
of the State. He has been assisted by G. N. Knapp, who was in the
field to the end of November. The boundaries of the various forma-

(xiii)
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tions have been traced and the data necessary to making an accurate
map of these formations, on a scale of one mile to an inch, collected,
and a large mass of material has been gathered for publication in
form of reports on the Surface Geology.

The report of progress here given is a description of the surface
formations as mapped on a scale of fifteen miles to an inch. The
difficulties in making such a map are not so apparent at the first
glance a8 when revealed by closer scrutiny, Without any character-
istiec fossils some of these sands, clays and gravels have no certain
marks of identification, and in the southeastern part of the State it is
almost impossible to be altogether sure of one’s determinations. In
other cases, as in the southwestern part of the State, there is apparently
little to distinguish the Pensauken from the Bridgeton formations.
The difference between the decomposed rock or residuary earth but
little removed from the parent rock and drifted materials, is in some
cases perplexing. Again, the mixture of the materials by erosion
and subsequent shifting on the surface further adds to the complex
conditions of the problem.

The location of the boundaries of the formations is in places doubt-
ful, and the shading of one into another or the thin surface layer
makes it almost impracticable to draw lines between formations thus
overlapping or intermingled. In spite of these difficulties the results
are such a3 to enable the Survey to prepare maps of these surface
formations in detail, greater than has been done elsewhere in the
country, and far more accurate than the maps of the underlying or
rock formations. New Jersay is the first State to make so detailed
and elaborate a survey of the whole of its surface formations.

The map accompanying the report shows the extent of the forma-
tions of the surface and their general distribution. It is not on a
large acale to justify its use in the field in tracing out all the irregu-
larities of outline or locating every outcrop. In fact, it is historical
rather than geographical, as it shows the areas of the formations at
succesaive epochs from the Triassic period to the most recent. The
older formations at the surface are grouped as pre-Triassic. One of the
latest formations has been appropriately named from Cape May
county, whose peninsula is all of this epoch, excepting the beaches or
sand dunes and the tidal-marsh accumulations of mud, both of which
are in progress,

The report is devoted to a description of the map, and is also a
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clear and concise history of the State since the beginning of the
Triassic period or from the end of what is known as the Palxozoic
era. The changes which have taken place in the limits of the State
are indicated by the map and described in the report. It is heped
that the general reader will find in it a most interesting chapter of
geological history, not going back so far as to be shrouded in diffi-
culties and doubts, but descriptive of the middle and later geological
time and down to the most recent.

The publication of the maps of the surface formations on the acale of
the topographic sheets is to begin as soon as they are gotten ready with
the descriptive text, which will be issued in the form of one or two
volumes of the “ Final Report” series. The base to be used is that of
the topographic sheets. It has been delayed a long time, but the
delay has enabled the Survey to give more care to the questions of
form of publication and the technical details in representation of the
various surface features, It will also afford time for further investi-
gation of economic questions, 8o that with the scientific details there
may be practical data given, bearing upon the soils and their origin,
the beds of clays, sands and gravels whose materiala are of value
in the arts, and other materials of importance, The value of an
accurate knowledge of the surface beds in their relation to these eco-
nomie products, to water-supply, to forest reservations and to the com-
plex problem of climate, and to the conditions of life generally, will
justify the delay and will make the final report of value in the fur-
ther development of the State.

The new series of maps which is proposed is in sheets of smaller
size than that of the atlas of New Jersey, but having the same base.
They will join and not overlap as do the latter.

The map accompanying the report is from the establishment of
Julius Bien & Co., New York.

RED SBANDSTONE—TRIASSIC-—NEWARK SYSTEM OF ROCKS.

Th survey of the Red Sandstone Formation, or Newark System
of Rocks, a3 now known, which was began in 1895, has been carried
forward and the whole belt from the Delaware river to the New
York line has been traversed. The report for this year covers the
whole territory, although not of the character of a final report or
monograph.
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Dr. Henry B. Kiimmel, who has been in charge of this division
of the survey work, was in the field from June 26th to September
16th, The preparation of the report occupied a part of his time
after the field season ended. The work of the ceason was mainly in
the northern part of the belt, and in Union, Essex, Hudson, Bergen,
Passaic and Morris counties. '‘Compared with last year, the results
have been comparatively meagre, on account of the extensive sheet
of glacial drift, which covers and conceals the rocks, particularly in
the valley of the Upper Passaic. The accurate differentiation of
the horizons or subdivisions of the belt is not possible in this drift-
covered part of the belt, as it is southwest of the terminal moraine,
The division at the southwest, as made out last year, was a threefold
one, and was shown on the map accompanying the report for that
year. As traced to the northeast, changes have been discovered in
the rocks of these subdivisions or series, The black argillites and
flags of the Lockatong horizon disappear and the shales of the
Brunswick series become sandstones and conglomerates. The three
subdivisions so clearly marked on the Delaware river are not recog-
nized in the northeastern part of the State. The Stockton horizon,
however, is seen at the base of the Palisades range and at some points
on its northwest slope. The characteristic arkose or coarse-grained
feldspathic sandstone is recognized at many ontcrops.

The survey of the year has shown the intrusive origin of some of
the trap-rock sheets and the extrusive origin of others, so that the
several ranges and outcrops of trap-rock can be classified accordingly
85 they have been formed by lava-flows cutting across the beds of
shale and sandstone or have moved over and between them.

Many observations on the nature of the rocks at the contact of the
trap and the sandstones and shales have been made and have been
incorporated in this report. The alterations in the rocks in color,
texture and hardness are in many places remarkable, and apparent to
the casual observer, They have the aspect of well-burned clays or
bricks in some cases ; in others, they are dark-colored and hard, with
a metallic ring when struck with a hammer. Some characteristic
examples of alteration or metamorphism are to be seen along the base
of the Palisades. They are also seen on the Sourland mountain on
both sides of the trap-rock sheet. The contact phenomena in the
Watchung mountains do not indicate such alteration, and the un-
altered shales are found underlying the trap-rock and also overlying
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it. Mr. Kiimmel has devoted a large part of the report to the con-
tact phenomena and the observations connected with them, and to the
origin and age of the trap-rock sheets.

Some interesting additional information on the dislocations of the
bada or faulting of the strata is given, particularly in the Palisades
range, and the large number of faults ohserved in the trap-rock is
saggestive of the query as to the extent to which the shales and sand-
stones have been faulted, and the further question of the total thick-
ness of the formation. The illustrations of sections at Arlington
and in Garrett rock, at Paterson, are instructive and helpful to the
general reader, though not determinative as to the extent to which
the beds of the belt may have been faulted.

SSome recently-bored wells on the trap-rock ridges have afforded
measures of the trap sheets, and their records have been discussed by
the author in generalizations on the the thickness of these sheets,
They are somewhat thicker than they have been heretofore thought
to be, and the evidence appears to be conclusive. The Palisades sheet
is shown to be 364 to 950 feet thick; First, or Orange mountain
trap sheet, 580 to 675 feet; Second mountain, 840 to 990 feet; the
Long hill and Hook mouatain sheets, 300 to 400 feet.

One of the most interesting chapters to the general reader is that
on *The Conditions of Formation.” The discovery of foot-tracks in
the shales at the Hook mountain quarry,at Milford and also at Tumble
Station, has arrested the attention of all students of geology in our
country as well as that of the people generally, and has stimulated
the inquiry as to the conditions at the time when these shales and
sandstones were deposited. The fish remains and the thin seams of
bituminous coal also have attracted attention to this subject. The
famous so-called “bird tracks” of the Connecticut valley, which are
found in the formations of the same geological age, have aroused a
general interest in these rocks and in the question of their origin, far
beyond our State. Prof. Henry D, Rogers discussed the origin of the
red sandstone formation in his final report, in 1840.* He gives the
source of the material as at the southeast. The late Professor Cook,
State Geologist, in the “ Geology of New Jersey,” described in some
detail the various features of the formations and referred the origin
of the materials of the lower beds of the southeast border to the

*Fin. Rep., Description of the Geology of New Jersey, Philadelphia, 1840, pp.

166-171.
B
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crystalline schistose rocks known to occur on the sontheast of the belt.
The conglomerates on the northwest border were said to have been
formed from the limestones, quarizites and crystaline rocks of the
Highlands. He referred to the evidence of shallow water at the time
when these deposits were made.* The sun-cracks, ripple-marks, rain-
drops and footprints, eo common snd on successive layers or beds,
show that they were once mud or soft earth, capable of receiving such
impressions—probably the exposed mud flats of a sound or estuary,
or the broad strand of a more open body of water on which the tides
ebbed and flowed. The estuary or sound must have had streams
fl )wing into it, and they are indicated by the conglomerates and the
amount of other material derived from the crystalline rocks of the
adjacent formations. Shallow-water conditions appear to have pre-
vailed throughout the whole of the time of this deposition, and a sub-
sidence must have been in progress to make such conditions. The
uplifting, folding and faulting are shown by the beds as they now
appear and as they are known to have been in the later geological
periods of time. The studies of Prof. William M, Davis, of Harvard
University, are highly suggestive in relation to this history, and Mr.
Kiimmel has referred to them in this chapter on “ The Conditions of
Formation,” The observations in the State, made by Prof. I. C.
Russell, of Michigan University, and by N. H. Darton, of the United
States Geological Survey, and Mr. F. L. Nason, formerly of the
Geological Survey of the State, are referred to by several foot-notes
giving the publications containing descriptions of these formations.

The importance of the ecomomic resources is shown by the
large number of quarries both of sandstone and of trap-rock. The
Newark, Belleville and Little Falls stone on the eastern side of the
State has long been famous for its excellence as building material.
Other quarries of large size are at Paterson and Martinsville. The
full list is given in the report. Oua the Delaware there are extensive
quarries at Wilburtha and Stockton. The beds are practically in-
exhaustible and capable of great development.

The use of trap-rock and its excellence as road material are note-
worthy here, because there are so many outcrops of the trap, and they
are 80 situated that the material can be carried by rail or by water to
all parts of the State and to the adjacent large cities, The location
of the trap ridges and the lines of railway and of canal are shown on

*Cited, pp 332-338.
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the two local maps accompanying the report. The growth of the
business of quarrying rock for road-building in the State is remark-
able, but it does not appear to have reached its full development,
The supply of excellent trap-rock is inexhaustible.

Copper-mining is referred to in a few sentences, as the industry is
dead.

The report is commended to all who wish to learn of the geology
of the belt of Red Sandstone or Newark System, because it describes
in some degree of detail the outcrops and the phenomena characteristic
and common in this belt, It is the local geology applicable to Union,
Essex and Hudson and to nearly all of S8omerset, Hunterdon and
Bergen and to large parts of Mercer, Middlesex, Morris and Passaic
-counties,

ABCHZEAN GEOLOGY,

The work in the study of the crystalline schistose rocks of the
Highlands is done by the United States Geological Survey, and is in
<harge of Dr. J, E. Wolff, of Harvard University. His report for
the year is here presented.

Report on Archsean Geology.

BY J. E, WOLFVF,

The work in this department during 1897 consisted principally in
the preparation of the Franklin Furnace folio of the geological atlas
of the United Btates and in the classification and study of the material
and observations accumulated during several years of work in the
field. The mining developments at Franklin Furnace have also been
closely followed in connection with the folio, and the mines revisited
in Beptember. The stripping of the surface and subsequent sinking,
to remove the entire mass of ore and rock between the east and west
veins, at the Buckwheat mine, promise interesting exposures.

An examination was also made of the openings of the Federal
Hill mica mine, near Bloomingdale, Passaic county, and a report
made to the Btate Geologist,

An extended historical and descriptive paper, embodying our own
observations on the age of the white limestones of Sussex county,
was prepared with Alfred H. Brooks for the Eighteenth Annual
Report of the Director of the United States Geological Survey.

NEW JERSEY GEOLOGICAL SURVEY




xx ANNUAL REPORT OF

CRETACEQUS FORMATIONB.

The Cretaceous and Tertiary formations of the State have been
the subject of investigation by the Geological Survey, in co-operation
with the United States Geological Sarvey, since 1891. Prof, Wil-
liam B. Clark, of Johns Hopkins University, has had entire charge
of the survey, and, aided by several field assistants in the different
years, has accumulated a large amount of valuable and interesting
material. No financial help was given to the work during the last
year, but Professor Clark has presented for publication in this annual
report a summary of his studies and field observations in the Upper
Cretaceous or Greensand marl formations, both in New Jersey and in
the extension of the marls in Delaware and Maryland. His sum-
mary forms Part IIL of this Report. The introduction gives an
interesting account of the numerous publications descriptive of the
formations and the fossil forms of life in them, showing a long series
of papers from the visit of Peter Kalm, in 1749, to the present. It
is a chapter of history suggestive of the great attention which these
greensand marls and their rich remains of life-forms have drawn to
them.

The several formations are described in their geheral character of
materials, stratigraphic relations and fossils. The interpretation of
the geological record shown by the nature of the materials is given
and their probable marine condition of origin is stated as a result of
the stndies.

The correlation of the New Jersey beds with the formations in the
eastern Gulf States shows some common occurrences of fossils:
throughout, indicative of a continental sea border in which these
beds were laid down, and in comparatively deep and still waters
where but little land sediment could resch the sea bottom or floor.

The economic products are referred to with a short historical note
on the use of the greensand marls, A concise summary of all the
leading generalizations is given at the end, The general reader or
student will find in this report a remarkably condensed description of
all that is known of our greensand marls.

The decreasing use of greensand marl in some parts of the State
may appear to lessen the interest in these marl beds, but their remark-
able extent in the State and their wealth of fossil forms of life
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must continue to attract all earnest inquirers and students of geology
and many others who do not give special attention to the natural
sciences, The report is a readable one to all these classes,

ARTESIAN AND OTHER BORED WELLS,

The records of deep-bored wells for the year are given in Part IV,
of this year’s report. Mr. Lewis Woolman has continued to collect
all data relating to the depth, strata penetrated, water-bearing horizons
and volume of water, and the report for 1897 is an important addi-
tion to the large mass of valuable material already in hand and
published since 1889 in the successive annual reports of the Geological

Burvey. The importance of getting accurate details of the strata and

the depth of the water horizons is recognized by the business firms
engaged in boring wells and by all who are seeking for additional
supplies of water. The Survey appreciates the courtesy and labors

of these firms who so kindly give information about wells put down

by them, and the data thus obtained is published as promptly as
possible, that it may be helpful in stimulating the extension of the

artesian-well system and in developing the resources of the State.

Among the important contributions for the year may be mentioned
the well records from Matthews Brothers, of Red Bank. The wells
reported on Rumson Neck and along the Navesink river and at Sea-
bright all appear to have struck thick sand beds in the Matawan or

Clay-marls division of the Cretaceous formation. The deep well at

Brookdale farm, west of Red Bank and near Leedsville, also is
remarkable for the great thickness of the Clay marls or Matawan
member of the greensand marls.

The well on Mount Laurel also is noteworthy, in the discovery of
a fossil bed at 150 to 160 feet, containing many shells like those found
in the Reeve clay bank at Lenola, The species have been determined
by Mr. C, W, Johnson, of the Wagner Institute, Philadelphia,

Another remarkable discovery in boring wells is that at Daretown,
where the order of succession in the beds indicates the presence of the

several members of the “ Upper Marl Bed ” of the Survey reports or

the Mansasquan and Shark river formations of Professor Clark, The
locality is about twenty miles southwest of Clementon, where the
most southwestern outcrops occur. The discovery is important, both

a8 showing the extension of the bed to the southwest and the value of
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careful well records, with specimens of the materials from the beds
passed through in boring.

The same well also confirms the survey of outcrops, in the absence:
of the Red sand bed (Red Bank bed of Professor Clark).

The extension of the system to the supply of a city, as Camden
water-supply, by means of ninety-eight wells, is also worthy of note.
The result of putting so many wells within a comparatively limited
area is anticipated with interest, as it is suggestive of application to
other localities where the conditions are favorable. The wells at.
Union, in the glacial drift formation, for the Elizabeth city water-
supply, is another example of numerous wells in close proximity te
one another, Continuous pumping from so many in small areas must
tend to some interference, unless the subterranean supply be extraor-
dinarily large, draining from a large outside territory, or the volume
pumped be not greatly in excess of the volume of ground water of the:
area affected by the wells. The total rainfall upon any given area
and the percentage of that precipitation which goes down into the
sub-surface formations are easily computed, and there is no other source
unless there is a draught from the adjacent formations or the strata of
the country adjacent thereto, That wells do drain the subterranean
waters from distant areas is well known from cobservations of artesian
wells in this State as well as in other States and countries, How far
they may affect the water-supply of adjacent districts is not easy to-
determine nor the extent of this effect., The deep-bored well will, in
its rapid extension and multiplication, meet with the objection of rob-
bing the waters which belong to others, and the question of rights of’
ownership will have to be met. The diversion of underground waters
may becoms as important as that of surface waters. Thus far in New'
Jersey tbe large supply of deep-lying waters and the comparatively
long distances between wells has made it unnecessary to refer to the
gubject. The number of water horizons in any given district or area.
is as yet unknown, or, rather, is limited to the depth of the wells,
Until the limit of boring is reached the number cannot be known.
It is possible, therefore, to draw from one or more horizons, as is
done at Atlantic City. In this way the capacity of the artesian well
gystem may be enlarged and made to serve the needs of localities for
many years, As has been eaid in previous reports, there can be
almost as many wells as there are localities, but there may be a limit-
in any one locality or ares.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. xxiii

TOPOGRAPHIC WORK.

Mr. C. C. Vermeule, consulting engineer, has had charge of the
topographic surveys and has been assisted by P. D. Staats in the
field. A detailed survey of a small area at Hamburgh, Sussex
county, was made in the early part of the season. This survey of a
remarkable group of drift hills is to be used by Professor Salisbury
in a report on the Surface Formations of the State.

The necessity for a revision of the topographic maps of the Survey,
particularly in the more densely populated parts of the State, where
many new streets are being opened and new avenues and roads are
being laid out, as well as new lines of steam and electric railways,
has been referred to in the annual reports in order to maintain the
usefulness and value of these maps. The publication of the topo-
graphic maps dates as far back as 1887 in the case of several sheets,
and the revision made for new editions has been confined to railway
lines only. Re-surveys are, therefore, essential to new editions of
maps of value, and the increasing use of topographic maps demands
that the new editions shall include the data furnished by new sur-
veys. The publication of maps on a larger scale has been considered
as desirable wherever the density of population makes good maps
helpful in laying out streets, roads, railway lines, equeducts, sewers
and other public improvements, In order to a fair experiment
to ascertain the cost of making a survey in detail of a small area and
the value of a map based on a survey of this kind, work was
begun late in the autumn, in the vicinity of Newark and Belleville,
and was continued up to the end of the season. The streets and
roads were measured as also the fence and hedge-lines, and all the
larger structures. Although not a cadastral survey, it embraces all
the more important features of the surface and the contour lines
within five-feet limit. Maps based on surveys made in such detail
become valuable records of the culture of a district and are of his-
torical value. Our appreciation of them may be greater if we refer
to the old maps of New York City and their importance as historical
records. The cost of making surveys with this detail is large and the
rate of progress slow. The necessity for them is limited to the
suburban distriets around the cities, and the extension to the rural
parts of the State is not wanted. The data accumulated in this field
work will be useful in the revision of sheet No. 7 of the topographic
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maps. The large cost may make it desirable to change the plan and
omit some of the details, in order to carry forward the work and pre-
pare the maps needed in our city and suburban districts. A new
series of maps of this kind would supplement the present topographic
sheets,

DRAINAGE.

The Geological Survey is authorized by law to make surveys and
plans for the drainage of tracts “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 in any tract which it is proposed to have drained. Under the
genersl drainage laws, as amended by supplementary acts, these pro-
visions of the law are applicable to tide-marshes also.

The Passaic drainage work has been referred to in the annual
reports of the Geological Survey, and some of the advantages have
been mentioned in thece general statements. It is not necessary to
repeat them nor to urge the importance of completing the proposed
drainage improvements as soon as possible. Malarial influences have
been as bad as ever before experienced, and the floods in the valley
have destroyed a large amount of property. The aggregate loss of
1897 to the farmers of the valley, caused by these floods over the
growing crops has been eaid to be nearly equal to the estimated cost
of finishing the drainage works, From the geological standpoint the
restoration of the old Lake Passaic in part would be better than this
irregular alternation of a shallow-pond water condition and a wet
meadow land giving off foul odors and malarial exhalations. The
present ill-drained valley is not evidence of the best environment for
healthful home sites and is a menace to the adjacent country. The
aricultural development of the valley demands the improvement.

Mr. George W. Howell, one of the commissioners of drainage, has
prepared a short history of the work and a statement of what remains
to be done. He gives the reasons for the suspension continued
through the year. His report is appended to this administrative part
of the report.
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RECLAMATION OF THE HACKENSACK AND NEWARK MEADOWS,

Mr. Vermeule has prepared a supplemental report on the reclama-
tion of the tidal marshes and wet meadows of the Hackensack River
valley and those bordering the Kill von Kull, between Newark and
Elizabeth, In the last annual report of the Geological Burvey the
subject was discussed in detail in the description of the geographical
and hydrographic relations, The several natural divisions were
described and a map on a scale of two inches to a mile, showing the
water-ways and rivers and the depth of water in them, and also the
nature and depth of the mud and peaty earth throughout the belt of
marsh land, accompanied the report. The map is not reprinted, as
eopies of the last annual report are still in stock and are supplied on
demand. The readers of this second report of Mr, Vermeule are
referred to that map for illustration of its descriptions.

The reclamation of these marshes and the removal of conditions
which threaten to become unsanitary and possibly dangerous to the
healthfulness of this part of the State, lead to a repetition of the
statements on the practicability and importance of their drainage.
Looking at this map, it is possible to conceive of a bay oceupying the
place of these tidal marshes, and bordered by the bold shores of the
northern and eastern sides, and these chores covered by cities and
towns and suburban hamlets, and the whole rivaling in beauty and
commercial accessibilty the Greater New York, across the Hudson
river. The conception may be regarded as fanciful, and yet it is
scarcely more striking a picture than is warranted by the changes
which would appear were this tract diked, drained and improved,
With Bayonne, Jersey City and Hoboken on the east; Hackensack
on the north and Englewood not far away; on the west, Newark,
Harrison, Kearny and Arlington, and Passaic not a wmile distant,
and Elizabeth at the southwest; there is almost a continuous city
about this tract,

The remarkable water-way of the Hackensack river, with its great
depth of water from near its mouth to Little Ferry and prolonged
northeast in the Overpeck creek, is suggestive of a magnificent, deep
canalized river, such as parts of the Waal and of the Rhine in Hol-
land. With a deepened way through the Newark bay the navigable
water-ways of the Hackensack and the Passaic would go far toward
the realization of our New Jersey city not on a bay but on highways

NEW JERSEY GEOLOGICAL SURVEY



xXvi ANNUAL REPORT OF

for ocean-sailing vessels. The careful study of the map shows alsor
the course of the Hackensack midway the tract and the tributaries so-
necessary for the natural drainage of each side.

The great cities of the world are in large part on level, marshy land.
Chicago, Berlin and London, in part, have covered many square miles-
of flat ground, needing careful attention to drainage and sewerage.
All the large cities of Holland are on piles driven in the wet lands
below high-water level. The meadows are not therefore an insuper-
able objection to city advance over them, The famous Back Bay
district of Boston is a wet border of the Charles river improved. It
may be said that there is ample room on the adjacent hills, but they
are further from railway and tide-water lines, and the elevation
requires 8o much more power to carry materials to and from them,
For extensive manufacturing sites these more accessible level tracts
will be preferred and will come into use. The ultimate development
will probably be a city covering a large part of this tract, assuming:
the continued and steady growth of this part of the State and country.
It is, however, not probable that this stage of growth can be expected'
in a long time, but the future possibilities should be considered in any
discussion of plans for improvement. It would be short-sighted to-
overlook them and simply drain these wet lands for market-gardening:
or for pasture lands, although so well adapted for these uses whenr
properly improved. The cost of their improvement, as stated by Mr.
Vermeule, would amount to $2,500,000, and the annual charges
would be $7.75 per acre, making a first cost of $100 per acre in-
round numbers. No doubt the interior draine and the necessary
ditches for any use in agricuiture would add 850 per acre to the
cost, making a total of §150 an acre, and an annual tax of $7.76
would be equivalent to $150 additional. Large as this sum appears,
it is not greater than the value of some of the lands of Hudson county
not naturally so fertile, which are devoted to market-gardening. Some
of the famous wet lands on the New York and Erie railroad line near
Goshen, in Orange county, New York, yield an annual rental equal to-
this valuation.

The neglect, as it were, to drain and improve these meadows might:
appear invidious in a comparison with what has been done in the
Netherlands in reclaiming waste lands, or even in the Nieman delta
of East Prussia, Germany, where 44,500 acres have recently been pro-
tected by great dikes at a cost of $510,000, were it not known that
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capital here has so many other attractive outlets that drainage schemes
are overlooked, The difficulty has been that the meadows have been
locked upon as agricultural in great part, and the more important and
" ultimate use as a city site has not been considered as within the limit
of practical possibility, It is to this more valuable use that attention
is again urged to their reclamation.

More important than agricultural or even urban considerations are
the sanitary advantages which must issue from the diking and proper
drainage of the meadows and the adjacent, bordering upland. The
growth of these cities and towns requires some systematic treatment
of both the natural drainage and the sewerage from this upland to
and through the water-ways of the meadows, either to the Passaic and
Hackensack rivers or the more distant sound or bay. Without some
system of draining the land and caring for the sewage, these meadows
must become the receptacle of the polluted waters from these borders
and the conditions unsanitary, with slow-moving, stagnant water-ways,
loaded with the refuse of manufacturing establishments and the more
dangerous sewage from the border as well as that of the population
on them. Conditions so disagreeable and dangerous will require
ultimate treatment, and the betterment may be only at great cost and
with difficulty, if not to some degree impossible in the end. There-
fore, as a protective measure to the health and comfort of the residents
of the cities and towns adjacent, the reclamation needs to be directed
according to some comprehensive plan which shall include the several
subdivisions as parts more or less closely related, and shall embrace a
systematic drainage scheme for all the waters flowing naturally to the
meadows and the rainfall on them, and channels for the proper trans-
portation of all the sewage which may have to be disposed of through
such outlets to the bay or sound.

The improvements of the water-ways in their entirety is not essen-
tial to the removal of the dangers arising from sewage-choked
streams, pools of polluted water and pestilential dumps on the
borders. The diking of the tidal water-ways and the digging of
border lines of drains and their proper laterals and the construction
of pumping-works to drain off the surface waters and maintain a
proper flow of the waters in these canals and water-ways will put
away the dangers of this kind and leave the surface in a condition to
be improved either for agricultural uses or for building sites.

The necessity of a comprehensive plan of drainage and of control
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in the management is mentioned by Mr, Vermeule, and is enforced
by the references to the costly and disastrous schemes in the Sacra-
mento Valley of California, where individual and associated enter-
prise has attempted the reclamation of parts instead of a whole
district of marsh land. Millions of dollars have been spent and the
abandonment of diked meadows has discouraged and retarded the
reclamation generally. The lack of any well-matured plan, and the
improvement of separate tracts regardless of the natural relations of
adjacent tracts and water-ways, must lead to waste of eapital and con-
tention, owing to the different conditions and the various objects in
view when the direction and management are in the hands of separate
companies,

The existing drainage laws of the State would be adequate for the
diking and partisl improvement, but the large cost of pumping
works, and of the discharge of the water from the diked districts,
and the necessity for a permanent management, appear to make some
amendments to these laws necessary to carry out the work. The dis-
tribution of the cost over a larger territory and permanent control
are imperative. Whatever plans may be adopted, and whatever
changes in legislation may be made, the importance of reclaiming
the whole of the Hackensack tidal-lands belt and the improvement
of the navigable water-ways should be kept prominent in making
them, Mr. Vermeule has suggested a State commission to direct and
maintain the reclamation work. The same objects can scarcely be
accomplished by any private associated effort, even if aided by legis-
lation, particnlarly in the future control of the improvements. A
great deal, however, might be done in the improvement of the lands
and in the utilization of the more valuable sites for building purposes
and the various business enterprises which might use them. The
larger and more comprehensive objects would probably be neglected,
particularly those bearing upon the sanitary conditions of the distriet.
The function of the State is to direct in conditions of this nature
where municipal and associated capital cannot control without inter-
ference and consequent inactivity. The Geological 8urvey has given
the information illustrated by a map, and has suggested the impor-
tance and necessity of State direction. The attention of capitalists
has been directed again to the subject, but with the necessary limita-
tion of public direction and management in the interests of all
the northeastern part of the State,
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FOREST SBURVEYS.

The surveys and studies of the forests in the southern part of the
State have been in the charge of Mr. Gifford Pinchot, consulting
botanist to the Survey. He has had two assistants for a part of the
season. His investigations have been in the rate of growth of the
more common trees of the forests in various parts of the ‘ pines”
belt and on different soils in that belt. The capabilities of the sev-
eral kinds of soil in the production of wood have been ascertained
from the rate of growth and also from actual measurements and sta-
tistics of wood cut on given areas, The comparative yield of tracts
protected from the ravages of fires and of lands where fires have
swept over the country makes a most suggestive mass of statistics and
an argument for protection of a practical nature, 8o much of an
extremely general character has been written on forest fires and pro-
tection against them that these figures of Mr. Pinchot are refreshing
as well as forceful in suggestion. They show that the so-called
“ pines” belt is able to produce a yearly income of considerable
amount and emphasize the importance of protection from an economi-
cal standpoint.

Mr. Pinchot has elaborated 2 protective scheme under State direc-
tion which aims at the solution of the problem by fighting fires at the
outset and stopping them at once. Some system of the kind appears
to be necessary to meet the requirements of vigilant watehfulness and
care in arresting fires before they have gotten a headway, and in
bringing to punishment the offenders who, through carelessness or
possibly malice, start them. The gnaranty of adequate protection is
demanded in order to encourage any individual enterprise in caring
for woodland and in making wood a crop. This protection is a matter
of public care, either local by the township or county or by the State,
The details of such regulations are, properly, subjects of legislative
consideration and enactment in making laws to meet the requirements
of the conditions.

The report on forestry is in course of preparation and is to be given
to the Legislature next year. The want of scientific data on the dis-
tribution of trees in the State and the relation to the geological forma-
tions led to the further engagement of Prof. Arthur Hollick, of
Columbia University, to continue studies of the distribution of the
tree species and to trace the history of migratione and discover the
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causes which have been active in restricting their limits, as well as
the effects of changes in the land and sea within the later geological
epochs, The disappearance of some species from certain districts and
the strange outlines of territory marked by the occurrence of others
are & part of the studies which have been undertaken by him., The
geological divisions of the Btate, in particular the more recent forma-
tions, have been carefully mapped, enabling the Survey to make this
study of the range of species in relation to the geology eminently
practicable.
Professor Hollick’s report is here inserted :

Report of Progress on the Relation Between Geology and
Forestry.

BY ARTHUR HOLLICK.

During the past season the investigation begun last year was con-
tinued along the general lines indicated in my previous report, besides
which several points of special interest received attention,

Several writers have at different times incidentally noted and com-
mented upon the fact that certain species, constituting more or less
well-defined floral aggregates, occupied certain areas or belts, quite
sharply coterminous with certain geological formations, but special
investigations with this fact in view have been rare. The scope of
my inquiry, especially as relating to the State of New Jersey, may
therefore be considered as covering a new field of observation.

With this end in view my investigations were conducted on the
theory that the most important and striking changes in the character
of the vegetation in New Jersey, independent of climatic conditions,
ought to be found in crossing over the outerops of the different geo-
logical formations, or, in other words, in traveling along lines at right
angles to the lines of strike of such outcrops.

In this respect the Btate of New Jersey is particularly well fitted,
as it represents, in & comparatively limited area, a number off different
geological formations whose outcrops extend in a series of narrow
belts across the State in a general northeast and southwest direction,
besides which a large portion of the northern part is covered to a
greater or less extent with a mantle of glacial drift.

Tt is also fortunate, for the purposes of this investigation, that the
outerops do not follow the lines of latitude, as it might then be con-
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dended that the distance north or south of such lines, in other words
dhe climatic conditions and not the geologic conditions, were the canse
-of limitation of certain species,

The more the matter was studied, however, the more evident the
fact became that certain species in their geographic limits followed
lines which were closely coincident with the lines of strike of the
;geologic formations and were independent of the lines of latitude,
and this fact was still further emphasized if the lines of limitation
were extended beyond the State,

The general method of field-work pursued was therefore to start
from some locality where the geologic formation was well represented
:and thence to travel in a direction which would cross the cutcrop of
«<ach succeeding formation, noting the appearance or disappearance of
.any species on the way.

The following sections were thus completed, mostly on foot, but
«wccasionally by horse and wagon :

1. Lakewood to Eatontown, via Farmingdale, passing from Terti-
ary gravel to marl,

2. Farmingdale to South Amboy, via Red Bank and Matawan,
passing from Tertiary gravel and marl across Cretaceous marl and
<lay marl to clay.

3. South Amboy to Metuchen, via Perth Amboy, passing from
Cretaceous clay to Triassic shale, and thence to the terminal moraine,

4. Band Hills (Monmouth Junction) to Farmingdale, via James-
burg and Freehold, passing from Triassic trap or shale, across Cre-
taceous clay, clay marl and marl, to Tertiary marl and gravel.

6. Easton to Belvidere, passing from Archsan and Silurian rocks
to the terminal moraine and extra-morsinic drift,

In addition to the above, the following localities of special interest
avere algo visited :

1. Morristown—Triassic shale, sandstone and trap, Archrean rocks
and terminal moraine, all in a limited area.

2. Trenton—Glacial river gravels,

3. Wildwood, Anglesea and Holly Beach—Recent sea beach and
sand dunes,

4. Bridgeton—Tertiary sandstone (Miocene?) containing fossil
leaves,
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5. Asbury Park—DBuried swamps exposed by the action of the
waves on the beach.

6. Newark meadows—Living bald cypress.

7. Cape May—Occurrence of Pinus Teda.

It was soon ascertained that the most significant facts were to be
found in connection with the more recent formations, and that the
changes noted on the older formations in the northern part of the
State were comparatively few and unimportant. The mechanical
character of the soil seemed to be the most important factor in limit-
ing the distribution of certain species, although other species seem to
exist and flourish under the most diverse of conditions, and to be
independent of soil, climatic and physiographic conditions.

Critical observations were therefore limited to a few well-defined
species which were clearly susceptible to the influence of their en-
vironment. Details in regard to such species will be given in my .
final report.

These investigations, while conducted primarily on account of
their scientific interest, will almost certeinly result in conclusions of
economic importance when the true significance of the facts is fully
understood, showing as they will, the areas over which certain species
attain their greatest natural growth and the probable reasons for it.

Finally, if the study of the fossil floras seems to warrant it, an
attempt will be made to trace the origin of the living flora from these,
and to infer from them the changes which have occurred, and are now
oceurring, which have served to modify and alter the floral elements
from early times up to the present,

THE IRON-MINING INDUSTRY,

Mr. George E. Jenkins, of Dover, has continued his work of col-
lecting notes on the iron mines which have been at work during the
year, and his report is given in Part VL of this Annual Report of the
Survey. The notes in last year’s report were published with a view
to their usefulness in answer to inquiry for iron ores, but the history
of miniog in the State, for 1897, shows that no such inquiry has
developed into any extension of the iron-mining industry, and that
there has been no extraordinary demand for ores. The mines which
were at work in 1896 have been actively worked and the output has
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Leen nearly the same as it was in that year. The continuance of
these mines as steady ore-producing points is evidence of their advan-
tages in nearness to the great markets of the coast and to the anthra-
cite coal region, as well as in the extent and accessibility of their ore
bodies and the richness of their ores. The increasing cost of mining
in some of the great iron-ore producing districts of the country which
now compete with the mines of the coastal belt, and the ever-increas-
ing consumption of iron, must tend to make conditions not less favor-
able than at present, and enable the mines of New Jersey to continue
ag ore producers. If it were possible for the ore-concentrating plants
to become producers on a large scale, the great deposits of lean ores
in this Highlands iron-ore district would help largely in making the
total production of the State again what it was a decade sgo. Indi-
rectly, by the utilization of side products and through adventitious
conditions, they may yet become important factors in the iron-mining
industry. It is to be hoped that the energy and capital put in them
may yet result in successful issue. _

The total output of the iron mines, according to the reports received
through the collection of notes by Mr. Jenkins, amounted, in 1897,
to 257,235 gross tons of iron ore.

CLAYS AND CLAY-USING INDUSTRIES.

The rapid development of some branches of manufacture using
clays and clayey materials and the large increas: in the common
brick or red brick business suggested the importance of collecting
such data as would indicate this development and growth, and in
pursuance of this object, Mr. George E. Jenkins was engaged to visit
the several brick and tile and terra-cotta works and collest notes
on the deposits worked, the extent of works, the number of men
employed and the amount and value of the output. In the traverse
of the State, Mr. Jenkins obtained much important information.
His notes appear in Part VL of this Report. The list of brickyards
and other works using clay is as nearly complete for the counties
traversed as was possible to make it. Important help was had from
“A. List of Producers of Brick, Pottery and Other Clay Products in
New Jersey,” furnished the Survey by the editor of “The Mineral
Industry,” New York. The statistics collected show an extension
of these industries in the southern part of the State and to some ex-

tent in the northern part,
¢
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The Middlesex connty clay district was visited by Prof. William
8. Myers, of Rutgers College, as also the adjacent parts of Monmouth
and Union counties. The list of Professor Myers iz given without
notes. The statistical part is incorporated in the SBummary under the
head of Mineral Btatistics. From the reports by districts it is evi-
dent that the Middlesex county or the Raritan river and Woodbridge
clay district is not producing as much fire-clay and clays for ware
and paper as it did fifteen and twenty years ago, although the decrease
in production has not been at all important or suggestive of a decline
in the business generally. ,

The most notable change is in the utilization of the non-refractory
clays in the maoufacture of vitrified brick, pressed brick and terra-
cotta, and tiles for decorative use as well as roofing-tiles and other
wares of clay.

The large increase in the production of the brickyards is also
notable, and the output of nearly 300,000,000 of common brick
shows the importance to the State of this industry. The superior
quality of the brick which are made for front copstruction and for
interior use and for ornamental decoration also deserves particular
reference in this general notice. The use of shale at the Pittsburgh
terra-cotta works, at Washington, Warren county, iz one of the im-
portant departures from the use of clay in the terra-cotta and
structural brick manufacture in the State.

In the southern part of the Btate the large works at Winslow con-
stitute an important feature in this development. The works at Clay-
ville, near Vineland, and at Mays Landing also may be mentioned.

That there are other large deposits of clay in the southern part of
the State, yet undeveloped, is well known. The clays of the Miocene
formation referred to in previous reports, extending from the ocean
southwest to Delaware bay, crop out at many points and some of them
are near tide-water and railway lines.

These lists of brickyards and other clay-using works and these
notea of Mr. Jenkins are given as preliminary to a survey of the clay
beds and deposits and a report on them and their use in the arts and
industries of the country. It iz hoped that they may elicit such
criticism and suggestion as may tend to help the work of making an
exhaustive report within the next two years.

v
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CHEMICAL WORK,

The chemical work of the Survey has been done by Prof. William
8. Myers, at Rutgers College. He has examined several fine sands
with reference to their value as filtration material for city water;
made aseays of pyrites from near Boonton ; partial analyses of earth,
supposed to be umber; nickeliferous earths from West Portal ; rocks
from mica mine near Pompton, and quartz from Trenton.

As the Survey has no laboratory, no complete chemical analyces
are made, but such partial determinations only, as may indicate the
value of natnral products for uses in the arts,

GEQLCGICAL ROOMS,

The Geological Collections of the Burvey remain in the third-story
room of the rear extension building of the Btate House, The min-
erals which were at the World’s Columbian Exposition are to be
arranged in table cases in this room, and Mr. W, F. Ferrier, formerly
on the staff of the Geological Burvey, now Mineralogist to the Geo-
logical SBurvey of Canada, has been engaged to arrange the mineral-
ogical collections and to secure additional specimens to fill gaps in the
representalion of minerals from the State. His experience in museum
technique, and his acquaintance with localities of occurrence in New
Jersey, and his thorough knowledge of the subject, make the engage-
ment one promising the best results. The scanty collections and the
inferior character of many of the specimens belonging to the State, as
compared with the many beautiful New Jersey minerals in private
and in other public collections, suggest the enlargement of the Burvey
collections and a better representation of the mineral localities of the
State.

PUBLICATIONS.

The publication of the year was the Annual Report for 1896.

Of the Final Report Series, Volume IV. is in press and nearly all
printed, This report on the physical geography of the State is the
work of Professor R. D. Salisbury, and is adapted to the use of the
stadents in the high schools and academies and colleges of the State,
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The relief map which is to accompany it is printed, and a few copies
are distributed in advance of the text. The map is designed to fill
a place in every school-house in the State. It is a graphic picture of
the relief of the surface, and shows the shape of the country, with
its hills, mountains, table-lands, valleys and plains, and the courses
of the streams draining these forms of the land surface. The dis-
tribution of the map among the public schools of the State is desired
in order to its largest usefulness to the people. The appendix con~
sists of valuable tables of elevation, geographical position, areas and
msagnetic declination, reprinted from Volume I, of this series of
reports, revised and prepared for publication by Mr. Vermeunle. The
edition of Volume I. is exhausted, so that the new volume will fill
the place of that one and save the cost of reprinting.

The demand for the publications of the Survey continues to be as
active as ever, and some of the editions of earlier reports are nearing
exhaustion,

The sales of the topographic maps amounted to $400 for the year.
The maps are sold at twenty-five cents a sheet.

BETAFF OF THE SURVEY.

Pror. RoLuiN D, BALIBBURY is in charge of the survey of the
Burface Formations. He is assisted by G. N. KNaPP.

HEeNRY BarNARD KUMMEL, of Lewis Institute, Chicago, has con-
tinued the surveys of the Red Sandstone or the rocks of the Newark
Bystem.

CornEL1s C. VERMEULE, Consulting Engineer and Topographer,
hag directed the topographic work and made the report on Hacken-
sack meadows. PETER D. SBTAATS is assistant.

In co-operation with the United States Geological Survey, Dr. J.
E. WoLFF has continued the studies on the crystalline rocks of the
Highlands,

IrviNg 8TROXRG UPrsoN, at New Brunswick, has charge of the
gales of the maps and is the disbursing officer of the Survey.

HatrieLD Burra is general assistant in the office and geological
rooms, Trenton.
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PABSAIC RIVER DRAINAGE.

BY GEQRGE W, HOWELL.

An act to provide for the drainage of lands was passed by the New
Jersey Legislature and approved March 8th, 1871, The act provides
that the Board of Managers of the Geological Survey, on application
of owners of lands subject to overflow, may examine such lands and
canse surveys to be made, and shall devise 8 plan or system of drain-
age for the same, and report such surveys and plans to the Supreme
Court of the State, The court, after due notice and hearing, shall
then appoint three Commissioners whose duty it shall be to carry out
such system of drainage as devised by the Board of Managers and
approved by the court,

After the completion of the work the Commissioners are to assess
the cost of the same upon the lands and proceed to make collections.

In case lands are taken for the improvement, or water-power dam-
aged or destroyed, the Commiesioners are to appraise such damages
and add the eame to the cost of the work to be assessed on the lands
embraced in the scheme.

To enable the Commissioners to carry on the work they are author-
ized to borrow money on bonds issued by them and to pledge for the
repayment of such bonds the assessments before mentioned.

A supplement, passed in 1877, permitted the Board of Managers to
alter or amend the system of drainage,

The Board of Mansgers adopted & system of drainage devised by
the late Dr, Geo. H, Cook, State Geologist, and reported the same to
the SBupreme Court. The plan was approved and three Commission-
ers were appointed in 1873. The Commissioners had about closed
negotiations with & certain party who promised to take bonds at par
and advance the money to do the whole work and pay all damages,
but the great financial depression of that year suspended all
operations,

The scheme was revived in 1886. One Commissioner had died in
the interval and another had resigned on account of age and infirmity.
To fill these vacancies two new Commissioners were appointed in
March, 1886.

The new board organized on May 14th by appointing Caleb M.
Harrison, of Essex county, President ; George W. Howell, of Morris,
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Secretary, and Jacob H. Blauvelt, of Passaic, Treasurer. During
the summer and fall of 1886 the Commissioners held many sittings
to hear testimony in relation to the amount of damages sustained by
the Beattie Manufacturing Company, at Little Falls by the proposed
lowering of the dam of the said company seven feet, as contemplated
by the acheme adopted.

In December the Commissioners made appraisement of such dam-
ages in the sum of $55,000. From this award appeal was taken and
numerous sittings were held in hearing the appeal.

Pending the trial of the appeal a modified plan was proposed and
diecussed, and under the advice of the State Geologist and with the
approval of William E. Worthen, Consulting Engineer of the Com-
mission, was finally agreed to by the parties in interest, The new
plan was adopted by the Board of Managers and approved by the
Bupreme Court,

The principal departure from the original plan affects the work at
Little Falls only. The first plan involved the payment of damages
to the Beattie Company and the reduction of the dam at the expense
of the Commirsioners. By the modified plan no damages were to be
paid, the dam was to be reduced in height twenty inches and a gate-
way equivalent in capacity to a rectangular orifice twenty-five feet
wide and sixteen feet deep was to be constructed in the dam, to be
operated in times of freshet, and all at the expense of the mill-owners,
The Commissioners, however, were to provide a free flow below the
dam to make the gates effective.

Both plans contemplated the removal of two rock-reefs at Little
Falls, above the dam, a bar of earth and boulders at Two Bridges
and a cut-off channel at Pine Brook.

The Commissioners then proceeded to issue bonds and place them
on the market, Bids were solicited for the work, to be paid for part
in cash and part in bonds. Seven bids were received and the work
was let to Alfred B. Nelson, of New Brunswick, at fifty-five per cent.
cash and forty-five per cent. in bonds, Mr. Nelson began the work
in the summer of 1889.

Boon after the work began the Commissioners, as well as the entire
Btate, sustained the great loss occasioned by the death of Dr. Cook,
the State Geologist, whose brain had conceived and whose guiding
hand had thus far directed this among many other schemes for the
public benefit.
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In February, 1890, Mr. Nelson surrendered his contract and was
relieved from the further prosecution of the work. For several
months the work was carried on by the Commissioners, until in Sep-
tember, 1890, a contract was made with the Morris & Cumings
Dredging Company, of New York City, for the removal of the rock
below the dam at Little Falls. They commenced work in Qctober,
1890, and prosecuted it continnously till April, 1892, when their
contract was completed.

Further legislation was considered desirable. A bill was intro-
duced in the Legislature during the session of 1893, but it was
crowded out by the press of other business, It was passed, however,
at the next session, and in the summer of 1894 bids were solicited
and received for completing the work, These bida were, in the judg-
ment of the Commissioners, too high to warrant their favorable con-
sideration and they were consequently rejected. Since that time
nothing has been done further than arranging the terms of the final
settlement with the Morria & Cumings Dredging Company.

The territory embraced in the scheme of drainage extends along
the Passaic river and its tributaries for over twenty miles above Little
Falls and comprices over thirteen thousand acres. These lands are
gituated in the townships of Millburn, Livingston and Caldwell, in
Essex county; in Chatham, Hanover, Montville and Pequannock, in
Morris county ; and in Wayne and Little Falls, in Passaio county.

The work already done has cost as follows :

By Alfred B. Nelson ..ocvcccrieecrivicrnnnisiserees cossneieverane $4,304 59
By the Commissioners...ccceaccs cvrrveissciserierseereeimsnenans 2,882 12
By the Morris & Cumings Dredging €0 ......cccvuveerveennns 04,689 00

Total e ivrreierriiisiniiniiins rrcirrvere e e $101,875 71

The work remaining to be done consists of about 3,000 yards of
rock at Little Falls, blasted, but not removed from the bed of the
river; 6,000 yards of rock not yet disturbed; 30,000 yards of earth
and boulders at Two Bridges, and 50,000 yards of muck and clay
at Pine Brook. This will cost probably $50,000.

The Commissioners have from the first met with difficulty in plac-
ing their bonds, first from the nature of the bonds themselves, being
guaranteed only by the lands affected, and second, through the in-
imical influence of opponents to the scheme. Certain large expected
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gales failed of accomplishment, it is believed, from this latter canse.
Third, owing to the stringency in the financial world, bonds of this
character could not be active when high-grade securities moved but
slowly.

Certain parties interested in the meadow lands have attempted to
revive the old plan of changing the course of the river from Pine
Brook to the Deepavaal, and have advocated the abandonment of the
scheme adopted. At the very beginning this plan was most carefully
considered by the Geological Survey and discarded by them. Later
examinations and calculations have only tended to confirm the wisdom
of their decision.

The unavoidable delays in the prosecution of the scheme are greatly
to be deplored, and it is the earnest wish of the Commissioners that
they may be able to complete the work, now more than two-thirds
finished, during the coming season.

It is a matter of congratulation that a revival of interest in the
scheme is manifested by the appointment of a committee of the land-
owners, whose purpose it is to aid the Commissioners in the placing
of bonds and in any other way possible for the successful carrying
out of a plan, which, when finished, will undoubtedly reclaim thou-
sands of acres of valuable land, and moreover will exert a salutary
influence on the sanitary condition of the territory in question and
also on the surrounding regions.
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SURFACE GEOLOGY.

Report of Progress, 1897,

ROLLIN D. SALISBURY.
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MAP OF THE SURFACE FORMATIONS.

The work of preparing a geological map of the surface formations
of New Jersey was undertaken by the Survey some years since.
Reports showing the progress of this work have been made from
year to year since 1891, and published in the annual reports of the
8iate Geologist. With the field season of 1897, the field work
necessary for the preparation of such a map was essentially com-
pleted. The whole area of the Btate has been studied with this end
ir view, and a very large body of facts gathered, The work has
oot been prosecuted with equal detail in all parts of the State. In
tracts which are thickly settled, that is, where the land is cleared and
utilized, there are frequent exposures resulting from the excavations
ircident to culture. In such regions the study of the surface is more
ensily prosecuted, both because of the exposures, and because the
absence of forests allows the surface to be more easily seen. At the
same time the value of the land in these tracts is such as to warrant
cureful work, and here it has been carried on in relatively great
detail. In forested regions, on the other hand, where the population
is sparse and excavations few, the returns for the time spent in inves-
tigation are so meagre, that, considering the relatively slight value
of the land, and the slight use that would be made of the data
gathered, it has not been thought wise to prosecute the work in the
seme detail. Ioven here, however, the surface has been studied with
sufficient care to gather essentially all the data now available con-
cerning the surface formations. The only way in which more
e:aborate results could be obtained would be by making an elaborate
series of excavations, and the results would hardly warrant the
andertaking,

In the prosecution of the study of the surface formations of the
State, some of the problems concerning the origin and relations of
the surface formations have been defined and settled in a satisfactory

(8)
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manner. For the solution of ether problems conmected with the
same formations, the available data have been found to be far less
gatisfactory, and all conclusions based upon them must be looked
upon as open to question, While they may be as mature as the
present data warrant, it is possible that fuller investigations in the
future may reveal facts and relations which are as yet undiscovered..
In the pine districts of the southern part of the State, for example,
extensive excavations might throw much additional light on the
problems which are there presented. While therefore some of the
problems connected with the surface geology of the State have been
worked out, others must for the present remsain open. Even in these
cases, however, it is believed that the problems have been recognized,
and that the lines along which their final solution must lie, have
been defined. This is often the most serious and important part of
an investigation,

The difficulties encountered in the study of the surface formations
are such a8 must always be found in this sort of work. They have
been found to be greatest in the southern part of the State, This is-
partly, but not wholly, the result of the lack of exposures. In addi-
tion, the surface formations are usually very thin, and made up
largely of unconsolidated sand and gravel, These materials are not
favorable for the preservation of fossils, even if they were once
present, so that this great aid in the correlation of formations cannot
be made use of. Again, most of the surface formations have been
largely derived from the older beds which immediately underlie
them, The underlying formation, after exposure to the action of
subserial agencies, was submerged beneath the sea, and the new for-
mation represents the deposits made during submergence. It consists
of the materials of the older formation, worked over, re-arranged, and
finally deposited on their parent formation. If a formation origina-
ting in this way be elevated above the sea, exposed to erosion and
again submerged, its surface parts might be again worked over by
the waves and deposited anew, constituting another and younger for-
mation. Such a formation, made up of the old materials deposited
anew, and in much the same place as before, may so closely resemble
the formation from which it was derived, as not to be readily dis-
tinguished from it. If this process be repeated a number of times,
the complication becomes great, and the differentiation of formations
having this origin cannot always be made on the basis of their con-
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stitution. This is exactly what has taken place in the Coastal plain
of New Jersey.

Again, over considerable areas, the surface formations have been
much eroded since the deposition of the last, and the shifting of
surface material incident to erosion has helped to complicate still
further a series which was already complex. Add to these considera-
tions the fact that in some parts of the State exposures are rare and
-data unavailable, and this in areas which are crucial, and some con-
-ception of the difficulties of differentiation may be gained.

The chief reliance for correlation has been on the basis of the
physical constitution of the several formations, and on their topo-
graphic relations, These two lines of evidence are often so related
to each other that their united weight is much more than twice as
great as that of either one, but sometimes one or the other is inappli-
cable. From the topographic relations and constitution of fragments
of formations now widely separated, community of origin may often
be inferred with a high degree of probability, and in many cases with
absolute certainty. This mode of correlation (homogeny) is not alto-
.gether new, and no elaim of priority in ite use is set up. The method
has been recognized by others at various times in the development
-of geological science, but especial emphasis has been laid upon it of
late years by McGee* in his study of the Coastal plain farther south.

The accompanying mapt shows the general distribution of the
surface formations of the State as now interpreted. The map is on
so small a scale that many details are necessarily omitted, but the
general relationships are made clear. To meet the requirements
imposed by statute on the Survey, the map is prepared before a com-
plete study of all the data gathered has been possible, and is subject
to alteration in the light of such study. It is meant to give an
approximate idea of the relations of the surface formations as they
are now interpreted, and in spite of the possible changes of interpre-
tation in the future, will not give an erroneous idea of the general
relationships,

The following pages are devoted to a brief description of this map,
the several areas being referred to in the order of their age, This is

*McGee, Am, Jour. Sci., 3 ear., vol. 40, 1890, pages 36--41.

1The detailed work on which this map is based has been targely done by Ges. N,
Knapp, for the Coastal plain, and by Dr. H. B. Kiimmel and Mr. Charles E. Peet,
for the area north of the terminal moraine of the lnst glacial epoch,
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not to be understood to mean that the area first deseribed is neces-
sarily the oldest part of the State, but rather that it is that part of
the State where the formations which now lie at the surface are oldest.
Generally speaking, the northern part of the State is older than the
southern, but the surface formation in the northernmost part is one
of the youngest within its borders. Possible departures from chrono-
logical order, even so far as the formations at the surface are con-~
cerned, are noted in their appropriate places.

THE PRE-TRIASSIC AREA,

That part of the State where the formations now existing at the
surface are oldest, is the area colored dark green (1), covering parts of
Hunterdon, Warren and Morris counties. This is the ares where the
older formations (Paleczoic and pre-Paleozoic) of the State have
either never been covered by younger beds, or where such overlying
beds 23 once existed, have been worn away by erosion. This does
not mean that the solid rocks of Paleozoic and pre-Paleozoic age
are bare within this area, but that these rock formations are covered,
if covered at all, only or chiefly by the soil which has resulted from
their decay, The question may perhaps be raised whether the
residuary soil of a region should be represented on a map showing
the surface geology. The underlying rock is close beneath, and
would be represented on a map showing the sub-surface forma-
tions. In answer to such question, should it be raised, it may be
said that these old formations and their residual products are at the
surface, and therefore should be represented on the surface map. The
alternative would be to leave the areas blank, On the map no dis-
tinction is made between the several formations of the great groups
included within this area.

In the decay of rock, many processes are at work, but the chief
among them is the abstraction of their soluble elements by the water
falling upon and percolating through them, The abstraction of the
goluble elements serves to break up the rock, and the insoluble parts
remain behind, constituting the mantle (goil and subsoil) which now
overlics the solid rock. Not all the insoluble residue which has
resulted from the surface decay of rock formations remains at the
surface, but only the excess of that which has been formed, over that
‘which has been carried away by erosion,
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Within the area under consideration, the process of decay has been
going on for a long period of time, a period which is, perhaps, to be
reckoned by millions of years. It is not to be inferred, however, that
any part of the mantle rock (soil and subsoil) now remaining in this
area is necessarily millions of years old. It is poseible that all pro-
ducts of decay in the distant past have been carried away by erosion,
and that all which now remain are the product of decay within
relatively recent times, On this point, however, it is impossible to
speak with certainty. It is quite within the range of possibilities
that the mantle rock, as such, within the area of very old formations,
is younger than the formations now exposed at other points within
the State. For example, it is quite possible that the Cretaceous for-
mation, which comes to the surface over a considerable area, was
deposited at a time much farther back in the past than that which
marks the origin of most of the residuary earths on the surface of
the area under consideration, While the residuary earths (or mantle
rock) of this area are being continually removed from the surface by
wind and water, they are being constantly renewed below by the
decay of the rock beneath them. In some places and at some times
the first process goes on more rapidly than the second; in other
places and at other times the reverse is the case. When the area .
under consideration is represented, therefore, as having the oldest
gurface formations, the adjective is to be understood to refer to rock
beds, not to the mantle rock arising from them.

It is probable that at least some parts of this area were once
covered by younger formations. It can hardly be doubted that the
Triassic beds once extended northwest of the line which now marks
the boundary of that formation, and that it has since been eroded
from such area, It is probable that another formation (the Beacon
Hill) now restricted to areas further south, once reached the borders
of this area at some points. It is certain that at least one still
younger formation (the extra-morainic drift), now largely carried
away by erosion, was somewhat generally spread over it. From the
fact that this drift has been so largely removed, it is clear that large
amounts of mantle rock arising from the decay of the underlyiog beds
may also bave been carried away during the same time,
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THE TRIASSIC AREA,

The area where the surface formation is next in age is that where
the Triassic beds come to the surface. This area lies immediately to
the southeast of the preceding, occupying parts of Hunterdon,
Mercer, Somerset and Middlesex counties, colored light green (2) on the
accompanying map. The area thus designated means that within it
the Triassic rock, or the residuary earths which have come from its
decay, lie at the surface. If*they are covered at all, it is so thinly
that the material derived from the Trias controls the soil and sub-
soil. The Triassic or Newark system is made up of various sorts of
beds, including both sedimentary and igneous rocks,* but the whole
are here grouped fogether.

This area differs from the preceding in two or three points which
are worthy of mention. In the first place, the basal formations are
considerably younger, and their exposure dates from a later time.
The mantle of residuary earth is on the whole thinner than that of
the preceding area, but this is not because of the lesser duration of
its exposure, so much as because the rock decays less readily, and
because the residuary earths arising from the decay are more easily
carried away. As in the preceding case, it is improbable that any of
the mantle rock now remaining within this area dates from the early
part of the exposure of the underlying formation. The remarks
made above concerning the age of the mantle rock of the pre-Triassic
formations, are equally applicable here.

Unlike the preceding area, the Triassic has been very largely
covered at some time by some of the later formations. Much of it
was covered by the Cretaceous beds or some portion of them, and
a still larger part by the Beacon Hill formation. In still later time,
considerable areas of the Trias were buried beneath the Pensauken
formation, and remnants of it are still seen (see map) at various
points within the general area here under consideration. Where
these younger formations have been essentially removed, traces of
their former existence, too inconsiderable to map, are frequently seen.
Except for remnants appearing on the map, the younger formations
once covering the Trias have been carried to the sea in subsequent
time by subsrial erosion. When they were carried away, the rela-

*See Report of Dr. Kiimmel, Part IT, of this volume.
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tions of land and sea were not what they now are, and some of the
sediment deposited in the sea at the time of its erosion from the land,
was deposited on areas which have subsequently become land.

Within this area, the soil is relatively thin, and rock exposures
may be seen along almost every valley and on nearly every slope
where the angle of inclination is considerable. Flat areas only are
covered with a mantle sufficiently thick to effectually conceal the
underlying strata, and this is true whether the underlying formation
is shale, sandstone, conglomerate or trap.

THE CRETACEOUS (AND EOCENE) AREA,

The third area is that where the Cretaceous beds, and small areas
of Eocene appear at the surface, or where they have so slight a
covering of later material that they, or the products of their decay,
control the character of the surface. It was with the deposition of
the Cretaceous beds that what may be called the modern geological
history of New Jersey began. The strata of the older formations lie
at various angles, and show that they have been much warped and
twisted in the dynamic movements to which the northern part of the
Btate has been subjected since their deposition; but the Cretaceous
beds still lie in an approximately horizontal position, and their rela-
tions to the preceding and succeeding formations are such as to show
that the central and southern parts of the State have not suffered
great dynamic movement, beyond mere uplift and subsidence, since
these beds were deposited. These as well a3 all succeeding beds have
a gentle dip in a general southeasterly direction. No attempt is
made on the map to distinguish between the various subdivisions
of the Cretaceous system,

1t will be seen from the map that the Cretaceous beds, colored yellow
green (3) on the map, come to the surface principally in a broad belt
running from Raritan bay southwest nearly to Salem, and occupy-
ing parts of Monmouth, Middlesex, Mercer, Burlington, Camden,
Gloucester and Salem counties, The northwestern part of this area
occupies the lowest belt which crosses the State from east to west,
Roughly speaking, the Cretaceous area is the lowest, outside the
Delaware valley, along the line of junction of these beds with the
Triassic. From the line of this junction the exposures of the Creta-
ceous attain a higher level to the southeast. They, therefore, occupy
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much of the low belt between the head of Raritan bay and Borden-
town, together with the slopes which rise above it to the southeast.

Within this belt, as the map shows, the Crefaceous beds are fre-
quently covered for large or emall areas by rempants of later for-
mations, and where the Cretaceous beds are exposed, it is because the
younger beds which once overlay them bave been carried away.
Even within the area here mapped as baving the Cretaceous beds at
the surface, traces of these later formations, too unimportant to map,
are sometimes seen, It is probable that no part of this formation
now exposed has been at the surface continuously since its depo-
sition. At least one of the younger formations (the Beacon Hill)
appears to have covered not only all of it, but, as already noted,
most of the Trizs as well. At a much later time, at least one (the
Pensauken) and perbaps two (the second being the Bridgeton) later
formations also covered much but not all of the area where the
Cretaceous beds are now exposed. The subsequent discovery of the
Cretaceons in the result of erosion, which has spared numerovs
remnants of these later formations, the larger ones being chown on
the map.

Southeast of the belt where the Cretaceous appears at the surface
it dips to the southeastward beneath later formations, and is con-
cealed by them.

THE MIOCENE AREA.

The Miocene formation appears at the surface in a belt lying
southeast of that where the Cretaceous beds are exposed, and rune:
from Monmouth county on the northeast, through Ocean, Burling-
ton, Camden, Gloucester, Salem and Cumberland counties. As will
be seen from the map, the belt where the Miocene appears at the sur-
face is moch wider in Monmouth, Ocean and Burlington counties,
than in those further south. This means that within these counties
it has been more widely uncovered by the removal of the younger
formations which once overlay it.

In preceding reports the question has been raised as to the separs-
tion of the Miocene from the Beacon Hill formation next succeeding.
Even now it is not certain that they should be separated. If not,
the Beacon Hill formation is to be looked upon as the youngest of the
Miocene beds, In any case it seems practicable to separate this
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youngest bed, which is generally gravel, from those of greater age,
even though all be Miocene.

The areas where the Miocene beds come te the surface are in part
areas of steep slopes. This is especially true in Camden, Gloucester,
8alem and Cumberland counties, where they appear on the slope of
the escarpment which marks the drop from the higher lands on the
east to the low lands bordering the Delaware, In Monmouth and
Burlington counties, where the formation is much more widely
exposed, it i3 by no means confined to steep slopes, but occupies con-
giderable divides as well. The Miocene sands also come to the sur-
face in some of the deeper valleys, as in the vicinity of Millville,
where the overlying formations have been cut away.

Like the Cretaceouns, the Miocene (exclusive of the Beacon Hill
formation) was once completely covered by later beds, and its present
exposure is the result of their removal. While the map shows the
area where it appears at the surface, it is not to be understood that
this is the limit of the formation, The northwest line of exposure
marks the limit of its northwestern extension at the present time,
though it once extended farther in this direction; but to the south-
east of the belt where it is exposed, it dips beneath the younger for-
mations which effectually conceal it, and extends out to and beyond
the borders of the State. This formation, like the preceding, but
unlike most of those which follow, contains fossils at many points.
While the position of the beds is not such as to show at any par-
ticular point that they are unconformable on the Cretaceous, their
stratigraphical relation to the variouns members of the Cretaceous
series shows them to be so,

At many points within the area marked Miocene on the map,
yellow (4) color, there are traces of some overlying formation which-
has been chiefly removed. In a few places, considerable patches of
the later beds still remain. 8uch patches are usnally found capping
considerable elevations.

THE BEACON HILL AREA,

The Beacon Hill formation is not known to be unconformable on
the Miocene, and may represent but the last phase of the deposition
of that period. On the other hand, it appears to have beern more
widespread than the earlier phases of the Miocene, as if at this time
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increased subsidence snbmerged considerable areas not covered by the
waters of the earlier Miocene seas.

The areas where the Beacon Hill formation is now exposed, or but
very thinly covered, are shown on the map, and in some cases, especi-
ally in Monmouth county, the areas are seen to be widely separated
from one another, This separation is primarily the result of erosion
which has carried away the formation from the areas which now
separate its remnants. The northwestern limit of the area where
these rempants occur by no means represents the northwestern limit
which the formation once attained, for it spread to the northwest
not only completely over the underlying Miocene, but over all the
Cretaceous beds as well, and over a large part of the Newark
{Triassic) system, perhaps even reaching the crystalline rocks them-
gelves at some points,

Along the northwestern border of the area where the Beacon Hill
formation outcrops, it constitutes the summits of the most consider-
able elevations of southern New Jersey., Thus it caps the Navesink
Highlands, the Mt. Pleasant hills, the Clarksburg-Perrineville hills,
ete. 'Within this belt, the elevations of the bases of adjacent patches
of the formations are harmonious with one another ; that is, if at one
point the base of the formation has an elevation of 300 feet, at other
adjacent points it has an elevation essentially the same, Carried
over broader atretches it may rise or decline. Not only are the
highest elevations of southern New Jersey capped with this formation,
but the formation helps to preserve them; for it consists largely of
loose gravel, which, being open and porus, allows the surface waters
to sink in readily, instead of running off over the surface. This is
one of the conditions under which hills suffer little reduction. In a
*few localities the gravel is cemented by iron oxide into a firm con-
glomerate, and this, being very resistant, gives permanence to the
tops of the hills. To the southeast the formation is much less largely
composed of gravel than to the northwest, In the former areas it
was further removed from the sources of gravel at the time of its
deposition. It here contains more sand, and even considerable beds
of clay.

Within the area here mapped as Beacon Hill, it is possible,
perhaps probable, that there is a somewhat widespread but thin
and discontinuous formation of later age. If so, it has not been
differentiated with certainty from the weathered products of the
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Beacon Hill formation itself, though at some points the differentia-
tion is not difficult. Its interpretation, even where it is distinct, is
open to question. It may perhaps be simply the alluvial product
which has been left on the surface in the course of stream erosion, a
process which always leaves more or less such material on the sur-
face, especially on a surface brought down to or toward a base-level,

Like all other formations from the Cretaceous on, the Beacon Hill
formation declines to the southeast, and passes under the later bedas,
Unlike the last two formations which have preceded, it was prob-
ably never completely covered by younger beds. This is true of
the high remnants in Monmouth county, and perhaps some areas
further south. Elsewhere it was probably completely covered by
younger beds, which in considerable part, have since been removed
by erosion.

THE BRIDGETON AREA,

The Bridgeton formation appears, as will be seen from the map,
in a series of isolated patches, sometimes large and sometimes small,
lying southeast of the belt of the Miocene outcrops, Its areas are in
general small in Ocean, Burlington and Atlantic counties, and
larger in Camden, Gloucester, Salem and Cumberland. The now
dissevered areas are parts of what was once a continuous formation,
and its dissection into remnants is the result of stream erosion.

The differentiation of the Bridgeton formation has been long in
mind, though data for its sharp definition have been wanting. Even
now they cannot be said to be altogether satisfactory. In some places
the formation seems not to be clearly separable from the Beacon
Hill formation which preceded, while in others it is not easily dis-
tinguished from the Pensauken which follows, In other places, on
the other hand, it is distinctly separable from the Pensanken, and
in still others from the Beacon Hill. The only question, therefore,
concerns the integrity of the formation as a whole, and the data at
hand do not demonstrate that that part of the formation which seems
to be closely allied to the Beacon Hill formation is not really a part
of that formation, and that that part which is with difficulty sepa-
rated from the Pensaunken, is not really Pensauken. On the other
hand, these two parts, the one of which seems to have affinities with
the Beacon Hill formation and the other with the Pensanken, seem
to belong together, The mapping here given is therefore that which
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seems to be best supported by the data now in hand. Were there
more numerous and more extensive exposures in the localities where
the relations of the formations are presumably best shown, more cer-
tain conclusions conld perhaps be reached.

The area where the Bridgeton beds might with some show of
reason be referred to the Beacon Hill formation lies west (northwest)
of the northeast-southwest divide running through the Coastal plain
of New Jersey; the area where it is with difficulty separated from
the Pensauken lies (east) southeast of this water shed. The former
area is chiefly west of the New Jersey Southern railway, the latter
east of it

In constitution the Bridgeton formation differs somewhat both
from the Pensauken and from the Beacon Hill, though the difference
is not always great. In general it is a gravel formation, though it
containg both sand and loam, and occasionally clay. In constitution
it may be said to vary within certain fixed limits, these limits being
the constitution of the Beacon Hill formation on the one hand, and
that of the Pensanken on the other. These relations are easily
explained where it was derived chiefly from the preceding formation,
and where the succeeding was derived chiefly from it, It is unlike
the Beacon Hill formation in containing bits of iron stone derived
from the Cretaceous, or from the Beacon Hill formation iteelf; it is
like it in containing much decayed chert which gives it the appear-
ance of great age. In general it may be said to contain any sort of
material which the Beacon Hill formation contains, and some which
it does not. It is therefore most clearly separated from the next
older formation by its constitution. But occasionally its constitation
closely approaches that of the Beacon Hill formation, and where its
topographic relations are at the same time indecisive, its differentia-
tion is uneertain.

From the Pensauken, on the other hand, it is most clearly sepa-
rated on topographic grounds, especially in the western part of the
State. Here the Bridgeton beds lie at a level distinctly above that
of the Pensauken beds, the latter being restricted to the low area
west of the.Miocene escarpment. The topographic relation of the
formations indicates a long interval of erosion between their deposi-
tion.*

This is the formation which on the whole has most resemblance to

*See Annual Revort for 1896, pages 11, 12,
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the Lafayette formatien further south. In earlier reports it was
believed to be one with the Pensauken. In that for 1896 its dis-
tinction from the Pensauken was affirmed, and its affinity with the
Beacon Hill suggested. Some idea of the former extent of the
Bridgeton beds may be gained if all existing remnants of it be con-
ceived to be extended until they merge into one another, bridging the
areas intervening between the existing remnants, It is believed that
the formation extended much less far north than that which preceded,
though the original limits are probably not determinable,

It is altogether possible that some of the areas mapped as Bridge-
ton, west of the New Jersey Southern railway, may prove to be
Beacon Hill instead, and that some of the areas east of that line may
prove to be Pensauken, The distinction in the latter area is based
almost wholly on topographic grounds.

THE PENSAUKEN AREA,

Unlike the preceding formations, the Pensauken, as will be seen
from the map, is found at the surface in two principal belts, instead
of one. Oane of these runs across the State in a northeast-sonthwest
direction from the head of Raritan bay nearly to Salem; the other
runs along the east side of the Btate from the vicinity of Asbury
Park to Bridgeton. The former belt is narrow and clearly defined,
and within it the formation occurs in a series of closely-associated
patches, some of which are large and some small ; the latter belt is
wider and less well defined, the patches of the formation being more
widely separated.

Aside from these two main belts, there are isolated remnants of the
formation lying farther north. North of the Raritan river there are
remnants in the vicinity of Somerville, Raritan, Metuchen, Piain-
field and Merchantville (near White House). It is possible that
there is a single remnant still farther north, but its correlation is
uncertain. 8outh of the Raritan there are also remnants near
Neshanic and Mililstone.

It will be scen that in the first of the preceding belts, the Pen-
sauken lies chiefly along the northeast border of the Cretaceous
beds, and to a lesser extent on the Brunswick shales of the Newark
system. Where it lies on the Cretaceous, it is where the surface of
the latter formation has but a slight altitude. Where it les on the
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Trias, it is likewise where that formation is low, namely, along its
southeastern portion, Thus it will be seen that the formation is
distributed along the central trough of the Btate already referred to
as running from Raritan bay to Bordentown, and thence southwest
along the Delaware to S8alem. North of the axis of this trough rises
the slope of the Trias, on which there are remnants of the Pen-
sauken ; south of it rises the slope made up of the higher beds of the
Cretaceous, on which likewise there are remnants of the same forma-
tion. In both directions from the axis, the Pensauken seems to be
limited by increasing altitude.

Within the low belt where the remnants of the Pensauken are
abundant, the formation usually caps the crests of such minor eleva-
tions as the slight relief of the region affords. It is found on the
Iow hills and ridges, and covers the broader areas where the surface
is flat, and distinctly above the valleys; that is, the areas which
have pot been dissected by erosion since the Pensauken beds were
deposited. This distribution of the Pensauken clearly points to the
fact that the formation was laid down before the present relief was
established, and the general absence of the formation along the lines
of the present valleys shows that it has there been cut out by erosion
since its deposition. An approxzimate idea of the original distribu-
tion of the formation along this belt may be obtained by conceiving
the whole area within which the remnants occur to have been unin-
terruptedly covered by it. The formation probably extended con-
giderably north of New Brunswick, covering the wide, low Triassic
plain south of First mountain. It did mot cover Rocky hill or
Bourland mountain, or any of the higher Triassic areas in that part
of the State. It probably extended a considerable distance north of
the Raritan in the eastern part of the State, but its original limits in
this direction are not now determinable. It also extended east over
parts of Staten and Long Islands.

In the vicinity of Trenton it appears never to have risen above
the levels which are now 130 feet above tide; in the vicinity of
Somerville its upper limit appears to have been nearly the 180 foot
contour, On the southeast side of the trough, its maximum altitude
is somewhat greater, showing greater uplift since its deposition.

As the map shows, the formation extended across the Delaware
into Pennsylvania, and has a wide distribution in the vicinity of
Philadelphia. It is well exposed about Germantown Junction, and
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constifutes what was known by Lewis as the  Red Gravel” of
Philadelphia.* Its upper limit southwest of Trenton, and in the
vicinity of Philadelphia, is at an elevation of 120 to 130 feet. The
formation was deposited beneath the water, and the foregoing figures
concerning its altitude simply indicate the height to which the shores
of the waters of the Pensauken period have since been brought in
this locality.

Along the southeast margin of the northwesterly belt of Pensau-
ken remnants the formation probably never extended much beyond
(southeast of) the outlying remnants as now seen, When the forma-
tion was deposited, there wag therefore a long island running through
southern New Jersey, from Monmouth county on the northeast,
nearly to the mouth of the Delaware west of Bridgeton. On the
eastern (southeastern) side of this island, the sea water seems to have
been shallow; but the sea extended in from the coast approximately
to the line of the New Jersey Southern railway. Over much of the
area east of this line, the formation has since been removed by
erosion. In all the area of its original distribution in this part of
the State, it probably covered the Bridgeton, or such part of it as
erosion had not removed before the deposition of the younger forma-
tion. It will be remembered that it is in this area, southeast of the
railroad indicated, that the Pensauken and Bridgeton are distin-
guishable only with difficulty, and that for this area the chief
criterion for discrimination is topographic. The remnants of the
formation which now exists were doubtless once continuous with one
another.

The Pensavken formation, as indicated by its constitution, was
probably contemporaneous with an early glacial epoch (Kansan or
Albertan).t The extent to which it has been removed by erosion
and the rather complete dissection of the areas where it has not been
completely carried away, tell more conclusively than description can,
of the amount of ercsion which has taken place since this early glacinl
epoch, and therefore of the length of time which has elapsed. It is
to be borne in mind in this connection that the areas where this
extensive erosion has taken place are not areas of great altitude, but
areas where the elevation is, for the most part, less than 150 feet,
and where, as a result, erosion cannot have been especially rapid,

% Proc. Acad. Nat. Sci. of Philadelphia, 1880,
1 Chamberlin, Journal of Geology, Vol. I1L, page 270.
2

NEW JERSEY GEOLOGICAL SURVEY




18 ANNUAL REPORT OF

EXTRA-MORAINIC GLACIAL DRIFT AREA,

There are a few small areas of the extra-morainic glacial drift
which were perhaps contemporaneous in origin with the Pensauken
formation in the southern part.of the Btate. These remnants are
chiefly small, and like the remnants of other surface formations,
their present size and relations are the result of erosion subsequent
to the deposition of the more extensive formations of which they
give evidence. These areas are represented on the map by the browa
(8 and 9) color. The area ‘within which they occur lies south of the
moraine of the last glacial epoch, and north of a line running from
Raritan to Riegelsville on the Delaware. The nature and relations
of this drift have been discussed in earlier reports.* It is probable
that when the ice of this early epoch reached the vicinity of Somer-
ville and Raritan, it reached the shores of the Pensauken sea (or
sound),t and that its edge was limited by the water. Discharging
here, the ice and the drainage from it brought in the debris which
constitutes a considerable part of the Pensauken formation.

THE AREA OF THE LATE GLACIAL DRIFT,

The Pensauken formation and the old glacial drift had been long
subjected to erosion when the ice from the north, invading the
borceys of New Jersey for the last time, reached the limit marked by
ool ;ypumber 10 on the map, When the last ice sheet retreated, it
left over the area which it had covered a mantle of glacial drift  of
varfable thickness, ranging from zero to more than 100 feet. The
relations, characteristics and classification of this drift have been
the snbject of earlier reports, and will not be described in this place. §

Tte ares covered by the ice is covered in part by stratified drift
and in part by unstratified. The drift is disposed in various ways,
depending partly upon topography, and partly upon the relations
o ice to drainage during the final melting of the great glacier.

~ Anpusl Report of the State Geologist of N. J. for 1892, pages 60--72. lbid,,
1598, pages T8-104.

+ Physical Geography of New Jersey, page 129,

1 This corresponds to the glacial formation known as the * Wisconsin drift.”
Chamberlia, Journal of Geology, Vol. IIL., page 270.

% Anausl Reports of the State Geologist of N. J., from 1891 to 1894, especially
that for 1894,
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At the same time that the ice was doing its work in the north, the
streams flowing out from it made deposits of sand and gravel farther
south. These are indicated by color number 11 on the map.*

AREA OF THE CAPE MAY FORMATION,

Along the borders of the Coastal plain, from Raritan bay to the
mouth of the Delaware and up the Delaware as far as Trenton, there
is & low-lying belt of flat country, often somewhat terraciform,
having an elevation of 30 to 50 feet. The substructure of this
terrace is usually some one of the preceding formations, but it is
generally covered by a thin body of loam, sand and gravel of lesser
age than any of the preceding formations, except possibly the drift
of the last glacial epoch. Occasionally this young formation has a
considerable thickness, extending from the surface down to and even
below sea level,

The disposition of this formation seems to indicate that when it
was deposited, the Coastal plain (of New Jersey) was depressed
something like 35 to 45 or 50 feet below its present level, the amount
varying slightly in different localities. At the ssme time the drain-
age of the Coastal plain was sluggish, and deposits contemporaneous
with those along the shore were made by the streams in their valleys.
Starting with the debouchures of the streams, the alluvial deposits
extended up the valleys, sometimes well toward their sources, and to
elevations much above 60 feet. The disposition of this formation is
shown on the map, where it is represented by color number 12. Tt
will be seen that it makes a wide, though very irregular border
from Keyport to Ocean City, and from Trenton to the mouth of
Maurice river. Besides this, it not only covers the whole of Cape
May county, but within this county it makes up nearly all the mass
of the land which is above the sea. The strict contemporaneity of
this formation with the drift of the last glacial epoch is not estab-
lished, but it is probably at least partly contemporaneous with it,
though its later portions may be slightly younger. The approximate
contemporaneity of the two is inferred from their topographic rela-
tions, especially in the lower part of the Delaware valley, down which

*For description of this extro-morainic drift of last glacial age, see Annual Report
of the State Geologist of N, J. for 1892, pages 102-122,
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glacial drainage coursed, making deposits which are topographically
continwous with those of this formation.

Since it has its best development in Cape May county, the name
of that county i an appropriate one for the formation, The name is
here used to cover those deposits of late glacial and early post-glacial
time, which were made beyond the region directly affected by the
ice or its drainage. It includes much of the loam which has hereto-
fore been referred to under the name of the “low level Jamesburg.”*

HIGH LEVEL LOAM (NOT MAPPED).

At many points at various high levels in different parts of the
State there is a loam, the origin and explanation of which have
oceasioned much study, bat for which no satisfactory explanation has
been found. Itis not confined to the Coastal plain, though it is
there most widespread. It occurs at various elevations up to 200-
feet and more, and from this altitude ranges down to the low-lying
formations which has just been described, Outside the Coastal plain
it lies on the Triassic shale at various points. In its clayey phases,.
it is used for brick clay. Thus the brick clay south of Pennington,.
50 feet or more above the upper limit of the Pensauken formation
represents it. Farther soutb, and at elightly lower levels, it over-
lies the Pensauken formation, covering it as a mantle three or four
feet in thickness, In the vicinity of Trenton Junction, the clay
loam mantle has been extensively used for brick, and it might be so
used at numerous other points, Loam in such similar positions and
relations as to lead to belief in its community of origin, is found up-
to the elevation of 181 feet in the vicinity of Marlton, 160 feet at
Fountain Green, and 200 feet or more in the vicinity of Cream Ridge.

Its physical character varies from point to point, but in the
southern part of the State it often contains a goodly amount of marl,.
even when the immediately underlying formation does not, seeming
to make it necessary to suppose that the marl formations were well
exposed when it was deposited. Furthermore its position is such-
as to show that it is younger than the body of the Pensauken forma-
tion, representing either its last phase or sometbing subsequent to it.
In the vicinity of Philadelphia, the brick clay overlying the Pen-

= Annual Report of the State Geologist of N. J. for 1894,
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sauken gravel and running to still higher levels, seems to connect
itself with the clay loam on the low river terraces which are correlated
with the youngest (Cape May) of the preceding formations. If the
connection of the high-level loam with that on the low terraces is
correct, the former, like the latter, must be much younger than the
Pensauken,

Farther north, between Raritan and Pluckamin, there is at some
points a surface clay which is highly caleareous. It is a deposit
from standing water and seems to have been connected with tha
glacial waters of the last ice epoch. Clays which may be supposed
to have a contemporaneous origin overlie the last glacial gravels and
gands at the Plainfield brick yards. These and other facts which
will not be here detailed have raised the strong suspicion that there
was a deep, but very brief submergence of the State to 8 much more
considerable extent than has been commonly recognized at, or soon
after, the close of the last glacial epoch.

The high-level loam here referred to is found at many points in
the Coastal plain. In general it is so discontinuous, 8o thin when
it is present, and often so indecisive in character, that it cannot
always, and perhaps not generally, be distinguished with certainty
from the weathered products of the formations which underlie it ; but
occasionally it is so distinet as to leave no doubt of its separateness.
This is true, for example, where the loam is marly, while the under-
lying beds are altogether free from marl; it is also true where it
overlies the red shale, and where its character is such that it cannot
be supposed to have originated from the decay of that formation,
This high-level loam is what was designated the  high level James-
burg loam ” in some of the earlier reports.

The formation is too meagre, too equivocal at most points, and the
borders of even its best developed areas too ill-defined, to render its
mapping practicable or profitable.

THE AREAS OF RECENT FORMATIONS., MABBHES, DUNES AND
BEACHES,

The youngest formations of the State which cover areas represented
on the map, are the marshes, beaches and dunes sbout the coast,
The tide marsh helt has a considerable width from Point Pleasant to
Cape May, and thence to Salem. The formation of the marshes,
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which is still in progress, consists of the fine sediment washed and
blown from the land, but chiefly of the remains of the vegetation
(peat) growing in the undrained aress. The peat has accumulated
until its depth is in many places considerable. The marshes are
being gradually filled up both by the sediment and the vegetation,
and unless the land be slowly sinking, they will ultimately be con-
verted into dry land.

Outside the tide marsh belt is the so-called beack, or series of
beaches. The northern extremity of these beaches is S8andy Hook.
This beach is esseniially continuous to Long Branch, but is wanting
from that point to Mount Pleasant. From Mount Pleasant it is
nearly continuous to Cape May, and has a much lesser development,
not shown on the map, on the bay side of the Cape. The beach and
dune sand are represented together on the map by the black lines (13).
The substructure for the beaches was made by waves and shore cur-
rents in very recent time; that is, they were originally beach ridges
in the proper sence of the term. 8o soon as the waves had piled up
the sand above the surface of the water, the wind commenced its work
upon it, and fashioned it in its own way. The continued activity
of the waves and currents has furnished new supplies of sand for the
wind to work upon, thus giving rise to the well-known dune hills
and ridges, rising many feet above the level of the beaches proper,
along the larger part of the coast,

Over other parts of the State there is much wind-blown sand, but
it is rarely aggregated in such considerable quantities as to constitute
dunes which can be shown on & map of the scale of that here used.
Dune sand is very prevalent in the vicinity of Old Bridge, especially
southeast of the railroad, and along the east side of the Delaware river,
especially below Trenton, where it has been blown up out of the
valley since the deposition of the last glacial and Cape May forma-
tions, Wind-blown sand is also to be found to the depth of a few
to several feet in scores, probably hundreds of places in the pine
foreats. In general, however, the areas of wind-blown sand are too
small for representation on the accompanying map.
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INTRODUCTION,

*

During the summer of 1897, the work on the Newark system was
carried forward as rapidly as possible, The time at the writer’s dis-
posal (June 25th to Beptember 15th) was sufficient to permit the
completion of the areal work in the northern part of the Newark
belt. The entire ares of Newark rocks in New Jersey has now been
examined in detail. The same general methods of work were
employed during this season as previously, i. e., all the roads, rail-
~ road cuts, quarries, and so many of the stream beds as was advisable,
were examined and the dip and strike of practically all outerops
were recorded. Descriptive written notes supplemented the graphic
notes wherever necessary.

The results obtained, however, have been meager compared with
those of the previous year. This has been due to two canses. The
second year’s work must naturally be but the continuation of the
earlier work, the carrying forward of the conclusions already reached.
But for another resson the area examined has been comparatively
barren of results, Almost the whole of it lies within the terminal
moraine, and over large areas the rock is so deeply buried beneath
glacial and lacustrine deposits that often the deepest wells do not
reach it, It was possible, therefore, to trace only in a very general
way the various belts of rock comprising the Newark system.

In the following pages I have incorporated much from my report
of 1896. It seems advisable to do this in view of the fact that many
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who receive this report, may not have the earlier report at hand, and
it is quite essential to have in mind the more important of last year’s
conclusions, To the advanced student of geology there may be
much unnecessary explanation and repetition, which, however, is not
out of place in a report meant for persons who are not specialists,

Although the whole area of the Newark system within New
Jersey has been carefully examined and the fieldwork completed, this
report is not intended to be final. Certain problems can best be dis-
cussed after a wider view of the formation than that afforded by the
limits of a single Btate. It is hoped that there may be opportunity
in the future for such broader study.

CHAPTER I.—THE SEDIMENTARY ROCKS.
AREA.

The Newark system of rocks extends across the northern part
of New Jersey, forming a belt varying in width from thirty-two
miles along the Delaware river, to fifteen miles at the New York
Btate line. On the Delaware it extends from Trenton to within two
miles of Riegelsville, and at the northern boundary of the State from
the Hudson river to Suffern, N. Y, and Remapo mountain, It lies
between the Piedmont Highlands on the northwest and the Coastal
plain on the southeast. Topographically it forms the Piedmont
plain. The northwestern boundary passes near Pattenburg, Jutland,
Clinton, Allerville, Lebanon, Apgar’s Corner, Pottersville, Peapack
and Bedminster, whence it extends in a nearly straight line to
Suffern, N. Y., passing near Bernardsville, Morristown, Boonton
and Pompton. Along this border the rocks are all much older than
the Newark sandstones, and for much of the distance rise abruptly
several hundred feet above the sandstone lowland. Faulting has
probably taken place along at least a part of this border.

The southeastern boundary is extremely irregular. From Trenton
to near Woodbridge, it is formed for the most part by the overlapping
clays and marls of the Cretaceous, or by still later gravel deposits.
From Woodbridge, northward, the waters of the Kill von Kull,
New York bay and the Hudson river generally limit it. That part
of this area lying southwest of a line drawn through Plainfield to
Peapack was discossed in the Annual Report for 1896. The area
to the northeast was examined daring the field season of 1897, It
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lies chiefly in the counties of Union, Morris, Eesex, Hudson, Bergen
and Passaic,

The Newark system comprises both sedimentary and igneous
rocks. The latter, commonly called trap, is much harder and more
resistant than most of the sedimentary rocks, and, therefore, the areas
underlain by it generally form hills and ridges considerably above
the general level. The relations of the trap and sedimentary rocks
have always been matters of interest to geologists, and much has been
written concerning them.

In my report for 1896, the sedimentary rocks of the Newark
series in western New Jersey were divided into three series. These
divisions were not based upon fossil evidence, but upon lithological
differences, which were so marked and so characteristic as to be
readily recognizable within limited areas. The characteristics of
each division were found to vary in different localities, and in some
places to lose their distinctiveness, but by constant examination it
was quite possible to note thess changes and take account of them,

S8TOCKTON SERIES.

Constitution,—The basal beds of the system are found at Trenton,
where they rest upon the older erystalline rocks—the Philadelphia-
Trenton gnoeiss belt. They consist of (a) coarse, more or lees dis-
integrated arkose conglomerates; (b) yellow micaceous, feldspathic
sandstone; (¢) brown-red sandstones, and (d) soft-red argillaceous
shales. These are interbedded and many times repeated. The charac-
teristic beds are the arkose conglomerates and sandstones, the latter
of which afford valoable building stones,

This series of beds is best shown in the quarries near Wilburtha,
five miles northwest of Trenton; in all the quarries near Stockton,
and along the base of the Palisades, from Weehawken northward,
the rapid alternation of beds from shales to freestones and to arkose
conglomerate is shown. Not infrequently a well-marked bed thins
out rapidly within the limits of a quarry, or even disappears entirely,
its place being taken by a layer of a different texture. In other
cases the bed, although retaining its identity as a distinct layer, yet
changes 8o in texture or color along its plane that it would not be
recognized as the same bed were it not visible continuously, The
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individual layers have the shape of very broad, thin lenses, which
overlap at their edges where they thin out.

The cross-bedded structure, often observed in the sandstones, the
ripple-marks, mud-cracks and impressions of raindrops found in
the shaly layers, all indicate that these beds were accumulated in
shallow water in close proximity to the shore, after the manmper of
seashore deposits of the present day. The direction and velocity of
the currents were constantly changing, thus permitting the deposi-
tion of fine sand or mud directly upon layers of gravel. At times
the mud flats were exposed to the air, and became dried and cracked
under the sun’s rays, or violent rainstorms beat down upon them,
leaving the impressions of the raindrops upon the sarface. With
the return of high water another layer of silt was depogited, and in
some cases at least the impressions were preserved. The bulk of the
material of which they are composed was derived from the erystalline
rocks on the south and southeast,

Distribution.—As shown by the map (Plate II) the Stockton series
occurs in four separate areas in the western part of the Newark belt.
This is due to the folding and faulting which the rocks have under-
gone. A brief statement of these various areas may be convenient
here.

Trenton- Wilburtha Area.—Along the Delaware river this area
extends from Trenton to a point three-fourths of a mile above
Wilbartha, Traced along their strike these beds extend northeast
through Ewingville, Lawrence and Princeton, their upper limit cross-
ing the college campus, The upper part of the series is well exposed
in the southernmost quarries along the canal southeast of Princeton,
Along the Princeton-Lawrenceville pike the uppermost beds are also
well shown on the long hill west of Stony brook. East of the Mill-
gtone river the strike soon carries all the beds of this series heneath
the Pensauken deposits and further east beneath the Cretaceous beds.
- Hopewell Area.—Near Hopewell the Stockton series form a narrow
belt, three-fourths of & mile in width, along the southeastern face of
the Sourland plateau, extending from Harbourton to a point near
Skillman, a distance of nearly ten miles. They form that part of the
platean which one sees from the railroad near Hopewell and north-
east, These beds are the upper members of the series, here brought
to the surface by a great fault which extends along the foot of the
escarpment,
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Stockton Area.—Owing to a second great fault the same beds again
appear at the surface seven miles to the northwest, This belt extends
along the Delaware from Brookville (a mile below Stockton) to a
little beyond Raven Rock, with 2 maximum width of three miles.
The area in New Jersey is roughly triangular in shape, the base
being on the Delaware, the upper limit extending along the crest of
the Hunterdon platean escarpment, and the lower limit following the
fanlt, which has & more northerly course than the strike of the beds.
The apex of the triangle is midway between Sand Brook village and
Flemington, at the point where the fault intersects the upper
boundary, The quarries near Btockton afford unexcelled opportu-
nitiea for studying the composition, texture and succession of the
beds. The rocks are chiefly free-splitting sandstones of various tints
of grey, yellow and red-brown, very similar to those at Wilburtha,
Beds of red shale and also conglomerate alternate with the sandstones.
In the bluff between Btockton and Brookville, thick beds of very
coarse conglomerate ooccur, the lower beds in this locality being much
more consolidated than those near Trenton. On the Pennsylvania
side of the river, opposite Brookville, the Stockton beds rest upon
Paleozoic limestones which have been brought to the surface in the
midst of the Newark beds by the same fault which we find in New
Jersey. Bat in our own Btate the amount of dislocation, or as it is
called, “the throw” of the fanlt, was not sufficient to bring to the
gurface the floor on which the Newark beds rest.

North of Flemington.—A mile and a quarter north of Flemington
the same beds are again brought to the surface by the fault, as a
resnlt of a gradual change of strike from N. 65 E. to N. and then to
N. 20 W. From the point of first appearance the beds extend north-
ward to the limits of the formation near Clinton, in a gradually
widening area, which attains a maximum breadth of three miles in
the latitude of Lansdowne.

Within this area a significant change in the texture and compo- -
gition of the beds was observed where they approach the northwestern
boundary. Near Flemington they consist of coarse arkose sandstones
and soft shales. Northward, nearer the boundary the typical arkose
beds diminish in number and thickness. Their place is taken by
beds of red shale, and sandstone and conglomerate of a different type.
The material from the neighboring formations (Paleozoic shales,
grits, limestones and quartzites, besides older gneiss) has entered
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largely into the composition of the overlying beds and determined
their character. In place of the free.splitting brown and grey sand-
stones, there occur coarser beds, made up largely of thin bits of
Hudson river shale and small quartzite pebbles. With increasing
coarseness of material, there are conglomerates of white, grey and
reddish quartzite, whereas pebbles of the typical Stockton con-
glomerate are chiefly quartz and feldspar. Although in this vieinity
the Stockton series rests in part upon limstones and gneiss, these two
rocks oecur but rarely in them,

Along the Hudson.—As was noted above, the strike of the Btock-
ton beds in the Trenton area carries them beneath the Pensanken
and Cretaceous formations a short distance east of the Millstone
river. The lowest beds exposed along the Raritan river below New
Brunswick are much higher in the series. But owing to a slight
change of strike the Stockton beds come to the surface again on both
gides of the Palisades from Hoboken northward., (Plate III.) They
are exposed in many places along the foot of the Palisades near the
water’s edge, and in a few localities where the glacial drift is thin, the
typical arkose sandstone has been found on the west side of the Pali-
sades. These rocks are correlated with those of the Trenton area for the
following reasons: Lithologically, they are almost exactly identical.
In both, there are coarse arkose sandstones locally conglomeratic; in
both, red shales and reddish-brown free-stones, and in both, these
layers are several times repeated. Second, both oceupy the same
position stratigraphically, Near Trenton they are found resting upon
the older crystalline rocks. In Jersey City wells bored near the
water front strike gneiss and schist. At Btevens Point, Hoboken,
the crystalline rocks outcrop, and, as is well known, they underlie
the whole of Manhattan Island, just across the river, A little over half
a mile back from the water front, in Jersey City and Hoboken, wells,
which penetrate the glacial drift, reach sandstone and shale, some
beds of the former being unmistakably coarse arkose. Third,
minnte crustaceans (Estheria ovata) have been found * in the shale
beds at Weehawken and Shady Side, and again in similar relations
in the quarries at Wilburtha, This, taken with the other evidence

* Nason. Annual Report of the State Geologist of New Jersey, 1888, pages 29--33,
1 am not able to give assent to all of the correlations proposed by Nason, :. ¢., the
beds at Washington's Crossing are, in my opinion, certainly not a repetition of those

of Wilburtha. g
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already given, is sufficient to establish beyond a reasonable doubt,
the stratigrapical identity of the beds along the Hudson with those
found in the area between Trenton, Wilburtha and Princeton. This
being the case, we have here the basal beds of the Newark system,
their contact with the older crystalline rocks being concealed, for the
most part, in the bed of the river.

In one respect these beds do not at first sight seem to belong to the
Stockton series. In the typical locality, black and dark green clates are
almost never present, but both above and below the Palisades, hard
greenish and black slates are found in considerable thickness. By
nearly all observers Lhese have been considered to be “ baked ” ghales,
their hardness and color being due to changes induced when the
trap was intruded in & molten condition between the shales. My
examination of these beds has shown me no reason for dissenting
from the commonly-accepted view, Both above and below the trap
the adjoining beds have been indurated and changed in color. The
finer beds have been the most affected, whereas the coarser arkose sand-
stone is but little changed. The latter, however, where very close to
the trap, has been somewhat metamorphosed, so that it resembles a
quartzite. Near the trap, and for a distance of 100 feet from it the shales
between the sandstones are black, with a greenish or purplish tinge, very
hard and brittle. In some cases secondary minerals, chiefly tourma-
line, have been developed. More often a more or less complete segre-
gation has occurred, forming ill-defined greenish nodnles and layers.
At greater distances from the trap, the shales are purple and pink,
having tints which resemble exaetly those often taken by kiln-burnt
stones. This resemblance is so strong that often the unskilled
observer of the neighborhood does not hesitate to call them “ baked ”
rocks. These changes caused by contact metamorphism will be con-
sidered more in detail later.

Localities,—From Hoboken northward, outcrops of the arkose sand-
stones and of the metamorphosed shale are common along the foot
of the Palisades. (Good exposures are found near the Hunter steps,
Paterson street, Hoboken; at the head of West Nineteenth street,
Weehawken ; at King’s Point, near the Delaware and Hudson railroad
coal pockets ; and thence northward, to the West Shore railroad tunnel.
At Guttenberg, beneath the cliff, there are frequeat exposures both
of the sandstone and of the black slate, particularly a short distance
south of Lane and Son’s quarry. At Bhady 8ide, also, there are
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fine exposures of the metamorphosed shale, in which Nason has
found numerous specimens of Estheria, At the eastern entrance
of the New York, Susquehanna and Western tunnel, between Shady
Bide and Edgewater, the same rocks are again well exposed, This
is also the case a mile and a half further north, near the power-house
of the Bérgen County Traction Company. Here there are thick
exposures of the arkose sandstone and shales which make a fine
display of the “ burnt” tints. As this locality is within a hundred
yards of the new Fort Lee and One hundred and Twenty-fifth street
ferry, it is easy of access from New York,

From this point northward, ontcrops along the water’s edge are
quite common, but generally not easy of access, since for much of the
distance north from Fort Lee, there is not even a foot-path beneath
the cliff. But at Sneden’s Landing, Alpine, Huyler’s Landing and
east of Englewood, roads zigzag down the cliff to the water’s edge,
and the zealous searcher can there find good exposures. As these
localities are all at least 200 feet below the trap, the highly-meta-
morphosed black slate is absent, but purplish and ashy ““burnt”
tints are not wanting, and often a hard scramble up the steep talus
slope, along the line of some little atream bed, will reveal the jaspery
slates or hornfels, and perhaps a contact,

On the west side of the Palisades exposures of the Stockton beds
are by no means so common, The altered beds are shown in deep
cuts at the west end of the West Shore tunnel, and also of the New
York, Busquehanna and Western tunnel. The arkose sandstone is
found in the railroad cuts half a mile north of Granton and again at the
guarry in the eastern part of Ridgefield. There are obscure exposures
along some newly-opened streets at Palisades Park and along the
brook near Leonia. In the northern outskirts of Englewood a grey
gandstone is found, which is somewhat indurated, possibly marking
the upper limit of alteration. Traces of the sandstone were noted
east and northeast of Tenafly, but in general the glacial drift buries
deeply the rock. A mile and a half east of Closter, however, there
are two quarries in the arkose sandstone, at which there is good
opportunity to examine these beds.

Extent.—West of the southern part of the Palisade ridge there is
a wide expanse of salt marsh, the Hackensack meadows. The upper
limit of the Btockton series, were it to be drawn, would cross this belt
which, of course, is without outerops. Further north the drift is so
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thick along the probable boundary line that outcrops are very few.
The typical Stockton beds were not observed west of the line of the
Northern Railroad of New Jersey, although it is not impossible that
were the drift stripped off they would be found further west. The
indefiniteness of their upper limit is not, however, due entirely to
the lack of exposures. As will be shown below, the conditions
attending the deposition of the Newark beds in this area were quite
unlike those of the region further south and west, so that the litho-
logical subdivisions established last year for the western part of the
State do not hold here,

LOCEATONG SERIES,

Constitution.—It was found in the western part of the State, that
the Btockton beds were overlain by a series of hard, dark-colored
shales and flagstones, to which the term Lockatong was applied, the
name being taken from the creek along which they are best exposed.
They consist (a) of carbonaceous shales, which split readily along
the bedding planes into thin laminsm, but which have no true slaty
cleavage ; (5) hard, massive, black and bluish-purple argillites, which
break sharply in any direction with 8 marked conchoidal fracture,
but never split into thin layers along the bedding planes; (¢) dark
grey and green flagstones, some layers of which afford slabs nine or
ten feet in diameter and three or four inches thick; (d) dark red
shales, approaching a flagstone ; (e) and oceasional thin layers of very
impure black and drab limestone, or rather highly calcareous shales,
Gradations between these types are common,

Although many writers have called these beds “baked” shales,
and have ascribed their color and hardness to alterations due to
proximity of trap masses, they are in general quite different from
the altered beds found near the trap. They often occur several miles
from any known igneous mass, and are just as hard and black at this
distance as where near the trap. Moreover, comparatively soft, thin
layers of highly carbonaceous shales occur between beds of hardest
argillite, and if the latter are the result of local metamorphism, it is
difficult to understand why the interbedded carbonaceous shales were
not also altered. Furthermore, the texture and stratification of the
Lockatong series is such that it does not seem possible they could have
been formed from the red shales by any process of metarorphism, The
dark-colored argillites, shales and flagstones form a distinet member
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of the system, and must not be confounded with the black and ashy-
blue metamorphosed shale locally developed near several of the trap
sheets. Microscopic examination by A. Andrae and A. Osann has
shown that the latter are very different mineralogically from the
former.

Both ripple-marks and mud-cracks occur at all horizons in the
Lockatong beds, showing that shallow-water conditions prevailed,
although the materials deposited were exceedingly fine. (Plate IV.)

Distribution.—As was shown in the Anpual Report for 1897
(pages 42-46), these beds occur in three separate areas, in each case
overlying the Stockton sandstones. The first of these is the Ewing-
ville-Princeton area, which has an average width of two miles. At
several points along the Delaware river, above Wilburtha, there are
good exposures of these rocks, and again at the quarries at Princeton
and those south of Kingston, on the Millstone river. East:of the
Millstone the beds are more or less obscured by more recent deposits
(Pensauken, chiefly) and exposures are rare. The upper limit, so
near a8 could be determined, extends from an outcrop of argillite on
the Brunswick turnpike, sontheast of Franklin Park, eastward to
Lawrence brook, near the mouth of Beaver Dam brook, and thence,
northeast along Lawrence brook, crossing the Raritan river below
their junction. Outerops of greenish-black and drab shale at Mill-
town are the last beds seen which can be put with certainty in this
series. The isolated hill of red shale rising from beneath the Cre-
taceous clays about midway between Woodbridge and Perth Amboy,
locates the Lockatong beds in that vicinity still further south, Data
from well borings, however, indicate that the belt extends for several
miles northeast from Perth Amboy.

The same beds outerop again along the sontheastern side of the
Sourland plateau, where they rest upon the narrow strip of Stockton
sandstones, which forms the escarpment of this upland. This belt
has a8 width of one and three-quarter miles, the dip of the beds being
from fifteen to twenty degrees to the northwest, Northeast of the
village of New Market the Lockatong beds occur on both sides of
the trap-sheet which forms the backbone of the plateau. This is due
to the fact that the trap makes several sharp bends and descends to a
lower horizon. Abouta mile south of Flagtown village the belt is
terminated by a great fault which cuts obliquely across the strike,

Between the Delaware river and Dilt’s Corner there is a small

NEW JERSEY GEOLOGICAL SURVEY



38 ANNUAL REPORT OF

area of Lockatong beds, bounded by two fanlts. They grade down-
wards into the arkose sandstones of the Stockton series.

The most extended outcrop of the Lockatong beds oceurs in Hun-
terdon county in the high area of country which in my earlier report
I called the Hunterdon plateau and which is locally known as ¢ the
swamp.” The slates and argillites here rest upon the Stockton
beds which are quarried so extensively at Stockton and Prallsville.
Between Band Brook and Flemington, however, the sandstones are
cut out by the great Flemington fault, and the hard argillites have
been brought in contact with the soft red shales. To this fact is
due the height and steepness of the escarpment between Sand Brook
and Flemington. .

The upper limit of this belt passes north of Kingwood village,
along Mud run in a northeasterly direction ; thence, eurving graduslly
to the northward, it passes half a mile east of Oak Grove, and con-
tinues in a north by west direction towards Littleton. In this vicinity
its location is largely an arbitrary matter, since, as will be shown
below, there is here practically no difference between these beds and
those higher in the formation,

The width of the belt increases gradually from about three miles
along the Delaware to nearly four and a quarter west of Flemington,
beyond which it slowly dimishes. The dip of the rocks averages
only ten to thirteen degrees in this area as against fifteen to twenty
degrees in the Sourland platean area, so that with the same thickness
of rocks, the outerop would be much wider,

This belt forms a regular curve, parallel to the strike of the beds,
which changes from N. 65 E, along the Delaware to N, 10 E. mid-
way between Croton and Flemington, to N. 46 W. near Klinesville,
and N, 30 W. near Pittstown. The height of the Hunterdon plateaun
is due to the wide outcrop, curving strike and hardness of these
rocks, and the upper layers of the Stockton series, which have
retarded greatly the forces of deuudation, so that whereas the adjoin-
ing softer rocks have been reduced to an average elevation of under
200 feet, this belt has an elevation of from 500 to 700 feet.

8oil—The Lockatong beds give rise to a rather heavy, clay soil,
The surface is quite thickly strewn with slabs of the argillite and
flagstone and on the slopes ontcrops are generally abundant. Except
in places favorable to the accnmulation of the soil from higher slopes,
its depth is generally less than five or six feet. On the Hunterdon
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plateau it is more than usually wet and heavy. This is due in great
part to the poor drainage of the region and the comparative impene-
trability of the underlying rock. By tiling, the quality of the soil
has been greatly improved. Abundant supplies of surface-water can
generally be obtained from wells ten to fifteen feet deep, but it is not
of the best quality.

Modification of the Lockatong Beds.—Midway between Croton and
Quakertown these beds begin to lose their typical character. The
change is mainly one of texture, but as a result of their increased
coarseness, there is also a change in the color, the manner of weather-
ing and the soil formed by their decomposition. The hard black,
dark green and red shales and argillites grade into drab, red-
brown, green and yellow shaly sandstones. Some beds beco.ne slightly
arkose, resembling closely some members of the Stockton series.
This change occurs along the sirike and increases in amount as the
northwestern boundary of the formation is approached. The change
in first noted in the upper beds of the series, and gradually extends
to the lower beds as one approaches the border. That is to say, the
conditions which favored the deposition of the black shales and
argillites extended in the earlier part of the period nearer to the
present boundary of the formation than they did during the latter
part. Along Cakepoulin creek there are good exposures of thick
red and grey sandstones with occasional pebble-bearing layers, which
strongly resemble the Btockton series, but are often somewhat harder,
Yet these same sandstones, when traced along the strike, are found
to grade into the flags, argillites and carbonaceous black shales
which underlie “the swamp,” Pebble-bearing layers, which were
first noted along the section between Littleton and Sidney, increase
rapidly in thickness and number to the northwest, and within a mile
or a mile and a half the series is composed chiefly of massive beds of
heavy quartzite conglomerates, which continue to the crystalline
border. The conglomerates lying north and northwest of Pittstown
are contemporaneous with the fine-grained, dense shales and argillites,
and can be traced into them foot by foot through all the inter-
mediate stages.

Absence of the Lockatong Beds in the Northern Area.—In the
Report for 1896, page 42, it was noted that north of Princeton the
beds which could be referred without any doubt to the Lockatong
series, formed a belt less than a mile in width, whereas the average
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width to the westward was two miles. Since the inclination of the beds
ig slightly less than further west, the diminished width of ontcrop can-
not be due to the change of dip, because a gentler dip would give rise
to a wider belt. Beveral explanations were suggested: (a) that the
rate of deposition was slower in this vicinity during the time repre-
sented by the Lockatong beds elsewhere, and therefore the series here
ig thinner; (b) that deposition went on at nearly the same rate here
as elsewhere, but that the conditions favoring the deposition of black
argillite and shale did not last so long to the northeast of Princeton
as they did nearer the Delaware; in this case the beds must change
lithologically along the strike; (o) that the upper part of the Locka-
tong series has been cut out by a fault. Between these three hypoth-
eses, it was not possible to choose. A few cases of crushed and
contorted beds and slickensides lent a little plausibility to the last
supposition.

When the region west of the Palisade ridge was examined no trace
of the typical Lockatong beds could be found. As already indicated,
the black elate along the Palisade ridge is the result of local meta-
morphism, and does not belong to the Lockatong series, West of
the outcrops lie the broad Newark and Hackensack meadows—ealt
marshes beneath whose beds of clay and peat all traces of rock are lost.
The Lockatong series, if present in this part of the State, should
occupy the area of the meadow., When it is remembered that in the
western part of the State these rocks are always ridge-makers, rising
distinctly above the level of the rocks on either side, the impossibility
of typical Lockatong beds underlying the salt meadows is at once
appreciated. In Hunterdon county they are the mainstay of the
plateau which rises from 350 to 500 feet above the red-shale lowland
about Flemington. They, together with a trap-sheet a mile wide in
outcrop, form Sourland plateau, which rises from 200 to 400 feet
above the red shale plain northeast of Hopewell. Along the Ewing-
ville-Princeton belt, they rise about 80 feet higher than the arkose
sandstone country. In view of these facts there can be no hesitation
in asserting that the argillites and flagstones cannot underlie the
salt marshes,

Moreover, along the ridge to the north which at Little Ferry rises
above the meadow, outcrops of soft red shale occur so frequently as
to preclude the idea that the argillites form the mass of this ridge
beneath the drift. West of the meadows and underlying Elizabeth,
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Newark, Rutherford and Hackensack, soft red shale and eandstone
are found, which undoubtedly belongs to the third division of the
system—the Brunswick beds,

In spite, therefore, of wide areas over which no exposures can be
found, the conclusion seems fully warranted that the typical Locka-
tong beds do not exist within the northern half of the Newark area.
The narrowing of the outcrop near Princeton fits in, therefore, with
what has been observed further morth. It is hardly probable that
sedimentation ceased entirely in this northern area while the argillites
were being deposited to the southwest, since there is no evidence of
oscillations of sea-level or of unconformity. The hypothesis that the
beds thin out from lack of deposition seems, therefore, improbable.

It would seem, also, that the hypotheses of faulting had best be
laid aside, since there is no positive evidence in favor of it, and all
the large faults known in the New Jersey-Newark gystem, cause a
repetition of ‘the beds, not their suppression. The most probable
explanation for the absence of these beds is, therefore, that the con-
ditions favoring their formation did not prevail in the northern part
of the basin; that here the red shales and sandstones were deposited
contemporaneously with the argillites and flagstones to the southwest,
and that could we trace the latter from the point near Princeton,
where they begin to disappear beneath the Pensauken and Cretaceous
deposits, we would find all the steps in their transition to the soft red
shales, It follows from this that the term Lockatong, whes used
apart from the particular rocks to which it was first applied, repre-
sents certain condifions of sedimentation, which resulted in the
deposition of hard shales, flags and argillites, and not a definite
time-period,

BRUNSWICK BEDS.

Constitution.—It was shown in the Report for 1898, pages 47-50,
that above the Lockatong beds in the western part of the State, there
is a great thickness of soft shales with a few sandstone layers. They
are predominantly red in color, although a few purple, green, yellow
and black layers occur. In general the series consists of a monotonous
succession of very soft argillaceous red shales, which crumble readily
into minute fragments or split into thin flakes, particularly when the
beds are strongly micaceous. Although the bulk of this series is
soft red shale, there are some black layers and occasional beds of fine-
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grained sandstones, some of which afford valuable building material.
In the northern part of the Newark area, these beds are on the whole
much coarser than in the central and southwestern part, sandstone
and conglomerate layers being quite abundant. Massive conglom-
erate beds also ocour at several points along the northwest border
of the formation, a part of which are correlatives of the Brunswick
ghales,

Evidence that these beds were deposited in shallow water is
gbundant. Ripple-marks, mud-cracks and raindrop impressions
occur at many horizons. In some quarries impressions of leaves, and
of stems of trees, or the stems themselves, are not infrequently found.
OQccasionally slabs are found bearing the foot-prints of reptiles and
other vertebrates which wandered over the soft mud flats while these
beds were in process of accumulation.

Distribution.—The Brunswick shales occupy all the area, save that
occupied by the belts of the other two series and the trap-rocks. They
underlie by far the greater part of the whole area, partly because
they are much thicker than the other subdivisions and partly because
they form broad, gentle folds. :

Along the Delaware river they are first found a mile and a quarter
below Washingtons Crossing, whence they extend to near Moore’s.
Below Washington’s Crossing there is an almost continuous exposure
for over a mile, in which at least 1,700 feet of beds are shown. These
rocks extend northeast and underlie the rolling country from Hope-
well to New Brunswick and beyond.

A second belt begins on the Delaware, just below Lambertville,
where the shales next the trap have been much altered. Its upper
limit is at the southern extremity of the small trap hill, Mount
Gilbos, 2 mile above Lambertville, and it extends north by east past
Flemington, following the fault-line which has brought to the sur-
face the Stockton and Lockatong beda of the Hunterdon platean. The
Jower beds of this belt form the northwestern slope of Sourland
plateau, at the northeastern end of which, where it is known a3 Neshanic
mountain, the two belts of red shale on either side unite to form one
broad, gently-rolling lowland, the valley of the Raritan.

Owing to the curving fault-lines and the gentle folds of the strata,
the Brunswick shales are the only beds * found along a section across

* The conglomerates near Pottersville are the shore equivalents of the red shale
and belong in the Brunswick beds.
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the Newark formation, as here exposed, from New Brunswick to
Potteraville, a distance of twenty-five miles, Along this line the
Lockatong and Stockton series on the south are buried by the Creta-
ceous beds, and have not been brought to the surface by the faults
which have so greatly increased the width of the Brunswick outerop.
The best exposures are found along the Raritan above and below
New Brunswick, and along the Delaware below Washington’s Cross-
ing. Good exposures also ocenr along the Millstone, the South
Branch and the Neshanio rivers, and along many of the smaller
brooks which drain this region, particularly the short and steep
tributaries of the Delaware,

The Brunswick shales are found also above the Lockatong series in
the northern and lower part of the Hunterdon plateau, They are
exposed in high bluffs along the Delaware from near Tumble station
to the crystalline rocks near Holland station, and along the numerous
creeks emptying into the Delaware between these points, Black and
green shale layers occur somewhat frequently in the lower beds, and
are rare, though not entirely absent, in the upper layers.

It was found that the shales of this ares, when traced along their
strike towards the margin of the formation, became rapidly coarser,
passing, along some horizons, into massive conglomerates, It will be
remembered that similar changes were found to take place in the
Liockatong beds, so that within two or three miles of the margin the
distinctions between the three subdivisions are largely obliterated.

Brunswick Series in Union, Morris, Essex and Bergen Counties.—
What has already been said of the Brunswick beds applies particu-
larly to the area surveyed in 1896, and to a less extent to the northern
half of the Newark area. Within the area examined this past season
(1897) certain significant changes were observed in the texture and
structure of the beds. These require somewhat careful consideration.
In the main they are an increasing coarseness in the deposits as one
goes northward, so that the Brunswick shales gradually change to
sandstones and even to conglomerates. This change is more gradual
than the rapid transition noted last year as occurring in Hunterdon
county along the northwestern boundary. The character of this
change will best be understood by a somewhat careful statement of
the following details.

Elizabeth and Westward.—For several miles east of Metuchen and
Plainfield rock exposures are very rare owing to the morainal accu-
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mulations. The few observed are of the typical soft red shale. In
the northern and eastern part of Elizabeth the drift is thirty to forty
feet in thickness,* but in the western part of the city a few exposures of
sandy shale were noted. At Irvington Mills a small quarry was found
where the shales are decidedly arenaceous, even deserving the name
of sandstones. The same beds outcrop along the road in the western
part of Irvington, a mile north.

Newark and Northward.—In Newark a ledge of red shale outcrops
at the corner of Sussex avenue and Summit street, and the same or
similar beds undoubtedly underlie the hill along High street, where
in laying sewers rock was found within six feet or less of the surface.
The quarries on Bloomfield avenue, which once yielded annually from
fifty to sixty thousand feet of stone, worth one dollar a foot, are no
longer worked. Both sandstone and shale beds occur, the former
being a brownish-red feldspathic freestone easily worked. The same
beds outcrop again in several abandoned quarries along Second river,
below Soho and Woodside Park.

West of Newark no exposures were found through the Orange
towns, until the steep slope of First mountain was reached. West
of South Orange sandy red shale outcrops a short distance below
the trap. Similar beds were noted two miles further north by east,
west of Orange valley. Northward from here the beds become
coarser and have been quarried for sandstone a mile northwest of
MecClellan, beneath the famous basaltic columns in O’ Rourke’s quarry.
Good exposures of similar sandstone and shale beds were noted
along the brook in Llewellyn Park, where the sandstone layers are
from two to three feet in thickness, separated by six-inch layers of
shale. Along the strike half a mile northward thereis an outcrop
of conglomerate along the road to Eagle Rock. The pebbles are
quartz, and small. The exposure is significant in that it is the first
indication of the conglomerate layers which are so conspicuous at
this horizon a few miles further north.

In the brook near the Brighton avenue station on the Erie rail-
road, at a much lower horizon, there are good exposures of sand-
stone and shale, It is highly feldspathic and resembles closely the
red-brown sandstones of the Stockton series, but its stratigraphical
position shows that it is the equivalent of the red shale further south,

#] am indebted to the City Surveyor for these figures,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 46

Along the brook at Glen Ridge, also, there are fine exposures, both
of sandstone and of shale.

Along a section through Kingsland, Avondale, Brookdale and
Upper Montclair to the trap of First mountain, the beds, so far as
exposed, are predominantly sandstones and sandy shales. The best
exposures are at the famous Avondale quarries where the light-
colored brownish-grey sandstone has been worked for many years.
The sandstone layers are twenty to thirty feet in thickness, in courses
commonly two or three feet thick, Interbedded with the sandstones
are layers of argillaceous shale. The same layers may vary in texture
from one quarry to the next, or even within the limits of a gingle
quarry, Thin beds of a fine-grained conglomerate rarely oceur, the
pebbles being chiefly quartz and limestone. In the sandstones quartz
and feldspar are the chief constituents, but the layers are mostly all
caleareous. In fact, hand specimens from these quarries could be
distinguished with difficulty, if at all, from specimens of the finer-
grained sandstones from the Stockton or Wilburtha quarries. So
far as lithological character goes these rocks ought to be put in the
Stockton series. But their stratigraphical position in the Newark
system seems to be far above the Stockton beds, The facts on which
this conclusion is based are as follows: The trap-sheet forming First
mountain is extrusive in origin. That is, it is an overflow sheet, and,
therefore, ita base is conformable to the bedding of the sandstones,
and represents a constant horizon. This being the case, it gives us a
reliable datum line. The position of the sandstones of Avondsle in
reference to the trap agrees with that of the Brunswick shales further
south, and not with that of the Stockton series. Second, they are too
far removed from the base of the system, which follows the Hudson
river, to be classed with the Stockton beds. Thirdly, when traced
southward along the strike as closely as possible, considering the
limited number of outcrops, they appear to grade into soft argilla-
ceous shales,

Although great weight is attached to these arguments, and this
correlation is believed to be correct, it must be admitted that they
are not conclusive. It is within the bounds of possibility that owing
to a system of fanlts, of which I have found no traces, these sand-
stones belong in the Btockton series. But all of the known facts save
that of lithological likeness support the other conclusion.
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I have already shown that the Lockatong beds do not exist in this
part of the Newark area, their time equivalents being represented by
red shales and eandstones. The resemblance of the Avondale sand-
stones to many of the beds of the Btockton series shows that the sub-
divisions made in the southwestern part of the State do not hold for
this area. It will be found convenient, however, to use the terms
Stockton and Brunswick to denote relative position, althongh here
the two are not sharply separated from each other, and it was impossi-
ble to differentiate the equivalents of the black argillites (Lockatong
series}). ]

At Passaic good exposures of thin-bedded shaly sandstones were
noted near the high school and the Continental Match Company’s
factory. Cross-bedded sandstones and shales ontcrop at many points
west of the town. Feldspathic sandstone also occurs in an abandoned
quarry near Athenia station on the Erie railroad, and in the railroad
cnts half a mile northward conglomerate layers are found inter-
bedded with the shale and sandstone.

Hackensack to Paterson.—Along a section from Hackensack to
Paterson the beds are on the average coarser than further south. In
the western part of Hackensack soft argillaceous shales occur, the
best exposure being in the railroad cut near Prospect avenne station.
At the western end of the cut a fanlt has brought heavy sandstone
beds againat the shales, O the next ridge west, on which Maywood
ia situated, the beds are chiefly sandstones, with a few pebble-bearing
layers and some shales. The pebbles are chiefly quartz, feldspar and
limestone. Somewhat similar beds oceur near Rochelle Park. Thence
there are practically no exposures until Paterson is reached. Here,
however, in the southern part of the city, and in the numerous quarries
under Garret rock and below the falls there is a fine opportunity to
examine carefully the composition and the structure of these beds.
Sandstone, quartzite, quartz, limestone, shale and feldspar pebbles, up
to five inches in diameter, occur in the conglomeratic layers. Not a
single gneissic nor granitic pebble was found. Considering the fact
that along the nearest border of the Newark beds only the latter rocks
occur snd no quartzites, sandstones or limestones are known, the
costitution of these beds is significant. The quariz and feldspar
were undoubtedly derived from gueissic or granitic rocks, but the
ahsence of all granitic pebbles indicates that these rocks were
thoroughly disintegrated into their constituent minerals. Some of
the sandstones and quartzite pebbles are lithologically identical with
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the members of the Green Pond mountain group, and their presence
here seems to imply the former greater extension of those rocks,
The smaller limestone and feldspar pebbles are usually much disin-
tegrated, being often not more than bits of clay. The sandstones
accompanying the conglomeratic layers seem to be composed chiefly
of quartz and feldspar.

Bergen  County,—Similar coarse-grained sandstones and con=
glomerates ocour further north to the State line. The topography
of this part of the Newark area reflects the difference in texture.
‘Where the Brunswick beds are soft retl shales, the surface is a gently-
rolling lowland, having an average elevation of from 100 to 200 feet
above tide. With the appearance of the coarser and more resistant
beds the general elevation becomes greater, and in place of the
gently-rolling lowland, we find a series of ridges and valleys following
very closely the trend of the beds. Toward the New York State
line the higher of these sandstone ridges attain elevations of 450 to
625 feet above tide, the local relief being 200 or 300 feet.

Practically the only exposures of rock are found along the ridges,
since the valley bottoms are deeply filled with glacial deposits. The
rock of all the ridges is much alike. It is a coarse sandstone with
some pebble-bearing beds and occasional shale layers, Nason *
ascribed the repetition of the ridges and the similarity of the beds to
faults along the valleys parallel to the strike. The question of faults
will be diseussed below, go that the matter may be dismissed here
with the statement that no positive evidence of faulting could be
found, and that the topography finds ready explanation on the
assumption of alternating hard and soft beds through a great thick-
ness of strata.

The aress where the rock outerops frequently will be briefly men-
tioned. Along the crest of the ridge north by east of Arcola, the
conglomeratic sandstone comes near the surface. At the northern
end, near the Home of the Incurables, it has been recently quarried
to obtain stone for & new building. Here, as at Paterson, the con-
stituent pebbles are sandstone, quartzite, quartz, limestone, slate and
feldspar, while there is an entire absence of granite, gneiss or schist.
Occasionally pebbles five inches in diameter occur. The stone rongh-
dresses easily, and the smaller pebbles do not detract from its beanty.

¥ Nason. Annual Report of the State Geologist of New Jersey, 1888, page 25,
at seq.
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Doubtless, quarries of considerable valne might be developed here as
the drift is thin, From New Milford northward to the State line,
exposures are wanting over a belt several miles in width. But
northward from Paramus, between the Pascack and Saddle xivers,
the rock is exposed in many places, particularly on the eastern
slopes: (a) at Storm’s mills, (b} along the hillside cne-third of a
mile to the west, (¢) on the hillside west of Woodcliff (formerly
Pascack), (d) along Bear brook, and (¢) on the road along the crest
of the hill half a mile west, there are good exposures of this same
coarse sandstone with conglomérate layers, At several places, also,
on the slopes and crests of the hills east and southeast of Saddle
River village, there are outoropping ledges.

West of Saddle river to the limits of the formation along the base
of Ramapo mountain and north of the latitude of Hohokus, there
are almost no exposures, the drift being everywhere so thick as to
effectually bury all the ledges. From the constitution of the drift
and the similarity in topography, however, it is concluded that the
beds are not different from those further east.

At Hohokus there are good exposures along the creek and the rail-
road, and again at Midland Park numerous cuts are found. Here
again my notes indicate that granitic and gneissic pebbles are entirely
absent, although quartz, feldspar, shale, limestone, quartzite and
sandstones are common. At both places the creeks ehose courses on’
the drift across thinly-buried ledges of rock, They soon eroded
their channels through the unconsolideted beds and were forced to
out downward in the sandstone. Above and below these rock gorges
the streams are flowing in channels cut entirely in drift, the sand-
stone there lying deeper and not yet having been reached. Such cases
of local superimposition are common in all drift-covered regions, so that
ihese streams have had an experience common to thousands of others
in the northern part of the United States and Canada. Ledges also
ocour along the small ereek north of Van Winkle.

Brunswick Beds between First and Second Mountains.—In the
valley separating these two trap-sheets, beds of shale and sandstone
occur which are higher -in the series than any yet mentioned. South
of the moraine and its associated gravel deposits, exposures are
frequent, whereas to the north there are but few places where any-
thing more than mere traces of the rock can be seen, A line of
" quarries located at Pluckamin, Martinsville, Washingtonville, Pleas-



THE S8TATE GEOLOGIST. 49

antdale, Little Falls and Haledon afford good opportunities for
studying the strata. The beds along Mine brook southwest or
Bernardgville and adjoining the crystalline rocks, belong to the same
horizon as those in the Martinsville- Pleasantdale valley. This is due
to a gentle synclinal fold or trough in the beds, which is shown
most clearly by the crescent shape of the trap ridges,

They are composed of soft red argillaceous and micaceous shales,
gome green and black shales, and grey, greenish, yellow and red-
brown sandstones. At Smith’s quarry, Warrenville, the original
color of the sandstone was steel-blue or darker, and it has been
weathered to a yellowish grey. Small cores of the unaltered stone
occur in the center of the larger blocks. The weathered zones are
parallel to the joint planes, and slabs, if broken at right angles to the
jointing, often show a concentric zonal or banded structure. In
small specimens these might be mistaken for stratification laminm
of different colors, but in the quarry they are seen to be independent
of the dip and strike and are clearly due to weathering,

The composition of the sandstone all along the valley is much the
same. Macroscopically, quartz and mica predominate with a less
amount of feldspar. The “rust brown” specks so conspicuous in
most of the Wilburtha and Stockton stone do not oceur.

The evidence is strong that the sandstone beds are local lenses,
not infrequently thinning considerably within the limits of a single
quarry, so that although they occupy the same general horizon,
individual layers are not continuous throughout the entire valley,

At Feltville (Glenside Park) the following section is exposed in
the bluff just below the row of cottages:

(1} At top. Soft red shales............ rersennrnanneens Sgveral feet,

(2) Red-brown sandatone, shght.ily s]mly 1 foot.
{8) Soft argillaceouns red shale... PR 9 feet,
(4) Grey semi-crystalline hmestonea 1 foot.
(5) Soft argillaceous shales, red... ves 1
(6} Calcaraous black sha.]e, locally almost a llmestone vene 1 @
(7} Black limestone... P
(8} Dark grey shale... RS- 3 ou
(9) Drab and black hmestone in beds from one to three

inches thick...cccvveciisisiimiinns covcrinnveiiriesnnsnssren 10
{10) Red sandy shale, very calcareous... ..cccv. creveeeirieienens . S
(11) Soft red shales and shaly sandstones.....cosereveersmsssseses 1} feet,
{12} Reedy red-brown sandstone ............. vessssssranssase eeesse w BASE NOL sShown,

4
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The above section illustrates the constant change in texture
characteristic of many of the Newark beds. Nowhere else along
the valley were beds of limestone found, but that is not surprising
when the thinness of these beds and the lack of exposures in many
places is considered.

Brunswick Beds above (west of) Second Mouniain.—Between
Second mountain and Long hill outcrops are common west of New
Providence. KEast and northeast of that place the glacial deposits
obscure the rock save for an occasional outcrop high on the flanke of
Long hill. The beds are soft red shales, with a few greenish layers.
No sandstone was found and it is not probable that any considerable
beds occur, The best exposures are in the railroad cutg near Stirling
and in the gorge at Millington. At Stanley and Chatham the same
beds are exposed.

North of Chatham, and within the drift-covered area, beds at the
-same horizon can be found on the east side of Mine Hill, west of
Livingston, where red argillaceous shales are found a few feet below
the trap. Thirteen miles northeast, near Upper Preakness, wells
near the Union hotel and Point House hotel, on the Hamburg turn-
pike, reach red shale, of perhaps of little coarser texture, at depths
of thirty feet. Btill farther north, and at the same horizon, outcrops
of shale and red-brown sandstone occur sbout a mile south by east
of Pompton lake.

Along the road at the south end of Pompton lake, there is a good
exposure of greenish conglomerate which apparently dips beneath
the trap-sheet a few feet to the west. The actual contact is not
shown. This trap-sheet occupies the same position relative to
Second mountain as does the Long hill sheet, and they have been
assumed by various observers to be parts of the same overflow. This
being so, the conglomerates correspond stratigraphically with the
soft red shales underlying the Long hill sheet, since, as has been
shown by Darton and others, these sheets are overflows on uneroded
beds, and their bases afford reliable stratigraphic horizons. These
conglomerates are bt slightly above the shales and sandstones which
occur at point a mile south by east of the lake.

Mouch of the conglomerate is go poorly consolidated as to be readily
worked for road gravel, although this may be due to recent disinte-.
gration, The pebbles, which range up to ten inches in diameter,
are of hard green sandstone, limestone, black slate, purple quartzite,
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the members of the Green Pond mountain group, and their presence
here seems to imply the former greater extension of those rocks,
The smaller limestone and feldspar pebbles are usually much disin-
tegrated, being often not more than bits of clay. The sandstones
accompanying the conglomeratic layers seem to be composed chiefly
of quartz and feldspar,

Bergen County.—Similar coarse-grained sandstones and con-
glomerates occur farther north to the State line, The topography
of this part of the Newark area reflects the difference in texture.
Where the Brunswick beds are soft retl shales, the sarface is a gently-
rolling lowland, having an average elevation of from 100 to 200 feet
above tide. With the appearance of the coarser and more resistant
beds the general elevation becomes greater, and in place of the
gently-rolling lowland, we find a series of ridges and valleys following
very closely the trend of the beds. Toward the New York State
line the higher of these sandstone ridges attain elevations of 450 to
625 feet above tide, the local relief being 200 or 300 feet,

Practically the only exposures of rock are found along the ridges,
since the valley bottoms are deeply filled with glacial deposits. The
rock of all the ridges is much alike. It is a coarse sandstone with
some pebble-bearing beds and occasional shale layers, Nason *
ascribed the repetition of the ridges and the similarity of the beds to
faults along the valleys parallel to the strike. The question of faults
will be discussed below, so that the matter may be dismissed here
with the statement that no positive evidence of fanlting could be
found, and that the topography finds ready explanation on the
assumption of alternating hard and soft beds through a great thick-
ness of strata,

The areas where the rock outcrops frequently will be briefly men-
tioned. Along the crest of the ridge north by east of Arcola, the
conglomeratic sandstone comes near the surface. At the northern
end, near the Home of the Incurables, it has been recently quarried
to obtain stone for a new building. Here, as at Paterson, the con-
stituent pebbles are sandstone, quartzite, quartz, limestone, slate and
feldspar, while there is an entire absence of granite, goeiss or schist,
Occasionally pebbles five inches in diameter oceur. The stone rough-
dresses easily, and the smaller pebbles do not detract from its beauty,

* Nason. Annual Report of the State Geologist of New Jersey, 1888, page 25,
& seq.
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Doubtless, quarries of considerable value might be developed here as
the drift is thin, From New Milford northward to the State line,
exposures are wanting over a belt several miles in width. But
northward from Paramus, between the Pascack and Saddle rivers,
the rock is exposed in many places, particularly on the eastern
slopes: (a) at Storm’s mills, () along the hillside one-third of a
mile to the west, (¢) on the hillside west of Woodcliff (formerly
Pascack), (d) along Bear brook, and (¢) on the road along the crest
of the hill balf a mile west, there are good exposures of this same
coarse sandstone with conglomérate layers. At several places, also,
on the slopes and crests of the hills east and southeast of Saddle
River village, there are outcropping ledges.

West of Saddleriver to the limits of the formation along the base
of Ramapo mountain and north of the latitude of Hohokus, there
are almost no exposures, the drift being everywhere so thick as to
effectually bury all the ledges. From the constitution of the drift
and the similarity in topography, however, it is concluded that the
beds are not different from those further east.

At Hohokus there are good exposures along the creek and the rail-
road, and again at Midland Park numerous cuts are found. Here
again my notes indicate that granitic and gneissic pebbles are entirely
absent, althongh quartz, feldspar, shale, limestone, quartzite and
sandstones are common. At both places the creeks ehose courses on
the drift across thinly-buried ledges of rock. They soon eroded
their channels through the unconsolidated beds and were forced to
cut downward in the sandstone. Above and below these rock gorges
the streams are flowing in channels cut entirely in drift, the sand-
stone there lying deeper and not yet having been reached. Such cases
of local superim position are common in all drift-covered regions, so that
theze streams have had an experience common to thousands of others
in the northern part of the United States and Canada. Ledges also
occur along the small creek north of Van Winkle.

Brunswick Beds between First and Second Mountains.—In the
valley separating these two trap-sheets, beds of shale and sandstone
occur which are higher -in the series than any yet mentioned. South
of the moraine and its sssociated gravel deposits, exposures are
frequent, whereas to the north there are but few places where any-
thing more than mere traces of the rock can be seen. A line of
quarries located at Pluckamin, Martinsville, Washingtonville, Pleas-
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with a few of quartz. No gneissic or granitic pebbles occur, although
less thar a mile and a half away there rise the steep slopes of
the crystalline highlands, which border the Newark area. Many
of the limestone pebbles are completely disintegrated, leaving only
cavities to mark their place or insoluble yellow residue, The matrix
of the conglomerate is composed not of sand or clay, but chiefly of
small green shale bits, evidently derived from the softer beds in the
same formation as the green sandstones. All but the limestone and
quartz pebbles can be duplicated among the members of the Green
Pond mountain series, The limestones were derived from the same
source a8 the pebbles in the conglomerate beds near Paterson. Similar
conglomerate was noted half a mile northward along the same road.

There are fine exposures of interbedded red and green shale,
sandstone and massive conglomerate along the brook, three-eighths
of a mile east of the above-described conglomerate. In the latter,
limestone cobbles over a foot in diameter are not uncommon,
Directly beneath one conglomerate mass, a fine-grained, thin-bedded,
black shale occurs, in which are occasional fossil leaves, Similar
coarse and fine beds occur at a few other points in this vicinity.

The position of these conglomerates interbedded with shales and
undoubtedly grading into other shales at a short distance from the
border of the formation, accords perfectly with what has already been
noted as ocourring at many other points along the northwestern
border. The conglomerates do not form a definite horizon of them-
selves, but are strictly local accumulations which occur at all horizons.

The red shale which outcrops at various points between Millington
and Basking Ridge is still higher in the series than any I have here-
tofore mentioned, overlying as it does the trap of Long hill, the
third of the concentric trap-sheets. Lithologically it does not differ
from beds at lower horizons.

Northeast of Basking Ridge there are exposures of red and green
shale, with some black carbonaceous layers. The latter have given
rise to the belief that beds of coal ocour in that vicinity. Similar red
and green shales are found within the crescent-shaped trap ridge near
New Vernon. Here the beds form an anticline, the axis of which
dips southeastward, and the beds along the outer flanks are higher
in the series than those nearer the center, Near the two ends of
the trap ridge are hills of conglomerate, the pebbles of which are
green and purple sandstones, conglomerate, quartz, quartzite and
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shale. Here, again, the gneiss and granite are very rarely or never
present, although the crystalline rocks bordering the formations are
almost within stone’s throw.

Rock exposures are almost entirely wanting within that part of
the Paseaic basin from Basking Ridge to Boonton and Little Falls.
Within this area are the thick alluvial deposits of the Great swamp,
Black meadows, Lee meadows, Troy meadows, Hatfield swamp,
Great Piece meadows, Bog and Vly meadows, as well as glacial
deposits of more than ordinary thickness, This area all lies within
the basin of the glacial Lake Passaic, and no small part of these
deposits owe their origin to this circumstance.

A series of outcrops, however, was found close along the north-
western boundary from Boonton northeastward. Red and black
shales occur along the Rockaway river below Boonton, in some layers
of which finely-preserved fossil fish were found many years ago.
With the shales are interbedded sandstones and conglomerates, the
the latter composed of gneissic pebbles chiefly, with some quartz and
quartzite. They are poorly rounded, and in some cases six inches in
diameter, The fossil-bearing black shales occur in close proximity
to the sandstone and conglomerate beds. These beds outcrop at
intervals along the river for over a mile, and are about half a mile
from the crystalline rocks. Their strike (trend) is N. 30-40 W,,
that is, at right angles to the border.

BORDER CORGLOMERATES,

In my earlier report* I described at some length conglomerates
which oceur at a number of points along the northwest boundary of
the formation. In order to render this report the more complete, the
important points concerning them are here repeated.

Quartzite Conglomerates.—At a number of points there are
thick accumulations of massive conglomerates, composed chiefly of
quartzite and hard sandstone. Pebbles of limestone, gneiss and shale
occur sparingly in some layers. All the constituent materials are well
rounded, a fact which in the case of the hard quartzite indicates
a long period of attrition.

* Annual Report of the State Geologist, 1896, pages 50-54.
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These conglomerates, interbedded with sandstones and shales, are
best exposed in the  pebble bluffs ” along the Delaware river above
Milford. The conglomerates form lenticnlar beds which thin out in
the distance of a few rods to be replaced by beds of a different texture.
The alternation of beds betokens shore conditions. The heaviest
accumulations of this conglomerate underlie the high region stretch-
ing northwest from Pittstown and south of Pattenburg. This region
is known as “the Barrens” from the nature of the soil—an exceed-
ingly stony clay, resulting from the disintegration of the con-
glomerate. Less massive accumulations occur, also, at other points
chiefly south of Clinton, and again four miles north of Peapack,
where there is an outlier called Mount Paul. The conglomerate
hills near New Vernon, and also those near Pompton lake, mentioned
on page 50, fall into this category.

Caloareous  Conglomerates. — Conglomerates composed almost
entirely of limestone fragments frequently ocour. This rock is
in appearance almost the exact counterpart of the famous “ Potomac
marble” quarried at Point of Rocks, Maryland. The limestone
pebbles are usually bluish or grey, sometimes reddish, set in a red
mud matrix, so that the rock has s variegated appesrance. The
average diameter of the larger constituents is six or eight inches, but
bowlders five feet in diameter have been seen, and at a quarry two
and a half miles northesst of Suffern, N. Y., bowlders twelve feet
in diameter are reported to occur. The larger fragments are generally
rounded, but the majority of the smaller are sharp-cornered or at
most subangular. Compared with the pebbles in the guartzite con-
glomerate, the limestone pebbles are but little worn, a fact of some
significance in connection with the origin and source of the materials,
since with equal transportation the softer limestones must have been
most worn. In many localities this conglomerate is so pure a lime-
stone that it is quarried and burnt for lime for local use.

Gneissic Conglomerates,.—Locally a few gueissic and granitic pebbles
occur in the quartzite and limestone conglomerates, but they form a
very insignificant part of the whole. Not uncommonly the most
careful search failed to reveal a single pebble of this character,
There is, however, one area where these pebbles constitute by far the
major part of the formation. This area was not described in the
earlier report, as were the others, and so may be given more gpace
here.

?
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It begins near Montville and extends for two to three miles north-
eastward along the border of the formation. The rock occurs mostly
in low hills bordering the loftier crystalline highlands. Between
the rock knolls, and locally more or less completely covering them,
there are flat-topped hills of sand and gravel, some of them being
glacial deltas marking the shore-line of Lake Passaic.*

At Montville there is one exposure along the road, three-eighths of
a mile south of the village; another ledge just below the mill-d am
near the canal, and a third in the railroad cat half a mile east of the
village, At all exposures the rock is a coarse conglomerate with
cobbles not uncommonly & foot in diameter, The bulk of the
material is granitic and gneissic, five or six different types of erystal-
line rocks being present. Quartzite, sandstone and limestone pebbles
are common in the exposure slone the railroad, but were not noted
at the other points. Amygdaloidal trap pebbles form a significant,
although small part of the constituents, both at the mill-dam exposure
and along the railroad. The most conspicuous rock is a coarse-
grained granite, with large pinkish feldspar crystals, which is abund-
ant both in these beds and in those exposed to the northesst. The
matrix is composed of the disintegrated and smaller fragments of
the same rock as the pebbles, Outerops occur at frequent intervals
to the northeast, particalarly near the Jacksonville school-house,
along the road leading from Whitehall to Pompton Plains. The
proportion of trap, quartzite and limestone pebbles varies slightly at
different localities, but traces of each can usually be found.

Rising slightly above the level of these rocks are two small areas
of trap. One of these lies three-fourths of a mile north by west of
Whitehall, the other two miles north by east of the same place, At
both localities the rock is vesicular, and the ropy structure is shown.
Coils of dense, firm trap are involved with vesicular and scoriaceous
beds, as if a partially cooled mass of lava had rolled over and over.
Locally this structure may, in a small exposure, resemble a massive
trap conglomerate and readily be mistaken for it. This seems to
have been true in the case of the area two miles from Whiteball,
which was so deseribed by Nason.t

# Annual Report of the State Geologist for 1894, pages 279-283.
+ Annual Report of the State Geologist for 1888, page 41.

NEW JERSEY GEOLOGICAL SURVEY



THE S8TATE GEOLOGIST, 66

The origin of the trap pebbles found in the gueissic conglomerate
of this vicinity is not beyond question. Nason* has held that they
were derived from dikes in the neighboring crystalline highlands.
This does not necessarily follow. The pebbles are vesicular trap, and,
g0 far as their external appearance goes, they may have been derived
from Hook mountain or from either of the two Watchung ridges.
According to my observations the trap dikes of New Jersey are never
vesicular. It will be shown later that Hook mountain and the
Watchang ridges are overflow trap sheets, They occupy a lower
~ horizon than do the conglomerates under discussion, and, therefore,
the outflows of lava antedate the formation of the conglomerates.
Since the Hook mountain sheet is the nearest stratigraphically, it is
more probable that the pebbles were derived from it, than from the
Watchung sheets, If so, the former sheet must have been exposed
to the action of the weather and waves while the uppermost Newark
beds were forming.

Relations of these Conglomerates to the Older Rocks.—The relations
of these conglomerates to the older rocks along the border are signifi-
cant. In some cases the caleareous conglomerates adjoin small areas
of Paleozoic limestone, from which the materials may have been and
probably were derived. In other cases, and this iz true of the largest
areas, the calcareous conglomerates abut against the goeissic rocks,
and for much of the distance it is certain that no limestone occurs
between the gneiss and conglomerate, at least not at the surface
horizon, Crystalline pebbles, however, are comparatively rare in
the conglomerate. Substantially the same conditions prevail in the
case of the quartzite conglomerate. For the most part it adjoins the
gneiss, but gneissic pebbles in it are rare, The known areas of
quartzite along the border are small and in general not near the
massive conglomerate beds,  Lithologically, moreover, they are
unlike the bulk of the quartzite pebbles.

A numerical statement of the case makes the contrast greater.
Between the Delaware river and Pompton, the northwestern boundary
measures sixty-five miles and a half. The older rocks are distributed
as follows ;

* Annual Report of the State Geologist for 1889, pages 68-70.
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Gneisses and SrADILEE rrsemsreriieeisensescsessmennsneessssmssrseasnnanenss 453 miles,
i E8t0I0 1 revatsinernerisstesnsrionsrsres sossesanrarsnspssssansansaserssesannsssnne 6
Shale and Blate....ccrsseerssrenmimsnrsrersnesesririrnsanssnsissseniren sarvases 08
QUATEZILE oo.vcitnansiisnstnimereassnrsiniesastaninsansansussenssttnnasarasssasnesssnns § mile,

The various rocks of the Newark system are distributed along the
border as follows:

Quartzite conglomerate. vmeniiiierercasimuonssrm . 194 miles.
Limestone Conglomerat.. ...ccoiessecaisssssssssrnnsarennserssssassannenans 9
Gneissic CONEIOMErate... cocre veirisesinsssrmesrsnssssssrsssarnesrrriesssnnenne &
Red 8hale... civeimercmrseirnismiessrsmsainisccsrens nieenss snsassssasrassnoses 158 *«
TEAD +vvvvvenrisanes saraersnsssnntssnnsniomarersshessssioniuttimnssnnasiasesnnssansisons 24 7
Bock unknown (buried by drift)....cmerermarnnciinaanii. 4 @

That part of the boundary northeast of Pompton (ten miles) is not
included in this estimate, since on both sides of the contact the rocks
are almost completely hidden by the deposits of the Ramapo river.
A contorted slate, seen at two points along the river, indicates that
the Newark beds do not abut, at least not continuously, against the
crystalline rocks of Ramapo mouatain.

From these tables it is seen that whereas the gneisses and granites
form the boundary for nearly fifty miles, gneiss conglomerates occur
only along four miles. Even should all the unknown rocks (four-
teen miles) be gneiss conglomerates—a thing altogether improbable—
these conglomerates would be less in amount than the quartzite con-
glomerates. On the other hand, whereas the quartzite conglomerates
are found for nearly twenty miles, the known areas of quartzite
along the boundary measure less than 2 mile. The contrast in
amount between the quartzite and gueiss conglomerates would be
much greater were the width of outerop also taken into account in
the foregoing tables. It will also be noted that the belt of limestone
conglomerate is fifty per cent. longer than the exposed limestone
areas, In view of these facts, it is evident that along the greater
part of this border the beds of the Newark system were not derived
from the older rocks which now immediately adjoin them. The
waves of the sea in which the Newark beds were deposited did not
beat against the rocks which now border this area. The most prob-
able explanation of these facts is found in the hypothesis of faulting
along the border—an hypothesis which I shall develop more fully
below.
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Relation of the Conglomerates to the Shales—The relation of the
conglomeratea to the shales is also an interesting and significant one.
When traced along the strike the shales and argillites are found to
grade into coarser beds which, at some horizons, become the massive
conglomerates near the border. That this is the case has been estab-
lished beyond a shadow of a doubt by numerous observations. Time
and again thin pebbly layers were seen to appear in the shales and to
increase in thickness and numbers until they became massive con-
glomerates, This is true both of the calcareous and of the quartzite
conglomerates, and could doubtless be seen also in the case of the
gneiss conglomerates were the exposures more abundant.

These conglomerates do not, therefore, form a separate horizon but
range through the whole formation. In the bluffs on the Delaware
river, above Milford, they belong with the Brunswick shale, 8o also
do the beds of a part of  the Barrens ”” southeast of Pattenburg., The
rocks of ¢ the Barrens,” north and northwest of Pittstown, pass into
the Lockatong beds, and are therefore slightly older than the con-
glomerates nearer the Delaware. The pebbly layers south of Clinton
belong to the Stockton series. Both the calcareous and the quartzite
conglomerates near Pottersville and Peapack belong with the Bruns-
wick beds. In the same subdivision must be placed the quartzite
conglomerates near New Vernon and south of Morristown, the
gneiss conglomerates near Montville, and the quartzite conglomerates
south of Pompton lake.

I have already pointed out in considerable detail (pp. 47, 48), that
in Bergen county, the Brunswick beds are as & whole comparatively
coarge and contain many conglomerate beds with both limestone
and quartzite pebbles, These are well shown in the quarries in
Paterson, They are not basal beds brought up by a faunlt, as has
been suggested by Darton.* On the contrary, toward the north, the
whole masa of the Brunswick beds, so far as exposed, becomes coarser
and even conglomeratic at many horizons. In these particular layers
at Paterson, the pebbles were carried further to the southwest by
the currents than in the immediately underlying or overlying beds.

It must also be understood that what has been said concerning the
three types of conglomerates does not apply to the conglomerate
layers interbedded with shales and sandstones, which occur either
along the sontheastern part of the formation, or near Hopewell, or

*T1. 8. Geological Survey, Bulletin 67, pages 17, 18.
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near 8tockton. These latter are comparatively thin beds of little
importance from a topographical standpoint and belong to the Stock-
ton series, They present no features of particular interest,

CHAPTER IL—-TRAP ROCKS,

In many of the earlier reports* of the survey, the trap rocks of
the Newark aystem have been more or less completely described and
their location shown upon the Geological map. Darton + has pub-
lished an elaborate and valuable account of the principal trap masses
and their relationship to the adjoining sedimentary rocks. Russell,
Davis and many others have added to our knowledge of certain
localities. In spite, however, of all that has been written by many
observers, there is still much uncertainty, even among persons of the
Btate who take no small interest in such things, concerning the
origin of the trap rocks, their relations to the shales and their effects
upon the sedimentary beds. In view of this I shall discuss some-
what fully these rocks and repeat some things which have been well
known to all geologists for many years.

ORIGIN OF THE TRAP ROCKS,

The traps belong to that class of rocks called by geologists igneous,
from the fact that they were formerly in a molten condition, While in
this state they were forced up through the overlying solidified strata to
the geologieal horizon at which they now occur. The nature of the force
by which this was accomplished is not well understood, but the fact re-
mains. The trap rock, which, by its composition and structure, is known
to have once been molten is now included in beds of shale and sand-
gtone. These are known by their structure and texture to have been
accumulated under water from the fragments of older rocks. Mani-
festly the only explanation is that the trap was forced up from the
highly-heated interior of the earth into the sedimentary layers, where
it cooled at or near the surface,

The Newark trap rocks of New Jersey occur in three different
ways. Some occur as sheets or layers perfectly parallel to the layers
of shale or sandstone with which they are interbedded. The relation-

} * (venlogy of \ew Jersey, 1868. Annual Reports 1879, 1881, 1883, 1884, 1886,
885, 1896.
% Darton. TU. 8. Geological Sarvey, Bulletin 67,
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ship is exactly what one would find in a case where first a layer of
sandstone was formed, then a layer of molten trap overflowed the
sandstone, and lastly other layers of shale or sandstone formed on
top of the trap, Such a sheet would be called “extrusive” or an
“overflow,;” since the lava was poured out over the surface of the
sandstone layer. The Watchung mountains (both First and Second
mountains), Long hill, the New Vernon sheet, Riker hill, Hook or
Towakhow mountain, the New Germantown sheet and the Sand
brook sheet are of this character.

A second typeis found in the narrow almost vertical sheets or
dikes which cut sharply across the shales at various angles. As
seen in cross-section they frequently make angles approaching ninety
degrees with beds of shale. Their occurrence is that of a molten
or pasty mass of lava which has risen through a crack in the
overlying beds, widening and filling it. At Blackwell’s mills west
of New Brunswick, and on the Croton road just west of Flemington,
there are fine exposures of such dikes.

The third type stands between the two already mentioned. The
rock is in sheets not infrequently several hundred feet thick, which
lie nearly but not entirely parallel to the beds of the inclosing shales.
They follow the bedding planes for a greater or less distance and are
then parallel to the shales, but soomer or later they break across the
gtrata to another horizon. In these cases the molten or pasty lava
ascended through dikes or vents to a certain horizon, where it spread
out between the layers, bulging up the overlying beds and occa-
gionally passing from one bedding plane to another. These sheets
are said to be infrusive, since they are forced into the beds. Mani-
festly, there can be all gradations between the dike which cuts the
inclosing beds at right angles, and an intruded sheet which is nearly
or quite parallel to the bedding. In the latter case it may be a
matter of much difficulty to distinguish between an intrusive and an
extrusive sheet. Rocky hill, the Palisades, Sourland mountain,
Cushetunk mountain, Round mountain, and the other trap masses in
the western part of the State are intrusive sheets or masses, which
are more or less parallel to the bedding, although in every case they
cut across it at one or more points,

There is usually no difficulty in separating the nearly vertical dike
from the other two types, but the extrusive and intrusive sheets are
often much alike. In spite of this likeness, however, there are many
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criteria* by which they may be differentiated. These differences
are the result of the different conditions of origin. The extrusive
sheet must be conformable to the surface on which it lies; the
intrusive eheet may break across the beds. The one may show evi-
dence of having cooled rapidly and not under pressure, by a vesicular,
scoriaceous, glassy or ropy upper surface; whereas the other, having
cooled more slowly beneath the surface and under pressure, will be
coarser-grained, non-vesicular (save in rare cases), and may have meta-
morphosed the overlying beds. The extrusive sheet may contribute
material to form the overlying sedimentary beds, and so be covered
by a trap conglomerate or sandstone, or it may be associated with beds
of voleanic ash and lava bombs, or the overlying sediment may work
down into the inequalities of its upper surface, thus filling the vesicles
and spaces between the clinkers, The intrusive sheet, on the con-
trary, may send off spikes and streamers of trap into the overlying
beds, or mey surround and inclose masses of the overlying rock
which it has broken off as it forced its way along between the beds.
There are other differences, but these are the most important.

ORIGIN OF THE RIDGES.

With the exception of a few of the narrowest dikes, all the trap masses
are sharply marked topographically. The thicker sheets form hills or
ridges rising several hundred feet above the general lowland, The ex-
trusive sheets and those intrusive sheets which are nearly parallel to the
bedding, have steep easterly faces, locally surmounted by cliffs and long,
gentle westerly slopes corresponding to the dip of the overlying sedimen-
tary beds. The popular view that these ridges owe their height to the
upheaval of the molten lava to its present altitude above the shales is of
course erroneons, Molten or pasty lava raised to the surface could not
assume the present position and height of these hills above the shales,
but must manifestly have flowed as a thin, nearly horizontal sheet over
the surface. Moreover, the evidence is conelasive that some of the
masses solidified between the shales at considerable distances beneath
the surface of that time. Other sheets after extrusion were buried
beneath many hundreds if not thousards of feet of sediments. From
this it follows that all these masses of trap owe their present position
as hills above the general level to the wearing away of the overlying
beds. Since they are much more resistant to the attack of the agents

* Davis, Bulletin of the Museum of Comparative Zoology 1889, pages 100-103.
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of disintegration and denudation than the shales and sandstones, they
have been eroded less rapidly, and now rise above the softer rocka,
This fact must be clearly grasped in order to comprehend at all the
history of these rocks, Not only has a thickness of shales equivalent
to the present height of the trap ridges been eroded from the lowland
surrounding them, but many hundred feet of sedimentary rocks have
been worn off their crests. They form hills and ridges, not because
they have been pushed up higher than the shales, but because the
latter have been worn down the faster.*

The Palisades.—The Palisades sheet iz by far the most widely
known of all the trap masses of New Jersey. No traveler along
the Hudson river either by boat or by train can fail to notice its
rugged, stern and almost forbidding cliffs. Fort Lee, erected during
Revolutionary days, on one of its projecting points, connects it with
the struggle for independence. The tragic death of Hamilton, on
the fatal dueling ground at its foot, links it with the early history of
the nation. In these latter days widespread attention has been
directed to it by the efforts to induce the government to protect it
from the attacks of the quarrymen.

On Btaten Island the trap is quarried for so-called “granite”
paving blocks, It outerops at sea-level at Bergen Point, but the
elevation gradually increases northward, being 250 feet above tide
at West Hoboken, 333 feet at Fort Lee, 433 feet east of Engle-
wood, until its maximum height in New Jersey of 547 feet is reached
one and three-fourths miles south of the State line. Just north of
the State line there is a broad, low sag, with an average elevation of
about 200 feet, which at Sparkill is cut through by a narrow valley
almost to sea-level. Within a mile northward, however, it rises
to a height of 680 feet, Its maximum height of 832 feet i found at
High Tor, just south of Haverstraw, where it curves westward away
from the river, decreasing in elevation until it disappears beneath the
glacial deposits along the western boundary of the Newark beds.

From Hoboken northward the sedimentary rocks outcrop fre-
quently beneath the trap, and many localities are known where the
igneous and sedimentary rocks can be seen in contact. South of
Hoboken the contact of the trap and shale is below sea-level, but
northward it rises to a height of about 180 feet east of Englewood,

*A complete discussion of the topography of the trap ridges and its development
is given in vol. IV, Final Report of the State Geologist, pages 27-40 and page 99
€t seq.

NEW JERSEY GEOLOGICAL SURVEY



62 ANNUAL REPORT OF

of 240 feet at Alpine, and falls again to 100 feet* at Sneden’s
Lanoding.

On the west side of the ridge neither shale nor sandstone is found
from Bergen Point northward almost to Schuetzen Park, the contact
of the trap with the overlying shales probably being beneath sea-
level. North of Schuetzen Park, however, the western flank of the
ridge is formed of shales and sandstones, which north of Ridgefield
attain considerable width, The upper contact is not so frequently
exposed as the basal, but a number of localities are known to geolo-
gists where it can be seen,

Thickness,—Estimates of the thickness of the Palisades vary greatly.
This is due in part to the probable great variation in its actual thick-
ness, and to the difficulty of making accurate estimates in the case of
a sheet, cut by many faults, more or less unconformable to the in-
closing sedimentary layers, and deeply eroded. Dartont has esti-
mated its thickness at Bergen Hill to be about 300 feet, near Wee-
bhawken about 400 feet, near the State line 700 feet, and at High Tor
at not less than 850 feet. I believe these figures to be too small. A
well recently drilled at Jersey City Heights] penetrated the trap to a
depth of 364 feet, where sandstone was reached. But it is not prob-
able that this boring represents the entire thickness of the sheet, since
the upper part has been removed by erosion. My owb estimates of
the thickness near Weehawken vary from 700 to 875 feet, according
to the varyiog angle of dip.

At Fort Lee the thickness is 950 feet, estimated on the basis of a
dip of twelve degrees. Two large faults are here known to traverse
the sheet, but allowance was made for them. That the thickness is
more than the figures given by Darton is shown by the fact that &
well at Fort Lee penetrated trap rock to a depth of 875 feet, where
the metamorphosed slate was struck. The position of the well is such
as to render it probable that the thickness of the sheet is slightly
greater than this.

Under Contacts. 1. Hoboken.—A hundred yards north of the head
of Paterson street, Hoboken, the trap occurs in contact with a hard
arkose sandstone, The contact is extremely irregular, the underlying

These tigures are taken from the topographical map, not from any levelings of
my ow.

4 Darton. Loe. cit., page 44.
1 Data ~applied by P. H. & J. Conlan, Newark. The well was drilled for J. Mehl

& Co,
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rock being penetrated by several tongues of trap, and a large mass of
the sandstone is inclosed in it.

2. For a mile and a half north of the above locality, the contact
is beneath the level of the salt marsh deposits or is concealed by
talus. When next exposed, the trap is seen resting upon black and
purple shale (hornfels). About fifty feet below the trap and under
the shale are beds of sandstone similar to those seen next to the trap
at the head of Paterson street.*

3. Weehawken.—At the head of West Nineteenth street, Wee-
hawken, the trap escarpment makes an abrupt turn to the east for 300
yards or more, and then resumes its northeasterly trend. The bend
is caused by the sheet breaking across underlying strata and not by
a fault. In a distance of about sixty yards, the trap can be seen to
cut downward to the east across beds ninety feet thick. The actual
contact is vigible for only a small part of this distance, but the trap
outcrops at constantly lower horizons. Angular fragments of the
glate are found in the trap near the contact, and where it reaches the
level of the street it is seen to rest upon heavy-bedded arkose. The
trap descends somewhat more than a hundred feet at this point,

4. A few yards west of the corner of West Nineteenth street and
Hackensack avenue, a mass of arkose sandstone was noted between
two layers of trap, It is traceable for thirty-five feet with a
maximum thickness of six feet, but owing to the talus its exact
relationship is not certainly known. From its irregular shape it is
probably a mass of sandstone broken off and inclosed in the trap,
lying about ten feet above the base,

5. A short distance north of this corner the trap cuts obliquely
across the heavy arkose beds in such a manner that as one goes
northward it is found to rest on higher beds.

6. Near the entrance to Highland Park, Weehawken, the trap
rests unconformably on heavy-bedded and slightly-indurated arkose
sandstones.

* Many of the facts hereafter enumerated, both for the Palisades and the other
trap areas, have been described by earlier investigaters, Cook, Russell, Davis and
Darton have contributed largely to our infermation of the trap sheets and their
relationships. In the following pages I shall describe more or less briefly all the
localities noted by me, whether or not previously reported. The facts given are
the result of my own observations even at localities previously described. To
avoid the repeated use of foot-notes I wish to acknowledge here my indebtedness to
previous writers, particularly to the sabove-mentioned geologists, for many sugges-
tions gleaned from their writings and for aid in locating important points.
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7. At King’s Point the trap escarpment makes another sudden
offset to the east. That this was due to faulting was suggested by
Davis and demonstrated by Darton. (See below, chapter on faults).
On the east side of the point along the railroad tracks is one of the
best known of all the unconformable contacts.* The main mass of
the trap ascends across the shale by successive steps, yet a stratum
three and half feet thick extends between beds of highly-altered shale
for about 100 yards until the trend of the beds carries it below the
surface, The junction of the thin layer with the main mass is very
obscurely shown, but the former is undoubtedly an offshoot from the
latter,

8. Half a mile further north and directly below El Dorado tower,
Weehawken, the trap again ascends obliquely across the shales for
twelve feet, within a hori-
zontal distance of forty-
eight feet. Here, too, a
long tongue of trap five
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Fig. 1.
Disgrammatic xketch of the trap and shale at Weehaw-
ken, beneath the El Doredo tower. The shale beneath
the tongue of trap is mostly concealed by debris,

feet thick extends from
the main mass into the
shale (Fig. 1, also Fig.
13, 4). Locally the shale
is much brecciated near
the contact.

9. At the eastern en-
trance to the West Shore

tunnel, Weehawken, the
trap rests conformably upon hard black slate, the contact being exposed
for a distance of thirty-five feet, but just before it disappears beneath
the talus, it breaks across the shales for a distance of three inches,

10, At intervals for several hundred yards north of the tunnel,
the black altered shale outcrops from ten to thirty feet beneath the
trap. Still further north a coarse heavy-bedded arkose sandstone is
found within fifteen feet of the contact. The base of the trap sheet
has changed its horizon once more, although the unconformity is not
exposed.

At Guttenberg a trap dike four and a half feet wide is visible in
the arkose beds thirty feet beneath the main mass. It is probably an
offshoot from above, but this cannot be demonstrated.

* Described by Russell, 1880; Cook, 1882; Davis, 1883; Darton, 1890.
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11. At the south end of Lane & Son’s quarry, south of Bull’a
Ferry, the trap rests conformably upon the somewhat indurated
arkose sandstone, The exposure is not a long one,

12. Half a mile further north, in the southern part of Shady Side,
it rests unconformably upon shale and sandstone, ascending north-
ward about eight feet in fifty. TFour or five feet below the main
sheet there is a masg of trap within the shales, probably the cross-
section of an offshoot from the overlying sheet. Although partially
obscured by talus, no hesitation is felt in asserting that it is not a
bowlder, It is clearly intruded into the shale.

13. At the eastern entrance to the New York, Susquehanna and
Western tunnel the contact is conformable. The same relationship is
shown along the road just north of the tunnel entrance. Hand
specimens showing the two rocks welded together can be obtained
without difficulty. At this locality, also, there are interesting cases
of faulting which will be referred to later.

14, Just north of the power-house of the Bergen County Tractiom
Company, Undercliff, there is a fine exposure of indurated arkose
sandstone and red shale. The latter is the more altered of the two,
various tints of purple and red being present. The rock has the
peculiar shades often seen on kiln-burnt stones. During the build-
ing of the electric railway the contact was exposed near here. The
trap cuts vertically across six or eight feet of shales, above which it
extends conformably to the bedding. A thin tongue of trap extends
from the main mass for a distance of ten feet between two beds of
siate. Highly-indurated shale immediately underlies the trap and
is succeeded downward by alternating beds of metamorphosed shale
and arkose.

15, Near the water's edge at Fort Lee good exposures of altered
rock are found. It is arkose sandstome, containing thin lenticular
layers of vari-colored shale, which is so indurated as to closely
resemble jasper. In color it presents the various shades of red and
purple common to a kiln of fired brick. The whole aspect of the
rock is indieative of a former high temperature, Nowhere has this
aspect been observed in the Newark rocks except in the case of
beds near certain trap sheets, particularly along the base of the
Palisades. An obscure exposure along the public road just west
of the Bluff Point Hote! shows the trap breaking across the edges

5
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of the shale and arkose. The exact relations are not clear, but the
fact that the two are not conformable is beyond all dispute.

16. For a mile above Fort Lee the talus hides the contact, but a
ghort distance above Carpenter Bros.’ quarry, under the cliff at Lin-
wood, there is a fine exposure. The relations are best brought out by
the accompanying diagram, (Fig. 2). The contact is an extremely
irregnlar one, breaking across the beds in a most complex manner.
Narrow tongues of trap extend into the seams between the beds of
shale, A mass of shale and sandstone sixty feet long and ten feet
wide is entirely incloged in the trap, as is also & small piece of sand-

Fig. 2,

Diagrammatic sketch of the contact of the trap and underlying shale at
the base of the ¢liff at Linwood, on the Palisades,

stone near it. Frequently along the contact the sedimentary beds
are shattered and the laminse much contorted. Elsewhere the black,
highly-altered shale (hornfels) is welded to the trap so closely that
only the most painstaking examination can separate the two. The
gketch fails to bring out the minute complications where the trap
breake across the beds, the rocks frequently being so intricately
interlocked that exact reproduction on a small scale is impossible.
Beneath the trap the altered sediments are exposed continuously
where a stream has washed away the talus for twenty-five or thirty
feet further. Apart from a preponderance of secondary minerals and a
mottled-green segregation (kalk-silicate hornfels) in the beds near
the trap, there is no marked difference in the amount of meta-
morphism of any bed exposed. A rough climb along a poor path
through the thick bushes and over the talus blocks is necessary to
reach this exposure, but when found it is one of the most significant
along the entire length of the Palisades.
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17. Southeast of Englewood a road winds its way down the face
of the cliff. Aloog this road just south of a stone school-house the
contact is exposed. Here the trap rests on arkose sandstone and cuts
obliquely across the beds, ascending four feet in a distance north-
ward of twelve feet. Bedding planes in the sandstone terminate
abruptly against the trap, (Fig. 3).

18. Just back of the school-house the contact is conformable,

19. At Brown & Fleming’s quarry, a mile further north, the blast-
ing has exposed the base of the trap for a distance of fifty yards.
The contact is difficult of access owing to the steepness of the slope
below. Although following the beds pretty closely the trap appar-
ently descends ten feet northward within the distance seen. The

/0 Feet

Under contaet of the trap and arkose sandstone, east of Englewood.

metamorphosed beds beneath present a great variety of types, inclu-
ding jaspery black slate more or less mottled, greenish-black slate
(bornfels and kalk-silicate hornfels), quartzite and arkose sand-
stone, which in appearance closely resembles granite, some secondary
fibrous green hornblende being present,

The contact is not exposed near Huyler’s Landing nor at Alpine,
although st the latter place, arkose sandstone altered to a quartzite
and indurated black shale are visible just below the trap. Both
north and south of Alpine the talus extends above the base of the
trap and ig thickly grown with brush and trees, so that the opportu-
nities for observing the contacts are wanting. The trap sheet has
not been examined north of the State line,

Summary.—Nineteen localities have been cited where the under
contact is visible, At fifteen of these the trap certainly crosses the
beds from one horizon to another at some part of the exposure,
although it may follow a bedding plane for a part of the distance.
At three localities the trap is to all appearances perfectly conform-
able with the shales; but at only one of these three is the exposure
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more than a few feet in length. At one locality (Brown & Flem-
ing’s quarry) the trap seems to cross the sedimentary beds, but owing
to the steep approach, which prevents careful examination, the
question may be regarded as an open one. At every contact the
shale is highly metamorphosed, not only next to the trap, but often at
a distance of over a hundred feet vertically from it. The arkose
sandstone layers are less affected, but they have not escaped indura-
tion. In by far the greater number of cases the trap ascends to
higher horizons nerthward, so that its position at the State line is
much above its horizon at Bergen Point,

The irregularities of the under surface of the trap, its constant
shifting from one horizon to another, the tongues or offshoots from
the main mass, the angular masses of the shale broken off by the
trap and included in its basal portion, and the intense and far-reach-
ing metamorphism which has everywhere affected the underlying
beds to depths of over a hundred feet, all can be readily explained on
the hypothesis that the trap was forced into its present position
between the sedimentary rocks in a molten condition, and that it did
not come to the surface and overflow. The vast erosion which has
taken place during the millions of years since the intrusion, has
removed the overlying shales and sandstones, thus bringing the sur-
face down to the level of the solidified lava sheet. Not only do all
the phenomens observed along the base of the sheet support this
hypothesis and none oppose it, but the facts observed along the
western or upper side are in harmony with it, and the textare of the
trap itself is explained by it. These will now he considered.

Upper Contacts.—1. Between Bergen Point and Schuetzen Park’
(Homestead station) the trap is frequently exposed at tidal level, but
the overlying shales do not appear. A few hundred yards south of
Homestead station there is an old quarry in which highly-meta-
morphosed overlying shales are seen at intervals in contact with the
trap for fifty feet. The position of the shales is abnormal, strike
N. 30° W., dip 66° 8. W., and the contact is approximately parallel
to the strike, but there are local irregularities. In places thin off-
ghoots of the trap two inches or less in diameter are intruded for
short distances into the overlying shale. Locally the contact zone is
twelve to eighteen inches wide. There is not the slightest suggestion
of amygdaloidal or scoriaceous structure in the trap near the contact
nor sny trace of waterworn particles of trap in the overlying shale,
such as might occur on the back of an overflow sheet,
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A few rods to the north the boundary makes an abrupt turn to the
east for half a mile, and arkose sandstone is found outcropping near
the trap along the road high up on the side of the hill ; thence north-
ward to the West S8hore tunnel the boundary is parallel to the trend of
the shale and of the ridge. This abrupt eastward bend indicates
either a descent to a lower horizon or a fault with down-throw on the
east. There is nothing in the topography to favor the latter hypo-
thesis. It is more probable that the trap breaks across the beds to a
lower horizon to correspond to the sharp descent noted on the under-
surface at the “ observatory,” Weehawken, (See 3, p. 63).

2, At the West Shore tunnel, however, the trap turns westward
again and riges to a higher horizon. Just west of the entrance it is
shown in contact with arkose
sandstone, which has a strike
of N, 40° to 45° E., and a
dip 16° N. W. The trap
crosses both the strike and
dip of the sandstone very
obliquely, the plane of con-
tact striking N. 25° W, and
dip 65° 8, W. The accom-
panying diagram (Fig, 4)
indicates the relations as
viewed from above. Near
the contact both the trap Fig. 4.
aud sandstone are much de- 9 o b ant renng oo e s
composed. Darton, how-
ever, reports finding & welded contact here, which is proof that it is
not due to faulting.

3. The contact is again exposed just within the western entrance of
the New York, Susquehanna and Western tunnel. Here the indar-
ated sandstone dips 9° westward, whereas the upper surface of the
trap dips 18° westward. The contact is clearly shown in the side of
the tunnel and there is no possibility of error in the observation. On
the north side of the tunnel wall, near the level of the track, and
about fifty feet from the entrance, two narrow dikes of trap, one six
inches, the other varying]from four to ten inches in thickness, pene-
trate the overlying sandstone for two and four feet, respectively.
They extend nearly parallel to the upper surface of the sheet and
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within two feet of it. Their contact with the sandstone is a welded
one, and hand specimens can readily be secured, showing the two
rocks in contact. Miecroscopic study has made clear the nature of the
rock beyond doubt. Both dikes can be traced to within a few inches
of the main sheet, so that there is no doubt as to their connec-
tion with it. The importance of these offshoots into the overlying
beds in their bearing on the origin of the trap sheet is manifest. Clearly
in an overflow sheet there could be no dikes extending into the over-
lying beds, since the latter wonld not exist at the time of the overflow.
About ninety feet of interbedded shales and sandstones are exposed
above the trap in this cut, the topmost beds being to all appearances a8
thoronghly metamorphosed as those next to the trap, and the total
thickness of the altered beds is even greater than this.

4, In the woods half a mile northeast of Ridgefield the metamor-
phosed shales are exposed in the bed of a small brook. A few rods
distant there is a broad exposure of the smooth upper surface of the
trap, the dip and strike of which agree exactly with those of the shale.
The trap to all appearances passes conformably beneath the metamor-
phosed shale,

5. Along Riley avenue, Leonia (Fig. 15, 4), thin patches of
intensely metamorphosed shale are found resting upon the trap, which
is apparently nearly conformable to the beddiny. Microscopic exami-
pation of a slide cut at right angles to the contact shows that the
latter s in general a sharply-marked, straight or gently-undulatory
line. At one point, however, a mass of the altered shale projects
downward into the trap. Near this projection a small bit of the shale
is included in the trap. For a distance of at least three-fourths of an
inch the ground-mass of the trap is very fine grained and inoloses
phenocrysts of feldspar and aagite. Next to the contact the ground-
mass and the phenocrysts have been somewhat altered. At a distance
of one and a half inches the trap is distinctly holocrystalline.

6. The top of the trap and the metamorphosed shale are exposed
within twelve feet of each other, in the bed of a brook half a mile
northwest of Linwood (Fig. 15, B). The dip of each is the same,
ten to twelve degrees westerly; the slope of the hill is nearly the
same. The impression gained by sighting along the trap is that it
cannot pass beneath the shale without au increase of dip, and in this
event it must be unconformable. This question is, however, an open
one.
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7. The altered shale and sandstone are again exposed near the trap
along the brook half a mile or more east of Nordhoff (Fig. 15, C).
Here, also, the trap surface has the same dip as the shales and appar-
ently passes beneath them. There are fine exposures of the metamor-
phosed shales along this brook.

8. Along still another stream a little northeast of the above (Fig.
15, D) the trap surface is exposed, but here it does not present the
smooth, gently-dipping character noted at the localities just cited. It
is much broken by vertical joints which trend N, 30° E. The shale
is not exposed near the trap, but it is buried by bowlders in the
stream bed. It is questionable whether the shale could rise regularly
along the dip and overlap conformably the trap where they would
come in contact, It is quite possible that the abrupt termination of
the trap and its jointed condition may be due to a sudden steepening
of the dip at this place.

9. Three-fourths of a mile southeast of Tenafly the green jaspery
shale is exposed along the bed of a brook, within thirty feet of the
trap. The trap surface apparently passes conformably beneath it at
an angle of 14°. At no points further north did I find the shale in
contact with the trap.

Summary.—The actual contact of the overlying shale and trap has
been observed at four places (1, 2, 3, 5). At two of these (1, 3} small
dikes were found extending into the shale for distances up to four
feet. At two localities (2, 3) the contact as a whole was not parallel
to the shales, but crossed the beds. A microscopic study of slides
from one locality (5) showed a bit of the sandstone included in the
trap near the contact. At two localities (1, 5) the trap and shale were
not markedly unconformable. In addition to these, five other places
were visited where the shale and trap were observed close to each
other, but not actually in contact. At four of these the weight of
evidence favored the view that the contacts are conformable; at one
it is apparently unconformable. In every instance the beds near the
trap are much metamorphosed, to a thickness, in ore case at least, far
exceeding ninety feet. In addition to the nine localities just sum-
marized the general outline of the trap north of Schuetzen Park indi-
cates an abrupt change to a lower horizon. In no single instance
were any of the phenomena observed which are typical of an overflow
sheet. Nowhere, from Bergen Point to the State line, is the trap
known to be vesicular, or scoriaceous, or amygdaloidal, or to have a
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ropy surface. In view of all these facts, many of which have been
noted by earlier observers, the intrusive origin of this trap sheet
can scarcely be called in question, certainly not by anyone familiar
with the facts of the case.

Darton has stated that the trap ascended to its present horizon in
the shales through a steeply-inclined dike which follows at or near the
western edge of the ridge. The steep dip of the trap at the west end
of the West Shore tunnel, Weehawken, is supposed to be due to the
dike. At several points the topography of the western side of the
ridge is suggestive of such a relationship. The evidence in New Jer-
sey is not, however, as conclusive of this hypothesie as one might
wish.

Tezture and Composition.—On the whole the trap is coarse grained.
Near the contact it is fine grained or occasionally slightly glassy, but
the crystals rapidly increase in size within a few feet of the ahale,
Where coarsest, thin tabular crystals of feldspar, two or three-eighths
of an inch in length, occur. Usually they are smaller, Compared
with the trap of sheets which are known to ba overflows, the texture
is much the coarser throughout. These facts accord with the condition
of origin indicated by the structural relations. The coarseness of grain
indicates a slower rate of cooling than would have prevailed in an
overflow sheet.

At a number of points at intervals of many miles a marked zone
of deeply-weathered rock was observed between the dense and firm
trap. It occurs in the cliff at Alpine, southeast of Englewood, at
several points north of Fort Lee, opposite the public school at Weehaw-
ken and at several other points as far south as the Delaware, Lacka-
wanna and Western railroad. This zone is from fifteen to twenty
feet wide and occurs from forty to sixty feet above the base of the
sheet, being apparently everywhere at about the same horizon. In
all probability it occurs at many points where it was not observed.

The rock is probably of different mineralogical or chemical compo-
sition along this zone, but the exact differences are as yet unknown.

Andreae and Ozann have made extensive microscopic studies of the
trap. Both in its mineralogical composition and structure it is a
quariz-bearing hypersthene diabase, composed essentially of plagio-
clase, monoclinic pyroxene (augite) and hypersthene, while a dark,
reddish-brown mica, quartz and opaque minerals occar in very
subordinate quantities. Ophitic structure is typically developed, but
sometimes gives way to a porphyritic structure,
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Within a distance of one or two centimeters of the under contact the
structure is completely porphyritic, & few larger pyroxene and feld-
apar phenocrysts appearing in sharp relief from the very dense
ground-mass. The amount of biotite is greater, and instead of the
hypersthene, olivine occurs which is often altered to serpentine.*

The faults by which the Palisade ridge has been traversed will be
considered later.

Granton Trap.—North of Granton station there is a small trap
hill which presents some interesting featares, The rock is exposed
at the northern end in two quarries. At the one nearer the highway
(eastern) the following section is exposed, beginning at the top:

1. Trap, 20 feet or more.

2, Arkose sandstone, 6 to 7 feet.

3, Trap, 10 to 12 feet.’

4, Indurated green and black shale, 30 feet.

The contact of the upper trap and the arkose sandstone is obscured,
but the two are apparently not quite conformable. The under trap
is not quite conformable either to the arkose sandstone above or the
metamorphosed shale below.

At the other quarry only one mass of trap is seen, The dike by
which it ascended vertically across the beds was exposed at the time
of my visit, as was algo the place where it spread out as a sheet along
one layer. A small fault, with throw of about twenty feet, apparently
separates the rock in the two quarries.

Along the western margin of the area the trap plunges steeply below
the swamp level, apparently descending at a steeper angle than the
dip of the shales. Near the southern end of the railroad cut a small
patch of overlying shales very much metamorphosed was found. Its
length is not more than thirty feet and its maximum thickness is five
feet. The contact is unconformable to the bedding of the shale. At
F. J. Marley’s quarry, a few rods further south, the under contact is
shown. Locally the trap breaks abruptly across the shales for two
or three feet at & time and extends parallel to the bedding for forty or
fifty feet. Till obscures much of the eastern face of the trap mass.
The sheet or sheets are clearly intrusive in origin. At the south end the
maximum thickness is hardly more than seventy-five feet. This trap
is 8o close to the Palisade sheet that it is probably an offshoot from it,

# Andrese and Osann: Tiefencontacte an den intrusiven Diabasen von New Jersey.
Separat-Abdruck aus den Verhandlungen des Naturhist.-Med. Vereins. zu Heidel-
berg. N, F. V. Bd. 1. Heft.
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Snake Hills—Two rocky hills rise above the level of the meadows
between Hoboken and the Hackensack river. The smaller is entirely
of trap, and its structural relations are unknown, The larger is
mainly of trap flanked with shale and drift. Its maximum height is
203 feet. Quarries in the north, west and south sides give good
exposures. Metamorphosed shale and sandstone outcrop at the
northern end of the Penitentiary quarry, In the main part of the
quarry a nearly vertical face of trap is seen, against which the shale
formerly abutted. Traces of what seems to be a fault breceia together
with slickensides occur along this face, but Darton, who studied the
locality before the shale was so completely cleared away, makes no
mention of fanlting here. i

In the quarry at the southwest corner of the hill, there is strong
evidence of a small fault which has separated a low knob of trap
from the main mass. In the old railroad cut at the south end of the
hill metamorphosed shales are found underlying the trap. The latter
appears to have ascended vertically at the dike on the west side and
then spread for a short distance between the shales. That it is intru-
sive is indicated by its texture, which is coarse and not vesicular, and
by the metamorphism of the shale. Earlier observers have assumed
that both the trap masses are offshoots from the Palisade sheet,
There is no direct evidence either fov or against this supposition.

Rocky Hill Trap,—Reasons for considering this sheet intrusive were
given in the Aonual Report for 1896 (p. 62). The sheet crosses the shales
obliquely from a horizon well above the base of the Brunswick beds
down into the Lockatong series. The shale near it is everywhere con-
siderably metamorphosed, 80 as to resemble closely the altered shales
near the Palisades. There are some reasons for believing that these
two sheets are one and the same, the connecting part being buried
beneath Cretaceous beds. If this is the case, the Palisade-Rocky hill
sheet ranges through sall three members of the sedimentary series.
Near Hopewell it is high in the Brunswick shales; east of Princeton
it passes down into the Lockatong beds, and from Hoboken north-
ward it ascends slowly through various layers of the Stockton series.

Sourland Mountain.—Conclusive proof of the intrusive origin of
this sheet was cited by me last year. Three large dikes penetrate
the overlying shales for distances up to seven miles, as measured on
the surface. Moreover, metamorphosed shales are found near the
trap, which was proven to cross the strata from the Brumswick beds
into the Lockatong series,
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Bald Pate Mountain and Pennington Mountain.—These two trap
masses lie between the Delaware river and the end of Rocky hill,
near Hopewell. No conclusive evidence was found here, but they are
believed to be intrasive for the following reasons: (a) Their irregular
shape does not favor the supposition that they are conformable to the
ghales, (b} Although in places the shales appear conformable, yet
many other outcrops were found where the strike of the shales was
clearly unconformable to the trap. Unfortunately the outerops were
not 8o near the trap as to settle this point conclusively. (c) The shales
near the trap are altered in color, texture, and in the development of
secondary minerals. Similar shales occur near those sheets which have
been proved to be intrusive. (d) The neighboring shales are in some
cases contorted and crushed as would naturally be the case where they
had been crowded aside by the intrusion of the molten rock, (e} The
texture of the trap is coarse, resembling that of the intrusive sheets,
and never scoriaceous or amygdaloidal, as is often the case with extru-
give cheets. In view of these considerations I entertain no doubt as
to the intrusive origin of these traps.

Belle mountain, between Bald Pate and Sourland mountain, and
Mt. Gilboa, north of Lambertville, are in all probability intrusive,
for reasons similar to those urged above. Several trap dikes were
found in the vicinity of Gilboa, although in no case was it possible to
make out their direct connection with it.

Point Pleasant.—The trap mass at Point Pleasant is intrusive.
About 500 feet south of Byram station the contact of the argillite
with the trap is well ex- AU HRERE
posed. The shales dip I —i_l"'d”f.";l‘i\‘,-.; ‘] " f\“,: *l 4
12° northward, whereas : AR U AT
the contact dips 40° ’ :
south, Near the irap

the shales are somewhat Fig. 5.

Diagrammatic section of the eontact of trap and argillite
crUShed’ Bheared and at Byram, N, J. (Point Pleasant),

alightly reversed in dip,
but they are absolutely and completely unconformable, and there can
be no doubt but that this unconformity has been caused by the irregu-
lar intrusion of the trap. The accompanying diagrammatic sketch
(Fig. 5) illustrates the relationship.

Cushetunk Mountain.—The crescent or horseshoe form of this
monntain, between whose curving flanks lies the picturesque Round
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valley, is certainly striking, The facts indicate quite clearly that this
trap mass is introsive in origin, and that the curving outline is not
due, primarily, at least, to an anticlinal or synclinal fold in the shales,
but to the curving fractare through which the trap has come. The
outline of the trap, as given on all maps heretofore published, has
been incorrect. Instead of the broad area of trap on the southwest
limb of the crescent, a belt of hard, black and purplish shale from
half to three-quarters of a mile in width extends north from Stanton
to Prescott brook. To the west of this shale there is a strip of trap a
quarter of a mile wide and a mile and a half long, separated by it
from the main mass of the trap.

I am at present by no means certain whether this hard, black shale
is the red shale metamorphosed by its proximity to the two trap
masges, as may well be the case, or whether it is a part of the Locka-
tong series brought into this position by some complication of the
structure. The latter is obscure in this vicinity and outcrops are too
few and far between to permit any positive assertions on this point.
The former view, on the whole, seems more probable from the char-
acter of the rock itself.

No doubt, however, is held as to the intrusive origin of the trap
sheets. (a) The trap masses, when examined both in detail and in
their general relationships, are found to be unconformable to the
shales. (b) Apart from the doubtful shales just mentioned, there are
others, which have been mnmistakably altered in color, hardnesa and
in the production of new minerals. The extent to which the altera-
tion has taken place is roughly proportional to the width of the trap.
(¢) The trap, so far as seen, is always coarse, even very near the
contacts,. Nowhere was scoriaceous or vesicular rock found. The
evidence strongly favors the supposition that it cooled slowly at con-
siderable depths, and never reached the surface. A small dike was
found near the end of the southern arm of the curve, but its connec-
tion with the main mass could not be established.

The rock of Round mountain, just south of Cushetunk, is similar
to that of the former, and the surrounding shales, so far as they could
be seen, were somewhat altered. The intrusive origin of this sheet is
probable, but not conclusively demonstrable.

Watchung Mounlains.—~The trap ridges extending from Bedmin-
ster and Somerville to Oakland and Darlington are known as the
Watchung or Orange mountains, They are sometimes called First,
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Seccnd and Third mountain, beginning with the outermost or eastern
one, They extend in long crescentic curves in a general southwest-
northeast direction, They uniformly have a steep, locally-precipitous
slope toward the outer side of the curve, i. e., to the southeast and east,
and a longer gentle slope in the opposite direction. The most cursory
examination serves to show that this ia due to the inclination of the
trap sheets, the bard outcropping edges of which form the steep
slopes.

At first sight they appear to resemble somewhat closely the Pali-
sade trap ridge, but closer examination of the structural relations
showa a marked difference, These sheets are to all appearances
strictly conformable, both to the underlying and to the overlying
shales. Nowhere is there any indication that the trap breaks across
the sandstone or shale layers, Wherever the basal contact is exposed,
and exposures several hundred feet in extent are known, the trap is
seen to follow exactly the bedding plane of the shales,

Moreover, the extensive metamorphism of the associated sedimen-
tary beds, so marked a feature in the case of all the sheets enumerated
above, is entirely absent. Locally, the shale is slightly altered for a
few inches beneath the trap, but this is not always the case. So far
as observed, the underlying shales are never metamorphosed to a
depth exceeding four feet. When this is compared with the intense
alteration which has affected the shales beneath the Palisades for a
distance of over 100 feet, the difference between the sheets is
emphasized. :

Upper contacts have not been observed in many cases, but the
upper surface of these sheets is frequently vesicular, amygdaloidal
and scoriaceous, Loeally, a thin layer of waterworn trap particles,
intermixed with red mud occurs between the vesicular trap and the
uoaltered typical red shales. The overlying shales conform to the
slightly irregular, ropy surface of the trap. In frequent exposures the
rolling-flow structure named by the Hawaiian Islanders Pa-hoe-hoe
is visible. Nowhere have any tongues of lava been found extending
from the main sheet into the neighboring shales,

In texture there is a marked difference between the sheets, Not
ouly is the trap vesicular and even scoriaceous at many points on the
upper surface, but it is uniformly of much finer grain than that of the
Palisades and similar ridges. Microscopic examination of fragments
from the upper surface shows that volcanic glass occars in consider-
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able quantities, The conclusions drawn from the texture are that
these masses cooled much more rapidly than did the Palisades trap.
Locally, vesicular and scoriaceous layers occur next to the under
shales, beneath dense fine-grained trap. (lenerally in such localities
the rolling-flow structure is clearly marked. The inference from these
facts is that as the lava flowed along the partially-cooled vesicular upper
surface was rolled over to the under side of the flow. Nothing of
this sort was observed in any of the sheets considered intrusive.

In view of all these facts, thus briefly summarized, these three
masses are regarded as overflow, or extrusive sheets, The fact that
sheets so diverse as the Palisades and the Watchung ridges occur in
the same district gives excellent opportunity for comparison, and the
contrasts themselves furnish the strongest argument for the intrusive
origin of some and the extrusive origin of the others.

8ince these trap sheets are conformable to the sedimentary beds, it
follows that the crescentic curves, so marked a feature in the case of
these ridges, is due to gentle flexures or folds in the shales, The most
marked of these is a broad, shallow, basin-shaped syncline, whose
major axis extends mortheast from a point between Bomerville and
Plockamin. The western side of the basin has been cut off by & fault
along the crystalline border. Since the traps are conformable mem-
bers of the series, they are valuable guides in interpreting the structure
of the region, the details of which will be considered below.

The genersl relations of these sheets having been indicated, the
varions localities where the significant phenomena are shown may
now be described.

First Mountain.—This ridge extends from Pluckamin to Darling-
ton, a distance of nearly fifty miles, as measured along the ridge, At
two points, Millburn and Paterson, it is cut by wide, deep gaps.
Well-borings show that at Millburn the bottom of the gap in the
rock is below sea-level, but it is now partially filled with 150 to 250
feet of glacial drift. At Paterson the gap is nearly two miles in
width. Through this opening the Passaic escapes from the back
country, having an elevation of 110 feet at the head of falls, where it
plunges over the hard trap ledge. The general floor of the gap,
however, has an elevation (170 feet) somewhat greater than that of
the river,

At other points the ridge is cut by depressions of varying width
and depth, the largest of which is at Crystal lake, but none equal the
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two just mentioned. Apart from these gaps which cut the ridge
sharply and have steep sides, the crest line is remarkably even, Its
average elevation southwest of the Millburn gap is 480 to 500 feet,
with extremes of 388 and 589 feet. Between Millburn and Paterson,
its average elevation is nearly 600 feet, with 8 maximum of 665 feet,
northwest of Montclair, North of Paterson the range is greater,
from 429 feet to 752 feet, the maximum height being reached a mile
and a half south of its northern terminus.

With the exception of a short distance between Upper Montelair
and Paterson, and also near its northern end, the ridge has a single
well-defined crest. At the intervals noted the crest is double, a fact
due in the former case certainly to faulting.

Under Contaots.—At the American Copper Mining Company’s
shaft, about three miles north of Somerville, a drift has been opened
along the contact for over 800 feet. The under surface of the trap is
gently wavy, but is strictly conformable to the shales which dip
twelve to fifteen degrees northeastward. Beneath the trap the shale is
somewhat altered for a depth of two feet, but this alteration is not in
the natare of induration or baking. It is more or less impregnated with
copper ores, the red oxide and carbonate being the most common,

The shale is normally a dark reddish brown, grading upward near
the trap into a rather soft, porous, vesicular, purple shale. The
changes are probably due to chemical reaction set up by water perco-
lating along the contact of the two rocks, one consequence of which
has been the deposition of the copper ores. The trap near the shale is
generally firm, fine-grained and dense. The ropy structure is some-
times seen. A small fault trending about northesst, i, e., at right
angles to the dip, was noted at one point in the mine. The upthrow,
which was on the south, was between four and six feet,

2. At Haelig’s quarry, directly opposite Chimney Rock, Bound
Brook, an obscure exposure of the contact was found in 1895. Above
the contact the trap shows concentric weathering, and the lower foot
or two is slightly amygdaloidal. Next to the trap the shale is slightly
indurated and a greyish purple, Four feet below the trap soft
argillaceous red shale occurs entirely unaltered. No effects of the
trap upon the shale can be discerned at a greater distance than about
three feet.

3. At Smalley Bros.’ quarry, Plainfield, the trap rests upon a sandy
shale, which is purple in color to a depth of a foot from the contact.

NEW JERSEY GEOLOGICAL SURVEY



80 ANNUAL REPORT OF

Next to the shale the trap is vesicular, scoriaceous and ropy. The
contact line is slightly sinuous, the red shale extending up between the

- rolls of trap. Evidently as the trap rolled along, its weight forced

the soft mud up into the inequalities of the under surface.

4, At Wahl & Hatfield’s quarry, Scotch Plains, the actual con-
tact was not exposed at the time of my visit, but the unaltered sandy
shale was found a few feet below the trap. Future excavations may
lay bare the contact plane, From this point northward to Upper
Montclair there are no localities where the contact can be stndied or
where the trap and shale occur within a few feet of each other,

5. At the Osborne & Marsellis quarry, Upper Montclair, the under
contact is beautifully shown. The trap follows the undulating sur-
face of the shale, which is usnally not altered at all, even at the very
contact, Locally, it is somewhat indurated, but not changed in color.
For twelve to eighteen feet above the base the trap is vesicular and
deeply decomposed, the most scoriaceons bed being in part next to the
sandstone and in part several feet above the contact. The lower trap
presents clear evidence of flowage in the more or less ropy structure.
In an old quarry, a few rods to the south, this same disintegrated
vesicular trap underlying firm, dense rock is well shown, but the
actual contact with the sandstone is not now exposed.

The best exposures are those found in the various quarries at Pater-
son, where the contact is shown for a total distance of several hundred
yards.

6. At Devlin’s quarry, on the east face of Garrett Rock, the con-
tact is exposed for between 100 and 200 yards, It is inaccessible and
so cannot be examined in detail, but so far as seen from below it is
absolutely conformable to the sandstone. The trap next to the con-
tact is somewhat disintegrated, whereas the underlying shale is not
altered at all, certainly not for more than a few inches.

7. At Pope’s quarry, a few rods north, conformable contact is
again shown, the trap resting upon soft red shale, which is but
alightly altered to a depth of a few inches. The contact is not
readily accessible.

8. Around the end of Garrett Rock, to the west, the dip of the
shales brings the contact to the level of the railroad tracks, where it
can be carefully examined, (Fig. 16). It is abeolutely conformable to
the shales, which are unaltered save for two inches or less immediately
adjoining the trap. Just above the contact the latter is filled with
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calcite amygdules for a distance of eight inches, For a thickness of
one and a half feet the trap weathers into botryoidal masses, above
which the columnar structure is well marked. An interesting case of
faulting occurs here, which will be described later,

9. At McKiernan & Bergin’s quarry, Paterson, constant quarrying
keeps the contact freshly exposed. The trap is conformable to the
underlying sandstone, which is unaltered, save for a slight induration
and change of color immediately at the junction. Above the sand-
stone the trap forms massive layers for a distance of twelve or fifteen
feet, above which the basaltic columnar stracture is developed. The
bedded structure is due to joint planes parallel to the under surface of
the trap, not to successive flows, of which there is no indication. The
same “bedded” trap is well exposed in the high bloff on the west
bank of the river, under the soldiers’ monument. Locally, it is
vesicular for a few inches next to the sandstone.

10. At the Ryle avenue quarry and along the left bank of the river
for several hundred yards the trap can be seen to rest conformably
npon the slightly-undulating beds of sandstone. Here also amygda-
loidal rock oceurs for a foot or so above the contact, and is sncceeded -
by fine-grained dense layers, in which the large columnar structure is
locally well developed. Below the contact the sandstone is friable
and unindurated, although its color is somewhat darker at the im-
mediate junction.

North of Paterson the sandstone is nowhere exposed near the trap,
No facts, however, were noted which would indicate contact phe-
nomena other than those just described.

Upper Surface—Upper contacts are not frequent, although the
overlying shale was found at a number of places not far removed
from the trap. Nowhere along the whole length of the sheet were
there found the slightest traces of metamorphism in the shale, The
upper surface of the trap is frequently vesicular and amygdaloidal,
very different from the upper surface of the intrusive sheets,

At the Field copper mine, near Warrenville, the shaft was sunk
through the shales upon the trap. On the dump-pile are fragments
of green, grey aud black carbonaceous shale, but no traces of metameo-
phosed beds. Scoriaceous and amygdaloidal trap occurs, so full of
vesicles as to be fairly honeycombed with them., Flattened stems of
trees were noted here in the black shale, and good specimens of fossil

fish have been found here. 6
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At Feltville (Glenside Park) is the well-known upper contact,
described by Russell,* Davis t and Darton. {

The contact occurs along a small brook a few hundred yards north-
east of the row of cottages on the bluff. At the entrance to the ravine
green and brown micaceons shales occur. A few yards further up
the stream (lower geologically) the ropy scoriaceous trap is first seen
in the bed of the brook and then upon the bank with soft red shales
just above it. The actual contact, however, is obscured by rubbish.
The trap is deeply disintegrated and has something of a stratified
appearance, due probably to the weathering. Continuing up the
stream the shale is again found at the water’s edge on the north side
of the brook, but trap is seen on the south. The descent of the con-
tact line is in part apparent, due to the course of the stream, but in
part really due to the uneven, rolling surface of the trap. A few rods
further there is a small excavation in the bank, an abandoned mine
adit. Here there is a trap and shale conglomerate of very irregular
thickness overlying the trap and extending downward into the spaces
between the rolls or bosses of its surfaces. In one case a narrow
tongue of the conglomerate extends downward two feet between rolls
of trap. In general, the trap fragments in the conglomerate are much
decomposed, but there can be no doubt as to the origin of the larger
pebbles. The largest fragments seen measured eight inches in
diameter. Microscopic examination of the conglomerate shows that
much of the trap is glassy. Traces of the conglomerate were noted in
the bed of the brook above the adit.

The surface of the trap is ropy, scoriaceous and undulates in low
domes, themselves irregular by reason of the coils and folds of
vegicular lava, The conglomerate fits itself to these inequalities of
surface, and is, therefore, of varying thickness. The greater irregu-
larities of the trap surface account for the varying dip of the imme-
diately overlying shales. Nowhere is there the slightest trace of
metamorphism in the overlying shales, but on the other hand the
evidence is most convincing that we have here the upper surface of
an overflow sheet on which there was first accumulated a true basal
conglomerate of fragments derived from the sheet itself, and after-
wards soft clayey and sandy shales,

*1. C. Russell. Am Jour. of Sci., 3d series, vol. 15, pages 277-280.
+W. M, Davis, Museum of Comp. Zobl. Bull, vol. 7, 1880-1884, pages 274-5,
1 N, H. Darton. U. 8. Geol. Burv. Bull. No. 67, page 26.
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A small patch of the overlying shale is still preserved on the
back of the trap along the road from Feltville south over the moun-
tain, No new features are presented here.

In a small ravine a few rods southwest of Feltville, the trap and
ghale are shown in close proximity, but not in actual contact. The
conglomerate was not found here, but the upper surface of the trap
is ropy, vesicular and undulatory as at the above locality, The
shales are sandy and unaltered.

For many miles north of Feltville the valley between First and
Second mountains is encumbered with glacial deposits, and there are
no exposures of the shale near the trap, In the vicinity of Paterson
the upper surface is frequently vesicular and ropy, but no contacts
were found. Near the High Point Hotel, three and a half miles
north of Paterson, the shales are exposed not far above the trap, but
careful search along a brook did not result in finding the contact.

For many miles north of High Point the back of the trap is so
thickly buried by glacial deposits that the boundary can be deter-
mined only approximately, and the shale is not known to outcrop
anywhere near the trap. That the Newark beds occar along the
Ramapo river above the trap and beneath the glacial accumnlations,
is well substantiated by borings, but nowhere do they appear on the
surface between Oakland and the State line,

Texture—In general, the trap is bluish black, very fine-grained
and dense. Where the upper surface has not been deeply eroded it
is frequently vesicular and amygdaloidal. A thin layer of amygda-
loidal;trap also occurs at many places on the under surface. The
ropy flow structure is quite common, particularly on the upper
surface, but sometimes also near the basge,

Along the gorge of the Passaic, below the falls at Paterson, the
trap is distinctly bedded in planes approximately parallel to the
underlying shales. There is, however, no evidence of successive
flows, the bedding apparently being due entirely to the joints.

Columnar structure is frequently well shown, The best examples
of this are seen in the quarries west of Orange, notably at O’ Rourke’s, *
near Lilewellyn Park, where the columns are of varying sizes up to
four feet in diameter, and display both a vertical and a radiate arrange-

* Described and pictured in the Annual Report of the State Geologist for 1834,
pages 23-33. Also, J. P. Iddings, Am. Jour. Sei., third series, vol, 31, pages
321-331, pl. 9.
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ment. Similar structures are shown at the quarry southwest of
Eagle Rock. Columns of varying sizes are displayed at many points
in the vicinity of Paterson, notably at Garrett Rock and below the
Passaic falls.

The columnar structure is caused by the shrinkage of the rock after
it had solidified from its molten condition. It still retained a great
amount of heat, and as it cooled further it contracted until it cracked
along the many lines separating the columns. The direction of the
eolumns is perpendicular to the plane of cooling, For a thorough
discussion of the mechanics of cooling and the functions of the
columnar structures, the reader is referred to Prof. Iddings’ paper
cited above.

Seoond Mountain.—This ridge is more markedly crescent-shaped
than First mountain, At its northern end, at Pompton lake, it
rises quite abruptly from the valley of the Ramapo river, on the
opposite side of which rise the high crystalline hills, here bordering
the Newark beds. It trends, first, southeast, toward Haledon, then
west of south and sonthwest to Martinsville, whence it curves north-
west to Pluckamin, and then aortheast to Bernardsville, beyond
which it apparently terminates in a small knob, on the surface some-
what separated from the main mass by heavy accumulations of drift.
The length of Second mountain is a little over forty-five miles, At
its northern and southwestern ends it borders the crystalline rocks,
from which it is separated, as will be shown later, by a fault.

In many respects it closely resembles First mountain. The outer
slope is usnally much steeper than the inner, but cliffs are by no
means so common, The average height is a little greater, its crest
generally being twenty-five to fifty feet higher, but locally it is
lower. Its maximum elevation, 879 feet, is at High mountain,
between three and four miles north of Paterson. Its continuity
is broken by a wide gap at Little Falls, through which the Passaic
river flows in a trench sunk from twenty to fifty feet below the level
floor of the gap. Borings show that there is another deep and wide
gap at Short Hills, which has been filled by the moraine nearly to
the level of the ridge on either side.

In one respect, however, this ridge differs conspicuously from First
mountain. For many miles of its course the crest is double, with a
distinet and continuous depression between the ridges, the outer one
of which is usually slightly higher than the inner, The double crest
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ia first noticeable in the latitude of Pluckamin, just south of where
the ridge recurves to the northeast towards Bernardsville. It is con-
spicuous for several miles northeast of Mount Horeb, but less so near
Murray Hill, where the inner crest is hardly more than a bench on
the flank of the higher ridge. It is distinctly traceable, however, a8
far as Summit, whence for several miles northward it is obscured by
the morainal deposits. West of the Orange reservoir, it again
becomes discernible and continuous more or less definitely to the gap
at Little Falls, beyond which it is not conspicuous, although locally
there are traces of two summits, The depression between the crests,
although in the main continuous, does not form a single valley
drained its whole length by any one stream. Brooks follow its course
for a mile or two at most, and then escape by transverse gorges to the
low ground on the east or west.

The cause of the depresslon is not far to seek. KEarlier investi-
gators have found at various places traces of red shale thrown out
from excavations and the past summer the shale was found in place
in the valley. The depression is due, therefore, to the more rapid
erosion along the line of soft chales as compared to that of the bard
trap on either side. Beveral interesting questions at once arise as to
the stratigraphical relations of these beds. Are they interbedded
shales between two layers of trap, or are they due to a fault which
conforms to a remarkable degree with the curves of the trap? The
answer to these queries may best be considered in connection with the
whole question of faults in the formation, and therefore will be
deferred for the present.

Under Contacts.—Along Mine brook, southwest of Bernardsville,
the shale is frequently exposed not far from the trap and always
trending conformably to the ridge. The base of the trap, where seen,
is slightly vesicular or amygdaloidal. Fine exposures of rock filled
with caleite amygdules the size of coarse shot are found along the road
leading southeast from Far Hills station, and the scoriaceous base of
the trap is well exposed below the falls in the ravine of the neighbor-
ing stream.

Pluckamin.—At Compton’s quarry, near Pluckamin, the under
contact is exposed for a space of ten or twelve feet. Both trap and
sandstone are much disintegrated and jointed near the contaoct, but the
evidence is clear that here at least the trap is perfectly conformable.
The lowest trap is somewhat vesicular, but it speedily becomes firm
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and dense. The sandstones have been somewhat altered in color for a
distance of three feet, but are not noticeably indurated. * Burnt”
tinta occur very close to the trap, The changes of color and signs of
metamorphism are here somewhat greater than usually present at the
under contact of the extrusive trap sheets, although they are insig-
nificant compared with that beneath the Palisades,

Liltle Falls, —At the Little Falls sandstone quarry the contact is
exposed for nearly a hundred yards, It is slightly undulatory, the
layers of shale bending down and rising in a perfectly conformable
manner with the under surface of the trap. Much of the latter
poeseases the ropy-flow structure, its thickness varying from almost
nothing to more than thirty-five feet. Locally, the dense columnar
rock is seen resting upon the ropy trap. The coils or ropes of lava
vary in diameter from one to five feet. They are dense and fine-
grained in the center, but more or less vesicular towards the cireum-
ference, and the spaces between them are filled with what appear to be
velcanic ash, Spike amygdules of calcite frequently ocour with long
diameters generally at right angles to the peripheries of the coils.

The shale is often elightly depressed below the solid masses of the
rolls, whereas between them it rises slightly and locally extends
upward a short distance between the coils. The facts find a ready
explanation on the assumption that a rather viscous lava rolled slowly
over and over in successive coils, exerting enormous pressure upon
the soft mud of the estuary bottom, which was forced up between the
rolla for short distances. The shale immediately beneath the trap is
slightly indurated for a few inches, but otherwise entirely unaltered.

Similar phenomens are shown on the line of old quarries extend-
ing along the left bank of the river for half a mile northward. Heavy
columpar trap rests upon ropy, vesicular rock along an irregular and
somewhat indefinite contact line. The ropy trap in turn rests con-
formably upon the unaltered shales and sandstones. Locally the trap -
down to the contact is columnar and not ropy. There is no sharp line
of demarkation between the two, and in one place, at least, the ropy,
georiaceous trap rests upon fifteen feet of columnar rock which over-
lies the shale. Owing to the inaccessibility of most of these outerops
(since the quarries are filled with water) it was impossible to examine
them closely enough to determine whether the material was tuff and
scoriz, overflowed and penetrated by a later lava sheet, a8 supposed by
Darton, or whether the material presents only various phases of a
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single low. In either case the phenomena are such as can only be
explained on the hypothesis of an overflow sheet.

Haledon.—At Haledon are two quarries, in both of which the con-
tact is well shown. Here, as at Little Falls, the shales beneath are
almost entirely unaltered, the contact is slightly wavy, following
exactly the bedding planes, and the trap shows both the ropy, vesicu-
lar and the columnar structure. The two are more or less closely
intermingled, dne to the rolling motion of the flowing trap, huge
masses of dense fine-grained rock being surrounded and separated
from each other by the amygdaloidal layers. North of Haledon the
glacial drift and talus conceal the contact entirely.

Upper Contacts.—At no point along the entire length of Second
mountain is it possible to find the trap and overlying shale in contact.
In the upper Passaic and Dead river valleys the shale has generally
been eroded below the level of the alluvial deposits of those streams,
North of Summit the glacial accumulations rise high on the slope
of the ridge and effectually conceal the contact, often making it ex-
tremely difficult to determine even approximately the limits of the
trap. Although the contact is not visible, the shales at a little dis-
tance above the slope are known to trend in perfect conformity with
the curves of the ridge. The upper surface of the trap is frequently
vegicular or amygdaloidal, but not so generally as the back of First
mountain, and the ropy structure is oceasionally found.

Texture.—The rock is very similar to that of First mountain.
The greater part is fine-grained and dense, blue black in color;
sometimes slightly greyish. It is, locally at least, scoriaceous and
amygdaloidal at its base and probably more generally so at its upper
surface. The columnar structure, although generally not so well dis-
played as in First mountain, occurs, being probably best seen at
Little Falls and at a small quarry about two miles south of there,
Very frequently the rock is broken into small wedge-shaped frag-
ments by innumerable joint planes, three inches to a foot apart.

The conformability of this trap sheet with the sandstones, the
absence of contact metamorphism, so far as contacts have been seen,
the vesicular and scoriaceous character of both the upper and under
surface and the ropy-flow structure, all indicate its extrusive charac-
ter. This conclusion is opposed to that held by some earlier
workers * on the survey, but is in accord with the views of other
investigators.}

*Cook, Wason, T Davis, Darton,
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Third Mountain.—Above the trap sheet forming Second moun-
taio, and separated from it by a considerable thickness of shale, there
are several masses, which are probably all parts of a eingle sheet,
although this cannot be demonstrated. The outeropping edge of the
largest forms Long hill, extending from Chatham to Basking Ridge.
Riker’s hill, west of Livingston, Towakhow or Hook mountain,
extending from Pine Brook to Mountain View, and Packanack
mountain, from Mountain View to Pompton, are the others. The
third sheet is considerably thinner than either of the others, and conse-
quently the ridges are less conspicuous topographically. The eastern
slopes are generally much steeper than the western, but cliffs and
ledges are in the main wanting, or are low and inconspicuous, The
underlying shale usually extends high up the eastern face, ofien
nearly to the crest of the ridges, but the contact is generally obscured
by talus or glacial drift. Their average elevation is about 450 feet
above tide, and from 200 to 300 feet above their surroundings. So
far as can be determined, the trap is conformable to the shales both
above and below. The latter have not been metamor phosed. The
upper surface of the trap is frequently vesicular, and it is fine-grained
and dense in texture. Physically it resembles the rock of the other
sheets, Although the evidence is not so complete as in the case of
First mountain, no doubt is held as to the extrusive origin of these
ridges.

Long Hill.—The northward turn of the trap, between Liberty
Corner and Basking Ridge, is due to & flexure in the shales, the same
synclinal fold which causes the bends in the outer ridges. At only
one point was the trap found in contact with the underlying shale.
At Millington, 400 yards west of the station, a conformable contact
is obseurely shown for a distance of fifty feet, The shale is unaltered
save to a thickness of a foot and a half, in which the color has been
changed to a purple blue. Above the contact the trap is much dis-
integrated for a distance of two feet, above which it becomes more or
less columnar. The decomposed trap is apparently in layers, and at
first sight resembles a sedimentary rock, but minute tabular crystals
of feldspar are readily discernible with a hand lens, and there is a
marked difference between this rock and the shale beneath.

At other points along the ridge the normal red shale was seen
within a few feet of the trap, in all cases dipping beneath it conform-
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ably. Nowhere are there indications of contact metamorphism for
more than a foot or two,

The overlying shales are seen in close proximity to the trap along
the road a few rods west of the bridge north of Millington. The
trap is extremely vesicular and much disintegrated. A few inches
above it there is a thin layer of yellow shale, above which are the
normal argillaceous red shales. Macroscopically, the yellowish shale
appears to be composed in part of fragments of trap. The scoriaceous
trap is exposed for several rods along the road, amygdules being abun-
dant to a depth of ten to fifteen feet.

Thickness.—Since these two contact points are at nearly the same
level, and on directly opposite sides of the sheet, they afford the most
reliable means of determining the thickness. On the basis of a dip
of twelve degrees, 1. e., the average for the underlying beds, the thick-
ness is 375 feet, The overlying shale dips only six degrees. On this
basis the thickness would be only 189 feet. The actual thickness is
probably midway between these estimates,

Riker’s Hill—This ridge rises somewhat gradually at the southern
end near West Livingston, and terminates somewhat abruptly three
miles and a quarter to the north, Its-maximum elevation, 473 feet,
is about 250 feet above the country on the west, and 200 above that
on the east. At the south the trap descends gradually below the
level of the drift-covered country, and certainly continues some dis-
tance southward of the last surface outcrop. On the esst the sandstone
reaches almost to the crest of the ridge, and along the road leading
west of Livingston the unaltered shale outerops a short distance
beneath the trap and apparently dips conformably with it. On the
back of the ridge vesicular rock occurs with traces of the ropy-flow
structure.

Towakhow or Hook Mountain,—This ridge differs from the others
in its sharply-curved outline, making 8s it does a sharp right-angled
bend at Whitehall. Its length is about eight miles and its maximum
height is 458 feet, 290 feet above the Great Piece meadows on the
east and south. The inner face of the curve, i. e, the eastern and
southern, is much steeper than the outer, due to the dip of the trap,
which is in accord with that of the shales. These form an anticlinal
fold whose axis plunges northwestward. The apparently abnormal
width of Second mountain in the vicinity of Caldwell is doubtless
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due to the same fold, which, however, at that point has nearly dis-
appeared.

No contacts are known to exist along this ridge, but the shale
which extends well up the eastern and southern slopes is alwaya per-
fectly conformable in strike with the trend of the ridge. A few out-
crops of the overlying beds showed the same conformability, The
upper surface of the sheet is vesicular or scoriaceons. Vesicnlar out-
crops occur just sonth of White Hall station and along the towpath
of the canal near Plane 10 East. The sheet is undoubtedly extrusive,

Lesa than a mile north by west of White Hall are several detached
outcrops of vesicular trap, which locally has a ropy structure. About
two miles north by east of the same locality there is another area half
a mile in length and 200 to 300 yards in width. At the southern
end the trap is vesicular, ropy and is spherically weathered. At other
outcrops it is fine-grained and bluish black in color. At both locali-
ties the rock is similar lithologically to the trap of Hook mountsin.
Whether they are connected with it or are separate flows is uncertain,
The glacial deposits so conceal the underlying rock that the structure
is not weil known.

Packanack Mountain.—At Mountain View there is a gap occapied
by the Pompton river, separating Towakhow from Packanack moun-
tain. The trap sheet is apparently th inner here than elsewhere and may
be wanting entirely. No trace of it is obtainable along the river bed.
It appears again, however, in the bank of the canal-feeder and forms
a curving ridge, trending first northeast, then north and finally north-
westward, terminating somewhat abruptly at the west of Pompton
lake. This ridge, with the eastern half of Towakhow mountain, is
the outcropping edge of a synclinal fold, whose axis plunges north-
westward, Its length from Mountain View to Pompton lake is
about seven miles, and its average elevation between 450 and 500
feet—200 to 300 feet above its surreundings.

Bhale and sandstone extend nearly to the top of the ridge on the
east, the edge of the trap generally being marked by a low escarp-
ment or cliff, but the shale is nowhere exposed near the contact, save
near the dam at the south end of Pompton lake, where conglom-~
erate beds dip conformably beneath the trap fifteen to twenty feet
distant. The inner or western slope is entirely trappean, only one
outcrop of shale being found along the western side, and that some
little distance above the contact. The atrike of the shale in all cases,
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however, agrees with the tread of the ridges. Vesicular rock occurs
at various points along the upper surface, A well drilled at the
Norton House, Pompton Furnace, where the upper surface disap-
pears beneath the glacial drift, penetrated, according to report,
seventy feet of trap and then reached sandstone. If the facts were
correctly reported, we have here a fairly accurate messure of ita
thickness. Beautiful glacial grooving occurs along the Hamburg
turnpike, at Cedar Grove farm, Pompton.

New Vernon Ridges.—In the vicinity of New Vernon there isa
crescentic-shaped ridge of trap, which may be a continuation of the
Long hill sheet or an independent flow. In support of the former
view, it may be urged that the intervening shales have a synclinal
structure by which the Long hill sheet may be brought to the
surface,

The curving form of the ridge is due to an anticlinal fold, the
axis of which pitches east by south. The ridge is continuous, save
where deeply trenched by two water gaps, across which, however,
the trap undonbtedly extends, although it is not continuously exposed.
The average width of the outcrop is half a mile, its length eight
miles and its average height between 400 and 450 feet—150 to 200
feet above its surroundings. Nowhere are the trap and shales seen
in juxtaposition, but within the curve the underlying shales fre-
quently outcrop and agree closely in strike with the trend of the
ridge nearest them. The rock is fine-grained, blue black in color
and notably vesicular and scoriaceous in places. The thickness of
this sheet at the water gap back of Green Village is estimated to be
about 250 feet. No hesitation is felt in classipg this sheet as extru-
sive in origin.

New Germantown Traps.—Near New Germantown there is a
small horseshoe-shaped trap ridge inclosing between its ends two small
isolated masses. The entire length of the ridge is about two and a
half miles, its width a little more than a quarter of a mile, and its
height hardly more than 100 feet above its surroundings, The trap
is fine-grained, dense and black, quite unlike the coarse-grained trap
of Cushetunk mountain. Locally it is slightly vesicular and the
ropy structure is discernible. No contacts could be found, but the
dip of the associated shales indicates that the ridge is formed by the
outcropping edge of a synclinal sheet, the axis of the syncline pitch-
ing northwestward. The dips of the beds within the crescent are very
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steep, ranging from thirty-four to sixty degrees. Taking the least
of thege for a basis, I compute the thickness of the trap to be about
400 feet. Dips as high as fifty degrees were noted in the underlying
shale close to the trap. Darton estimates the maximum thickness at
250 feet, but with dips as steep as those noted above, the greater
thickness must be accepted. No signs of contact metamorphism were
found. The trap is undoubtedly extrasive, The relationships of the
two small masses could not be determined.

Sand Brook Trap.—In the annual report for 1896 (pages 68, 69)
I called attention to a small crescentic ridge and isolated mass of
trap, of almost identical shape with the New Germantown sheet, which
lies near Sand Brook village, Hunterdon county, It was of interest
chiefly because it had not before been reported upon. Reasons were
given for considering it an extrusive sheet. The trap and shales are
conformable and have an average dip of thirty-five degrees. Its
upper surface is everywhere vesicular and only the lower portion is
dense and fine-grained. In shales only a foot above the trap there
was no sign of induration, change of color or alteration of any kind
which could be ascribed to the trap. At two localities the trap
vesicles were found to be filled with fine red mud, and at one locality
vesicular trap is overlaid by a thin layer of finely-comminuted trap
and red mad. Thickness is estimated to be not less than 450 feet.

Trap-dikes.—In addition to the intrusive and extrusive trap sheets,
enumerated in the foregoing pages, a number of localities are known
where narrow dikes traverse the shales for varying distances, Many
of these have been reported upon by earlier investigators. Some were
noted during the recent survey of the surface formations, under the
direction of Prof. R. D. Salisbury, and a few had not before been
located, so far as I can learn, For the sake of completeness I will
enumerate them all very briefly.

Along the Palisades narrow offshoots from the main mass were
noted at several points. These have already been described (pp. 63-65,
68, 69), and in some cases pictured.

The three dikes which radiate from the upper part of the Sourland
mountain sheet were fully described in the annual report for 1896
(pp. 64, 65), and have already been referred to in this paper (p. 74).
They are the largest and longest dikes, and the most important, from
a scientific point of view, since they prove conclusively the intrusive
origin of the Sonrland mountain sheet.
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Prospect hill, west of Flemington, is a small mass of trap which
may be connected with the longest of the three Sourland mountain
dikes, but such connection is not shown on the surface. A quarter
of a mile east of the Flemington cemetery, a trap-dike, probably the
northern continuation of the longer of the Sourland mountain dikes,
crosses the road, Its width is from fifteen to eighteen feet; it dips
steeply eastward, and the inclosing shales, which are altered to a
purple and yellow color for between two and four feet from the con-
tact, dip 30° westward. It is traceable both northward and south-
ward, Near its northern end, in the outskirts of Fiemington, two
similar dikes appear in the road, offset slightly to the west. Whether
these are all the same dike, separated by faults or are separate in-
trusions, cannot be determined,

Baptistowon,—Two miles east of Baptistown a narrow strip of yellow
trap earth and disintegrated fragments indicates the presence of a
dike. Little can be determined of its length, width or angle of slope.
It is not marked topographically, and the trap residuary is somewhat
widely spread out. It appears to be over half a mile in length.

Stanton Slation.— A small trap-dike crosses the Flemington-Clinton
road, nearly due west from Stanton station. Owing to the wash of
debris from the higher slopes the dike is visible only at the roadside,

Three Bridges.—Half a mile northeast of Three Bridges a narrow
dike crosses the Centerville road. Its position is indicated by the soil
and the weathered fragments, Its width is probably not more than
gix to ten feet. It in impossible to trace its course more than a few
rods on either side of the road,

South Branch.—A parrow line of trap detritus is traceable for
nearly a mile, parallel to the road leading southwest from South
Branch and from one to two miles from that village. The rock itself
is not exposed.

Just south of South Branch village a trap-dike six or eight inches
thick cuts the shale at about right angles. The trap is much decom-
posed, but is recognizable. The dike cannot be traced across the
fields.

Neshanic Station.—A trap-dike, three feet wide, is exposed in a
cut on the Lehigh Valley railroad, about a mile west of Neshanic
station, It dips 30° southwest. The shales on either side are
altered for a distance of three feet, North of the railroad it appar-
ently increases in width, and can be traced for a third of a mile in a
northeasterly direction.
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Half a mile northwest of this locality another dike crosses the road
in a northeast-southwest direction. It is marked mainly by the
scattered debris, which forms a belt with a maximum width of 120
feet. The dike is probably somewhat narrower. It is traceable
about half a mile,

Peapack.—A small dike is seen in the railroad cut,a few rods
south of Peapack station, The adjoining sandstones and shale appear
gomewhat altered, more so than would be expected for so small a
dike. Nothing is known of its extent beyond what is seen in the cut.

Blackwell’'s Mills.—On the east bank of the Millstone, half a mile
north of Blackwell’s Mills, there is a fine exposure of a trap-dike, ten
or twelve feet in width, which intersects the shales at a high angle.
Near the contact the trap itself is somewhat shattered and slicken-
sided surfaces occur, and the adjoining shale is altered in eolor for
distances varying from six feet on one side to one and a half feet on
the other. A good example of spheroidal weathering is shown. An
altered mass of shale, five feet long and from one to two feet thick is
inclosed in the midst of the trap. On the Geological map this dike
is represented as outcropping, at frequent intervals, as far as the
Raritan river. I was unable, however, to find any trace of it, save
for a short distance from the Millstone river, although the oppor-
tunities for observation were good, and careful search was made along
the roads and through the fields. West of the river, however, it
can be traced without difficulty for three miles by means of the line
of debris and a low swell of ground. Its maximum width is prob-
ably 100 feet, but usually it is not much more thaun half that. It
gradually thins out a mile southwest of Hillshorough.,

New Brunswick.—Near Martin’s dock, on the left bank of the
Raritan river below New Brunswick, two thin sheets of trap are ex-
posed interbedded with shale, which, both above and below the trap,
are strongly altered. The sheets are about two feet and fifteen feet
thick respectively, separated by a few inches of black, highly-indur-
ated elate, which seems to thin out at one end of the exposure, so that
the two trap sheets join, Cook,* Davis t and Darton { have all de-
scribed this locality, and all are agreed that the sheets, although
essentially conformable to the shales, are intrusions.

Two miles southwest of New Brunswick a disintegrated trap-dike

%Cook. Report of the State Geologist for 1532,
+Davis. Bulletin of the Museum of Comparative Zoology, vol. V1L, page 276.
1 Darton. Bulletin of the United States Geological Survey, No. 67, page 65.
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is exposed in the cut on the Pennsylvania railroad. On the north
side of the cut the debris measures forty-two feet in width, on the
side 100 feet. There may be two dikes here separated by shale, since
only the debris could be seen. A sparse scattering of residuary frag-
ments enables one to trace the dike, with some interruption, for half
a mile on either side of the railroad. A small isolated knoll was also
found near a stream a mile east by north of the exposure in the cut.

Franklin Park—A mile northeast of Franklin Park a narrow dike
can be traced both by the surface debris and by a slight ridge for a
mile and a half. It is twice interrupted, and each time slightly offset
as if faulted, but no other evidence of a fault could be found. Near its
northeastern end, where it crosses the road leading northwest from
Franklin Park station, its width is less than twenty feet, Three-
fourths of a mile west by south, where it crosses a small stream, the
fine-grained, dense and hard blue-black trap is exposed. West of here,
in the timber, the ridge is quite distinct, and the width of the dike is
probably nearly 150 feet. Nearer Franklin Park its limits are quite
indefinite. Its position suggests that it is an eastward continnation of
the prong of the Rocky hill sheet, which curves north and then east
past Griggstown, almost to Franklin Park.*

Griggstown.—Three-fourths of a mile south of Griggstown there
are three somewhat widely separated trap masses. Indurated shale is
found near the largest. All three are near the prong of the Rocky
hill sheet and are probably offshoots from it.

8till another mass occurs a mile and a half east of Griggstown.
The trap is medium-grained, and has altered the adjoining shales
alightly. It lies almost entirely within a small piece of timber, the
limits of the trap and of the woods being almost coincident. This
fact illustrates in a striking manner and on & small scale the relation
between geology and agriculture. The area of trap rock is so stony
as to be useless for agricultural purposes, and so has been left to
timber, whereas the shale area has been cleared,

Wertsville.—Just south of Wertsville school-house a narrow sheet
of trap can be seen at the roadside. Its thickness is about two feet
and it is parallel or nearly &o to the dip of the shales. I was informed
by Dr. Larison, of Ringoes, that another narrow dike crossed the
road a few yards to the south, and scattered trap fragments cor-
roborate his statement, but the dike could not be located exactly.

*Thanks are due Mr. G. X. Knapp, of the survey staff, for information concern-
ing these last-mentioned dikes,
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The trap is very fine-grained, blue black in color and very hard and
tough. A mile northeast at the next road a few scattered trap frag-
ments indicate the approximate portion of the dike. In the inter-
vening space outerops were found in two small gullies, where the
trap layer one foot thick dips conformably with the shales. Scattered
fragments occur on the fields between these localities, and another
outcrop is found in a ravine a third of a mile northeast of the road.
Here the trap is hardly more than ten inches thick.

Bouthwest of Wertsville the dike is thicker and can be traced
more readily by the debris, and locally by a slight rise of ground.
It crosses the road a few hundred yards south of Van Liew’s Corner.
A mile southeast, it is clearly shown where it crosses the road near
the house of A. C. Bellis, and in the bank of the brook northeast of
his house its width is thirty-five feet. Southwest of the road it can
be traced to another brook, where it is well exposed and has a width of
eighteen feet, It here cuts the shales vertically, altering them slightly
for one to three feet. The length of this dike is over three miles. Its
general course is N. 55° to 60° E., parallel to the strike of the beds,
and to the trend of the Bourland mountain trap, a mile and a half dis-
tant. As already noted, at one end (its thicker part) it cuts the shales
vertically, and where much thinner it is interbedded with them.

Dilts’ Corner.—From Dilts’ Corner a wide trap-dike extends north-
ward for nearly half a mile, It forms a slight elevation and the
ground is strewn with residuary fragments. The rock is fine-grained.
Judging solely from surface indications its maximum width is about
200 feet. A small area was found a few rods west of the corners, and
a narrow dike is exposed in the bed of a stream a third of a mile east
of the corners.

Lambertville—On the top of the hill overlooking the ball-park at
Lambertville, a coarse-grained trap-dike occurs. Its width on the
surface is about eighty yards and its length nearly half a mile, Itis
a mile distant from the Sourland mountain trap, but may be an off-
shoot from it. Macroscopically the two rocks are closely alike. An-
other area of similar coarse-grained trap is found a mile northeaat.
Its length is one-third of a mile and its width one hundred yards or
more. In both cases only weathered fragments on the surface are
found. The surrounding shales are much contorted, altered and
apparently faulted, It was found impossible to untangle the structure.

Hopewell—Near the barite mines, two miles southwest of Hope-
well, residuary trap soil oceurs over a considerable area, Obscure
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exposures of disintegrated trap occur along the highways at several
points. Whether there is here a complexus of dikes or a boss of trap
it is difficult to determine. The barite occurs in veins traversing the
decomposed and fractured trap. Fragments from the dump-piles
often resembled friction breccias, This trap mass is near the great
Hopewell fault, and the shattered condition of the trap and its conse-
quent deep decomposition find explanation in this fact.

Arlington.—Near Arlington there are several small trap-dikes which
have been carefully described by Darton in his paper, to which fre-
quent reference has already been made. Many of the relationships
described by him have since been destroyed by quarrying, The trap
is now best shown near the cemetery and northward to the old copper
workings. The trap sheet, which locally is twenty feet thick, is con-
formably bedded with the shales, but sends out offshoots into them.
The shales are in places intensely altered near the trap,

Bogota.—A. trap-dike forty feet wide is exposed on the Fort Lee-
Hackensack turnpike half a mile east of Bogota. The adjoining shale
has been changed in color for about ten feet on either side. Another
exposure of the same dike is found in the fields about 200 yards north
of the road. Here the trap can be seen to dip sixty-five degrees west-
ward. The rock is dense and fine-grained.

Summary.—A summary of the origin of the various trap masses
is here given. The extrusive sheets are (a) the Watchung mountains,
i. e, First mountain, Second mountain and Third mountain, includ-
ing Long hill, Riker’s hill, Hook mountain and Packauack mountain ;
(5) the New Vernon sheet; (c) the New Germantown sheet ; (d) the
8and Brook sheet, and (e) the small masses north of Whitehall, Al}
the others are intrusive, including (a) the great sheets like the Pali-
sades, Rocky hill, Sourland and Cushetunk mountains; (8) the boss-
like masses, such as Bald Pate and Pennington mountains, Round
mountain and the Point Pleasant mass, and (o) the narrow dikes
enumerated above,

AGE OF THE TRAP SHEETS.

The extrusive or overflow sheets must, by the very conditions
of their formation, be contemporaneous with the beds between
which they lie, if they are conformably bedded with them, The
Watchung monntains occur well up in the Brunswick shales, ap-
parently in the upper third of this member, The detached sheets,

7
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comprising the third ridge, are the highest, and First mountain
is the lowest of the three. The fact that the latter rests upon con-
glomeratic sandstones, in the vicinity of Paterson, does not mean that
it occurs near the base of the Newark system, for, as has already been
shown, the Brunswick series increases in coarseness to the northeast,
passing from fine-grained shales, near Somerville and Bound Brook,
to sandstones west of Irvington, and to conglomeratic beds further
north, The successive lava flows, therefore, which formed these sheets,
ocourred late in Newark time, as represented in New Jersey.

The New Germantown and Sand Brook sheets, both of which are
extrusive, are also interbedded in the Brunswick shales, well above
their base, certainly in the upper half, perhaps in the upper third.
They are, therefore, in a general way, contemporaneons with the
Watchung flows, There is no evidence that they are parts of the
same sheet,

The intrusive sheets and dikes are later than the beds which they
penetrate, and in 8 number of cases it is possible to determine quite
«closely their age.

The Palisade trap traverses beds belonging to the Stockton series,
and in New York Btate ascends into strata probably belonging to
the Brunswick series, The Rocky hill trap, near Hopewell, euta
Brunswick shales about the middle of the series, whereas near Dean’s
station, where it disappears beneath the Cretaceous beds, it cuts the
Lockatong series. It is certainly older than the Cretaceous beds, and
younger than the middle layers of the Brunswick series,

The coarse grain of the rock of both ridges indicates that it cooled
slowly and presumably at a considerable depth from the surface.
Microscopic studies * of the altered shale at Hoboken reveal contact
phenomena, in so far as the alteration of the shales is concerned,
characteristic of igneous rocks of deep-seated origin. Exactly similar
altered shales adjoin the Rocky hill trap where it cuts the Brunswick
ghales, These shales, therefore, were probably deeply buried beneath
the upper Brunswick beds, when the trap was intruded into them.
The Rocky hill-Palisade sheet is due to an intrusion which occurred
not earlier than the closing stages of Newark time, quite certainly
after the voleanic overflows which formed the Watchung sheets,

The western half of Sourland mountain trap lies near the base of
the Brunswick shales and the eastern end descends into the Lockatong
beds. The longest dike, which branches off from the upper surface,

* A. Andreae end A. Osann: Tiefencontacte an den intrusiven Diabasen von New
Jersey.
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penetrates a great thickness of Brunswick shales and affords conclu-
sive proof that this sheet also was not intruded before the deposition
of the latter part of the Brunswick beds. The dike which extends
towards Mount Airy can be traced without interruption so long as the
associated shales are mot faulted. But when it reaches the area of
confused structure southwest of Mount Airy village it cannot be
traced. The inference is that the trap was intruded before the move-
ments of the shales, which gave rise to the faults, The same argu-
ment can be used in the case of Rocky hill and the Palisades sheet.
Both are cut by faults, the former terminating abruptly at the great
Hopewell fault. The time of faulting cannot be definitely fixed, but
it seems most probable that it was coincident with the elevation of
the region above the sea and the tilting and warping of the beds. This
being the case, the time of the intrusion of these three trap sheets is
somewhat definitely fixed. It was after the deposition of the Stockton,
Lockatong and by far the greater part of the Brunswick shales and
before the fanlting,

Bald Pate and Pennington traps traverse Brunswick ‘shales far from
the base of the series. Although near the Hopewell fault, they do not
cross it, but end abruptly where they reach it, Their age is probably
the same as that of the other sheets, Mount Gilboa, near Brookville,
occurs in Lockatong beds, but is near the great Flemington fault,
It may have ascended the fault line, although the fact that it does
not follow the fault line may be urged against this view. The Point
Pleasant trap occurs also in the Lockatong shales.

Cushetunk and Round mountain masses occur in Brunswick
shales, far above the base and therefore they are not earlier than the
latter part of the Newark time.

The trap dikes are almost entirely in the Braaswick shales.

In summing up, therefore, it may be said that the extrusive sheets
occur in the upper half or third of the Brunswick shales, and there-
fore were outpoured late in Newark time. The intrusive sheets
extend, for the most part, well up into the Brunswick shales, and,
80 far as the evidence goes, antedate the disturbances which elosed the
deposition of the Newark beds. There are good reasons for believing
that many, perhaps all, of the intrusive sheets are younger than the
extrusive, although the evidence is not conclusive. From a prior
considerations it may be suggested that the lava formed intrusive sheets
after the formation became so thick that it could not readily rise
to the surface; whereas, earlier in Newark time the lava was able
to break through the thinner beds and overflow.
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CHAPTER IIIL.—_METAMORPHOSED SHALES,

Allusion has frequently been made to metamorphosed shales near
the larger intrusive trap masses. The black argillites of the Locka-
tong series have been called * baked shales” by many writers, and
their hardness and blackness ascribed to the contact with the trap,
although no igneons rocks occur near them, This is an error. The
argillites owe their color to the carbonaceous matter they contain, and
their hardness to some other cause than local metamorphism. The
metamorphosed shales differ in some radical respects from the argil-
lites. The most marked macroscopical changes are (a) a greater or
less induration, (b) change in color—red shales in general becoming
purple and then a blue black, streaked with gray or green near the
trap, and (c) the development of secondary minerals, commonly epidote
and tourmaline. The rock often has a banded or mottled appearance,.
due to the formation of lime-silicate hornfels, Of these three changes-
the third is the most significant, Mere induration or change of color
does not necessarily signify baking,” but when all three occur
together, and only in layers in close proximity to certain trap sheets,
proved to be intrusive by their structural relations, the changes can
be safely ascribed to the igneous rock. Many of the altered shales on:
weathering become a pale blue or ashy gray color, a tinge never taken.
by other layers.

So far as I know, the only detailed microscopic study of the altered
shales has been made by Messrs, Andreae and Osann * from specimens.
collected at the base of the Palisades at Hoboken and Jersey City.
Their results, which were published in Germany, are inaccessible to.
most readers in this country, and therefore I shall summarize their-
views briefly, They group the metamorphosed rocks into four classes.

1. Normal slate hornfels, not distinguishable from hornfels formed:
by contact with intrusives which cooled at great depth.

2. Hornfels containing numerous tourmaline crystals.

3. Metamorphosed arkose sandstone, distinguished by the forma-
tion of a fibrous green hornblende.

4, Lime-gilicate hornfels (kalksilikat hornfelse).

The first two groups differ only in the presence or absence of tour--

* Tiefencontacte an den inirusiven Diabasen von New Jersey, loc. cit.
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maline. They are very dense rocks, with a splinter-like cleavage
and abound in biotite, Traces of the original stratification are pre-
gerved in the alternation of layers containing varying amounts of
mica. The tourmaline always appears as a secondary mineral, in
well-bounded black prisms up to three millimeters in length and one
in width, They are without definite arrangement, the longitudinal
axis being oblique to the stratification plane as frequently as it is
parallel to it. Each of the tourmaline crystals is surronnded by a
bright halo about half a millimeter in width, caused by the absence
of hiotite. This may be acconnted for on the assumption that the
iron and magnesia were consumed in the formation of the tourmaline.
The biotite crystals have their tabular planes arranged parallel to
the stratification planes.

Feldspar is the chief constituent of the tourmaline-bearing horn-
fels, and quartz is entirely wanting—a fact which indicates that the
original sediment was very deficient in silica, but abounded in clayey
materiala.

From such rocks, presenting clearly a crystalline structure, a
transition may be found to very dense stones in which, even when
highly magnified, no constituent parts save biotite can be recognized.

The lime-silicate hornfels is bright grey to green grey in color, dense
and hard, and discloses under the microscope an irregular aggregate
of very small grains, with strong double refraction, whose nature can
be determined only from the larger grains. The minerals common to
rocks of this variety occur; a colorless pyroxene, closely related to
diopside; green hornblende; colorless tremolite in fibrous and radiating
aggregates; garnet; vesuvian; epidote; while feldspar occurs commonly
in diminished quantity. This rock frequently exhibits an alternation
of bright and dark layers, in the former of which diopside usually
prevails; in the latter green hornblende and biotite, Solitary grains
and crystals of titanite occur and frequent masses of calcite were
observed. The lime-silicate hornfels effervesces with acid.

Similar metamorphic rocks are known elsewhere only in the case
of sediments which have been altered by deep-seated intrusives. The
importance of this conclusion, in its bearing on the date of the intrusion
of the trap, has already been pointed out.

The association of the slate hornfels and the lime-silicate horn-
fels is extremely interesting, The former makes up the main mass
of the altered beds. The lime-silicate hornfels forms in most cases
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small layers in the slate hornfels, the thickness of the former often
being no greater than that of a sheet of paper, These layers are
parallel to each other and to the original stratification of the shales.
Frequently they form small elliptical masses, joining each other like
a string of pearls in the stratification plane, From this it is but a
step to rocks in which the lime-silicate hornfels forms only roundish
eyes and knots in the hard black slate, the * incipient segregation,”
which gives the rock a mottled appearance. Iu still other cases the
lime-silicate hornfels traverses the darker hornfels im veins and
bands at various angles to the stratification. Before metamorphism
these were probably veins of calcite, which together with the surround-
ing shales were altered on the intrusion of the trap.

In all these varions relations the boundaries of these two rocks, of
such different chemical composition, are sharply marked, both to the
naked eye and microscopically. This is strong evidence that during
the metamorphism these rocks were not molten, but that the changes
occurred in solid, or at most, very slightly plastic beds, The authors
conclude that the beds were originally argillaceous shales, locally
strongly caleareous and traversed by veins of calcite and interbedded
with layers of arkose sandstone. They find in the contact phenomena
strong evidence that the trap was intrusive and cooled at great depths.

Metamorphosed shale, in every respect identical with these rocks, so
far as macroscopical examination can determine, occurs along the Rocky
Hill ridge, and is well shown along the canal near Rocky Hill village.
Epidote and tonrmaline-bearing shales occur on both sides of the Sour-
land mountain trap and are well exposed at Lambertville, where many
of the features noted by Andreae and Osann can be seen. Fragments
of altered shale can be found on the snrface near the other intrusive
trap masses, but there are no extensive exposures of the rock in place.
Metamorphosed shales occur in considerable amount in New Jersey,
but not all the hard black shales of the system are metamorphosed
beds, as was formerly supposed.

CHAPTER IV.—STRUCTURE.
FOLDS,

The general structure * is that of a fanlted monocline, the beds of
which trend N. 30° to 50° E., and dip 13° or 15° to the northwest-

* Many details of the structure were given in the annual report for 1896, pages
72-78.
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ward. As a result of this, the layers to the northwest, save where
faulting has occurred, are above and therefore younger than the layers
on the southeastern side. 'When examined more in detail, the struc-
ture is seen to depart locally from the monocline.* Several broad,
gentle flexures occur, in addition to a few sharply-marked folds in the
vicinity of the intrusive traps and greater fault lines. A good ex-
ample of the former is seen in the shales of the Hunterdon plateau,
where the beds are so inclined that their outeropping edges describe
a great curve, parallel on the east and southeast to the escarpment of
the plateau. The structure is a shallow syncline, w hose axis is inclined
northwestward. Low folds occur in the valley of the Raritan, par-
ticalarly in the region north of Somerville. From New Brunswick
to Bound Brook the dip is quite uniformly to the northwestward,
averaging ten degrees, but further to the west the monocline is inter-
rupted by gentle flexures and swells which are difficalt to trace be-
cause of the absence of individuality in the layers, The broad out-
crop of the Brunswick shales in the Raritan valley is due in large
part to these low folds.

More definite folds—all synclines—occur (a) near the S8and Brook
trap sheet, southwest of Flemington, (b) the New Germantown trap
sheet, and (¢) the Watchung traps, whose great crescentic curves are due
to the synclinal structure of the inclosing shales. Several examples
of sharp folds occur near Glenmore, southwest of Hopewell, and not
far from the end of Rocky hill. Other instances were noted near the
faults,

In the area reported upon last year, the Stockton and Lockatong
beds are the more constant in dip and strike, so that the monoclinal
structure is most marked in these belts. The Brunswick shales are
characterized by shallow folds, some of them covering an area of
several equare miles. These, combined with a fortunate arrangement
of faults, have greatly increased the area of red shale outerop, and so
permitted the formation of the broad rolling lowland, so character-
istic of the greater part of the Newark system.

The structure of the northern part of the Newark area does not
differ materially from that already described. In general, the beds
form a monoccline tilting northwestward, but gentle folds are not
uncommon. Owing to the glacial drift many details are not so
distinctly shown as in the southwestern area.

*The main facts of the structure are indicated on the maps shown on Plates II.
and III.
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Along the base of the Palisades the average dip is fifteen degrees
and the strike N, 31° E. The average of all the observations made
on the shales immediately overlying the trap is thirteen degrees for
the dip and N, 34° E, for the strike, So far as could be determined,
the monoclinal structure prevails with great regularity in the region
between the Palisades and the Watchung mountains.

The extrusive trap sheets are excellent guides in interpreting the
structure, once their conformity to the shales has heen completely
demonstrated. The curved outline of the Watchung mountains
finds a ready explanation on the supposition that the structure is a
gentle synclinal fold, the westward side of which has been cut off by
a fanlt along the highland border of the formation. Observations
on the dip of the sandstones substantiate this conclusion,

From Bernardsville to Far Hills the general trend of the shales is
N. 85° E., with dips of fifieen to twenty degrees soutbward. Varia«
tions from this in the shales are matched by bends in the trap ridge.
Between Far Hills and Martinsville * the strike is in general N, 46°
to 50° W., with dip twelve to fifteen degrees northeast. Between
Martinsville and Summit the strike averages N. 67° E., becoming
more northerly near Summit, with dips of twelve degrees to the
northwest. From Summit to Montclair the average strike is N, 47°
E., with dip of twelve degrees northwest. Near Paterson the aver-
age strike is N. 20° E.,, with a constant tendency to swing towards
the west, as one advances northward, owing to the synclinal fold which
controls all these dips.

The axis of this fold extends northeastward from Liberty Corner
through Madison and beyond. The axis itself is undulatory, not
horizontal, due to gentle cross folds which affect it. Southwest of
Liberty Corner it rises, so that the edges of the Watchung sheets
outcrop continuously at the bow of the canoe or spoon. It riges also
at the northeast, causing the trap ridges to curve towards the high-
lands,

The curved New Vernon trap ridge is due to an anticlinal fold
whose axis dips southeast and crosses the synclinal axis near Green
Village. Between Riker hill and Pine Brook, the eynclinal axis is
probably slightly depressed, as shown by the third trap sheet passing
below the level of the alluvium at that place. It rises, however,
where crossed by the anticlinal axis of Towakhow or Hook moun-

* Qutcrops on both sides of First mountain are included in these avernges.
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tain, which pitches northwestward. The apparently greater width of
Second mountain ridge at Caldwell is probably due to this cross fold.
A second syncline is indicated by the curving trap ridges west and
north of Mountain View,

As a result of this fold the ends of the trap ridges are re-curved
towards the highlands, and the shales outeropping along Mine brook
next to the gneisses are at the same horizon as those between First
and Second mountains at Martinsville and Little Falls. If, as seems
probable, the Long hill trap and the New Vernon trap are parts of
the same sheet, the shales within the New Vernon crescent are at the
same horizon as those beneath Long hill at Millington, Stirling and
Chatham, and are also to be correlated with the beds on the inner
side of Hook mountain crescent. The highest beds, therefore, seem
to be those beneath the Great swamp between Long hill and Green
Village and those between Morristown and Boonton. These are
apparently higher than any of the shales of the Raritan valley or of
the region east of Frenchtown on the Hunterdon plateau.

FAULTS,

General Explanation.—Faulting is said to have occurred when
motion has taken place on the two sides of a fracture in such wise
that the layers on oppo-
gite sides do not exactly
correspond, The amount
of displacement may be
only a fraction of an inch
or it may be many thou-
sand feet. The fault plane
or plane of fracture may
be vertical or inclined at
an angle. Its departure from the vertical is termed the hade (Fig. 6,
A). Those beds which have been depressed, relatively to the layers
on the other side of the fracture, are said to be downthrown; the
others, up-thrust or upthrown (Fig. 6).

When a fault plane in exposed in a rock bluff or similar section, the
fact of faulting is easily seen, and the lack of continuity on the two
sides of the fracture is conclusive proof of such movement. If the
displacement be comparatively rapid, and, geologically speaking,

Fig. 6.
Diagram of a fault in tilted beds.

NEW JERSEY GEOLOGICAL SURVEY



106 ANNUAL REPORT OF

recent, the fault line on the surface would be marked by a cliff
formed by upthrown beds. But when the fault plane is not exposed,
and the surface on the two sides of the fault line has practically the
same elevation, as is the case when denudation has destroyed the faunlt-
cliff, if it ever existed, faulting is harder to detect. Under favorable
conditions, however, it can be demonstrated as conclusively as if the
actnal dislocation could be seen. '
Very commonly the rock surface along the fault plane is scratched
or slickensided as a result of the motion. In other cases the rocks near
the plane of motion are crushed, and the fracture is filled with these
broken fragments, forming a fault breccia. The beds of the down-
thrown side may be tilted close to the fracture so as to dip away from
the fanlt plane, whereas those on the opposite side may be tilted in the
opposite direction, The presence of a fanlt may therefore be indicated
by slickensided surfaces, by a crushed and brecciated zone or by
abnormal dips. If all three lines of evidence concur, the case is much
stronger than for any one separately. All three, however, may not
be conelusive in the absence of other evidence.
Necessarily, the beds on the surface, immediately adjacent to the
fault line on oppoalte aldes, are not exactly the same (Fig. 7). If the dis-
TF T location has been great, compared to the
thickness of any of the faulted beds,
the rocks on opposite sides of the fault
may be very different in color, texture,
composition, structure and age. The
position of a fault line may often be
determined by the aid of these facts.
When the fault has affected beds
which are inelined, important results
often follow. Suppose the fault plane
4 to be parallel, or nearly so, to the strike
Fig. T of the beds. If the upthrow is on the
Disgrammatie sketch of a’feult obligue gide towards which the beds dip, beds
to the strike.
which cutcrop on the other side of the
fanlt line are brought to the surface again and repeated (Fig. 6). The
more complex the series of beds which is repeated in the same order,
the stronger the evidence in favor of a fault. The number of beds
repeated depends upon the amount of the fault, the thickness of the
beds and the angle of dip.
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On the contrary, if the downthrow is on the side towards which
the beds dip, some are carried below the surface and do not outcrop
at all, Some members of a series might in this way be entirely con-
cealed. The fault might be exceedingly difficult to detect in this cage,
unless the complete series is elsewhere shown,

If the fault line is parallel to the strike of the beds, the latter will
continue indefinitely on either side of the fault. But where it is
oblique to the strike, each layer must terminate where it is intersected
by the fault (Fig. 7). In the case of hard layers forming ridges, it
would be found, under these circumstances, that the ridges would end
quite abraptly when the invisible fault line was reached. Many of the
trap ridges have steep easterly faces or even cliffs, and long, gentle
westerly slopes, These steep escarpments are normally developed by
erosion, and always face in the direction against the dip. If the hard
ridges be cut obliquely by a fault, so that the trap on the east side of
the fault plane abuts againat shale on the other, a westward-facing oliff
and talos will in time develop along the fault, because of the more
rapid erosion of the softer beds. Under normal conditions the side
of the ridge towards the dip will always have a gentle slope. A eliff
and talus, therefore, facing in the direction of the dip, is good topo-
graphic evidence of a fault. The topography is, therefore, an import-
ant guide in determining the presence or absence of faults. These are
some of the facts upon which the geologist has to depend in trying to
locate fault lines in the field.

Owing to the monotonous character of many of the Newark beds,
it is no easy matter to detect faults, particularly those the throw of
which is less than the thickness of any one of the three members of
the series.

In the Annual Report for 1896 the course of two faults of the first
magnitude was traced, and I gave, in considerable detail, the facts
which indicate their existence. The following is a summary of those
statements :

The Hopewell Fault.—This fracture extends in a sinuous conrse
from near the Delaware river, past Harbourton, Hopewell and thence
along the foot of the Sourland platean escarpment, passing a little
west of Flagtown station, on the Lehigh Valley railroad. It probably
crosses into Pennsylvania, but its exact location at the river could not
be definitely determined.

The evidence of faulting along this line is as follows : () the repeti-
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tion of the strata, Stockton, Lockatong and Brunswick beds occurring
in the same order on each side of the fracture; (b) crushed and con-
torted shales, slickensided surfaces or overthrown dips at every ex-
posure along or near the fault line; (o) diversity of structure—dip
and strike—on opposite sides of the fault line; (d) contrasts in topog-
raphy and the termination of ridges at the fracture. The repetition
of the beds has been alluded to in describing the rocks. In the bed
of every stream crossing the fault evidence of fracture was found in
the crushed and slickensided condition of the rocks, but the fault was
nowbere exposed. Locally, the rock has been so greatly sheared as
to destroy all traces of the bedding planes. Very marked overthrown
dips occur in a cut just west of Flagtown station, which increase in
steepness towards the fracture. Folds in the Brunswick beds, on the
southeast side, terminate abraptly against the fault and do not affect
the beds on the opposite side. The high Sourland plateau, composed
of hard trap and resistant Lockatong argillite, terminates abruptly
where the fault crosses the strike of its beds. The height and
prominence of the escarpment north of Skillman station is due to the
contragt in hardness of the Lockatong and Brunswick shales brought
into juxtaposition by the fracture.

The dislocation has been sufficient to bring to the surface the upper
part of the Stockton beds and place them side by side with the middle
layers of the Brunswick shales, On the basis of the estimates of the
thickness of these beds made last year, the throw cannot be less than
10,000 feet, I am now inclined to believe that these estimates are
too great, and therefore the throw is probably somewhat less than
this, How much less I am not able to determine accurately. But
the fault is certainly a great one, the throw measuring several thou-
sand feet (probably 6,000 or 7,000). Its hade cannot be determined,
since the fracture is nowhere exposed in section, and ita location can
rarely be determined within fity yards, North of Flagtown, where
the Brunswick shales occur on both sides of the fracture, its course
could not be made out.

Flemington Fauli.—This fault had been previously noted by other
workers, but its exact location had not been determined. It is located
along the bluffs of the Delaware river, by the juxtaposition of the
coarse arkose conglomerate (Stockton) with the black argillite (Liocka~
tong) a mile or so south of 8tockton. The line of dislocation is con-
cealed by the talus of a small ravine. Hence it extends in a north-
easterly direction for three miles, thence curving a little to the north,
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80 a8 to pass east of Headquarters, southeast of Sand Brook and a
mile west of the ceuter of Flemington. For much of this distance it
extends along the foot of the Hunterdon plateau escarpment. For
geveral miles north of Flemington its exact location becomes doubt-
ful, owing to the similarity of the adjoining beds, but one, or perhaps
both, of the faults along the border, west of Cushetunk mountain
marks its northern extension. There is some reason for believing
that the Round mountain trap, south of Cushetunk mountain, has
ascended along the fracture, but this is not conclusively proven.

The evidence of this fault is as complete as in the case of the Hope-
well fault, It consists of (a) repetition of the strata, (b) diversity of
structure and topography on the two sides, (c) local disturbances,
i. e., crushed beds, overthrown dips and slickensides.

Sop Yards.

Pig. 8.
Cross-section of the Flemington fault (on the right) and its branch near Sand Brook.

The uplift was on the northwest and was sufficient to bring to the
surface the base of the Stockton series, and just across the river, in
Pennsylvania, the Paleozoic floor on which the Newark beds rest.
East of Headquarters and Sergeantsville lower members of the Stockton
geries abut against beds apparently 2,600 feet above the base of the
Brunswick series. The throw of the Flemington fault, near Head-
quarters, is certainly not less than that of the Hopewell fault.

Half a mile east of S8and Brook village a small fault splits off from
the main fracture. By it a part of the Lockatong beds of the platean
have been downthrown so that they occur to the east and apparently
below the Btockton beds (Fig. 8). The layers betwken the two faults
are much confused in structure,

Dilts’ Corner Faull.—Another and larger split fault was observed
to branch from the main fracture, between Headquarters and Dilts’
Corner, It crosses the Delaware about midway between Stockton
and Lambertville, and from a cursory examination I am inclined to
believe that it joins the Flemington fault again in Pennaylvania about
a mile from the river, The rocks of this block belong to the Locka-

NEW JERSEY GEOLOGICAL SURVEY



110 ANNUAL REFPORT OF

tong and Btockton series, with some intrusive trap masses. The gen-
eral dip is sonth of west, although near the faults there is much
diversity. The beds on the east and southeast have been downthrown
relatively to the others, The combined throw of this fault and the
Flemington fault is about equal to that of the latter further north.
Figure 9 is a sketch map, showing the relationship of the two faults
and the adjoining beds.

Fig. 9.
Map of the Flemington and Dilts” Corner faulis, showing thelr junetion.

Faulls Along the Northwestern Border.—A number of faults prob-
ably occur along the northwestern border, but their presence eannot
be demonstrated as conclusively as in the case of those just mentioned.
From the Delaware river to the vicinity of Pattenburg the border is
comparatively straight. The Newark beds are shales, quartzite con-
glomerates and limestone conglomerates. The pre-Newark rocks are
gueisses and schists, with local narrow strips of limestone and shale
between the gueiss and the Newark beds. The limestone conglomer-
ate adjoins the areas of older limestone, but it is not limited to these,
There is an absence of gneissic conglomerates, and there are no large
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areas of quartzite known from which the quartzite conglomerates may
have been derived. These facts render it improbable that the present
relative position of the two formations is that which obtained at the
time of deposition of the Newark beds. If the hills of the crystalline
rocks marked the immediate shore of the shallow sea in which the
Newark beds were laid down, we should expect to find a closer con-
nection between the constitution of the later beds and the adjoining
older rocks.

On the other hand, such connection is not entirely wanting. Gneiss
pebbles do ocour in varying numbers in the conglomerates ; the calcare-
ous conglomerates are best marked near the areas of limestone. Fault-
ing, if it has occurred, has not greatly changed the relative position of
the beds.

A still stronger argument for faulting is found in the strocture, par-
tienlarly in the way in which the shales terminate against the older
rocks. In New Jersey the actnal contact cannot be seen, but the
Newark beds in some cases dip toward the crystallines at various

235 Yards.
-

Far

Limestonas

Fig. 10.

Section showing the probable relationship at Monroe, Pa., and the overthrust fault
on the northwest border.

angles; elsewhere the strike is nearly at right angles to the border,
Nowhere along this part of the border were the beds found to dip away
from the older rocks. It has already been pointed out that the study of
the structure has demonstrated that the conglomerates near Pattenburg
are lower in the series than’ those on the Delaware river. In other
words, along this part of the boundary, beds of a wide range in point of
age abut against the pre-Newark beds. B. 8. Lyman* has demon-
strated that similar relationships obtain in eastern Pennsylvania.
These facts are readily explicable on the supposition that faulting has
occurred slong this part of the border.

At the village of Monroe, Pa,, the nearest approach to a contact
was found. The relations are indicated by the diagrammatic section
ghown in Figure 10. The shale, sandstone and calcareous conglom-

* Lyman, Penn. State Geol. Surv,, Summary Final Report, vol. IIL, Part IL.,
Mapa,
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erate dip towards the limestone at angles varying from twenty-three
degrees to seventeen degrees. Seventy-five feet from the conglom-
erate, crampled and serpentinous blue limestone appears, dipping
in various directions. The gneiss is exposed a few rods beyond.
The distribution of outcrops and talus indicates that the Newark
beds overlie the limestones, the contact plane having an apparent dip
of about fifteen degrees southesst. The facts here shown indicate
that the hade of the fault, if fault there be, iz great, and that the
motion has been of the overthrust type. It must be admitted that
the relations at Monroe are as readily explicable on the theory that
the shales and conglomerates overlap unconformably the older rocks,
as on the theory of faulting, But the indirect arguments in favor of
faulting, i. e., the distribution of the shales and conglomerate, and
the truncated structures, are not invalidated,

That this part of the Newark border is marked by a fault cannot
be positively asserted, in view of the inconclusive character of the
evidence. But when the phenomena here are compared with those
presented by the part deseribed in the succeeding paragraph, the fact
of a fault can hardly be questioned.

Between Pattenburg and the southwestern end of Cushetunk
mountain, the border is irregular in outline. The older rocks are
Hudeon river shales and Trenton limestone, with small local areas of
quarizite (Cambrian). There is a comparatively close resemblance
between the constitution of the Newark beds and the older rocks.
Hudson river shale pebbles form a large constituent in the coarse-

~grained sandstones, The Newark beds along this border are true
basal beds and rest upon the eroded older rocks. Their strike is
conformable to trend of the boundary line, and they dip away from
the older beds. Their larger structural relations indicate that they
are members of the Stockton series and are basal beds of the Newark
gystem.

Four miles and a half southeast of Clinton the boundary line turns
northward abruptly for a mile, and then northeastward for another
mile. This sudden turn is in line with the probable northward
extension of the Flemington fault. The shales—apparently members
of the Brunswick series—dip towards the older rocks. There is an
entire absence of a basal conglomerate, but for a part of the distance
trap adjoins the Paleozoic limestone. The downthrow has been on
the east, s0 that members of the Brunswick series, high in the Newark
system, have been brought down on the east side of the same limestone:
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as that on which the basal beds, half a mile westward on the other
side of the fault, are resting,

The part of the boundary which is between the horns of Cushetunk
mountain is probably along a fault, The Newark beds, which belong
to the Brunswick series, either dip directly towards the older rocks or
trend nearly at right angles to them. The shales are not conglomer-
atic, save locally near Lebanon, where a few quartzite pebbles occur.
Ghneiss pebbles, such as would be expected to occur had these beds
been formed in their present position with reference to the gneissic
hills, are absent.

Of that part of the border from Lebanon to a point three miles
northeast of Pottersville, but little is known, since it is much obscured
by drift. For most of the distance the calcareous conglomerate is
apparently the bordering rock on one side and gneies on the other.
Limestone iz known to occur at only one place, a very small area, and

Fig. 11.

Diagram of the supposed relationship along the border
north of Lebanon.

for much of the distanee it is certain that it does not occur, The waves
of any sea beating against the present line of hills would form a
gneisa conglomerate, not a calcareons conglomerate,

The structure is obscure, but the beds appear to dip in various
directions with respect to the border. The sharp synclinal fold which
has affected the New Germaniown trap sheet, the outcropping edges
of which give the best indication of the structure, seems to terminate
against the border. These facts favor the hypothesis of a fanlted
boundary.

On the other hand, the occurreace of the coarse conglomerates indi-
cates proximity to a shore-line. The limestone fragments are, on the
whole, rather sharp and angular, Manifestly, they have not been
transported a great distance. The readiest explanation of their origin
is that they were accumulated along a shore-line, the rocks of which
were at this point limestone. All these facts seem best harmonized

8
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by the assumption that the gneiss hills were bordered by belts of
quartzite and limestone, along which these conglomerates were formed
a8 shore deposits, By a subsequent thrust-fault, the Newark beds
have been shoved over on the gneissic rocks, concealing the lime-
stones and quartzites save in a few localities. Figure 11 represents
this supposed relationship in s diagrammatic way, We know for a
certainty that the Newark beds rest upon early Paleozoic and quartz-
ites over considerable aress, as is shown by limestone foundation
exposed in Pennsylvania by the Flemington fault.*

From the point where the border touches Peapack brook, two
miles north of Gladstone, to a point half a mile southeast of Peapack
(three and a half miles), its course is south by east and slightly irregu-
lar. The older rocks are Hudson river shale, Trenton limestone,
‘Cambrian quartzite and granite. The Newark beds are coarse sand-
stones and conglomerates, The sandstones are composed of quartz
and feldspar from the disintegrated granite, and of shale bits from the
Hudson river beds. The conglomerates are chiefly of quartzite, but
some heavy limestone conglomerates oceur near the limestone border.
Fragments of Hudson river shale enter largely into the conglomerates.
The beds uniformly dip away from the older rocks, generally at a high
angle. They are undoubtedly basal beds and rest upon the eroded
edges of the older formation. They are not, however, members of
the Stockton series, but apparently belong to the Brunswick series,
and indicate & transition of the sea upon this area late in Newark
time,

From a point a little southeast of Peapack to the New York State
line, pearly forty miles, the border is remarkably straight. The
irregularity near Morristown, shown on the State Geological map, has
been proven by deep well-borings not to exist. A large fault un-
doubtedly determines this part of the boundary. The strongest evi-
dence of this is found in the way in which the western part of the
great Watchung syncline has been cut off, so that the shale which
outcrops along Mine brook, near Bernardsville, is the same as that
found between First and Second mountains, back of Plainfield and
Bound Brook. West of Liberty Corner, S8econd mountain recurves to
the northeast, diminishing in height and in width as the fault line cuts
it obliquely. At Bernardsville an outcrop of trap close to the gneiss
shows unmistakable evidence of fracturing and shearing, The rock is

*Bee Map of the New Red Sandstone of Bucka and Montgomery Counties. Lyman,
Becond Penn. State Geol. Surv,, Summary Final Report, vol. 111, Part II.
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literally crushed to pieces, so that it is practically a friction breccia.
Further northeast higher beds of shale terminate at right angles
against the highlands, while in other localities the beds dip directly
towards the gneiss. Unfortunately, from Morristown northward the
border is so deeply buried by drift that there is no possibility of
obtaining a section showing the fault plane,

North of Pompton all three trap ridges decrease in elevation, as
they approach the Newark border and the supposed fault, and disap-
pear beneath the terrace deposits of the Ramapo river. No Newark
beds are known to occur in the interval between the older rocks and
the ends of the trap ridges, where they are covered by the drift.
This interval is narrower than appears at first sight, since at several
widely-separated localities along the bed of the Ramapo river a pre-
Newark black shale or schist is exposed. It probably extends as a
more or less continuous belt bordering the rocks of the crystalline
highlands, and between them and the Newark beds. Bo narrow is
the buried interval that I am firmly of the opinion that, were the
drift to be removed, the trap would be found to abut against the pre-
Newark beds, and to be separated from them by a fault. This, how-
ever, cannot be conelusively proven, although no adverse facts are
known.

Summary.—A part of the boundary is formed by faults, but the
part from Pattenburg to the southern limb of Cushetunk mountain
and the part north and south of Peapack are not. At these points
the beds rest upon the eroded edges of the elder rocks, The evidence
of faulting is indirect.

The contrast between the faulted and normal border is significant,
The former iz comparatively straight, the latter somewhat crooked.
Along the former the shales dip in various directions in respect to the
older rocks; along the latter they follow the trend of the contact and
dip away from the older beds. In the one case Newark beds of very
different horizons adjoin the border ; in the latter they are basal beds,
Along the faulted portion the Newark beds were not derived from
the immediately-adjoining older rocks; along the normal contact the
older layers have entered largely into the newer beds, _

The exposureat Monroe, Pa., admits of eitherinterpretation—a fault,
contact or & depositional contact. If the former, then the hade is
about seventy-five degrees and the fault is an overthrnst. At one
locality, Bernardsville, strong indications of fracturing and motion
are observable.
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Faults Along the Palisades—Faults which intersect the trap sheets
are more easily detected than those limited to the shales or sand-
stones. The reason is that any dislocation or offset of the trap
sheet can be readily seen, whereas the lack of individuality in the
shale beds renders it next to impossible to detect a small fault unless
the actual plane of dislocation is shown,

Both Davis* and Dartont have described two faults in the
Palisade trap. Oue is a longitudinal fanlt extending along Bergen
Hill as far as Hoboken, the other cuts the trap diagonslly, causing
the offset at King’s Point. The former can be detected in the sec-
tions made by the various railroads which cross the ridge. Along
the Pennsylvania line there is & wide break in the trap wall a little
east of Marion station, It is mostly filled with drift, but during the
process of excavation red shales were found dipping towards the
western trap wall. At the Jackson avenue station on the Newark
and New York railroad, there is a break in the high trap wall of the
cut. On the west side the trap ends abruptly, but as this part of the
section is walled up, the rock is not shown. It certainly is not trap.
Along the Morris canal still further south, there is a drifi-filled
break in the trap wall just east of the boulevard. A quarter of a
mile southwest of this place red shales were found outcropping along
the top of the hill. fhere is, however, no positive evidence that
these shales occur along a fault line, They occur on a hill, not in a
hollow, aud although they are in line with the break in the Morris
canal, they are not in line with the gaps along the two railroads, I
am skeptical as to the existence of a single fault connecting all these.
localities. '

Further east, on the Morris canal near the Central Railroad of New
Jersey, there is a marked depression along the ridge. The trap out-
crops on both sides, and the topography northward is favorable to the:
saggestion that the break observed at Marion and Jackson avenues is
continuous as far south as Forty-ninth street. But all these facts, as
far as yet seen, are explicable, either on the theory of a fault or of an
intercalated bed of shale. The decisive evidence is found half a mile
north of Marion, where the Delaware, Lackawanna and Western and
the Erie roads penetrate the trap sheet by tunnels, Darton states that
no shale occurs in these, but that a belt of crushed trap was found in
line with the depression at Marion, and that still further north shales

* Loc. cit., page 270, e scq.
¥ Loc, cit., pages 41, 44.
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were found in excavating for the reservoir. The absence of shale in
the tunnel is conclusive proof that the shales observed at Marion and
elsewhere do not belong to an intercalated sheet, and also that they are
not beds beneath the
trap, brought up by
the fault. They are
overlying shales which
have been protected
from erosion by being
inclosed in the depres-
sion between the trap masses. The fanlt must lie west of them, and
the uplift has been on the west side (Fig. 12). The amount of the
throw is indeterminable. It is certainly less than the thickness of
the trap sheet.

At King’s Point, Weehawken, the trap escarpment is abruptly
offset to the east. A small valley followed by the Awichawken creek
-extends northward behind (west) the point. Indurated shale outerops
along this valley between the
masges of trap. A deep boring
(Darton) proves that the shales
probably do not belong to an
interbedded sheet. If continued
upward along the strike to the
east, they would abut against
the trap of the point. Their
dip is fourteen degrees, the offset
is 360 yards, and the throw is
about 270 feet, with uplift on the
west, Part way up the valley
the main fault appears to split,
the smaller branch causing a
slight offset in the trap wall on
the west. The throw of this

Fig. 18. fault is estimated to be about

Hap and eross secton of the Klng's Polnt [l geventy-five feet, and that of the

main fault at this point is about

190 feet. The combined throw is very nearly equal to that of the

main fanlt at the end of the point (Fig. 13). A somewhat swampy

depression continues for a mile or more northward from the head of
the ravine, and probably marks the continuation of the fault,

SO0 Yards

Fig. 13.
Section of the fault at Marion,
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New York, Susquehanne and Western Railroad Tunnel.—At the
eastern entrance of the tunnel two faults are shown. One is visible
in the north wall at the immediate entrance. The fault plane has a
small hade (fifteen degrees) to the west. The uplift is on the west or
dip side, causing a slight repetition of the beds, and the throw is
seven feet, The fanlt plane trends abont N. 45° E, On the south
side the fracture is not visible at the level of the railroad on account
of masonry-work, but can be seen higher up where it traverses the
trap. The rock there is much shattered, being almost a breccia,

About forty yards east of the tunnel entrance another and larger
fault cuta the trap and shale, but the fault plane is concealed by talus.
The evidence of faulting is, however, complete (Fig. 14). The under
contact of the trap and shale is exposed at the level of the wagon road,
just above the tunnel entrance and just west of the fault-line. A few
feet east, the escarpment of the trap, which here makes a sharp turn
eastward, is broken by a deep ravine, extending north by west. A
few yards east of the ravine the trap is found at the road-level, and
one has to go 1566 yards eastward from the first point of comtact
before the shale is again seen beneath the trap. The shale west of
the ravine would abut against the trap on the other side if continued
up the strike, The proof of the fault is (a) the repetition of the
shales and the under contact, (b) the offset in the trap escarpment
and () the ravine, with ledges of trap on either side, just where the
escarpment makes ita turn. The ravine has been excavated along the
line of fracture. The offset is about 156 yards, the dip averages four-
teen degrees and the throw is, therefore, about 115 feet, with uplift
on the west side. The fault plane probably hades the same as the
smaller one seen a few yards away.

The presence of this fault can be demonstrated independently of
any argument derived from the offset in the escarpment and the
ravine. These are, however, clearly the results of the fault, and
therefore the presence of a similar offset with a ravine extending back-
ward from the re entrant angle may be taken to indicate a fault even
although other evidence may be largely lacking,

Edgewater.— A short distance south of Cody Bros’. quarry at Edge-
water the trap escarpmant is somewhat abraptly offset in exactly the
same manner as at the tunnel, a quarter of a mile north. A deep,
narrow ravine extending northward is followed by the Gorge road
from 8hadyside to Edgewater., From the head of this ravine, a mile
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north of Edgewater, a swampy depression extends obliquely across
the ridge in a north by east direction. Just south of the Fort Lee-
Leonia turnpike it passes into a deep ravine which opens upon the west
side of the trap ridge, a mile or more south of Englewood. These
ravines and the swampy depression follow the line of a fault, which
can be traced continuously in its oblique course across the trap sheet-
Figure 14 shows the rela-

tion of the fault at Edge- 4
water. 'The indurated shale
outcropping near the Gorge
road, on the west side of the
ravine, if continued along
its strike, wonld abut against
the high trap cliff on the
opposite side of the fanlt at
the offset. Continued up-
ward along the dip it would
pass many feet above the
shales which underlie the
trap at Cody’s quarry.

The offset may be ex- 8/ HIK,
plained on the hypothesis Fig. 14.
that the trap cuts across the Sketch-map of the faults at Edgewater and the New
beds downwar d, as was the York, Busquehanna and Western tunnel.
case at Bouth Weehawkea. But at that locality there was no ravine
leading backward into the ridge from the re-entrant angle, neither
was there any depression along the top of the ridge. All things con-
sidered, the only permissible hypothesis is that of a fault, oblique to
the ridge, along the line of the ravine.

Up the gorge the trap walls rise steeply on both sides, with talus
slopes at their bases. The west faamg cliff is conspienous, Owing
to the debris which clogs the ravine, no shale was found between the
faulted trap blocks.

The amount of offset is difficult to estimate, owing to the absence of
any distinguishable horizon on opposite sides of the fault. Judging
from the general topography, it is probably somewhat greater than
at the tunnel fault, and the throw is probably somewhat larger, but
probably does not exceed 176 feet. Bince the offset is in the same
direction in both faults, the uplift is on the west side,
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If a fault exists along this ravine, some evidence of it ought to be
found in the tunnel of the New York, Susquehanna and Western
railroad. About 180 yards from the entrance, the tunnel wall is
arched with brick for a space of twenty-seven yards. At the east end
of the arch the rock is trap, at the west it is indurated shale, on top of
which can be seen the trap forming the roof of the tunnel. The
shales dip westward, so that the contact line reaches the floor of the
tunnel about 245 yards from the eastern end. Where the tunuel is
walled up the rock was broken and shattered, undoubtedly due to
the fault which has brought the indurated shales above the level of
the tunnel floor. The throw is estimated to be about 140 feet, taking
the average dip of fourteen degrees.

As laid down on the map, the course of the Edgewater fault up the

ravine would cross the line of the tunnel
) 4 é’/ / about 300 yards from the entrance, some-

o what west of the fault just described.
About 350 yards from the entrance
another brick arch indicates a second
brecciated zonein the trap, The Edge-
water fault is probably to be correlated
with one or the other of these,
Further evidence of the fault is found
where it leaves the trap sheet south of
Englewood. Figure 156 shows the offset
which occurs along the upper contact
line, and algo the location of the upper
ghale in the valley along the fault.
The offset near Englewood is consider-
ably greater than at Edgewater, and the
throw of the fault has increased to about
200 feet. )
Fort Lee—At Fort Lee the escarp-
Fig. 15. ment is again offset towards the east,
Map of g’g{f‘ﬁ:‘;";s°“‘h of and a deep ravine extends northward
behind the offset mass for a mile, be-
yond which a shallow drift-filled depression can be traced for several
miles along the top of the ridge. The topographic relations are almost
exactly identical with those noted at Edgewater, and Davis, long ago,
drew the natural inference that another fault cuts the trap at this point.
The indurated shale outcrops beneath the trap on the west side of the
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ravine along the roadside and between the two trap blaffs. It also out-
crops just beneath the trap at the sonth end of the offset bluff, and
also northward along the river. The contact, at the first-mentioned
locality, is unconformable, but the abrupt offset in the escarpment and
the westward-facing cliff and talus along the ravine are certainly not
due merely to the change of horizon.

The offset is estimated to be abont 200 yards, which, with a dip of
twelve degrees, makes the throw 130 feet, with uplift on the west side.
The hade of the fault is not known, nor could its course be determined
further north than Englewood.

North of Fort Lee the escarpment is fairly regular. Whatever
slight departures from a straight course occur seem to be due either
to erosion or the change in horizon of the intrusive sheet. No positive
evidence of faulting was found between Feort Lee and the State line.

Faults Along First Mountain—Two faults are well shown at
Garrett Rock, Paterson, along the Delaware, Lackawanna and
Western railroad, and have been described and pictured by both Davis
and Darton. The larger one, throw of seventy to seventy-five feet,
has determined the location of the larger ravine shown in the accom-
panying picture (Fig. 16). The other—throw about eight feet—
follows the line of the smaller ravine. In both cases the uplift
has been on the west side, thus increasing the width of outerop of
the trap. The actual fault planes are concealed by talus, but the
shales outerop west of the larger fault in such a position that if they
were continued upward along their dip they would abut against the
trap seventy-five feet above those on the other side of the ravine.
The faunlt plane is undoubtedly nearly vertical. The picture shows
the westward-facing trap cliff with talus at its foot.* This has been
developed by erosion where the fault has brought the hard trap east
of and against the soft shales,

Ascending the steep slope of this ravine one finds himself in a
shallow, narrow valley which extends southward for several miles
along the back of the ridge. For much of the distance westward-
facing ledges occur, and an eastward-facing escarpment follows it
for its entire length. Between the Great Notch and Montclair
Heights the valley widens and deepens, and is followed by the
Greenwood Lake railroad. The trap ridge on the east decreases in
elevation and finally terminates half a mile north of the Heights

*The cliff is partly hidden by the foliage, but can be seen just above the vertical
line marking the greater fault,
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station. Sandstone was found in a well a few rods south of the end
of the trap ridge, and also in several wells along the valley between
the ridges. Judging by the topography, the sandstone occurs in the
valley certainly as far north as the Great Notch road, but it has not
been observed. The fault lies along the east side of the valley, close
to the line of trap ontcrops. Where it intersects the low cross-valley
at Great Notch, it is apparently bent sharply westward, implying a
westward hade, which agrees with the hade of similar faults across
the Palisades. ——_— 1
Breccias observed in 3ooYaris

Wright & Lindsey’s
trap quarry, and in
the railroad cut just
west of the valley at
Great Notch, extend

Fig. 17.
parallel to the greater Bection of the Montclair-Garrett Rock fault.

fault. Judging by the

width of offset near Montclair Heights the throw has apparently
increased to nearly 300 feet. Figure 17 shows the relations in a
cross-section a mile north of Montclair Heights,

Near F, J. Marley’s quarry, two
miles south of Paterson, the steep

escarpment of the ridge is slightly
offset to the east. A narrow, steep
ravine extends northward from the
re-entrant angle. These features
are universally found where ob-

T F

oyeael S

lique faults cut the trap ridges, and
their occurrence here, although on
& minor scale, suggests at once
a small fault with a throw of less
than fifty feet and uplift on the
west side.

Eagle Rock.—At Eagle Rock
the escarpment is slightly offset in
a similar manner (Fig, 18). The
road follows a steep ravine with
walls of trap on either side. The cliff which is so prominent half a
mile south of the rock gradnally disappears, but its place is taken
by the Eagle Rock ledge, which overlaps it for a short distance.

Fig. 18.
Map of the fault at Eagle Rock.
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The offset of the escarpment and the overlapping of the cliffs are
probably caused by a fault, the uplift of which was on the west
and the throw of which is not more than fifty feet, The line of
shallow ravines north of Eagle Rock, towards Verona, may mark
the extension of the fault.

From Eagle Rock southward, to the gap at Millburn, the eastern
face of First mountain is remarkably straight and is apparently not
intersected by any oblique faults. A fine example of a fanlt breccis,
however, was found in the deep cut of the Orange Mountain inclined
railroad, west of Orange Valley. It lies 125 yards west of the edge
of the cliff and trends N. 35° E, parallel with the escarpment. Its
width varies from thirty inches to six feet, Within the brecciated
zone the trap is much crushed, locally almost powdered, and usually
reduced to fragments one to two inches in diameter. Where widest
only the central portion is finely broken, the rock on the sides being
broken into thin sheets parallel to the sides of the breccia, which has a
glight hade to the east. A similar breccia, probably the same one,
occurs in the Geo, Spottiswood & Co. quarry, half a mile northward,
at sbout the same distance from the edge of the trap.

From Millburn to Plucksmin the front of First mountain is not
interrupted in such a manner as to suggest faulting. The transverse
gaps back of Bound Brook and Plainfield show no indication of fault-
ing and the alignment of the ridge is not broken. They are due
simply to erosion. A small fault was found in the American Copper
Mine, north of Somerville, Its trend was about northeast, at right
angles to the strike of the shales, and its throw was between four and
six feet, but so far as discernible the crest of the ridge was not broken.

In the Report for 1896 (page 81) I indicated that there was some
reason for believing that First mountain is terminated pear Pluckamin
by a fault. On the other hand, the facts can be as readily explained
in other ways.

Darlington.—At the north end of First mountain a narrow ridge
of trap one and three-fourths miles long and about 200 yards wide
lies parallel to the main sheet and a third of a mile east of it. In the
valley between them the glacial drift is so heavy a8 to conceal effectually
all outcrops. There can be but little doubt, however, that sandstone
underlies the drift. The relation of the two trap masses is unknown.
The smaller ridge may be a part of the larger, cut off by a fault, with
downthrow on the east side, or it may be a separate sheet. The fault,
if it exists, has a throw of over 800 feet.
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Faulls on Second Mountain.—The width of outcrop of the trap
along Second mountain varies greatly. Along much of its course the
crest is double, and in the intervening valley the shale has been found
at a number of places either in well- - —
borings or at the surface. Two [Trr _— Tiz
hypotheses may be considered in
reference to the origin and relation-
ship of this shale. First, thatitisan
interbedded layer between two trap
sheets, A. Second, there is but one
trap sheet, which is traversed by a
longitudinal fault, cansing the repe-
tition of the trap and the appearance
Of the Bhale in the Vﬂ"ﬁy between' Dingrams showing the possible relation-
In the event of faulting the shales ship of the shale in the valley between

f P the double crest of S8econd mountain.
may be either underlying beds
brought up by the fault, C, or they may be overlying beds protected
from erosion in the trough between the uplifted and downthrown
blocks, B. The hypothesis of faulting necessitates a fracture which has
followed closely the curve of the ridge, since the double crest is most
marked in the curved portion northeast of Somerville, The various
relationships possible are indicated in Figure 19.

The evidence which bears upon these various hypotheses is to some
extent contradictory, and it is impossible to arrive at a positive con-
clusion,

If the shales belong to an interbedded sheet, we must suppose two
overflows of trap separated by an interval long enough for the depo-
sition of the sedimentary beds. The fact that at both ends of the
ridge the crest is single, is a strong argument against this hypothesis,
No trace of shales is found at either locality, and the topography is
decidedly against the supposition that they exist. In fact it iz a strong
argument in favor of the unity of the trap sheet. Furthermore, an
interbedded sheet ought to be discernible in the deep gorge at Little
Falls, but no indications of one could be found. Moreover, in a
well at Caldwell at the Mount St. Dominic Academy the following
section was found : Glacial drift 100 feet; trap rock 775 feet; total
875 feet. Shale was reached at the bottom.*

*These data were obtained from the Sister Superior. Somewhat different figures
were obtained through the kindness of Messts. Conlan from a workman who was
employed during the drilling, but the main facts are the same.
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The location of this well is such that it would pass through an
interbedded Iayer of shales at a depth of between 500 and 600 feet,
if such existed.

All these considerations weigh heavily against the supposition of
an interbedded layer, But there are other data to be considered. A
well bored for Mr. Keane on the second crest of Second mountain
near East Livingston, revealed the following section, which was
obtained from the contractor, Mr, Baker, of Orange.

1 O VRS TO RO U RRUISRRY I 111 &
TrAP TOCK .. ciirsrirssremsornrivinnissnisierman: sesvecinnrensnnnennreennes 90 feet,
Brown sandstone.. .. ssmmersierseriersarsassiareensiaraces sossaeanis nens " 51 feet.
Trap POCK ieeveirsnnserinniaesseraranosisrninasssmmrnsassseriianns erssenes 381 feet.

TOtAl cevereiiriei s nen s isiin s rrr et snpasasaiaisaas 527 feet

These data seem to indicate positively that there is a layer of the
shale or sandstone between the trap., In this connection must be
meutioned the fact that Darton * found what he took to be evidence
of two or more flows of trap at the north end of Second mountain, at
the southwest end near Bernardsville, and in the gorge at Little
Falls, The evidence, however, is far from conclusive,

It is difficult to understand the conflicting data furnished by the
Caldwell and Livingston wells. They are only three miles apart and
in similar positions considered with reference to the double crest line.
I was not able to secure samples of the “ brown sandstone " reported
from the Livingston well, After carefully balancing all the evidence
I am inclined to question the correctness of the indentification of the
pulverized material brought up by the drill.t At a number of
widely-separated points along Second mountain a red-brown variety
of trap has been found. It is frequently vesicular but not always so.
Hand specimens are easily mistaken for a hard, fine-grained red sand-
stone. When pulverized by the drill and brought to the surface, it
could be distingushed from sandstone cnly with great difficulty.
This red trap is known to have a thickness of at least forty-five feet.
In view of the facts from the Caldwell well, the apparent absence of
any shale layer at Little Falls, and the single crest line at the ends of
Second mountain, I cannot but conclude that the *“ brown sandstone ”
found in the Livingston well was in reality red trap, and that the
shale found in the valley between the crests does not belong to an
interbedded sheet. My conclusion is that the trap of Second moun-

* Darton, loc. cit., pages 24, 25.
%+ No cores were obtained, as work was not done with a diamond drill,
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tain is but a single sheet, although it may be made up of more than
one flow following each other at close intervalg, but without interven-
ing beds of shale. .

The fault hypothesis needs to be considered. If faulting has oc- -
curred, the wplift of necessity has been upon the westward or dip side,
causing the repetition of the trap. No direct evidence of faulting,
beyond that furnished by the topography—the repetition of the beds—
was found,

Darton,* however, has stated the iudirect evidence derived from a
study of the width of outerop of the trap and the apparent thicknesses
along different section lines. All three of the Watchung trap sheets
are extrusive in origin. On the assumptions, first, that the sedimen-
tary beds were not deformed during the intervals between the lavs
flows, and second, that sedimentation procecded at an equal rate in all
parts of the area affected by the flows during the interval of quiescence,
and third, that each lava sheet was of approximately the same thick.
ness throughout, their bases must bave been originally parallel,
Therefore, any lack of parallelism at present must be due to fault-
ing. He finds that the base of the second Watchung sheet is quite
uniformly 1,200 feet above that of the first Watchung sheet, where
allowance is made for the known faults in First mountain. This
indicates that the above assumptions, in so far at least as they apply
to the first Watchung sheet and the overlying shales, are correct.

The distance from the base of the second sheet to that of the third
sheet varies greatly along different sections. The variation is ascribed
to faults either in the second trap sheet or in the overlying shales, The
apparent differences in the hori;,ons of the bases of the trap sheets are
greatest along those sections where the double crest is the most marked,
Assuming that the faulting is all in the trap and not in the shales,
Darton estimates that the thickness of the Second mountain sheet js
700 feet along a section four miles northwest of Paterson, with faults
amounting to 500 feet; near Little Falls the thickness is 600 feet,
apparently without faults; in the latitude of QOrange the thickness is
880 feet, with faults amounting to 500 feet; at Feltville it is 650
feet, faulting 350 feet; north of Bound Brook the thickness is 600
feet, with faulting to the amount of 800 feet.

In using these estimates, the assumptions on which they are based
must be kept in mind. The latter may or may not be correct. There
is no conclusive reason for supposing that the faulting is restricted to

* Loe. cit., pp. 18-23,
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the trap area. If it is not, then the estimates of the thickness of the
trap sheets must be changed. In so far as the basea of the second and
third trap sheets were not originally parallel, either because of great
variations in the thickness of the second sheet or of the overlying shales
or of both, these figures are open to question. But in spiteof this element
of uncertainty, these estimates are of value as indicating quite clearly
that some faulting has occurred, and they strengthen the argument
derived from the topography of the doublecrest. It is safe to assume
that Second mountain is traversed for much of its extent by a curving
longitudinal fault. It begins southwest of Liberty Corner, and
extends nearly, if not quite, 7 Little Falls, following the valley
between the crests, The amount of the fault varies considerably. If
the shale in the valley underlies the trap (Figure 19, C) the fault is
greater than the thickness of the sheet. If it is the overlying shale
(Figure 19, B) the fault may be much less. I was unable to find de-
cisive evidence on this point,

At the north end of Second
mountain near Pompton lake three
small faults were found. Their
position is shown in Figure 20.
Their existence is shown by the
offset in the border of the trap, the
escarpment and the ravines leading
back from the re-entrant angles.
Owing to the absence of outerops of
ghale in the vicinity, the throw can-
not be calculated accurately. It is,
however (in each case), small. The
uplift is always on the west side.

Haledon.—Southeast of Haledon,
near Paterson, the escarpment is
slightly offset to the east and a nar-

" Pig. 20. row ravine extends northward from

Mep and sectfons of the faults at the the re-entrant angle. For several
north ead of Becond mountaln, miles north of this point a series of
ravines cats the back of Second mountain, forming in some places a
well-marked double crest. Their location has probably been determined
by the fault which causes the offset of the escarpment. The uplift
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is on the west side and is probably not more than 100 feet. Figure
21 shows its position.

Franklin Lake—Southeast of Fraoklin lake the escarpment turns
abruptly westward andiat the same time its continuity is interrupted.
Four narrow ravines or cloves, trending north and south, cross the
trap sheet. Owing to the heavy accumula-
tions of glacial drift in this vicinity it was
difficult to determine exactly the location of
the trap boundary and to make out whether
it was offset opposite these cloves. 8o far
as could be determined the trend of the
shales (N. 40° to 50° W.) cannot aceount for
this abrupt turn in the trap ridges. If, how-
ever, the northwestward trending beds be
cat by a series of north aed south fanlts
with uplift on the west side, the topographic -
requirements will be fulfilled. North by Fig. 21.
east of this locality First mountain is 0o ¢ B Hatedon.
crossed by several drift-field depressions along which no outcrops of
trap could be found. Taking all these things into consideration it
seems highly probable that southeast of Franklin lake, Second moun-

Fig, 22,
Map of the cloves across Second mountain, near Franklin lake, and
the probable fanlts,

tain is cut by four faults, some of which also cross First mountain,
although the evidence favoring this cannot be considered concluslve.
Figure 22 shows the positions of these faults.

Several small faults were noted in the Granton trap and at Snake
Hill, and reference has already been made to them in describing those

areas,
9
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Faulls in the Shales and Sandstones.~~It is extremely difficult to
detect fanlts which traverse the members of the sedimentary series,
unless they are of sufficient magnitude to repeal some one of the
three major subdivisions, or the fault-plane itself is exposed. This is
due to the absence of individuality in the beds of each subdivision.
Even when faults are detected it is difficult to arrive at any reliable
estimate of the amount of dislocation. In the following list I have
given all the cases noted. In some instances the fanlt is only inferred,
in others its presence is known beyond a doubt. In nearly all the
amount of dislocations is probably small. In none is it necessarily
great, although in some it i8 not necessarily small. The great faults
near Flemington, Hopewell, Dilts’ Corner and along the northwest
border have already been described and are not included in this list.

1. In the Trenton Brownstone Co.’s quarries at Wilburtha several
wery slight faults occur. Beds belong to the Stockton series,

2. Faulting in a nearly horizontal direction has occurred in the
rocks exposed in the quarry of Dennis Roe, Wilburtha. Stockton beds.

3. A fault was found in the bed of the creek almost directly south
of the southwest termination of the trap mass, two miles northwest of
Pennington. The fanlt plane trends N, 22° E,, nearly parallel to the
strike of the adjoining shale, and it hades twenty-seven degrees south-
east. Continued northward, it passes along the westward margin of
the trap, the termination of which may be due to the fracture. Hard,
green argillaceous sandstone outcrops on the westward side of the
fanlt plane and red-brown shales on the other. The fault plane is
not marked by a breccia, Judging by the slickensided surfaces, the
uplift bas been on the westward or dip side, causing a reverse fault.
The amount of dislocation cannot be determined at this exposure.
The fault plane wes observed again in the bed of a brock half a
mile further south, but no traces of it could be found beyond this point.
Beds belong to the Brunswick series.

4, In the bed of a brook & mile and & half west of Harbourton a
fanlt plane is exposed, whereby heavy black argillites abut against
red flagstones (Liockatong series). The fault plane strikes N. 65° W.,
and its hade is 40° 8. W. Judging from the slickensided surfaces
the motion was nearly horizontal and the vertical component was
small. This fracture is near the Hopewell fault. The amount is
indeterminable.

6. In the bed of a small ravine midway between Moore’s station
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and Lambertville a vertical slickensided face of dark-red shale
" {Lockatong) indicates a horizontal motion in a direction N, 40° E,
The amount of dislocation is wnknown. The adjoining rocks are
considerably crushed.

6. North of Lambertville a fault iz shown in the bed of the
second tributary to Alexsocken creek. Green-black shales abut
against red shales. Both beds are somewhat shattered. The fault
plane trends N, 12° E., but cannot be traced beyond this exposure.

7. An obscure line of faulting along which the rocks are much
crushed was found in a ravine half a mile west of Mount Airy. All
along this ravine the dips are irregular, and the rock shows frequent
indication of dislocation and shearing. These beds are not far from
one of the smaller trap masses and their disturbed condition may be
due in part to its intrusion,

8. A fault is seen in a high ledge of shales exposed along the bank
of the brook one and an eighth miles south of Bowne station, Flem-
ington branch of the Pennsylvania railroad. The throw is only
three feet, but the fault is of interest because it is one of the very few
cases where the downthrow is on the dip side, thus causing the
elimination of some layers.

9. In the “pebble rock ” bluffs, above Milford, five faults were
noted. In two cases the throw, forty to sixty feet and ten feet, could
be determined. Inone case the fact of fanlting was not demonstrable ;
the apparent throw is probably between thirty and forty feet. In the
fourth case faulting is manifest with a minimum throw of twenty
feet; it may be many times greater. In the fifth case the throw is
certainly thirty feet, perhaps more. In all cases the uplift has been
on the side towards which the beds dip, thus causing a repetition of
the layers. There are numerous other localities along these bluffs
where the continuity of outcrop is interrupted by talus or ravines,
Other faults may occur at these points,

10. In the bluff along the right bank of the Raritan river, below
New Brunawick, three fanlt breccias ocour, Their widths are three
to four feet, two to five inches and five feet respectively. They are
nearly vertical and are oblique to the trend of the shales. Neither
the amount nor direction of motion can be determined,

11, In the bluffs, half a mile below East Millstone, a small reverse
fault has dislocated the beds about one foot,

12. A small fault is visible in the west side of the rock cut, 100

NEW JERSEY GEOLOGICAL SURVEY



132 ANNUAL REPORT OF

yards south of Belle Meade station, on the Philadelphia and Reading
railroad. It causes a dislocation in the beds of about two feet,

13. In the railroad cnts west of Flagtown station, on the Lehigh
Valley road, several small faults are seen with uplifta on the west aide.
These are in line with the probable nortbward extension of the great
Hopewell fanlt, and are undonbtedly associated with it.

14, In a bluff at the head of the Raritan Water Power Company’s
raceway, west of Raritan, several small faults and breccias are exposed.
They trend N. 65° E. and N. 25° E., and the uplift is on the south-
east side. Since the shales dip eastward, the faults increase the widtlr
of ontcrop. In two cases the throw is four feet and two feet; in &
third case it is certainly as much as eight feet, and may be more.

15. In the railway cuts two miles west of Raritan, three faults are
exposed, two of the normal type, one reversed. In two cases the
throw need not be more than eight feet, in the third it is unknown.
Figure 23 shows the flexing of the beds near the fault.

Fig. 23.

Cross-section of the fault on the Centrel Railroad of New Jersey, wost of
Raritan,

16. Three miles north of Flemington the line between the Stock-
ton and Lockatong beds is apparently offset sharply to the northeast.
8o far a8 could be determined there is no corresponding change in the
strike of the beds involved. Exposures are few, and the weathered
and disintegrated surface material furnishes the only available data,
The facts are explicable on the theory of a fault trending northeast,
and crossing the beds nearly at right angles to their strike. In this
event the uplift is on the south. The amount of faulting is several
hundred feet. The evidence for this fault, however, can hardly be
considered as demonstrative.

17. In William E. Bartle’s quarry at Martinsville two nearly hori-
zontal fault planes were found, The extent of the dislocation could
not be determined. Overthrust faults with a fanlt plane so nearly
horizontal are, however, exceptional in the Newark beds.
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18. There is strong evidence of a fault on the Raritan-Pluckamin
road, one and & quarter miles south of the latter place, where the road
crosses a tributary of the north branch of the Raritan. The beds
normslly dip eastward, bat at the bridge they dip sharply westward
for a few feet, and in addition are much crnshed. The fault trends
northward, and the beds on the west side have been depressed. The
downward drag of the beds on this side has probably caused the
reversed dips there seen. This fault is in line with the great Hope-
well faalt, but is not associated with it, since the uplifts are on oppo-
gite sides.

19. A short half mile west of Bedminster Corners a fault is shown
in the shales along the roadside. The actual fault plane is concealed
by talus, but near the fracture the beds are crushed, and for thirty to
fifty yards west of the fault plane they have abnormal dips. The
upthrow is on the east side. The fault plane trends northward, and
if’ extended southward would apparently coincide with the fracture
(18), three and a half miles distant.

20. Along the same road another fault is visible in a ledge of shale
a few rods east of Greater Cross Roads. The fault plane is marked
by a breccia one foot in width, and is nearly vertical. The rock on
both sides is red shale, but that on the east is more heavily bedded. The
throw is at least six feet, and may be many times that. The trend is
N. 30° W. There is nothing to indicate positively the upthrown
side,

21. Two small, obscure faults ocour in the shales exposed in the
cut on the Philadelphia and Reading railroad, a mile east of Bound
Brook. In neither case is the throw necessarily more than two feet.

22. Again, along the same railroad two other faults occur in a cut
a mile south of New Market. Their trend is about N, 36° E,, and
the larger is marked by a narrow fault breccia and slickensided sur-
faces, Neither the direction of motion nor the amount could be deter-
mmined with any accuracy. The throw is certainly more than six feet.

23. A short distance west of the New Market station, on the Lehigh
Valley road, the shales are at one point crushed and upbent as if
fanited. But there is no direct evidence as to the amount of dislo-
cation. All of the fanlts last mentioned would, if continued along
their apparent trend, intersect the first Watchung trap. The fact that
uo offsets are discernible in line with these fractures indicates that they
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either die ont completely before reaching the trap or are of very small
amount,

In the region where the shales are drift-covered, it is even more
difficnlt to detect faults. A few have been noted in quarries or rail-
road cuts.

24, At Avondale two small overthrust faults were visible at the
time of my visit (1895) in the excavations of the Passaic Quarry
Company. They are extremely local, not affecting all the beds of the
quarry.

25. Three faults are shown in the walls of the Arlington cut on the
Greenwood Lake railroad. The first, sixty yards west of Kearny
avenue, is nearly vertical and is a clean-cut fracture, The uplift, one
and a half feet, is on the west or dip side. The second, 250 yards west of
Kearny avenue, hades westward at an angle of thirty-seven degrees.
The rock is considerably shattered, although the amount of the dis-
location is less than a foot, with uplift on the west, The third is
much more conspicuous and has long been recognized. It is thirty
yards west of the second, and is marked by a breccia varying in width
from three to six feet (Plate IX.) The breocia hades to the west at an
angle of thirty degrees and trends N, 50° E. The uplift causes a repe-
tition of a few layers, the throw being about twenty feet.

L ——
40 Feet,

Fig. 24.

Cross-section of the fault at Prospect avenue statlon ou the New York, Bus-
quebaunsa and Western railroad.

26. At Prospect avenue station, Hackensack, on the New York,
Susquehanna and Western railroad, the shales are well exposed.
Near the western end of the cut a vertical fanlt plane is exposed. On
the east side the shales are upturned for a foot or more, so as to dip
eastward (Fig. 24). This is taken to indicate an uplift on the west
gide, West of the fault there is a heavy bed of sandstone. Since
this layer is not exposed in the cut east of the fault the throw must
be greater than the thickness of the beds there shown, i. e., 140 feet.
How much greater than this it is impossible to say.
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The Fault Breccia in the Arlington Cut on the New York and
Greenwood Lake Railroad.
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27. At the crest of the ridge on the road from Hackensack to
Nordhoff an overthrust fault is exposed, as shown in Figure 26. Its
hade is sixty degrees and the beds on the west or dip side have been
shoved over the beds on the east. The amount of dislocation is
apparently ten feet. Near the fault plane the shales are somewhat
craehed.

Allusion has already been made (p. 47) to the views of some investi-
gators that the parallel ridge structure which characterizes the Newark
area in Bergen county iz due to the repetition by faulting of harder
sandstone layers, Apart from the topography, which is as readily
explicable on other hypotheses, no evidence, either direct or indireet,
was found.

Fig. 25.

Section of an overthrust fanlt in the shales on the road from Tea Neck
to Hackensack.

Summary.—Many faults are known to ocour, and two of them, the
Flemington and Hopewell fanlts, are of great magnitude and extent,
Both cause the repetition of all three divisions of the Newark beds,
The northwestern border is formed in part by a series of faults. The
trap ridges, notably the Palisades and the first and second of the
Watchung ridges, are cut by a8 number of faults, which trend obliquely
to the strike of the beds. Owing to the contrast in the rocks, the
offzet of the trap ridge can be closely measured and the amounnt of
throw accurately determined. It rarely exceeds 200 feet, save in the
case of the longitudinal fault of the Second mountain, where it is
probably 700 feet or over. In the sedimentary members all estimates
of the amount of throw are generally unreliable, owing to the absence
of distinctive beds. Most of the faults found are either in the Stock-
ton or Brunswick beds, and the total number observed is hardly
more than those found in the trap areas. The disparity in numbers be-
tween the faunlts in the shales and sandstones as compared with those
in the trap areas is the more marked when the relative surface extent
of the two rocks is taken into account. On this basis the observed
faults are many times more abundant in the trap areas. The ques-
tion whether this disparity is real or apparent is important in its
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bearing on the thickness of the series, There is no reason, so far as I
can see, why they should be localized in the trap areas. I am, there-
fore, inclined to believe that were it possible to detect them with
equal readiness, they would be found in approximately equal
numbers and equal amount in both trap and shale, The fact that in
no case has it been possible to trace even the largest faults for any
distance from the trap areas, adds weight to the above conclusion. I
am strongly inclined to believe, therefore, that there are many undis-
covered fanlts, particularly in the Btockton and Brunswick beds, with
throw equal to those in the trap areas, With but few exceptions all
the faults are reverse faults.

THE THICKNESS,

The question of the thickness of the Newark series is so intimately
associated with that of faults, that its consideration has been reserved
until the other question had been discussed. In the Annual Report for
1896 some estimates were given. These were so large as to raise a
doubt as to their accuracy, and yet the facts as then known did not
permit any other interpretation. The following were the figures

given :
BLOCKLON . remane seressasarmserarses serarsesssnsassene soosnennsnsnnnners 3700 feeL,
Lockatong ...ccoevisiaraieen caesrtseestbbERIebEE bRsSRE AR ten raras 3,600
BrunsWicK..icoesn-eares oscnsssnsstorersrsersatocasensns sossensairaone 12,000

20,300 ©

At that time it was felt that not all of these estimates were equally
reliable. Six sections were made across the Lockatong beds with the
following resnlts: Across the belt on the Hunterdon plateau, 3,640
feet, 3,450 feet, 3,500 feet ; across the Bourland mountain ares, 3,600
feet, 3,660 feet, 3,660 feet. The sweeping curve of this belt in the
Hunterdon area, its uniform width, and the possibility of tracing cer-
tain subordinate but well-marked layers continuously along the strike
preclude the idea that any great part of its apparent thickness is due
to repetition by fanlting, Furthermore, the fact that the beds on the
Sourland plateau agree in thickness so closely with the same beds on
the Hunterdon plateau is further reason for believing that the figures
here given represent very closely the actual thickness. To suppose
otherwise is to assume that these two separate areas are each traversed
by faults, whose throw, by & remarkable coincidence, is almost exactly
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the same, but of which no traces have been discovered by areal work
of the most detailed character.

The thickness of the Lockatong beds, near Ewingville and Prince-
ton, seems to be only half of that in the other two regions, i. e., 1,700
to 1,800 feet. The same relative thinness was observed in the Stock-
ton beds, near Trenton, as compared with those further north, The
explanation of this may lie in the fact that the beds of the former belt
are nearer the old shore-line than the others, Stratified deposits have
the form of an unsymmetrical lens which thing out very rapidly
shoreward and very gradually seaward. It is to be expected, there-
fore, that the thickness of this belt, which is nearest the old shore,
would be somewhat less than that of the others. The weight of evi-
dence indicates that in the deeper parts of the estuary the Lockatong
beds were 3,600 or 3,600 feet thick.

The estimates for the Stockton and Brunswick beds are more un-
certain, In favor of the estimates given abovethese facts may beurged :
West of Ringoes the Brunswick shales form a syncline whose axis
plunges northwest. Between 6,000 and 7,000 feet of shales are in-
volved in this fold. It is improbable that a fault could follow the
curving strike so as to repeat the beds the same amount on both sides
of the fold. Furthermore, a narrow trap dike was traced uninter-
ruptedly from the back of Bourland mountain, near Rocktown, to
Copper hill, a distance of five miles. The dike crosses the strike at
an angle of forty-five degrees, and the thickness of the shales thus
traversed is between 6,000 and 7,000 feet. There are reasons for
believing that the trap was intruded before the tilting and faulting.
If these reasons are valid the continuity of the dike is proof that the
shales traversed by it are not cut by faults along the strike. 8ince
such great thicknesses prevail in these beds, which are only a part of
the whole, there is some reason for believing that the entire thickness
of the Brunswick shales iz near 12,000 feet.

On the other hand the disparity in the number of known faults in
the trap areas and in the sandstone and shale areas indicates that there
are probably more faults in the sedimentary beds than have been dis-
covered. The apparent thickness of the Palisades and the two Wat-
chung ridges has been increased from one-half to one-third by fault-
ing. If the same proportions hold for the Stockton and Brunswick
shales the figures given above will be somewhat reduced. The revised
estimate, therefore, is as follows:
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BtocKtOn ciciimeiissieersirnmmnenensecnsrasseesrareussnnnsne 2,300 to 3,100 feet.

LOCKAIONEG .oivereiivre e iririnmnrsrsnesresrsbsnsnensrnns 3,500 “ 8,600 «

Brunswick .....ccrrvecorsrsenssiiceiairnirsessesssssnosses 6,000 ¥ 8,000 «
11,800 14,700

There is so much uncertainty connected with all measurements
where there are 80 many unknown elements that these estimates may
be far from correct. It certainly can be claimed for them, however,
that they rest upon a much larger basis of fact than many previous
figures,

Of the Trap Sheets—The thicknesses of the various trap sheets are
not included in the above estimates,

The Palisades at Jersey City Heights have a minimnm thickness of
364 feet (well-boring), with a total thickness, including the amount
removed by erosion, of 700 to 800 feet, according to estimates made
from the angle of dip and the width of outecrop. At Fort Lee the
thickness is about 950 feet (page 62).

The thickness of First mountain at Paterson is estimated to be
600 to 675 feet; at Orange Valley about 670 feet; at Scotch Plains
about 680 feet, and at Chimney Rock about 580 feet.

With the exception of the thickness at Scotch Plains these figures
agree closely with those obtained for First mountain by Darton along
the eame sections. At Scotch Plains the outcrop is narrower than
elsewhere, but the dip of the inclosing shales is steeper and his
estimate of 450 feet is probably too low.

The thickness of Second mountain is apparently somewhat greater
than that of First mountain, but owing to the faults which traverse
it, the estimates are liable to error. Darton’s figures range from 600
to 850 feet. My own estimates, based on the width of outcrop and
the dip, range from 840 feet to 990 feet. At Caldwell the well at
the Mount 8t, Dominic Academy penetrated the trap for nearly 800
feet, but some addition must be made for what has been removed
from the crest of the ridge by erosion.

At Millington the thickness of the Long hill trap sheet is about
300 feet. At Pompton a well drilled at the Norton house is reported
to have passed throngh but seventy feet of trap before reaching sand-
stone. Hook mountain, east of White Hall, has an apparent thickness
of 400 feet or more,

The New Vernon trap sheet has a thickness of about 250 feet,
measured at the gorge near Green Village.
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The outerop of the New Germantown sheet is comparatively narrow,
but the dip issteep and the thickness is estimated to be at least 400 feet.

The same thing is true of the Band Brook sheet, the thickness of
which is apparently not less than 425 feet.

Too little is known of the relations of the Sourland mountain,
Pennington mountain, Bald Pate and Rocky hill traps to the inclosing
shales to venture estimates of their thickness.

CHAPTER V.—CONDITIONS OF FORMATION.

Deposition.—The consensus of opinion among geologists is that the
Newark beds were accumulated in broad, shallow estuaries, whose
shores were laid bare by the retreating tide, and in which the vary-
ing currents alternately deposited coarse and fine materials, Professor
Newberry * describes the conditions prevailing in New Jersey as
follows :

“ Many of the beds show ripple-marks, sun-cracks and raindrop
impressions, which prove that they were once beaches or mud flats,
sometimes exposed to the air. They are also frequently impressed by
the tracks of large and small animals. Everything indicates that
these tracks were made by animals that frequented the shores of bays
and estuaries where the retreating tide left broad surfaces which were
their feeding grounds. Inssmuch as many successive beds show
ripple-marks, sun-cracks and tracks, the conclusion seems inevitable
that the areas where these strata were deposited were slowly einking,
and that the land-wash spread by the tide constantly formed new
sheets, upon which fresh records were inscribed.”

No facts were observed during the recent survey which are not in
accord with this interpretation. At the beginning of Newark time,
therefore, we must conceive of a broad, shallow estuary, extending
across the northern part of what is now the State of New Jersey.
Whether the estuary was wider than the present area of the beds it
is impossible to say. On the one hand the Newark beds have been
greatly eroded since deposition, and in so far forth their original
extent has been diminished. On the other hand the width of outcrop
has been greatly increased by faulting, particularly in the western
part of the State, Which of these factors has been the more effective

* United States Gealogical Survey Monographs, vol. 14, 1888, page 5.
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is uncertain, Probably along the Delaware river section the gain by
faulting hes exceeded the loss in width by erosion. In the north this
may not be the case,

The estuary was bordered on the northwest and southeast by areas
of granite, gneiss and schist, probably pre-Cambrian in age, with
narrow belts of Paleozoic quartzite, limestone and shale. The latter
rocks formed in part the floor of the estuary, the foundation on which
the Newark deposits were made. This is shown by the “island” of
limestone and quartzite brought to the surface in Pennsylvania by the
Flemington fault. For long periods previous to the formation of the
estuary and the deposition of the Newark shales, the older rocks on
which they now rest had been a land area and were deeply eroded.
The proof of this is found in the absence from this region of all the
later members of the Paleozoic series.

The streams from the bordering land areas carried into the estuary,
rock debris which was distributed over the bottom by the waves and
tidal currents. The waves beating against the shore contributed
their quota of material. The sediment was farnished both from the
northwesj and the southeast, The constitution of the arkose sand-
stones of the Btockton series, in the Trenton belt and beneath the
Palisades, indicates that this material was derived from the adjoining
crystalline areas on the southeast. Bat although the sandstones rest
upon the gneiss, pebbles of that rock are very rarely included in it.
The sandstones are composed of quartz, feldspar and mica, which are
disintegration products, The crystalline rocks must have been deeply
covered with a mantle of residuary material, so that the streams,
although they had velocity enough to carry pebbles two or three
inches in diameter, did not corrade the bed rock, but were cutting in
the residuary material,

The Stockton series contains also some pebbles of limestone and
sandstone which were probably derived from the southwest, where, in
Pennsylvania, these rocks now form part of the southeastern border
of the Newark beds. Their presence in the series in New Jersey
indicates a northward trend of the currents along this border.

The sudden alternation from shales to conglomerates; the rapid
thinning out of individual layers; the presence of ripple-marks, rain-
drop impressions and mud-cracks indicate that these beds were formed
in close proximity to the shore-line. Sticks and trunks of trees were
frequently imbedded in the layers of sand and gravel, These deposits
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were formed quite widely over the floor of the estuary, near the
middle, as well as near the present border, since the Hopewell and
Flemington faults bring similar beds to the surface,

In both the Lockatong and Brunswick series the argillaceous ele-
ment greatly predominates. The black color of the former beds is due,
to a large extent, to a carbonaceous pigment, the redness of the latter to
ferric oxide formed, perhaps, during the accumulation of the debris of
which they are composed.* The beds of both were accumulated in shal-
low water, as is shown by the ripple-marks, mud-cracks, raindrop im-
prints and footprints of reptiles and other vertebrates, which occur at
all horizons. Residuary clays formed by decomposition of the feldspar
of the gneiss and by the decay of limestone were probably the chief
source of supply. Quartz from the disintegration of the crystalline
rocks is the next most abundant constituent. The composition of
these rocks also points to the deep sub-aerial decay of the ancient land
surface.

Faulting has occurred along a part of the northwestern border.
This is demonstrated in part by the absence of any close relationship
between the older terranes and the constituent material of the Newark
beds, particularly the conglomerates. As a consequence of these faults,
beds of quartzite and limestone, which are believed to have occur-
red between the orystallines and the Newark system, have been largely
cut out. But during the formation of the shales and conglomerates,
the waves of the estnary beat against cliffs of limestone and quartzite
to a much greater extent than against gneiss and granite. Oaly in
this way can the great accumulation of calcareous and quartzite con-
glomerates and the comparative absence of gueies or granite con-
glomerates be explained.

On the other hand the rivers drained considerable areas of crystal-
line rocks. This is shown by the large amount of quarts, feldspar
and mica in the sandstones and shales associated with the conglomer-
ates. The gradient of these rivers was considerable, sufficient to
permit the transportation of pebbles several inches in diameter. The
comparative absence of crystalline pebbles cannot be due to the lack
of carrying power by the streams which drained those aress. It is
rather due to the fact that the crystalline rocks on the northwest, like
those on the southeast, were buried by a thick mantle of residuary
products.

*Russell. Bulletin, United States Geological Survey, No. 52.
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The constitution of the Newark beds points, therefore, to the con-
clusion that in pre-Newark times the old land surface was deeply
covered with residuary material, the product of long-continued sub-
aerial decomposition. On the crystalline areas it was chiefly quartz
and feldspar or kaoline. The limestone was buried beneath a mantle
of clay. In both cases the residoary products had been formed chiefly
by chemical agencies. The sandstone and quartzite rocks were less
affected by chemical changes, and relatively more by mechanical
agents. Their surface, therefore, was more or less covered with sub-
angular fragments, which were the resalt of the rending action of the
frost and the expansion and contraction due to changes of temperature.
The bulk of the Newark beds is so great as to indicate that these
residuary products must have been very thick. Their accumulation
was aided by gentle slopes, hindered by steep declivities. Weare led,
therefore, to conclude that previous to the formation of the Newark
beds the neighboring land surface was ome of low relief with gentle
glopes, across which transportation was reduced to a minimum, In
other words, the land surface was a peneplain.* Had the land been
high and the slopes steep during the formation of these residuary pro-
ducts, their accumulation in a thick mantle would seem to have been
improbable.

The size of the materials handled by the streams during the Newark
time, however, indicates a velocity inconsistent with streams on a
peneplain. We mnust suppose, therefore, that with the beginning of
the Newark deposition the land regained something of its former
elevation. The rivers were able to carry from the erystalline areas
pebbles several inches in diameter, and to handle quartzite cobbles
ranging up to a foot in size,

Locally, in the limestone conglomerates, bowlders two, three or even
four feet in diameter have been seen, and they have been reported to
occur in New York State as large as twelve feet. Many of the lime-
stone fragments are poorly rounded and have suffered but a slight
amount of transportation. It may be doubted whether bowlders of
this size were transported by the streams. The coarser conglomerates
were probably accumulated by the waves which beat against the lime-
stone and quartzite ledges. The greater rounding which is character-

* Practically the same conclusion bas been reached by Professor Davis in regard to
the surface on which the Newark beds in Connecticut were deposited His argu-
ment, however, was along an entirely different line of reasoning, being based upon
the present topography.
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istic of the quartzite cobbles implies that they were transported further
than the limestone fragments. Much of the quartzite is identical with
beds of the Green Pond mountain series, bt it is not necessary to sup-
pose that they were derived from the present area of that rock, since
the latter have undoubtedly been greatly restricted in area by the
enormous erosion of post-Newark time. The view that in Newark
time the crystalline rocks of the New Jersey highlands were buried
beneath the Paleozoio beds was held for a time as a working hypothe-
sis, as an alternative to the one here supported. It was thrown aside
as untenable, however, since it did not account for the quartz and
feldspar constituents in the sandstones, nor for the areas of gneissic
conglomerate afterwards discovered.

It must be borne in mind that the conglomerates along the north-
western border do not belong to a single horizon. They are the
shoreward correlatives of the shales and sandstones formed where the
conditions of quiet water prevailed. Some oceur low down in the
series, whereas others grade into the red shales many thousands of
feet from the bottom.

By some geologists these conglomerates have been taken to be
glacial accumulations.* No striated nor glaciated pebbles of any
gort were found in the conglomerates although careful search was
made for them. The arguments cited by Russell against this hypo-
thesis are valid in go far as my observations go. The conglomerates
seem readily explicable on the theory set forth above.

Frequent mention has been made of the fact that the Newark beds
are shallow-water deposits throughout their entire thickness, At no
time apparently was the water of the estuary so deep that the out-
going tide did not expose broad areas of sand or mud. It follows
from this that there must have been a progressive subsidence of the
estuary during the deposition of these beds, since their thickness is to
be measured by thousands of feet. The subsidence went on pari-
passw with the deposition of the sediments, so that the shallow-water
conditions prevailed continually, The progressive elevation of the
adjoining land areas, shown by the material carried by the rivers,
was complementary to this subsidence of the trongh. If the subsi-

* For a complete statement of the question of Newark glaciation the reader is
referred to L C. Russell's discussion in Bulletin 85, United States Geological Survey
pages 47-63. The evidence on both sides is judicially cobsidered, and the conclu-
sion is reached that the hypothesis of Newark glaciation is unfounded,
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dence were greater along one side of the trough than the other, the
central axis must have shifted toward the side of greater depression,
and the shore-line on that side must have encroached upon the land.
If this oecurred to any marked degree during the later stages of
sedimentation, the shore conglomerates of that time might rest upon
the older rocks and so be basal conglomerates, At the same time they
would be the correlatives of the topmost shales found further from
shore. In this sense they would be the uppermost members of the
series, It is not positively known that this is the case with any of the
conglomerates along the northwestern border, but it is only in this
sense that they can be called basal beds.

The Lava Flow.—Before the completion of the Newark sedimen-
tation the quiet course of deposition was interrupted by great flows of
lava, Whether the lava issued from a single vent or group of vents
or from a fissure is unknown. Certain it is, however, that the molten-
lava flowed over the soft mnd in the bottom of the estuary. Locally
the mud was forced up into cracks in the under side of the lava or was.
thrown into low billows by the enormous pressure of the overflowing
mass, The molten rock issuing forth into the water generated an
enormous amonnt of steam, causing the mud to froth up and mingle
with the scoriaceous lava. So, too, the dense and the scoriaceous
lava streams flowed over each other, forming the ropy structure so.
commonly seen in the Watchung trap sheets, Liocally, perhaps
somewhat generally, the lava flows were so thick as to rise above the
gea-level. In these cases the scoriaceous surface was readily eroded ;
the waterworn trap fragments were commingled with the red mud
brought into the estuary by the rivers, and a layer of trap conglom-
erate or sandstone was formed. Such was the origin of the conglom-
erate in the back of the first Watchung sheet near Feltville. In
other localities the vesicles on the upper surface of the lava were filled:
with the red mud as the lava flow was buried beneath the succeeding
sediments,

The three Watchung trap sheets give ug evidence of at least three
periods of eruption separated by long intervals of quiet, during which
the deposition of the shales went on as regularly as before, In these in-
tervals of quiet, fish lived in the waters and huge reptiles wandered over
the mud flats. Whether the small sheets near New Germantown and
Sand Brook are due to additional eruptions or whether they are parts
of one of the Watchung sheets is unknown. The latter hypothesis as~
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sames that they have been separated from the main sheets by some un-
koown fanlts. The first supposition is more probably the correct one.
The second of the three great flows was the thickest, whereas the period
between the second and the third was longer than that between the
first and second. These lava flows oceurred much nearer the close
than the beginning of Newark time as measured by the beds in New
Jersey.

The intrusive sheets were probably formed afier the overflow sheets,
but this has not been conclusively demonstrated. A number of facts
point to a later origin.

Since both the intrusive* and extrusive sheets are cut by the faults,
the volcanic phenomena preceded the faulting.

Elevation, Tilling and Faulting.—At length there began the move-
ments of the earth’s crust which resulted in the elevation and defor-
mation of these sediments. The beds were not only raised above the
sea-level, but they were also tilted gently to the northwest or thrown
into low folds. Probably at the same time and as a result of the
same forces, they were faulted, In the case of two of these faults,
i. e., the Hopewell and Flemington dislocations, the amount of throw
was equal to one-half or two-thirds of the thickness of the entire series.
The surface must have been broken into blocks bounded by fault
escarpments, which in the two cases mentioned were several thousand
feet high. The general slope of the surface of the blocks must have
been parallel to the dip of the beds, i, e., northwestward, The drainage
established must have been in accordance with the slope of the surface,
i. e., down the back of one block and then along the foot of the fault
escarpment bounding the block on the northwest. The present ar-
rangement of the streams, however, is very different from the early
consequent drainage, Streams cross the fault lines at will and in
scores of cases flow directly contrary to the slope of the beds.
The scope of this report, however, does not permit the discussion of
the many adjustments by which these changes have been brought
about.t

The nature of the force by which the beds were elevated, tilted and

*Some of the dikes may be exceptions to this statement.

t The history of the drainage of northern New Jersey has been discussed by W,
M. Davis in two interesting papers, “The Rivers and Valleys of Northern New
Jersey,” “The Geographical Development of Northern New Jersey,” Davis and
Wood, “Proceedings of the Boston Society of Natural History.”
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faulted is not well understood. Prof. Davis,* in discussing the origin
of the tilted and fanlted structure in the Connecticut area, arrived at
the following conclusions, which are applicable to the New Jersey
area as well : First, the strata were not deposited as they now lie, but
have been actually tilted and gently folded. Second, * the disturbance
occurred after the deposition was essentially completed, and therefore
involved the whole thickness of the formation.,” Third, the intrusive
trap sheets did not disturb the strata more than was necessary to give
them room. The extrusive trap sheets cannot have been concerned
in their own distortion, The disturbing force, therefore, must have
acted upon the formation from without, after the entrance of the
intrusive trap sheets. Fourth, the great magnitude of the faulta
requires that they do not fade away within the thickness of the New-
ark beds. Their depth must be commensurate with their throw, and
this would carry them down into the underlying rocks. The dis-
turbing force must therefore have affected a greater maes than the
Newark beds alone. Fifth, since the structure of all the Newark
areas from Nova Scotia to the Carolinas is in many respects similar,
the disturbing force must have been felt over a wide area, Its action
would seem to have been determined less by the structure of the
Newark sediments than by the arrangement of the widespread and
deeper-seated crystalline mass on which they generally rest. Sixth,
the disturbing force was probably ¢ a long-enduring and slow-acting
horizontal compression, exerted in an east and west or southeast and
vorthwest direction.” Prof, Davis suggests, therefore, that the expla-
nation of the tilted and faulted structure is to be found in the writh-
ing and rising of the inclined layers of underlying gneiss and schist,
as they were subjected to this horizontal compression. The foundation
on which the Newark sediments rest would thus be faulted and canted,
and “ the overlying beds, unable to support themselves unbroken on
this uneven foundation, settle down upon it as best they may.”

This explanation is the best that has ever been offered. It is ac-
cepted as fully applicable in its general features to the New Jersey area.

Erosion of the Newark Beds.—Immediately upon their elevation
above sea-level, the Newark beds were subject to erosion by all the
foroes of denudation. During the geological ages which have elapsed
gince their elevation, the old constructional surface has entirely dis-
appeared. The fault escarpments have been worn down. Thousands

% Davis. TUnited States Geological Survey, Seventh Annual Report, pages 481-490
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of feet of sediment have been removed from the general surface of
the country. The topography of the fault blocks and escarpments
was replaced by that of a lowland of denudation, a gently-rolling
plain, but little above sea-level. This plain was very widespread
and was formed by the long-continued action of the denuding agents
upon the land mass. It is known as the Kittatinny or Schooley
mountain peneplain, When the land had been worn down nearly to
sea-level, the streams could denude it no lower. Erosion was for a
time at a standstill,

Then came a period of elevation by which the land mass was
bodily raised. The velocity of the streams was increased; their
erosive power was restored; their emergies were revived and with
renewed vigor they once more set about their task of reducing the
land to base-level. As the result of this new cycle of erosion, the
softer shales have been again worn down to a gently-rolling plain.
The harder trap ridges, the broad belts of argillite and the massive
quartzite conglomerates retain to a large degree the altitude gained
by uplifts since the formation of the Kittatinny peneplain. Their
summits and level tops are the surviving remnants of that peneplain,
which can be reconstructed in imagination by filling up all the low-
land to the level of the Hunterdon plateau, the Watchung mountains
and Sourland mountain. If we except for the moment the glacial ac-
cumulations, and the alluvial plains along some rivers and tide waters,
the present topography is due entirely to erosion. The hills rise above
the level of the valleys becanse they have been worn down more
slowly. The valleys sink below the level of the hilltops because
along those lines erosion has been more rapid.*

Summary.—The Newark beds were deposited in shallow estuaries
whose shores were laid bare for considerable distances by the retreat-
ing tide and in whick varying currents deposited coarse and fine
materials. 8hallow-water conditions prevailed throughout the entire
period of deposition. Since the beds are many thousand feet thick,
subsidence of the estnary bottom took place simultaneously with the
sedimentation. The material was derived from the adjoining land
areas on the northwest and southesst. The comparative absence of
crystalline pebbles and the great abundance of crystalline residuary

*For a more detailed statement of the erosion history of the Newark rocks the
reader is referred to the two papers of Professor Davis already cited, and to The
Final Report of the State Geologist, Vol. IV., by Professor R. D, Salisbury, entitled,
the Physical Geography of New Jersey.
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material indicate that at the beginning of Newark time the rocks
were very deeply disintegrated. The thickness of this mantle is best
explained by supposing that the ‘adjoining land was at or near base-
level. The presence of pebbles several inches in diameter in the Newark
beds indicates that during the period of deposition the streams had a
velocity not consistent with streams on a peneplain, It is believed,
therefore, that an elevation of the neighboring land areas marked the
beginning of the Newark time. The subsidence of the estuary bottom
was probably complementary to the elevation of the adjoining areas.

Along the northwestern shore of the estuary the waves beat upon
cliffs of limestone and quartzite more than of gneiss or granite and so
formed chiefly quartzite and limestone conglomerates. But the rivers
drained large areas of crystalline rocks. No evidence of glacial
action was found in connection with the massive conglomerate
beds, which are undounbtedly the work of the waves and ocean cur-
rents. They do not belong to any single horizon, but are shoreward
correlatives of the various shales of the middle of the estaary.

The deposition of the sedimentary beds was interrupted by at
least three great lava flows, separated by long intervals of quiet, dur-
ing which sedimentation continued as before. The lava flows occurred
much nearer the olose than the beginning of Newark time as repre-
sented by the New Jersey beds. At some period, probably after the
surface lava flows, great sheets of molten rock were intruded into the
shales, but did not reach the surface within the area under discussion.

The period of sedimentation was brought to a close by the eleva-
tion of the beds above sea-level. This was accompanied by tilting
and gentle folding. The faulting is believed to have occarred at the
same time. The nature of this force is not well understood. The
view which connects the tilting and faulting with widespread move-
ments in the underlyiog rocks by virtue of which the old surface was
deformed so that the Newark sediments settled down upon it as best
they conld, seems best to accord with all the facts.

Since their elevation they have been greatly eroded. The construc-
tional surface consequent upon the faulting and folding has entirely
disappeared, The region has been base-leveled once, elevated, nearly
base-leveled again on the belts of softer rock and again elevated.*

#Several minor oscillations are not included in this general statement. The erosion
history of the Newark belt is given in detail in Professor Salisbury's Report on the
Physical (reography of the State, Vol. IV. of the Final Report of the State
Geologist.
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Leaving out of account the comparatively slight modifications due
chiefly to the glacial period, the present topography is the result of
erosion, Thousands of feet have been denuded from the present sur-
face, The hills and ridges owe their height solely to the fact that
their rocks have better resisted the agents of denudation than have the
rocks in the valleys.

CHAPTER VI—ECONOMIC RESOURCES.
STONE.

The economic resources of Newark rocks are not large. They con-
sist chiefly in building stone, trap blocks for paving and crushed
stone for road material,

Building Stone.~The fine quality of the red sandstone, or brown-
stone, or freestone, which occurs in several parts of the series, has long
been recognized even beyond the limits of the State. The finer-grained
beds furnish admirable building stone for handsome residences,
churches and public buildings. The coarser layers are used for
foundation work, rough wall work, bridge abutments, viaducts, &c.
There are three principal areas within which the sandstone is quarried
extensively. The first is along the Delaware river, near Wilbartha,
five miles above Trenton. Several! quarries are in constant operation.
The quarries are close to the railroad and to the canal, so that trans-
portation facilities are ample, The beds worked belong to the Stock-
ton series. The second area is on the Delaware river above Stockton.
The quarries here are more extensive than at Wilburtha, and employ
a larger force of men. The beds worked belong to the Btockton series.
In general, the rock quarried is the same as that at Wilburtha,
although there are minor differences. Transportation facilities are by
rail and canal. The third area is at Awondale, near Newark, Many
quarries in this vicinity were worked at an earlier period and are now
abandoned. Beveral, however, are in active operation and employ a
large force of men. The beds belong to the Brunswick series, but the
rock is & feldspathic red-brown sandstone. In addition to the quarries
in these three areas, there are others at various points which are given
in the list below.

o
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Paving Blocks.—In years past, trap blocks have been in great
demand for street-paving purposes, The coarse-grained rock of Sour-
land mounntain and of the Palisades has been largely used for this
purpoee. In general, however, the blocks have been worked out of
bowlders on the surface or in the talus along the foot of the Palisades,
Large quarries have not been opened for this purpose. With the
increased use of vitrified brick and asphalt for paving, the demand
for rough trap blocks has fallen, and in the last two or three years
but comparatively few blocks have been made. With the present
small demand it is hardly profitable to manufacture them unless the
transportation facilities are exceptionally good.

Crushed Stone.—The demand for crushed stone for the construction
of macadam and telford roads has increased greatly the last few years.
The co-operation of the State and county in the construction of *stone”
roads under the supervision of the State Road Commissioner has been
a large factor in this increase. Trap-rock is almost universally used
for this purpose, although at Byram, on the Delaware river, there is
a large crushing plant which has been in operation in the hard blue
argillite. Crushed-stone quarries are located at many points along
the trap ridges, and are enumerated in the following list of quarries,
grouped according to geological horizons : *

THE S8TOCKTON BEDS,

1. Trenton Brownstone Co., Wilburtha (Peter Fresco, lesace). Rock
is brown sandstone with intercalated layers of soft, red shale, and in
the bottom of the quarry, grey arkose sandstone and conglomerate,
the pebbles of which are an inch or less in diameter. The quarry is
being worked.

2. Charles Moore, Wilburtha. Brown and grey sandstone is
quarried here. In the bottom of the quarry the rocks are the heavy-
bedded sandstone, but near the surface they are thin and shaly. In
operation,

3. Dennis Roe, three-fourths of a mile above Wilburtha. Grey
feldspathic sandstone with occasional pebble-bearing layers. The
rock is somewhat crushed in places and shows some evidence of fault-
ing. Not worked.

* N0 attempt has been made to include all the small abandoued quarries in thislist.

o
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4, There are three or four other quarries near Wilburtha, in all
of which the stone is about the same as that in those described. None
of them are being worked.

5. Similar arkose sandstone is found in the line of abandoned
quarries along the canal southeast and east of Princeton.

6. 8. B. Twining & Son, Stockton. This firm control several of the
largest quarries above 8tockton. Rock is either a brown, purple-grey,
yellow or steel-blue eandstone, with intercalated layers of shale. It
is usually distinctly feldspathic, and some layers are pebble-bearing.
Stems of wood and imprints of reptile tracks occasionally occur. In
active operation.

7. At Hunt’s quarry and 8mith’s quarry, at Prallsville, half a mile
back from the Delaware river, similar beds are exposed. In opera-
tion a part of the time,

8, John Ledger quarry, Stockton, next above the Twining quarries.
Brownstone and white arkose sandstone. In operation.

9. Pennsylvania Railroad Company, S8tockton. Arkose sandstone.
Not operated continuonsly.

10. William Ledger & Co., Stockton. Rock similar to that found
in other quarries. In operation,

11. John Ledger, Raven Rock., The rock quarried is a grey to
very light-brown sandstone, fine-grained and even texture. Percent-
age of quartz is larger thar in much of the other stone.

12. Heisenbuttle quarry, Ridgefield, Bergen county. Rock is a
coarse-grained arkose sandstone, generally white to grey in color, It
occurs in beds three to four feet thick. In operation.

13. G. Guilo, Tenafly. Quarry located a mile and a half east of
Closter. Rock a white, coarse-grained sandstone, composed entirely
of quartz and feldspar. Grains one-sixteenth to one-eighth of an inch
in diameter are common.  Color of the rock varies from white or grey
to yellow and steel blue, depending on the eolor of the feldspar and
the percentage of feldspar and quartz. The quarry is equipped with
machinery for sawing the rock into blocks of the desired size. In
operation.

14, Tavenier & Johnson, Closter. Quarry one and & half miles
east of Closter. Rock is similar to that in Guilo’s quarry. It can
be readily quarried into large blocks—layers six feet thick occurring
in the quarry. In operation.
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IN THE LOCKATONG BEDA.

15. Savage’s quarry, one mile above Wilburtha. Rock is black
and dark-green shale, most of it in very thin layers. Some beds are
highly calcareous. Not in operation.

16. Ayers’ quarry, Somerset (F. McCarty, lessee), Rock is a hard,
fine-grained, black or dark-green sandstone and argillite. Stone is
used as foundation stone for telford roads. In operation part of the
time.

17. Scudder’s quarry, Lawrenceville. These beds are near the base
of the Lockatong series. The section in the quarry is as follows, be-
ginning at the top: (a) Thick-bedded, fine-grained, hard red shale,
approaching a flagstone, twelve feet. () Heavy-bedded, dark-green,
fine-grained sandstone and argillite, fourteen feet. (¢) Thin-splitting,
soft, carbonaceous black shale, with some impure limestone layers, ten
feet. All the beds are frequently traversed by veins filled with calcite,
Qceasionally worked. :

18. Stephen Margeram, Princeton, This quarry gives good ex-
posures of the Lockatong beds. Hard, dark-red shale and black or
dark-green argillite occur. The joint surfaces are frequently coated
with calcite. Some layers of the stone are traversed by minute cracks
due to tension, These are generally filled with calcite. Stone is used
for foundations of buildings chiefly, Some flagstone has been quer-
ried. In active operation.

19. J. K. Brown, Princeton. Rock is very similar to that found
in Margerum’s quarry, although the layers are not identical. In
operation.

20. A mile and a half south of Kingston there is a line of aban-
doned quarries along the canal and also on the west side of the Mill-
stone river. Various layers of hard, dark-red flagstone, black shale
aud argillite are exposed. None of them have been worked for many
years,

21. Pennsylvania Railroad Company quarry, Kingston. Rock is
a dark-red, green or black shale and flagstone. The courses of rook
are ten to fourteen inches in thickness. It is not continuously in
operation,

922, J. L. Burroughs’ quarry, one mile east of Woodsville. Rock
is & black-green flagstone with some dark-red shales. Slabs twelve
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by six feet by six inches have been quarried here. Ripple-marks occur
on some layers. Not worked at present.

23. P. M. & J. F, Shanley, Byram. Quarry is in the blue-black
argillite, which is here exceedingly hard and dense, The rock is con-
giderably jointed, and all the stone is crushed for ballast or road metal.
A large force of men have been employed here, but it was not in
operation during the summer of 1897.

IN THE BRUNSWI(UK SERIES.

There are no quarries of any account in the shaly layers of the
Brunswick series, but some of the largest and most profitable quarries
are located on the beds of sandstone in this series, At Lambertville
there are several quarries in beds which have been somewhat meta-
morphosed by the trap sheet. They have not been worked, however,
for many years. A line of valuable quarries is found in the valley
between the first and second Watchung trap ridges. These are as
follows:

24. Compton’s quarry, Pluckamin. The under contact of the trap
on the sandstone is shown here. Below the slightly-altered beds of
sandstone, which do not measure more than four feet, the rock is a
bard, brittle, steel-grey sandstone, composed mostly of quartz, but
bearing some feldspar and mica. Quarry is worked occasionally, fur-
nighing stone for local consumption,

25. Todd’s quarry, Pluckamin. These beds are slightly lower
than those in Compton’s quarry. The workable stone is a light-brown
and grey sandstone, which is heavily bedded in courses five to six feet
thick. Weathering breaks these thick courses into thinner layers.
The rock is somewhat micaceous. Not in operation.

26. William E. Bartle, Martinsville. Mr. Bartle operates two
quarries at Martinsville and one at Washingtonville. At Martins-
ville the workable stone is chiefly a fine-grained, even-textnre sand-
stone, with varying tints of grey and green color, Within the courses
of stone, which are several feet thick, the stratification lines are indis-
tinet. Mud-cracks, ripple-marks and imprints of trees occur in the
associated shales. At Washingtonville the workable stone is a layer
of red-brown sandstone about eight feet thick. All three quarries
were in operation at the time of my visit.
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27, William H. Smith, Warrenville. The workable stone is a
grey-yellow or straw-colored sandstone of very even texture, occurring
in beds in courses two to four feet in thickness. Twenty feet or more
of this stone is exposed. Its original color was steel-blue, but weath-
ering has altered this to tints of grey and yellow. The original color
is discernible in the center of the larger blocks. The rock is composed
of quartz, feldspar and white mica, but the minute rust-colored specks,
characteristic of the rock in the Wilburtha and Stockton quarries, do
not occur, In operation,

28. F. W. Shrump, Pleasantville, The workable rock is mostly
& red-brown sandstone with some grey and yellowish-green layers,
It is somewhat micaceous, fine-grained and even-textured, but the
laminz are plainly marked, Bits of coal are occasionally found and
wave-marks occur. This quarry has been in operation continuonsly
for many years and the stone has been shipped to neighboring States.

29. Little Falls, The brownstone quarries at Little Falls have
in the past supplied a large amount of high-grade building stoue, but
they have been worked only at intervals for several years, and several
of them are now full of water.

30. New Jersey Brownstone Co., Haledon, The quarry is in
the sandstone and shale immediately beneath the trap sheet. The
workable beds are fine-grained, red-brown, feldspathic sandstone,
slightly micaceous, They occur in thick layers and afford dimension
stone of good size. The wall of trap thirty feet high above the sand-
stone increases greatly the cost of quarrying the latter. Some green
sandstone in the bottom of the quarry frequently contains stems of
trees. Not in operation.

In the region north of Newark many quarries bave been opened
upon the varions beds of brown and grey sandstone which there
occur in the Brunswick series. Most of these have been abandoned,
but a few have continuned to produce a high-grade stone and will
probably continue to do so for many years, These are all at a much
lower horizon than those last enumerated, although for ressons given
in another part of this report (pp. 44 ef seq.), the beds are believed
to belong in the Brunswick series,

31. Bloomfield avenue, Newark. The large quarries on Bloom-
field avenue, Newark, were abandoned several years ago, after thou-
sands of cubie feet of excellent stone had been taken out of it them.
With the onward march of the city the quarries are being filled up.
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32. Passaic Quarry Co., Avondale,

33. Belleville Sandstone Co., Avondale. These two quarries are
side by side, and are being worked on the same general set of beds.
The workable rock is a red-brown or grey feldspathic sapdstene, oc-
_curring in courses four or five feet thick, Between these are red

ghales and reedy beds. Occasional pebble-bearing layers occur. These
are among the most extensive quarries within the Newark area, and
have been in operation for many years. Mud-cracks, ripple-marks,
imprints of reptile tracks and bits of coal are not infrequently fouid.

34. A mile north of these two there is a third large quarry. At
the time of my visit it was not in operation, but I understand that
work has been commenced again, The workable rock is chiefly red-
brown, fine-grained sandstone, in some layers of which the stratifica-
tion lamins are clearly marked.

36. Passaic. A quarry has recently been opened at Passaic from
which stone very similar to that of the Belleville quarries is obtained.

36. Bellig’ quarry, Arlington. This quarry is in beds at a lower
horizon than those at Belleville, The rock outcrops on the east side
of the ridge overlooking the salt meadows. The workable beds are
chiefly grey or greenish sandstone, composed mainly of quartz but
containing some feldspar. The beds are from three to six feet in
thickness. In operation,

37. Lewis Cook’s quarry, Arlington. This is situated three-fourths
of a mile northward from Bellis’ quarry, at about the same horizon,
The rock is chiefly light-reddish brown sandstone. In operation.

38. Pope’s quarry, Devlin’s quarry and Thomas’ quarry, in the
sandstone immediately beneath the trap at Garrett Rock, Paterson, are
no longer worked. They are much higher in the series than the
Belleville quarries. The rock is & coarse-grained, brown and grey
gandstone with some conglomeratic layers, It is well fitted for foun-
dation and rough masonry work,

39. McKiernan & Bergin, Paterson. Both trap and sandstone are
quarried here. The latter is reddish-brown in color, composed chiefly
of quartz and feldspar, with a few pebble-bearing horizons, The trap
is crushed for road metal.

40. Ryle avetue quarry, Paterson. About forty feet of sandstone
is exposed beneath the trap. It is a red-brown sandstone with some
layers of pebbles and occasional pebbles scattered through it. It fur-
nishes foundation stone chiefly,
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41, Whitehall quarry. From this quarry, which is in sandstone
immediately underlying the trap of Hook mountain, the finest slabs
of shale, with reptile footprints, have been obtained. Apart from an
occasional lpad of stone for local use, it is no longer worked.

42. Milford quarries, At a number of points northeast of Milford
flagstones have been quarried. Some layers are a dark.green, thin-
bedded sandstone, which splits readily inte slabs of suitable dimensions
for flagstones. Fossil plants in considerable variety, and also foot-
prints, have been found in these beds. Nome of the quarries have
been worked for several years. At Tumble station there is an old
quarry from which fine specimens of footprints were once obtained.

Along the northwest border of the Newark system there are a num-
ber of quarries in the calcareous conglomerate, They were opened
for the purpose of obtaining limestone for burning into lime. The
consumption was chiefly local. Bome of them are intermittently
worked as there is a demand for burnt lime. The list of them is as
follows :

43. Lebanon 8tock Farm. Small quarry. Limestone cobbles up
to one foot in diameter. Red clay matrix.

44. Another quarry near the above. Rock made up of limestone
fragments of all sizes, up to eighteen inches in diameter ; very little
red mud matrix,

45, James Ramsey’s quarry, one aud a quarter miles northwest of
Potterstown. The rock is made up almost entirely of limestone frag-
ments up to bowlders three feet in diameter. The red mud matrix
is generally abeent.

46. Bmall quarry a mile northwest of Apgar’s Corner. Rock is
composed almost entirely of limestone fragments; very little of the
red clay matrix.

x 47, Small quarry three-fourths of a mile due north of New Ger-
mantown, The limestone pebbles in the conglomerate here range up
to six inches in diameter.

48, Robert Craig quarry, two miles north by east of New German-
town, The average size of the cobbles is six inches. The bulk of
the material is limestone, but a few quartzites occur and a red mud
matrix cements the whole. °

QUARRIES IN THE TRAP RIDGES.

Palisades.—49. John B, Lane & Son’s quarry and stone-crusher,
Guttenberg, Shot down in 1897,
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50. Meek’s quarry and crusher, Guttenberg.

51. Cody Bros.’ quarry aud stone-crusher, Edgewater.

62. Carpenter Bros.’ quarry and erusher, Linwood.

53. Brown & Fleming’s quarry and crusher, due east of Engle-
wood.,

54. Large quarry and crusher two miles above Alpine,

Granton Trap Mass—55. Wagner & Duff’s quarries and crusher

56. F. J. Marley’s quarry.

Snake Hill Trap Mass.—57. Hudson County Penitentiary quarry
and crasher,

Firgt Watchung Trap Sheet.—58. McKiernan & Bergin's quarry
and crosher, Patersoun.

59. Ed. Doulan’s quarry and crusher, one mile south of Paterson,

60. F.J. Marley’s quarry and crushers, one mile south of Paterson,
At work in the talus only.

61. Wright & Lindsley, quarry and crusher, Great Notch,

62. Francisco Bros., quarry and crusher, near Great Notch.

63. Osborne & Marcellis, quarry and crusher, Upper Montclair.
Both trap and sandstone are quarried here, but the trap is the chief
stone.

64. Geo. Spottiswoode & Co., quarry and crusher, Orange,

66, Chas, A, Lighthite, quarry and crusher, Millburn,

66. Stewart Hartshorn, quarry and crusher, one mile west of
Bpringfield.

67. Basset’s quarry and crusher, one mile east of SBummit.

68. Cook’s quarry and crusher, Scotch Plaina,

69. Wahl & Hatfield, the Fanwood stone-crusher, Scotch Plains.

70. Richards’ quarry and crusher, Scotch Plains.

71. J. H. Wilson, quarry and crusher, Plainfield.

72. Smalley Bros., quarry and crusher, Plainfield.

73. Wm. Haelig, quarry and crusher, Chimney Rock, near Bound
Brook.

Second Walchung Trap Sheet.—T74. A group of quarries a mile
west of Haledon.

76. A second group a mile east of Preakness,

76. Frank Marley, quarry and crusher, Little Falls.

77. V. G. Smyth, quarry and crusher, West Snmmit. The radiate
columnar structure of the trap is well shown here.
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78. Bebout & Potter, quarry and crusher, Murray Hill.

Third Watchung Trap Sheet.—79. Standard Paving Co., quarry
and crusher at end of Hook mountain, Mountain View,

80. Morris County Crushed Btone Co., Morristown, quarry and
crusher, near Millington.

Rocky Hill Trap Ridge-—81. Rocky Hill Stone Storage Co.,
three quarries and large stone-cruehers, Rocky Hill.

82. Pennsylvania Railroad Company, quarry and crusher at west
end of the ridge, near Hopewell,

83. 8mall quarry and crusher, half a mile east of the above quarry.

On the Trap Masses Along the Delaware River—84. Quarry and
crusher at Moore’s station, west end of Bald Pate mountain.

86. Mercer County Workhouse, quarry and crusher, at south end .
of Bell mountain, near Moore’s.

86. P. M. & J. F. Shanley, quarries and crushers, Goat Hill,
Lambertville,

87. Barbour & Ireland, quarry and crusher, south end of Mount
Gilboa, north of Lambertville.

88. Berger’s quarry and crusher, Byram station,

COAL.,

Occasional bits of coal are found in the sandstone quarries, marking_
the places where stems of trees were imbedded in the sand. But no
workable seams of coal are known to exist in any part of the Newark
gystem in New Jersey. Many layers of the Lockatong series consist
of very soft carbonaceous black shales, which, under favorable con-
ditions in a hot fire, may burn very slightly, but they are not coal.
In some cases the hard, black argillites have been crushed and the
broken surfaces somewhat polished by the resulting motion. This
polish has a close enough resemblance to the luster of coal to mislead
the unwary observer into thinking that he has discovered a coal seam.

More or less money has been wasted in the past in the vain endeavor
to find coal, but in every case it has been proven fruitless. The
minute character of the present survey has rendered it more certain
than ever that such efforts will always fail.
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COPPER.

Copper deposits occar in extremely limited amounts in the shales
and sandstones in close connection with the trap sheets. Extensive
search was made many years ago at various points along the trap dike
between Copper Hill and Flemington. The finds, however, were
inconsiderable in comparison with the labor and money expended.
At various points along the under contset of the first Watchung trap
ridge, shafts and adits have been run. All these, however, have
been long since abandoned save st the mine, fonr miles north of
Bomerville, where the American Copper Mining Co. is engaged in
prospecting. An adit has been run for several hundred feet down
the contact of the trap and sandstone in the hope of finding a work-
able body of ore. As yet this hope has not been realized.

Years ago more or less ore was taken from various openings at
Schuyler’s Corner, near Arlington, but the works have long since
been abandoned. The Schuyler mine was first opened about 1719,
and the ore shipped to England. This was one of the most famous
copper mines in the early history of the country, It must be con-
fessed that the outlook for valuable copper deposits in these rocks is
not encouraging. Nothing was observed in the course of this survey
to warrant the inference that in the future prospecting for copper
would be more remunerative than in the past.

BARITE.

Deposits of barite occur near Hopewell aud were mined quite
extensively a few years ago, but nothing has been done for some time
and the shafts are full of water. Whether or not the deposits are
exhausted I was unable to learn. It has also been found near Lam-
bertville, but not worked.

SUMMARY.

The rocks of the Newark system are not rich in mineral wealth.
The building stones, paving blocks ‘and road metal are the only
valuable products. The calcareous conglomerates furnish burnt lime
for local use, but do not supply a wide demand.
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REPORT UPON THE UPPER CRETACEOUS
FORMATIONS.

BY WILLIAM BULLOCKE CLAREKE,

LETTER OF TRANSMITTAL,

Professor J. C. Smock, State Qeologist, Trenton, N, J. :

Dear 81e—I present herewith a summary of the investigations
conducted by my associates and myself during the past five years upon
the Upper Cretaceous formations of the North Atlantic Coastal Plain,
chiefly in the Btates of New Jersey, Delaware and Maryland. During
the time that these investigations have been in progress I have had
associated with me Messrs. C. W. Coman, H, 8. Gare, R. M. Bagg
and G. B. Bhattuck. Dr. Bagg was connected with the work for
over four years. They have all aided materially in the investigations
and I desire to cordially acknowledge my obligations to them.

The report which is here presented gives the results of only a part
of the investigations which have been carried on upon the Cre-
taceous formations of the New Jersey-Maryland ares, and which
are still in progress. Considerable advance has already been made
both in the interpretation and the cartographio representation of
the other divisions of the Costal Plain series, and they will be
made the subject for further contributions at a later time. These
investigations have been conducted under a plan of co-operation
between the United States Geological Survey and the State Surveys
of New Jersey and Maryland. The boundaries of the formations
have been platted upon the United States Geological Burvey atlas
sheets, the areal mapping having been carried on upon the scale of one
mile to the inch throughout the entire district, with the exception of
Delaware and the eastern shore of Maryland.

Somewhat extensive changes have been made in the classification
of formations adopted by previous writers and some modifications in

(163)
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the use of the formation names employed by myself and my associates
in earlier articles. This has been the result of more complete knowl-
edge of the formations, based upon later work in Delaware and Mary-
land, which has shown that certain divisions that are important in one-
area lose their identity and become merged with contignous members.
of the series in other areas, so that they can no longer be stratigraphi-
cally or faunally separated. The major divisions which have now
been adopted are capable of application to the deposits throughont the
entire region from the Raritan to the Potomac, and are the only ones.
which can be so employed with satisfactory results. :

The Upper Cretaceous formations of New Jersey, Delaware and
Maryland here classified and mapped constitute a circumscribed
province which is represented in a few isolated ocourrences off the
New England coast and at one locality in Massachusetts. South of’
the Potomac the strata become covered by a mantle of later deposits.
The records of certain well-borings point to the oocurrence of Cre-
taceous deposits in eastern Virginia, but their character and extent
have not been fully determined. Similar deposits occur in surface-
exposures in the Carolinas, but they have not as yet been sufficiently
studied to show to what extent they may be correlated with the forma~
tions of the northern Atlantic belt.

Jouxs Horkins UNIVERSITY,
Bavtivorg, Md., Nov. 16th, 1897,
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REPORT UPON THE UPPER CRETACEQUS
FORMATIONS, 18g7.*

BY WILLIAM BULLOCE CLARK, WITH THE COLLABORATION OF
R. M. BAGG AND GEORGE B. SHATTUCE,

INTRODUCTION.

The Cretaceous formations of the Atlantic Coastal Plain have been
the subject of frequent discussions throughout the present century,
while scattered references to the district are found in the works of
still earlier date.

The first contribution to the subject of Coastal Plain geology which
18 worthy of special mention is found in the publications of Professor
Kalm,} who was sent out to America in 1749 under the auspices of
the Royal Academy of Sciences of Sweden to make a study of the
various branches of natural history in this country. He visited the
northern part of the district now under consideration and recorded
many observations of interest.

In 1777 Dr. Johann David Schoepf, 1 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 mark considerable advance over those of Kalm. The
importance of his investigations has not been very generally recog-
nized by later writers, but he showed a remarkably keen insight into
the geology of eastern America, which was lacking on the part of
some of his successors,

* Portions of this chapter were read before the Geological Society of America at
Washington, December 31st, 1896, and printed in the society’s Bulletin, vol. VIIL,
pages 315-358, pls. 40-50. April, 1897,

tEn Resa til Norra America, 8vo., 3 vols,, 1753-61, Stockholm, Translations in
English by J. R, Foster; Ist ed., 1770-71; 2d ed., 1772; another edition in J. Pink-
erton's voyages, vol. XIIT, 1812; in German by J, H. Murray, 1754-64; in French
by L. W. Marchand, 1859.

1 Beitrlige zar mineralogischen Kenntniss des éstlichen Theils von Nord Ameriks
und seiner Gebiirge, 8vo., 1787, 194 pp,, Erlangen.
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The first attempt at a correlation of the deposits of the Coastal
plain with the geological column then established in Europe was
made by William Maclure,* in 1809, in his © Observations on the
Geology of the United States.”” In this publication the coastal
deposits are collectively referred to the ¢ Alluvial 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.%

A few years subsequent to the appearance of Maclure’s articles,
H. H. Hayden} published a volume of “ Geological Essays,” in
which an explanation is given of the great accumulation of * Alluvial
Deposits” in the eastern and southern portions of the United States,
and the stratigraphy of the region is deseribed in much greater detail
than by his predecessors. Reference is made to the wide distribution
of fossil shells and vertebrate remains, and many localities are cited.

A second work of the same general character, so far as it relates to
the geology, was published somewhat later by Parker Cleveland.§
Tt is entitled “An Elementary Treatise on Mineralogy and Geology,”
and on page 785, under * Remarks on the Geology of the United
Btates Explanatory of the Subjoined Geological Map,” the author
defines the limits of the © Alluvial Deposits,” and in general terms
describes their lithological character.

Samuel Akerly,|| in an eseay published in New York in 1820,
discusses the “ Alluvial Deposits ” of northern New Jersey. In this
paper the marl beds, together with some of their fossils, are described,
but no evidence is adduced that the author recognized their taxo-
nomie position.

James Pierce,] in a  Notice of the Alluvial District of New Jesey,”
pablished a few years subsequently, describes the mar] deposits of Mon-
month county in that State.

Professor John Finch,** of England, was the first to recognize, when

* Amer. Phil. Soc. Trans,, vol. VL., 1809, pages 411-428. Translation in Journal
de Physique, vol. LX1X., 1808, pages 904-213, and vol. LXXIL, 1811, pages 137,136,

+ Philadelphia, 8vo., 130 pp.; also in Amer. Phil. Soc. Trans., new geries, vol. I,
1817, pages 1-92, and Leonhard's Zeitschrift, band 1, 1826, pages 124-133.

1 Geological Essays, &¢., Baltimore, 1820, 8vo., vol. VILL, 412 pp.

3 An Elementary Treatise on Mineralogy and Geology, 1822.

| An Essay on the Geology of the Hudson River and the Adjacent Regions, &e.,
New York, 1820, 12mo., 69 pp., and cne plate.

1 Amer. Jour, Sei, vol. VL, 1823, pages 237-242,

#% Amer. Jour. Sci., vol. VIL, 1824, pages 31-43.
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vigiting this country in 1824, that the Coastal Plain deposits repre-
sented more than a single horizon. His contribution on this subject
contained the first attempt at a correlation of the several deposits of
the Coastal plain with other areas, and although thus early in the
study of the subject minute comparisons, which the facts did not war-
rant, were made, yet the knowledge of Atlantic Coastal Plain strati-
graphy was materially advanced. In this article he says:

“T wish to suggest that what is termed the alluvial formation in
the geological maps of Messrs. Maclure and Cleveland is identical and
contemporaneous with the newer Secondary and Tertiary formations
of France, England, Spain, Germany, Ialy, Hungary, Poland, Ice-
land, Egypt and Hindustan.”

During the year 1825 Jer, Van Rensselaer * delivered a course of
lectures in the New York Athenenm, on geology, that were eubse-
quently published in book form. The anthor adopted the classifica-
tion proposed by Finch, although he confined his description to the
northern representatives of the Cretaceous-Tertiary series,

The credit for the first definite recognition of the Cretaceous de-
posits of the Atlantic Coastal Plain must be ascribed to Professor
Lardner Vanuxem. The results of his observations were placed in
the hands of his friend, Dr. 8. G. Morton,} for publication in the
Journal of the Acgdemy of Natural Sciences of Philadelphia. His
views were again stated under his own signature in the American
Journal of Science,} in which reference is made to the earlier publi-
cation.

In the years immediately succeeding the publication of Professor
Vanuxem’s articles several contributions were made by Dr. 8, G,
Morton, both in the Journal of the Philadelphia Academy of Natural
Bciences and the American Journal of Science, npon the organic re-
mains of the Cretaceous depogits, and these were finally embodied in
1834 in an important work entitled * Synopsis of the Organio Re-
maing of the Cretaceous Group of the United States.” §

In 1835 Dr. Morton proposed a general division of the Creta-
ceons of the United States into three groups, the uppermost of which,

* Lectures on Geology, 1825, Bvo., 358 pp.
1 Jour, Acad. Nat, Sci. Philadelphia, vol. VI, 1829, pages 69-71.
1 Amer Jour. Sci, vol. XVI,, 1829, pages 254-256.

¢ Philadelphia, 1834, 8vo., 88 pp., xix. plates.

|| Amer. Jour. Sci, vol. XXVIIIL., 1835, pages 276-278,

NEW JERSEY GEOLOGICAL SURVEY




168 ANNUAL REPORT OF

however, is now generally regarded as belonging to the Tertiary. His
views on this point were again stated in 1842.*

During the decade 1830 to 1840 the three Btates of New Jersey,
Delaware and Maryland established State geological surveys under
the direction respectively of H. D. Rogers, J. C. Booth and J. T.
Dacatel.

The first attempt at a local and detailed differentiation of the Cre-
taceous deposits in the northern Atlantic Coastal plain appears in
Professor Rogers’ firat report, published in 1836, and is more elabor-
ated in his final report, published in 1840, in which he recognizes the
following formations, beginning with the lowest: Clays and Sand,
Greensand, Limestone, Ferruginous Sand, Brown Sandstone. Although
these several divisions were not clearly defined, and widely different
materials were included in the same formation, yet the easterly dip of
the strata was observed and the border distinctions in the formation
were reoognized.

Ducatel, in his annual report as Btate Geologist for 1837, records
the presence of Cretaceous deposits along the Basafras river on the
eastern shore of Maryland, while Booth in his “ Memoir of the Geo-
logical Survey of the State of Delaware,” published in 1841, which
was based upon his two annual reports for the yeara 1837 and 1838,
divides the “ Upper Secondary” of his State intq the “ Red Clay”
and the * Greensand ” formations,

The visit of Charles Lyell to the United States in 1841 was an
important event in the history of Coastal Plain geology. The inspir-
ing presence of the author of the epoch-making “ Principles of Ge-
ology,” coupled with his wide knowledge regarding similar deposits
in Enrope, led to renewed activities in the field of Coastal Plain ge-
ology and the correot interpretation, under his leadership, of many
points which had up to that time been but imperfectly understood.
Although Lyell’s work had reference more to the Tertiary than the
Cretaceons, yet his observations in several instances were turned either
directly or indirectly to the latter. In his contributions t he correlated
the American Cretaceous rocks with the divisions between the Gault
and the Maestricht of Europe, and also showed that Morton’s upper
division of the Cretaceous was of Eocene age.

# Jour. Acad. Nat Sci. Philadelphia, vol. VIIL, 1842, pages 207-227.

+Quart. Jour Geol., Soc. London, vol. I, 1843, pages 55-60; Proe. Geol. Soc.
London, vol IV, 1845, pages 31-33; Amer. Jour. 8ei, 1844, vol. XLVIL, pages 213,
214,
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Dr. T. A. Conrad * in 1848 first suggested that the upper portion of
the greensand series of New Jersey was of later age than the Creta-
oeons, a conclusion which he more fully elaborated at a later date,

The earlier State surveys having come to an end, a considerable
period elapsed during which the several States of the district under
consideration were without official organizations. In 1847 Maryland
made provision for a Btate agricultural chemist, while a few years
subsequently to this the State of New Jersey established a second
geological survey, Under the direction of the first agricultural
chemist, Dr. James Higgins, little geological work was attempted in
Maryland, but the survey of New Jersey, under the direction of
William Kitchell, had as assistant geologist, George H. Cook, who
was later to become himself the head of the survey, and in that
capacity to add more to the knowledge of the stratigraphy of the
Cretaceous formations than any one who had preceded him. In the
first of Kitchell’s reports, for the year 1854, Cook already recognized
the fact that ““there are three distinet beds of marl” These three
marl beds were examined by him with much care, and the charscter-
istic features of each portion of them described in the later survey
reports.

Daring the decade 1860 to 1870 many special articles dealing with
the paleontology of the several formations under consideration ap-
peared, although most of these publications are confined to the New
Jersey portion of the region, Counrad, Cope, Marsh, Credner, Gahb,
Meek and others contributed to the same, with the result that a fuiler
knowledge was gained of the paleontology of the New Jersey area
than of any other Cretaceous distriot throughout the Coastal plain.

In 1860 Dr, Philip T. Tyson, who had been appointed State agri.
cultural chemist to suceceed Dr. James Higgins, published his first
annual report on the geology of Maryland, in which he discusses
the Cretaceous formations of that State, His second and last report
appeared in 1862, Although he recognized the presence of some of -
the New Jersey divisions upon the eastern shore of Maryland, he
made little attempt at their accurate discrimination,

Professor George H. Cook, having been appointed State Geologist
of New Jersey, presented his first report of progress for the year
1865. Reporta were published during successive years until his death

* Jour. Acad. Nat. Sci. Philadelphis, new series, vol. I., 1848, p. 129; Proc. Acad,
Nat. Sci. Philadelphia, vol. XVIL, 1865, pages 71, 72.
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in 1889, Associated with him in much of his work was Professor J.
C. Smock, the present head of the survey. It is unnecessary at this
time to view the advance made each year or to refer in detail to each
report. In 1868 a general volume appeared, entitled ©Geology of
New Jersey,” in which an extensive description of the Coastal Plain
deposits is found, In this report Professor Cook divided the Creta-
ceous deposits as follows:

Blue marl.
Upper marl bed.......... ressasereres {Ash marl,

Green marl.
Yellow sand.

( Yellow limestone and lime-sand.
Shell layer.

Green marl,
{ Chocolate marl.

Middle mari bed. ....ooeenvervuiinnnne

Red 82nd....ovvivrvrieenvnieesveenr venens 4 Red sand.

{Indnrated green earth,
Dark micaceous clay.

Lower marl bed. ....occovvivniivannnns Blue shell marl. .

{MarI &nd clay.
Sand marl.

Laminated sands.
Clay containing greensand,
Lignite.
{ Potter’s clay,
Lignite.

In 1870 Dr. Hermann Credner,* above referred to, published the
results of his observations upon the New Jersey Cretaceous. He re-
garded the deposits as closely related to the Upper Cretaceous of
Europe, and mentioned upward of forty species of fossils as being
identical with those of the Senonian of northern Europe.

In later years Professor R. P. Whitfield has been engaged in an
exhaustive study of the fauna of the Cretaceous belt of New Jersey.
Two monographs of great importance have been published. The
first, entitled “The Brachiopoda and Lamellibranchiata of the Rari-
tan Clays and Greensand Marls of New Jersey,” appeared in 1885,
and the second, “The Gasteropoda and Cephalopoda of the Raritan
Clays and Greensand Marls of New Jersey,” in 1892,

Dr. C. A. White,} in an admirable essay upon “ The Cretaceous of

Clay marls.... coemvereenincimnianiniovee

Plastic clay. .ovvvcvevninnns

* Zeitschrift der Deutschen Geol. Gesell, Jahr,, 1870, pages 191-257, and map.
+ Bullatin 82 of the U. 8. Geological Survey, 1891, page 273.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 171

North America,” published in 1891, describes the formations now
under consideration and discusses the evidence for their correlation
with the deposits of other areas. He does not attempt to separate the
individual members of the series, however, beyond the reference of
the upper division to the Eocene, as was also done by the senior
author of this paper in his report .upon “The Eocene of the United
States,” *

Investigations embracing portions of the Cretaceous series of the
northern Atlantic Coastal plain have been in progress at times during
later years by Uhler,t Darton} and Hollick.§ Messra. Uhler and
Darton have confined their investigations almost exclusively to the
Cretaceous upon the western shore of Maryland, Darton haviog de-
seribed a considerable portion of the Upper Cretaceons of this area
under the name of the Severn formation, while the observations of
Mr. Hollick have chiefly embraced the deposits in northern New
Jersey beneath those now under consideration, although the basal
members of the Upper Cretaceous in this area, as well as the trans-
ported fragments of the same formations upon Staten Island and
Long Island, have been discussed.

During recent years Mr. Lewis Woolman, of Philadelphia, has
collected a large amount of valuable information regarding the well-
borings throughout the northern Atlantic Costal plain. Thesedata are
of much value to the field geologist in helping him to control his con-
clusions. Mr. Woolman’s records have been frequently consulted,
although the authors have often differed from him in the interpreta-
tion of the data.

The later history of investigation of the Upper Cretaceous forma-
tions in this district is confined lurgely to the work carried on under
the direction of the senior author by the instructors and students of
the Johns Hopkins University. Several papers have already appeared
and others are in course of preparation, in which more detailed dis-
cussions will be fonnd regarding both the geelogical and paleonto-
logieal aspects of the subject. '

* Bulletin 83 of the U. 8. Geological Survey, 1891, page 173.

+ Trans. Md. Acad. Sci,, vol. 1, 1889-90, pages 10-32, 45-72, §7-105.

1 Bulletin Geol. Soc. Amer,, vol. IL, 1891, pages 438, 439; Trans. Awer. Tost. Min.
Eng., 1894,

% Trans, New York Acad. Sci., 1895, pages 1-10.
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TOPOGRAPHIC FEATURES,

The formations of Upper Cretaceous age constitute a part of the
great area of low land which borders the Atlantic coast of North
America, and has been designated the Coastal Plain. It extends with
constantly narrowing limits from the southern Atlantic States across
the area now under consideration, beyond which its continuity becomes
broken, although represented in the southern portions of New Eng-
land and in the various islands along the cosst. The width of the
northern Coastal plain varies from somewhat over 100 miles in central
Maryland to scarcely twenty-five in eastern New J. ersey.

The Upper Cretaceous formations occupy a belt within the Coastal
plain, which extends from northeast to southwest, and which is
separated from the Piedmont platean by a tract some ten or fifteen
miles in width, composed of Loower Cretaceous deposits. This belt of
Upper Cretaceous strata varies in width from about twenty-five miles
in New Jersey to barely a mile in southern Maryland. Its more
unyielding deposits have produced & ridge of high land, which, with
varying elevations, extends along the center of the belt, This ridge
forms an escarpment toward the weat, but generally declines gradually
seaward,

The Oretaceous esoarpment, as it may properly be called, stretches
across New Jersey from the vicinity of S8andy Hook to the head of
the Delaware bay, and forms for much of the distance the divide
between the streams entering the Atlantic ocean on the east and
the Raritan and Delaware rivers on the west. Beginning on the
prominent headland of the Highlands of Navesink, which rises to 276
feet, it extends westward as a clearly-defined ridge (south of Keyport
reaching its greatest height at 391 feet) for a distance of about fifteen
miles to the vicinity of Morganville, beyond which the range broadens,
and with a general elevation of 200 feet continues to Freehold. From
this point the ridge turns to the south-west as far as Clarksburg, in
the vicinity of which is a group of hills more than 300 feet in height,
Pine hill being 372 feet above sea-level.

From the Pine hill region the Cretaceous escarpment extends
southward into central New Jersey, being clearly shown in such points
a8 Red hill (234 feet), Arney’s mount (230 feet), Mount Holly (180
feet), and Mount Laurel (173 feet), although the elevation of the
country does not generally exceed 150 feet. In the valley of Ran-
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cocas creek is an area of low land which falls considerably below 50
feet, and which marks the line of a depressed belt crossing southern
New Jersey., To the south of Mount Laurel the escarpment is less
clearly shown; although appearing at Haddon heights, Woodbury
heights, with the exception of an area of high land to the east of
Swedesboro, the escarpment is less pronounced, while throughout
Salem county, in southern New Jersey, it is hardly apparent.

To the south of the Delaware river in the Btate of Delaware and
npon the eastern shore of Maryland the escarpmert practically dis-
appears, but upon the western shore of the Chesapeake, throughout
Anne Arundel and Prince Georges counties, extending nearly the
eatire distance to the Potomac river, the escarpment is clearly shown,
but nowhere rising into the marked ridge which characterizes it in
central and northern New Jersey. In Anne Arundel county it
appears in several isolated hills, which, however, are in part made up
of the overlying Eocene deposits. Such elevations are seen at Mount
Misery, on the Bevern river, and to the east and south of Millersville,
Beyond the Patnxent, in Prince Georges county, the escarpment is
somewhat broken, but appears to the southeast of the Baltimore and
Potomac railroad, Farther to the south it skirts the shore of the
Anaoostia river, and thence following the line of the Potomac river
valley continues as far as Piscataway creek.

The escarpment throughout the area described is determined in part
by the charaeter of the Upper Cretaceous strata and in part by under-
lying and overlying formations. The great difference in the volume of
the Upper Cretaceous deposits in passing from the northern to the
southern portions of the district is very marked, and the strata become
a constantly less important factor in determining the topography.

The escarpment faces the more readily eroded deposits of the Lower
Cretaceous, and, throughout the larger portion of New Jersey, the
lowest member of the Upper Cretaceous series as well, This forma-
tion, however, rises also into the base of the escarpment, althongh the
escarpment proper is made up of the higher members of the series and
the formations which overlie them. As these upper members gradu-
ally disappear to the southward the Tertiary becomes a more and
more prominent factor in the formation of the escarpment, which in
Maryland is largely to be accounted for upon these grounds. In no
portion of Maryland, not even upon the western shore, where the
country is much higher than upon the eastern shore of the Chesapeake,
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are there elevations in any way comparable with those found in
northern New Jersey; yet the edge of the escarpment, especially to
the south of the Severn river, frequently reaches a height of 200 feet,
and does not fall much below that elevation even in the valley of the
Potomac river,

The streams show a marked difference in their valley characters,
dependent on whether they drain directly to the Atlantic by easterly
and southerly courses, or whether they flow to the west toward the
fall-line, The valleys of the Atlantic drainage are broad, the land
rising gently on either bank, while the channels of the streams flow-
ing toward the fall-line have much steeper slopes and are generally
U-shaped. An explanation for this may be found in the stratigraphy
of the region, since the strata dip slightly to the southeastward, so that
the streams flowing in that direction follow the slope of the beds,
while those flowing to the northward must cut across their upturned
edges. As the beds vary in hardness the widening of the channel
must be retarded by the hardest layers.

DESCRIPTION OF THE FORMATIONS.
General Statement,

The geological formations of the Coastal area of New Jersey, Dela-
ware, and Maryland represent a nearly complete sequence from the
base of the Cretaceous to the Pleistocene. They form a series of thin
sheets which are inclined slightly to the southeastward, so that suc-
cessively later formations are encountered in crossing the district in
that direction. Variations in the angle and direction of tilting and
later denudation have occasioned in many instances 8 marked diver-
gence from these normal conditions, and detached outcrops are at
times found far removed from the main body of the deposits. The
formations discussed in the following pages are as follows:

EOCRNE weuvrrnr ovierrnaannr Shark river formation,

Manasquan formation,
Vincentown lime-sands.

" {Sewell marls.
. Redbank sands.
Upper Cretaceous......... { Monmouth formation...... {Navesink marls,
Mount Laurel sands.
Hazlet sands.
Crosswicks clays.

| Rancocas formation. ...

[ Matawan formation.......
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Glauconite characterizes all of the deposits from the bese of the
Matawan to and including the Bhark river formation, and sppears in
varying amounts and under different conditions in the several forma-
tions, Their lithologic features are in general sufficiently distinctive
and persistent to be of the greatest value in the determination of the
horizons, The presence of greensand in sifu has not been observed in
the Raritan formation which underlies, nor in the Chesapeake forma-
tion, which overlies this sequence of glanconitic deposits.

Matawan Formalion.

Name—The Matawan formation receives its name from Matawan
creek, in Monmouth county, New Jersey, where the deposits of this
horizon are typically developed. The name was originally given by
the senior author of this paper in an article published in the Journal
of Geology,* and was made to embrace in a general way the division
to which Professor Cook had earlier assigned the name of Clay Marls,
although his characterization of the deposits was not complete and
waa confined almost entirely to their development in northern New
Jersey. Furthermore, the term Clay Marls does not adequately
describe the deposits, although beds of that nature are found at various
horizons, particularly in the lower portions of the formation,

Areal Distribution.—The Matawan formation extends as an irregu-
lar belt from the shores of Raritan bay to the Potomac river. In the
extreme north, in Monmouth county, New Jersey, the width of the
band is from nine to twelve miles, but in proceeding southward it
graduslly narrows, with some exceptions due to the topography of the
land, and in the southern counties of New Jersey does not exceed six
miles in width., Upon the western ghore of the Delaware river, in
the State of Delaware, it has still further narrowed until it has a
width of scarcely more than two or three miles, Farther to the south,
upon the eastern shore of Maryland, it again slightly broadens, and
below the month of the Sassafras river has a width of some five miles,
Upon the western shore of Maryland, in Anne Arundel county, its
areal distribution is very variable on acoount of the extremely broken
character of the country, but upon the whole has narrowed in extent
as compared with the eastern side of the Chesapeake. In places it
reaches three or four miles in width, but more often is less than one

*Vol. 11., 1894, page 163.
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wmile, Farther to the south, in Prince Georges county, it is found
simply as a narrow strip, at no point reaching a mile in width, and
continues in and out along the slopes of the hills, following the con-
tours of the valleys.

Character of Maleriala—The deposits of the Matawan formation
are very variable, Sands and clays predominate. The sands are at
times white and coarse, but are more commonly fine-grained and
deeply colored by iron, which may even cause local induration, or they
are mixed with argillaceous materials, forming either a silvery mica-
ceous eand or a chocolate-colored marl, in the latter case grains of
glanconite being present in greater or less amounts,

The clays are generally black or drab in color, but may locally
carry seams and pockets of glanconite, which give it a greenish tinge.
At a few points the deposits are somewhat calcareous as the result of
their molluscan contents, but in general the beds are not highly
fossiliferous.

Strike, Dip, Thickness.—The strike of the beds is north-northeast to-
southwest, with apparent local variations where the overlying Creta-
ceous and Tertiary deposits have been either more largely eroded or
more fully preserved, causing the line of outcrop to be at times
diverted at a considerable angle from the normal strike. This is.
seen in northern Monmouth county, where the stripping off of the
cover of the later Cretaceous formations has caused the widening out
of the belt of the underlying Matawan and has turned the line of con-
tact very nearly at right angles to the strike. Such variations may
be easily detected when the normal dip is present, but may lead to.
congiderable complication when it is not.

The dip of the formation is upon the average about twenty-five
feet in the mile, but locally it may be either slightly increased above:
or slightly decreased below this amount, The determination of the
dip depends for the most part upon records afforded by well-borings,
althongh some of the natural section lines, especially in the Mount
Pleasant hills, New Jersey, and along the Severn river, Maryland,,
afford valnable data.

The thickness of the Matawan formation ia very variable, but in
general becomes gradually reduced in passing from the northern to.
the southern portions of its area of outerop. In Monmouth county
it has been found to be about 275 feet, with a gradual thickening
toward the southeastward, as is shown in the wells at Asbury Park,
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where it has a thickness of about 400 feet. Along the strike toward
the south it is already less than 200 feet in thickness in northern
Burlington county, while in the region directly to the east of Phila-
delphia and Camden it has further declined to 125 feet. In Gloucester
county it thickens again, having been found in well-borings to exceed
175 feet in places. Farther to the south it thins, and in the vicinity
of Salem has declined to 80 feet. In the State of Delaware it is not
over 60 feet, but it gradually thickens through the eastern counties
of Maryland until, near the mouth of Sassafras river, it again exceeds
100 feet in thickness, In eastern Anne Arundel, upon the western
shore of Chesapeake bay, its thickness has already declined to 60
feet, while in the region farther south, in western Anne Arundel and
Prince George’s counties, it has still further diminished, until at the
Fort Washington bluffs it is but little more than 15 feet thick, Iis
last appearance to the southward, so far as observed, is in the valley
of Piscataway creek. Upon the opposite side of the Potomac the
Eocene is found resting directly upon the Potomac,

Stratigraphic Relations—The Matawan formation rests unoon-
formably upon Lower Cretaceous strata throughout the northern
Atlantic Coastal Plain. Locally the line is at times not readily dis-
cernible, especially when the upper portion of the Lower Cretaceous
contains beds of dark-colored clay, such as characterize the strata to
some extent in the northern portion of the region. Commonly, how-
ever, the line of contact is sharply defined, since the upper portion of
the Lower Cretaceous consists generally of white sands or fine gravel,
which can be readily distingnished from the overlying Matawan,
Not infrequently, however, in the interstream portions of the couniry,
the line of eontact is obscared by late Tertiary or Quaternary deposits,
80 that its location has to be hypothetically determined for cartographic
purposes, unless well-borings can be found or the beds reached by the
geologist’s auger.

The Matawan formation is conformably overlain by the sncceeding
formation, but the lithologic differences are so clearly marked through-
out the whole area of occurrence of the two formations that the line
of contact can be readily determined.

Divisions— General Characteristics.—The Matawan formation can
be readily subdivided upon lithologic grounds throughout the northern
portions of the ares, while to the south these differences become
gradually obscured, until in the southern portion of New J. ersey, in

12
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Delaware, and in Maryland the divisions observed in the north can
be po longer recognized.

The northern series will be considered under the head of the Cross-
wicks Clays and the Hazlet Bands, so called from localities where
they typically occur, the first obtaining its name from the village of
Crosswicks, upon Crosswicks creek, Burlington county, where the
clays are well developed and extensively worked, and the second from
the town of Hazlet, in Monmouth county, situated in the center of
the sands, which are well developed in the surrounding territory.

Crosswicks Clays.—These clays constitute the lower portion of the
Matawan formation in Monmouth, Middlesex, Mercer, Burlington
and Camden counties. This lower division consists primarily of very
dark colored or black clays, which become at times slate or drab
colored toward the top, or, as in the vicinity of Matavan creek, inter-
gtratified with layers of white sand. The dark clays are frequently
quite glauconitic, but the glauconite is confined generally to thin
geams and pockets, This marly feature becomes less pronounced
toward the upper portion of the series and often entirely disappears.
These clays, particularly in the lower part, are quite unctuous when
wet, but become more and more brittle toward the top, while there
is also a marked decrease in the amount of iron sulphide. The Cross-
wicks clays are well exposed upon the shores of Raritan bay and in
the valleys of Matchaponix creek, Crosswicks creek, Black creek and
other streams entering the Delaware river. Toward the south the
Crosswicks clays gradually become more arenaceous and more mica-
ceous and cannot be readily separated from the overlying deposita.

Hazlet Sands.—These sands comprise the upper portion of the
Matawan formation throughout the same area as the Crosswicks
clays. This upper division consists primarily of gands, highly ferru-
ginous and brown in color in the lower portions and often affording
indurated crusts, Above this brown sand there is frequently found
s well-developed dark~colored elay, which is very much like the
lower Crosswicks clays in many of its characteristics, although often~
times partaking to a considerable extent of the micaceous features of
the overlying sands. These upper sands, generally very micaceous
and at times quite dark in color, are very persistent at the top of
the Matawan formation throughout the morthern portion of the dis-
trict. They become more argillaceous and darker in color to the south-
ward and lose to & considerable extent their characteristic features.

Toward the south the division of the Matawan into Crosswicks
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clays and Hazlet eands becomes gradually obscured as the lower
member becomes more and more arenaceons and micaceous, while the
upper member becomes more and more argillaceous, until finally in
Gloucester and Salem counties, New Jersey the materials are practi-
cally identical and consist of dark-colored arenaceous clays, gen-
erally glauconitic and micaceons, These features continue upon
the south bank of the Delaware river in the State of Delaware and
throughout Maryland, but the glauconitic element gradually becomes
reduced to the southward and the clays become finer and more
micaceous,

Fossils.—The fossils of the Matawan formation, although not so
numerous or well preserved as in some of the other members of the
Cretaceous series, afford a large number of different species which
have been obtained with sufficient frequency to establish beyond all
doubt the stratigraphic limits and areal distribution of the formation
throughout its entire extent from northern New Jersey to southern
Maryland. Many of the species range upward into the overlying
formatien, while others are limited to the Matawan itself. Among
the characteristic and common species found in the formation and
determined by the authors are the following :

Rhabdogonium tricarinatum, var., acutan- Hemiaster parastatus, Morton.

gulum, Reuss,
Frondicularta pulehella, Knrrer.

Ostrea larve, Lamarck,
Ezogyra costata, Say.
Grypheea vesicularis, Lamarck.
Anomia tellinoides, Morton,
Amugium conradi, Whit,

Lamptonectes burlingtonensis, Gabb,

Neithea quinguecostata, Sowerby.
Spondylus gregalis, Morton.
Plicatula urticosa, Morton.
Dianchora echinata, Morton.
Gervilliopsia ensiformis, Conrad.
Inoceramus sagensis, Owen.
Pinna lagueata, Conrad.

Area quindecemradiala, Gabb,
Idonearca antrosa, Morton.
Idonearea vulgaris, Morton.
Azinea morioni, Conrad,
Nucula slackiana, Gabb,
Trigonia mortoni, Whit,
Crassatelle vadosa, Morton.,

Terebratella plicata, Say.

Craseatelln delawarensis, Gabb.
Lucina emockana, Whit.
Cardium dumosum, Conrad.
Cardium tenuistriatum, Whit,
Cardium perelongatum, Whit
Cardium multiradium, Gabb.
Leiopisthu proterta, Conrad.
Cymella meeki, Whit.

Veniella eonradi, Morton.
Veniella gubovalis, Conrad,
Cailista delawarensis, Gabh,
Aphredina tippana, Conrad.
Cyprimeria densata, Conrad.
Tenea pinguis, Conrad.
Tellimera eborea, Conrad.
Linearia metastriata, Conrad.
Veleda lintea, Conrad.
Pholadomya oecidentalis, Morton,
Panopze deciea, Conrad.
Clavagella armata, Morton.
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Pyropsis naticoides, Whitfield,
Pyropsia reileyi, Whit.
Pyrifusus cuneus, Whit.
Odontofusus slacki, Gabb.
Odontofusus typicalis, Whit,
Volutomorpha conradi, Gabb.
Turbinclla (7) verticallis, Whit.
Poluta (?) delararensis, Gabb.
Volutoderma abotti, Gabb.
Volutoderma woolmani, Whit
Rostelittes nasutus, Gabb.
Rostellites angulatus, Whit.
Rostellites texturatus, Whit.
Cithera erosswickensts, Whit.
Alaria restrata, Gabb.
Anckura abrupte, Morton.
Anckura compresse, Whit,
Natica abyssina, Morton,

Ammoniles {Placenticeras) placenta, De

Kay.
Ammonites delawarensis, Morton.
Ammonites vanuzemi, Morton.,

Junatia halli, Gabb.

Gyrodes altispira, Gabb.
Gyrodes obiusivola, Gahb,
Giyrodes infracarinata, Gabb.
Gyrodes petrosa, Morton.
Margarita abyssing, Gabh,
Xenophora leprosa, Morton,
Endoptygama umbilicata, Toumey.
Sealaria thomasi, Gabb.

Seadario sillimani, Morton.
Turritella encrinoides, Morton,
Turriteila vertebroides, Morton.
Turritella pumila, Gabb.
Turritella lippincotti, Whit,
Moduius lapidosa, Whit.
Avellana bullata, Morton.
Deniatium subarevatum, Conrad.
Dentalium faleatum, Conrad.

Scaphites hippoerepis, De Kay.
Scaphites nodosus, Owen,
Baculites ovatus, Sny.

Monmouth Formation.

Name.—The Monmouth formation receives its name from the
county of Monmouth, in New Jersey, throughout which the deposits
of this horizon are most characteristically developed. A more local
reason for its use is found in the fact that the famous Revolutionary
# Monmouth Battle Ground” is situated upon this formation, The
name is now proposed, for the first time, fo embrace the Navesink
and Redbank formations* of previous contributions, and to include,
a8 well, certain sands which underlie them, but which are so insig-
nificantly developed in the northern portion of New Jersey &s not to
have been regarded of special significance at the time these formations
were established and characterized. This increase in the limits of the
formation has been rendered necessary by the discovery throughout
the southern portions of the region now under consideration of con-
ditions which render the differentiation of the several members quite
impossible, This division of the series still holds good for the
northern connties, but as & classification is songht which may be
strictly applicable to the entire northern Atlantic Coastal Plain, a

*Journal of Geology, vol, IL, pages 164-166, 1894,
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revision becomes necessary, the older terms being retained to designate
the subdivisions wherever they ocour.

Areal Distribution.—The Monmouth formation oconpies the country
to the east of the Matawan formation and extends as a narrow belt
from Raritan bay to the valley of the Patuzent river, in southern
Maryland, beyond which it does not appear in association with the
Matawan formation except at a single doubtful locality in the valley
of the Potomac river near Fort Foote. In Monmouth county the
outcrop of the main body of the formation increases rather rapidly
from a maximum width of nearly eight miles in the vicinity of the
Mount Pleasant hills to barely three miles at Freehold, and with the
exception of marked local increases in width when the face of the
escarpment juts far out to the westward, continnes to hold this width
for the most part throughout southern New Jersey. The belt of out-
crop is, however, very irregular, and along some of the deeper valley
lines crossing the escarpment does not exoeed a mile in width. In
Delaware and upon the eastern shore of Maryland the belt again
broadens and in the valley of the Sassafras river reaches five miles in
width. Upon the western shore of Maryland it is much narrower
and gradually tapers down until it entirely disappears just beyond
the border of Prince George’s county, with the possible exception of a
single occurrence near Fort Foote, on the Potomac river.

Charaoter of Materials,—The deposits of the Monmouth formation
are variable, but sands largely predominate. As different types of
materials to a large extent characterize the subdivisions, a more
accurate description will be given of them in that connection. In
general the sands are highly ferruginous and to a large extent glan-
conitic, becoming also at times very arpillaceous toward the south,
The sand deposits are frequently indurated either by iron or by car-
bonate of lime, the latter being furnished by the fossil shells which
at times crowd the beds.

Strike, Dip, Thickness.—The strike and dip of the Monmouth forma-
tion are essentially the same as in the case of the Matawan formation,
but can be somewhat more readily determined on account of the topo-
graphic sitnation of the strata,

The thickness of the deposits is less variable than in the case of the
Matawan formation, but gradually declines from about 150 feet in
northern Monmouth county to 60 feet to the east of Philadelphia, beyond
which point it continues to increase, reaching somewhat over 60 feet
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in Gloucester connty and about 85 feet in Salem county. Iu Dela-
ware it is about 60 feet, and on the eastern shore of Maryland it
increases in the region of the Sassafras river to 85 feet. Upon the
western shore of the Chesapeake bay, in the valleys of the Magothy
and Severn rivers in Anne Arundel county, its thickness is again
reduced to 50 feet, beyond which it rapidly declines, until in the
valley of the Patuxent it is only 10 feet, and shortly thereafter entirely
disappears,

Stratigraphiec Relations.—The Monmouth formation liesconformably
upon the Matawan formation throughout the area observed. The
division line is generally sharply defined where the basal red sands
come in contact with the micaceous sands and the sandy marls of the
Matawan.

The relations between the Monmouth formation and the overlying
Rancocas formation are not so clear on account of the very great
difference in the upper members of the Monmonth formation itself in
the different portions of its area of outcrop, the Rancocas formation
resting throughout a portion of the region upon red sands, while else-
where it lies upon micaceouns sandy clays. This may find its explana-
tion in either one of two ways. It may be the result of actua}
unconformity, or it may be brought about by the change of the sandy
members of the upper Monmouth in northern New Jersey, until they
gradually become replaced by clays toward the gouth, to be succeeded
by sands upon the eastern shore of Maryland, where the formation
again thickens, The structural relations are not sufficiently clearly
defined to absolutely determine this point, although there are strong
indications in certain places, shown in the marked change in the
general aspect of the materials and the sharp lines of contact, to
indicate that unconformity exists. In that case it is not impossible
that the sands of the upper Monmouth have suffered removal through
central and southern New Jersey, although this would not be neces-
sary, ince both the thinning out of the sands and gradual replacement
by clays, as well as unconformity, could occur, and the explanation
of the relations observed may be found in a combination of the two
hypotheses, The unconformity, if it exists, doubtless represents a very
brief interval, since the general conditions did not largely change,
while the life-forms of the previous age persisted in a number of
instances into the later period. Although most careful and detailed
observations and measurements have been made in the area where
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the sands finally disappear, there is still some question as to the pres-
ence of conformity ; yet it may safely be assumed as a tentative
hypothesis, with the reservation that it may wholly or in part be
accounted for by the marked change in the character of sedimentation,

Divigions— General Characteristics,—~The Monmouth formation
can be subdivided upon lithologic grounds throughout a large part of
its area into three members, which are especially well marked in the
northern portion of the district and upon the eastern shore of Mary-
land, but are less clearly defined in central and southern New Jersey
and upon the western shore of Maryland. The three divisions in
ascending order are the Mount Laurel sands, the Navesink marls and
the Redbank sands. The latter two have been previously named
from typical areas in Monmouth county, while the first receives its
designation from Mount Laurel, situated to the east of Camden, in
Burlington county, where the sands of this horizon are most exten-
sively developed.

Mount Laurel Sands,—~These sands are, on the whole, perhaps the
most constant member of the Monmouth formation, although very
variable in thickness and changing considerably in their character as
they extend southward into Maryland. They consist typically of
coarse red sands that are often indurated on account of the large
amount of iron present in them, They are more or less glauconitic,
especially toward the south, and in their more unweathered portions,
when reached by well-borings are frequently grayish or light greenish
gray in color. They have a thickness of about five feet in the vicinity
of Atlantic Highlands, which slowly increases to the southward, until
in the region to the east of Philddelpdia they have increased to over
25 feet. Beyond that point they increase more rapidly throughout
the southern counties, reaching 50 feet in (loucester county and fully
80 feet in the vicinity of Salem. In Delaware and in the eastern
counties of Maryland they are between 30 and 40 feet, but on the
western shore of the Chesapeake they cannot be sufficiently well
differentiated to be separated from the overlying members. They
have often been confused with the Redbank sands, which overlie
the marls. Both on faunal and stratigraphic grounds their associa-
tion with the Navesink marls and Redbank sands as part of the Mon-
mouth formation is unquestionable,

Navesink Marls.—These marls, embracing the Lower Marl bed of
Cook, extend with a remarkably constant thickness of from 40 to
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50 feet from the Highlands of Navesink throughout Monmouth and
northern Burlington counties, beyond which they cannot be very
well differentiated from the overlying Redbank sands until eastern
Maryland is reached, where the two members re-appear, although the
marls are of very much less thickness, generally not exceeding 12
feet. The Navesink marls are typically glauconitic sands which
themselves admit of further subdivision thronghout much of Mon-
mounth county. The basal portion consists generally of arenaceous
beds that have been hitherto referred to under the name of sand marl
and which are generally highly fossiliferons wherever found. A
great variety of fossil species has been obtained from this horizon.
Above the sand marl, in the northern portion of the area, is a very
compact blue marl which is highly glanconitic and frequently
fossiliferous in its centrsl portions, a firm shelly layer at times
resulting. The upper portion of the Navesink marls is com-
monly more micaceous, and just at the top ia at times quite sandy.
Farther to the south, in central and southern New Jersey and in
Delaware, the Navesink marls become much more argillaceous, the
glauconite being much reduced in amount. Whether the argillaceous
marls thronghout this district represent the Navesink marls alone, or
a part or all of the Redbank sands as well, cannot be altogether
satisfactorily determined. If unconformity exists, as seems probable,
it is even possible that these argillaceons marls may not in all cases
even repressnt the full development of the Navesink in the north.
The changes which have taken place in the materials make it diffi-
cult to say just how much of the middle and upper Monmouth should
be included.

Redbank Sands.—These sands, comprising the Red Sand of Cook, -
are most typically developed in the region about Red Bank, Mon-
month county, and in the highlands forming the Cretaceous escarp-
ment in the region to the north and west of that town. Throughout
most of Monmouth county the Redbank sands have a thickness of
about 100 feet, which declines gradually to the southward until in the
Pine Hill region it has dropped to about sixty feet, from which point
it etill further declines to the region of Red hill, in Burlington
county, beyond which the Redbank entirely disappears unless replaced
by the argillaceous deposits which have been above described.

The Redbank sands, as developed in the north, do not occur
throughout southern New Jersey, but re-appear in Delaware and
the eastern counties of Maryland, where their characteristic features
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are again developed and where they have a thickness in the Sassafras
river basin of about sixty feet. They decline somewhat in thickness
toward the Chesapeake bay, and upon the western shore of the Chesa-
peake cannot be distinguished from the other members of the Mon-
mouth formation. The deposits, in the two areas where all the
members are characteristically developed, consist typically of very red
sands which in their more unweathered portions carry grains of glau-
conite, Beds of dark sandy marl and black micaceous clay are at
times interbedded with the sands, the former frequently occurring at
the base, while the latter is more common higher in the series. A
greenish gray or reddish clay, more or less indurated, occurs at the
very top of the formation in Monmouth county and forms a firm
unyielding capping for the Monmouth formation,

Fossils,—The fossils of the Monmouth formation are very numer-
ous and well preserved, at times forming solid shelly layers, Many
of the species are identical with those found in the Matawan forma-
tion, while a few are found ranging upward into the Rancocas forma-
tion. A considerable number of forms are restricted, however, to
the Monmouth itself. Among the characteristic and common species
found in this formation and determined by the authors are the
following :

Bolivina punetata, ’Orbigny. Catopygus pustilus, Clark.
Marginuding trilobata, D'Orbigny. Cassidulus florealis, Morton,
Vaginulina strigillata, Reuss, Terebratella vanuzemi, Lyell and Forbes,
Cristellaria cultrata, Montfort.

Ostrea larva, Lamarck. Azinea mortoni, Conred.
Oslrea tecticosta, Gabb, Nulewlana protexta, Gabb,
Ostrea erenulimarginain, Gabb, Trigonia morioni, Whit.
Gryphea conver, Morton. Trigonia cerulea, Whit,
Gryphea vesicularis, Lamarck, Crassatella vadosa, Morton.
Exogyra costata, Say. Crassatella subplana, Conrad,
Anomia argentaria, Morton. Diceras dactyloides, Whit.
Camptonectes partus, Whit, Cardium eufaulensis, Conrad.
Neithea quinquecosiata, Sowerby. Cardium dumosum, Conrad.
Spondylus gregalis, Morton. Cardium multiradiatum Whit.
Plicatula urticosa, Morton, TLelopistha protexta, Conrad.
Radula pelagica, Morton. Veniella conradi, Morton.
Lithodomua ripleyana, Gabb. Callista delawarensis, Gabb
T¥igonarea transversa, Gabb. Aphrodina tippana, Conrad.
Cibota restellata, Morton. Cyprimeria excavata, Morton;
Cibota multiradiata, Gabb Periplomya elliptica, Gabb.
Idonearca antrosa, Morton. Panopea deciza, Conrad.
Idonearca vulgaris, Morton. Legumen planwlatum, Conrad.
Azinea alla, Whit. Claragella armata, Morton,
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Pyropsis retifer, Gabh,
Pyropsis richardsoni, Toumey.
Pyropais chesa, Whit.
Pyropsis septemlirata, Gabb.
Pyrifusus euneus, Whit.
Neptunella mullicaensis, Whit
Odontofusus typieus, Whit.
Odontofusua mediana, Whit
Volutomorpha eonradi, Gabb,

Volutomeorphn pouderosa, Whit.

Vaswm conoides, W hit.
Rostellites nasutus, Gabb,
Polutoderma orata, Whit,
Turbinopsis kilgardi, Conrad,
Turbinopsis curta, Whit.
Cithara mullieacnsiz, Whit,
Rostellites compacta, Whit.

Nautilus dekasi, Morton.

Rostellaria spirata, Whit.
Rostellaria hebe, Whit.
Anchura compressa, Whit,
Giyrodes abbotti, Gabb,
Gyrodes infracarinata, Gabb.
Gyrodes altispira, Gabb.
Lunatia halli, Gabb.
Amauropeis punciala, Gabb,
Margariia abyssina, Gabb.
Margaritella abbotti, Gabh,
Xenophora leprosa, Morton,
Turritelia encrinoides, Morton.
Turritellu vertebroides, Morton.,
Tusrritella lippincotti, Whit,
Acteon forbesiana, Whit,
Cinulia naticoides, Gabb.
Dentalium subarcuatum, Conrad.

Belemnitella americana, Morton.

Baculites orarus, Morton,
Raneocas Formation.

Name.—The Rancocas formation previously named * ar-* character-
ized, is so called from its typical development in #' y of Ran-
cocas creek, in Burlington county, New Jerse, wprises in
general terms the Middle Marl bed of Professor . .k, although
portions of that author’s Yellow S8and may possibly be here included,
while other portions may fall within the next higher divisien, It
seems more probable, however, that certain yellowish sands in eastern
Monmouth county, derived in part from the underlying greensand
marls, but of Miocene age, were regarded by Cook as part of the
Upper Cretaceous, so that in that case the Yellow Sand is not to be
-sought for in the Cretaceous at all, and need not be further considered.

Areal Distribution.—~The Rancocas formation occupies the country to
the east of the Monmouth formation,and extends from Raritan bay to
the valley of Severn river in Maryland, where its last outcrop occurs. In
the northern part of the Cretaceous belt the width of outcrop of the main
body of the formation to the south of the escarpment is generally be-
tween three and four miles, but this width is considerably increased by
the exposures which are made by the easterly-flowing streams, but more
especially by the ontliers which are found upon the higher points of

*Journal of Geology, vol. IL., page 168, 1894,
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the escarpment. Its areal distribution decreases in width in central
Monmouth county to some extent on account of the topographic con-
figuration of the country, but in central and southern New Jersey, on
account of the greater thickness of the deposits, considerably expands,
until in Camden and Gloucester counties it reaches a width of five or
gix miles, Toward the south, in Salem county, it again somewhat
contracts, In Delaware and the eastern counties of Maryland, on
account of the extremely level character of the country, its area of out-
crop is increased, but it narrows southward toward the shore of Chesa-
peake bay, and is only represented in a few isolated remnants on the
western side, and entirely disappears on the north bank of Bevern
river,

Characler of Materials.—The deposits of the Rancocas formation
consist for the most part of greemsand marls, at times very highly
caleareous, especially in central and southern New Jereey. Some of
the beds are crowded with fossils, so that shelly bands occur which
are often locally indurated. The greensand marls frequently become
highly argillaceous, producing a chocolate-colored marl.

8trike, Dip, Thickness.—The strike and dip of the deposits of the
Rancocas formation conform more or less closely to those of the pre-
ceding members of the Upper Cretaceons, and can be quite readily
determined on account of the topographic relations of the strata, The
dip, obtained by connecting the beds upon the crest of the cscarp-
ment with the main body of the deposits to the eastward, is shown to
be on the average about twenty-five feet in the mile.

The thickness of the deposits is fairly constant throughout the
northern portion of the area to the north of Rancocas creek, and has
been estimated to be between 45 and £0 feet. To the south of this
region it slightly increases in thickness through Camden and Gloucester
counties, and then suddenly expands in Salem county, where it
attains & maximum thickness of 126 feet. To the south of the Dela-
ware river, on the Delaware peninsuia, it declines rapidly in thick-
ness, and at the Maryland State line has again become reduced to
about 50 feot. Near the shore of Chesapeake bay it has still further
declined to 30 feet, while upon the western shore of the bay, in
eastern Anne Arundel county, the deposits are only a few feet in
thickness at the isolated points observed.

Stratigraphic Relations.—The relations between the Raucocas
formation and the underlying Monmouth formation have already
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been described, The materials of the Rancocas formation are very
distinct from the beds beneath and give indication, both upon this
and other grounds, as has been above shown, of unconformity,
although this has not been absolutely proven.

The Rancocas formation is overlain conformably by the Mana-
squan formation, although but few points of oontact have been
observed on account of the very general overlapping of the Mio-
cene deposits throughout this area, The best exposures are seen in
the valley or Manasquan river, near Freehold, and on the southwest
branch of Rancocas creck, in the vicinity of Medford, where the
lime-sands of the Rancocas formation are overlain by the light-colored
clay at the base of the Manasquan,

Divisons — General Qharacteristios, — The Rancocas formation
throughont New Jersey admits of snbdivision, upon both lithologic
and paleontologie grounds, into two members, but beyond the Dela-
ware river in Delaware and Maryland the distinctions, so clearly
marked in the north, are gradually lost. The two divisions in New
Jersey are, in ascending order, the Sewell marls, so named from
Bewell, in Gloucester county, and the Vincentown lime-sands, so
called from Vincentown, in Barlington county, in both of which
localities the deposits are characteristically developed.

Sewell Marls.—These marls form a very constant horizon that can
be readily traced the entire distance across the State of New Jersey.
They consist typically of dark greensand marls, throughout which
the glanconite is thickly disseminated, although this substance
diminishes in amount in passing southward, The Sewell marls have
a thickness of about thirty feet in northern New Jersey, but become
somewhat reduced in amount in the southern counties, declining to
less than twenty feet in Salem county.

The Bewell marls are characterized by a highly fossiliferous band
near the top, although casts of molluscan shells and the bones of
saurians are found throughout this division. The fossiliferous zone
at the top is often packed with shells, the lower portion of it being
made up almost exclusively of the shells of Gryphea vesicularis,
while the upper part is often composed of the shells of Terebratula
harlani. These fossil layers are remarkably persistent, extending as
an almost continuous band across the State,

Vincentown Lime-sands.—These lime-sands are well developed
throughout the central and southern counties of New Jersey, and con-
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sist of highly calcareons greensands, the calcareous element being sup-
plied by the vast number of Bryozoan shells which crowd the beds.
At times the beds are almost purely calcareous, and at many points,
especially near the top of the Rancocas formation, become consolidated
into firm, limestone ridges. The Vincentown lime-sands have a con-
stant thickness of about twenty feet in northern and central New
Jersey, but increase gradually to the southward and in Salem county
suddenly expand until they attain a thickness of about 100 feet,

To the south of New Jersey, in Delaware and Maryland, this subdi-
vision of the Rancocas into two members becomes gradually obscured,
although the lime-sands still continue to characterize to some extent
the upper portions of the formation on the eastern side of the Chesa-
peake, but at the same time the Terebratula karlani is no longer
limited to its former horizon at the top of the Sewell marls, but oceurs
frequently within and even at the top of the lime-sands. The lower
member also changes its character, becoming less glauconitic and gray-
ish or reddish gray in color.

Fossils.~—The fossils of the Rancocas formation are less varied in
species, but very numerous in individuals, and at times largely make
up the strata, as above described. A few of the species are identical
with those found at lower horizons, while a few continue on into the
snoceeding Manasquan formation, but the majority have not yet been
found elsewhere. Among the characteristic and common species
found in this formation, and with one or two exceptions obtained and
determined by the authors, are the following :

Verneuilina triguetra, Munst. Flabellina sagittaria (Lea).
Lingulina carinate, d'Orb, Polymorphina eommunis, ’Qrb.
Pentacrinus bryani, Gabb, Trematopygus crucifer, Morton.
Goniaster mammallata, Gabb, Catopygus oviformis, Conrad,
Cidaris splendens, Morton. Ananehytes ovalis, Clark.
Qidaris waleotti, Clark. Cardiaster cinetus, Morton.
Salenia tumidula, Clark, Hemiaster parastatus, Morton.
Salenta bellula, Clark. Hemiaster stella, Morton,
FPacudodiadema diatretum, Morton, Temiaster ungula, Morton.
Coptosoma spectosum, Clark,

Terebratula harlani, Morton, Clistella beecheri, Clark.
Terebratula harlant, var. fragilis, Morton,

Gryphea vesicularis, Lamarck, Idonearca medians, Whit.
Gryphaa bryani, var, precedens, Whit. Teredo tibialis, Morton,
Grypheostrea vomer, Morton., Gastrochena americana, Gabb,
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Perissolax trivolva, Gabb. Plevrotremo solariformis, Whit

Carosculn annwlate, Morton.

Nautilus bryani, Gabb. Ammonites  (Sphenodiscus) lenticularis,
Nauttlus dekayi, Morton. Owen.

Manasquan Formation.

Name.—The Manasquan formation™ receives its name from the
Manasquan river, in Monmouth county, New Jersey, where the most
complete section of the deposits of this horizon is found. If the
Yellow 8and described by Professor Cook really constitutes a part of
the Cretaceous series, then a part of it should be referred to the basal
portion of the Manasquan formation. As above explained, it is
highly probable that the Yellow 8and, as described by Professor
Cook, is really of Miocene age, and does not belong to the Upper
Cretaceous series at all. The Manasquan formation embraces the
lower and middle members of the Upper Marl bed of Professor Cook,
including what was described under the name of the Green marl and
the Ash marl of that division.

Areal Distribution.—The Manasquan formation is confined exclu-
sively to the northern portion of the New Jersey area, extending from
the region just south of Long Branch, in Monmouth county, across
the northern portion of Ocean county into Barlington county, but
entirely disappearing a short distance beyond its border in Camden
county. The width of outcrop of the formation is very variable, on
account of the encroachment of the Miocene deposits, which very fre-
quently entirely bury the strata of the Manasquan from view, thus
temporarily interrupting ita continuity. Where the Miocene deposits
have been stripped off by streams, as along the line of the Manasquan
river and its tributaries, it may attain a width of three or four miles,
but more often the width does not exceed one or two miles, with fre-
quent variations, as above cited.

Character of Materials.—The deposits of the Manasquan formation
consist typically of highly glauconitic greensands of a deep green
color. They may at times, by the admixture of argillaceous materials,
have a somewhat ashy color, which is characteristio of the hbeds to
which Professor Cook gave the name of “Ash marl,” This ash-
colored marl is not always confined to the upper portion of the Mana-

*Journal of Geology, vol. IL., 1894, pages 166, 167,
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equan formation, however, but more often found there, At the base
of the Manasquan formation there is often a layer of fine clay, very
light in color, which is commonly referred to under the name of
“ fuller’s earth.” .

Strike, Dip, Thiokness.—The strike and dip of the Manasquan for-
mation conform in general to the strike and dip of the preceding
members of the Upper Cretaceous series, so far as can be determined
by a study of the sections and of the well-borings. The topographio
relations of the strata are such as to preclude satisfactory measure-
ments, such as were possible in the case of the Rancocas and Mon-
mouth formations,

The thickness of the formation diminishes gradually from very
nearly fifty feet in the northern portion of its area of occurrence to
about forty feet at the eastern border of Burlington county, beyond
which it more rapidly declines, reaching thirty feet in the south-
western portion of the county, and entirely disappearing by the over-
lapping of the Miocene shortly thereafter.

Stratigraphio Relations.—~The Manasquan formation rests conform-
ably upon the Rancocas formation, the line of contact being sharply
defined in the few places where surface exposures have been found.
At these points, namely, upon the Manasquan river to the west of
Farmingdale and nupon the southwest branch of Rancocas creek to
the southwest of Medford, the light-colored clays which form the base
of the Manasquan rest conformably upon the Vincentown lime-sands
of the Rancocas formation, The Manasquan formation is conformably
overlain by the succeding Shark River formation, the line being less
sharply defined than in the case of the basal contact.

Fossils.—The fossils of the Manasquan formation are neither
numerons in individuals nor in species, except at a few localities. The
forms determined are the following :

Textularia agglutinans, d'Orbigny. Globigerina bulloides, d'Orbigny.
Tritazia tricarinata { Reuss). Truncatuling wuellerstorfi {Schwager).
Nodosaria spinulosa (Montagn). Terebratulina atlantica, Morton.
Osirea glandiformis, Whitfield. Crassatella rhombea, Whit.

Gryphan bryani, Gabb. Cardium (Criocardium) nucleolus, Whit.
Modiola johnsoni, Whit. Veniella rhomboidea, Conrad

Arca guindecemradiata, Gabb. Caryatis {?) veta, Whit.

Cardita, intermedia, Whit, Petricola nova-egyptica, Whit.
Orassatella conradi, Whit, Veleda nasuta, Whit,

Crassatelle delawarensis, Gabb. Periplomya trunceta, Whit.
Crassatella littoralis, Conrad. Panopeen elliptica, Whit.

NEW JERSEY GEOLOGICAL SURVEY



192 ANNUAL REPORT OF

Shark River Formation.

Name.—The Bhark River formation™ was earlier 50 named from
ita typical oocurrence in the upper valley of Bhark river, Monmonth
county, New Jersey, It includes the upper division of the Upper
Mar! bed, which was designated as Blue marl by Professor Cook,

Areal Distribution.—The Shark River formation is confined to a
very limited district in eastern Monmouth county, New Jersey, being
known definitely only to the northwest of Asbury Park and in the
valleys of the Shark and Manasquan rivers. Its surface onterops are
confined to the valley sides, being deeply buried in the intervening
country by Miocene deposits. To the south of Monmouth county
the Shark River formation has been nowhere observed, althongh it.
doubtless occurs beneath the Miocene cover,

Character of Materials.—The deposits of the S8hark River forma-
tion consist of very fine dark-green sands, at times with a bluish tinge,.
and with a greater or less admixture of argillaceous materials, "An
indurated stony layer is commonly found at the top of the formation
in the limited area where it has been observed.

Strike, Dip, Thickness.—The strike and dip of the Shark River
formation are similar to those of the preceding formations, so far as.
is revealed from the few surface exposures and the records obtained
from well-borings.

The thickness of the beds is between ten and fifteen feet, and at.
points exposed in the Shark river and Mansasquan valleys is estimated
as pretty constant at about twelve feet. As the Shark River forma-
tion has only been observed upon its beveled edges near its contact
with the Manasquan formation, it is highly probable that it increases
oonsiderably in thickness to the southeastward beneath the Miocene
cover.

Stratigraphio Relations,—The Bhark River formation rests con-
formably upon the underlying Manasquan formation, and its deposits
are not separated by any sharply-defined lithologie distinction,
although the general character of its materials is somewhat different
from that of the underlying strata, The Shark River formation is
unconformably overlain by the Miocene deposits, and the line of con-
tact is always clearly marked. The Miocene deposils have a con-

*Journal of Geology, vol. I1., 1894, page 167.
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siderably smaller angle of dip than the Shark River beds, as shown
by the general overlapping of the former upon the subjacent members
of the Cretaceous series.

Fossils—The fossils of the Shark River formation have much
interest, since they are supposed to represent a fauna of a later
geological period than that to which the previous formations are
referred. Among the characteristic and prominent species are the
following :

Ostrea glavconoides, Whitfield. Astarte eastanella, Whit,
Gryphea vesicularts, Lamarck, Cardita perantique, Conrad.
Pecten kneiskernt, Conrad, Protocardium curtum, Conrad
Nucula circe, Whit. Veleda equilatera, Whit.
Nuewlana alberia, Conrad. Corbula (Newra) nasuioides, Whit.
Arinea conradi, Whit,

Fuius angularis, Whitfield. Volutilithes sayana, Conrad.
Fasciolaria hercules, Whit. Pleurotoma surculitiformis, Whit.
Curicella ponderosa, Whit. Conus subsauridens, Whit.
Volutalelia Whit. Calyptraphorus velatus, Conrad.,
Voluta perelevata, Whit. Xenophora lapiferens, Whit.
Voluta (Seaphella) neweomniana, Whit. Mesalia elongata, Whit.

Nautilus cookana, Whit. Aluria vanuzemi, Conrad

INTERPRETATION OF THE SEDIMENTARY RECORD.

General Characler of the Deposits,

The Upper Cretaceous deposits described in the preceding pages
consist of a great variety of materials, among which sauds and clays
are the most conspicnous, althongh these deposits, as well as the cal-
careous beds of more local development, contain glauconite in greater
or less amounts at nearly every horizon, As the materials, however,
differ considerably from one another in general aspect in the several
formations, the deposits of each horizon will first be briefly char-
acterized and then contrasted with the other members of the series,

The deposits of the Matawan formation consist chiefly of thick-
bedded sands and clays in which the glanconite is for the most part
developed in seams and pockets, in this particular standing in marked
contrast to all the succeeding members of the Upper Cretaceous, where
the glanconite is widely, although at times sparingly, disseminated.

18
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The clays of the Matawan formation are also much more homogeneous
than in any of the succeeding formations, while the unctuous character
of the materials is unknown at later horizons. The rapid alternation
of finely-laminated black clays with white, gritty sands, especially
well shown in Monmouth county, is very different from anything
observed elsewhere in the Upper Cretaceous series,

The deposits of the Monmouth formation consist of a great body of
greensand marls and argillaceous beds, more or less highly glauconitio,
and situated, where most typically developed, between two horizons
of red sands, the latter commonly thick-bedded and often indurated
in places. The materials of the Monmonth formation are quite die-
tinet from those of the underlying Matawan in their general aspect.
The sandy and more glauconitic marls of the Matawan, particularly
in the southern part of New Jersey, show some points of resemblance
to the more marly members of the Monmouth, but in general the
differences are very marked. On the other hand, a comparison of the
materinls of the Monmouth with those of the overlying formations
shows again a clearly-defined difference in the character of the beds.
The greensand marls of the Monmouth formation are in general less-
highly glauconitic than the deposits of the higher formations, and can
be readily separated both on account of their color and the general
composition of the beds. The red sands are quite unknown at later
horizons except in certain marginal phases of the Rancocas formation,
where even here the weathered glauconite retaing enough of its char-
acter to reveal the true nature of the strata.

The deposits of the Rancocas formation consist for the most part
either of highly-glanconitic greensands or of calcareous beds in which
the glauconite is widely disseminated. The thick-bedded greensands,
which may at times become chocolate-colored by the admixture of
argillaceous materials, can be usually readily distinguished from the
glauconitic members of the lower formations, although materials more
or less closely similar occur in the overlying Manasquan formation,
The calcareous beds, on the other hand, are unique, nothing similar
being known in any of the other Cretaceous formations. The persist-
ency and great local thicknpess reached by these beds render this
deposit one of, if not the most striking in the entire Cretaceous series
of the northern Atlantic Coastal plain.

The Manasquan formation is typically composed of very pure green-
sauds, which in their upper members particularly may become at
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times ash-colored by an admixture of argillaceous elements. These
ashy and drab-colored marls are thoroughly characteristic of the
Manasquan formation, the more argillaceous members of the lower
formations possessing rather a chocolate than an ashy color. The
pure greensands, too, are generally lighter green then the glauconitic
deposits of earlier horizons, their nearest allies being seen in the green-
sands of the Rancocas formation,

The deposits of the Shark River formation are typically bluish-
colored greensands which become at the top often indurated into stony
bands. They are more like the greensands of the Manasquan forma-
tion than of any of the preceding formations, but nevertheless possess
an individuality of their own.

Geographical Variation in the Malerials.

Very marked differences are recognized in the materials of the
Upper Cretaceous formations in the various parts of the northern
Atlantic Coastal plain. With some exceptions the formations are
much more fully developed in the north and gradually decline both
in thickness and in divisional distinctness toward the south,

The Matawan formation, which has a thickness of fully 275 feet in
the vorthern part of the Cretaceous belt, gradually thins southward
until it finally disappears in southern Maryland. The divisions also,
which are clearly defined in the north, become gradually obscured in
central New Jersey toward the Burlington-Camden county boundary,
and farther sonth are not recognized, the materials becoming practi-
eally homogeneous throughout, The well-marked clays and clearly-
defined sands of the north gradually give place to micaceous, sandy
clays and marls that show in a remarkable degree an admixtare of the
more characteristic substances found in the New Jersey deposits,

The Monmonth formation changes greatly in character between Mon-
mouth county, New Jersey, and central Maryland, where it finally dis-
appears, In the north the three divisions previously described are
clearly defined, while throughout central and southern New Jersey
the upper sandy member is either wanting or replaced wholly or in
part by fine argillaceous deposits, the lower sandy member at the
same time steadily increasing from the north toward the south until
it changes from an insignificant bed to the most important member of
the formation, Although the triple division again appears in Dela-
ware and upon the eastern shore of Maryland, it i lost upon the
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western side of the Chesapeake, where the upper and Jower sands
with their intervening greensand marls, so well developed in the two
areas above described, become merged into pinkish and grayish sands
which show no persistent divisions, although possessing more or less
variability in their different parts. The highly glauconitic character
of the deposits in Monmouth county is gradually lost toward the
south, the greensand strata becoming at first more or less argillaceous,
while, to the south of the Delaware, both upon the eastern and
western sides of the Chesapeake, sands with little glauconite largely
predominate, and to the west of the Chesapeake alone represent the
formation,

The Rancocas formation is much more highly glauconitic in New
Jersey than it is south of the Delaware, The lower greensand mem-
ber gradually decreases south of Monmouth county, while the upper
calcareous member increases in thickness, until in the southern portion
of New Jersey it far surpasses the lower greensand division in import-
ance, The great thickness of the calcareous beds in Salem county,
New Jersey, is one of the most striking things connected with the
geographical variation in the materials of the Upper Cretaceous for-
mations. Although the calcareous member is found to the south of
the Delaware, it rapidly declines in thickness upon the Delaware
peninsula, beyond which it is not known with certainty to oocur, the
few feet of Rancocas materials found on the western shore being for
the most part greatly weathered, so that their original lithologic
characters are much obscured.

The Manasquan and 8hark River formations show unimportant
geographical variations in their materials. Their area of distribution
along the strike, as represented by surface outerops, is far less in
exient than is the case with the other members of the Upper Creta-
ceous series, and even in their area of oecurrence they are largely
obscured by the overlying Miocene.

The variations thus far described have had to do entirely with geo-
graphical variations along the line of strike as shown either in surface
exposures or in well-borings near the margin of the several deposits.
Some of the deeper well-borings which have been made to the south-
east of the Cretaceous belt, down the dip of the beds, show that in
general the varions members of the Upper Cretaceous series increage
in that direction both in thickness and in the amount of glauconitic
materials which they contain. The records of the well-borings, on
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account of the mixture of materials which is liable to result from the
methods pursued, do not always afford an accurate account of the beds
penetrated ; but, so far as can be judged, the broader formational dis-
tinctions which prevail at the surface persist. The records are not
altogether satisfactory as regards the subdivisions, however, but it
seems highly probable that they change materially and often entirely
disappear along the line of dip.

Variations of considerable magnitude in the deposits of the Upper
Cretaceous of the northern Atlantic Coastal plain are found, as above
described, along both the lines of strike and dip, but the chief divisions
can everywhere be recognized throughout the area. As they are the
only divisions which can be thus employed throughout the region,
they have been given formational importance.

Probable Marine Conditions as Revealed by the Deposits,

The descriptions of the formations which have been given in the
preceding pages show that the Upper Cretaceous is chiefly composed
of deposits in which glauconite is more or less commonly present.
A knowledge of the marine conditions can therefore be gained by
instituting a comparigon between the deposits of the Upper Cretaceous
and those in which glauconite is being formed at the present time.

Great light has been thrown upon the origin of greensand deposits
a8 & result of the deep-sea dredgings which have been made in recent
years by vessels sent out under national auspices. The most import-
ant of these expeditions was that of the “ Challenger,” sent out by
the British government in the years 1872-76. In the report upon
the deep-sea dredgings published as a result of that expedition Messrs,
Murray and Renard, the authors, present the latest results upon the
-character and distribution of greensand, and at the same time propose
& theory to account for the chemical changes which have taken place
to produce the mineral glauconite which characterizes all greensand
-deposits,

A typical greensand, such as has been described in most of the
Upper Cretaceous formations, is composed of glauconite associated
with greater or less amounts of land-derived material, composed of
the more common rock-building minerals, together with fragments
of the rocks themselves, while to these is commonly added a variable
amount of calcareous matter derived from the shells of organisms.
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The greensand deposits of the present day are estimated to cover a
million square miles of the sea-floor and are found limited to those
areas adjacent to the coast, and for the most part along the higher
portions of the continental slopes, where land-derived materials are
deposited in perceptible, yet small amounts. The “Challenger?”
dredgings show that the production of glauconite seldom reaches to
greater depths than 900 fathoms, and most commonly takes place
between 100 and 200 fathoms, although under favorable conditions
it may be produced at shallower deptha, Tts formation is interfered
with by the entrance of large rivers bearing sediment into the sea and
by the prevalence of strong oceanic currents.

It is a remarkable fact that although greensand is not formed
except in the presence of land-derived materials its production is
accomplished through the intervention of foraminifera, and brought
about by chemical changes which take place in the finely-comminuted
gediment as the result of the decomposition of the organic matter
inclosed in the shells and disseminated in the surrounding mud.
Glauconitic casts of foraminifera are of common occurrence in such
deposita.

It will be observed, then, that two conditions are requisite for the
production of glauconite. First, the deposition of mineral particles
of land- derived origin ; and, second, the presence of foraminifera. In
the absence of either, the production of greensand evidently does not
take place, while its formation is retarded and finally ceases altogether
as the amount of deposited materials increases adjacent to the coast,

The conditions for the formation of greensand being then as above
described, it is probable that the succession of events during the
Upper Cretaceous along the northern Atlantic coast was somewhat
as follows: With the opening of the Matawan epoch moderately-
quiet, deep seas prevailed over most of the area, resulting in a slow
accumulation of muddy sediments, in which locally and for brief
periods the conditions were favorable for the formation of glauconite.
Later in the Matawan epoch the conditions of sedimentation changed
in the north, but remained much the same in the south. Thick-
bedded sands were laid down over the northern portion of the area,
although a return to the muddy sedimentation occurred prior to the
cloge of the epoch throughout a portion of the district, bringing with
it locally conditions again favorable to the production of glauconite.
The epoch closed in the north with a renewed deposition of sand, at
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this time, however, highly micaceous, the micaceous materials also
characterizing the finer deposits of the south, as they had done to
some extent the sediment of that area throughout the epoch.

With the advent of the Monmouth epoch land-derived materials
were largely increased in volume in the southern portion of the dis-
trict, but were only deposited for a short time in the north, where
they were shortly succeeded by conditions highly favorable for the
production of glauconite, with every indication of quiet and deep seas.
These conditions, however, were less pronounced in proceeding south-
ward, and over the area of southern Maryland sedimentation similar
to that which had characterized the earlier portion of the epoch was
continued, The epoch closed with the deposit of a great volume of
sands and clays, sparsely glauconitic, throughout northern New Jersey
as well a8 in Delaware and Maryland, while in the intervening dis-
trict of central and southern New Jersey the sedimentation was
probably of a much finer character, as shown by the chocolate-colored
marls of that area, unless, perchance, subsequent erosion had caused
the removal of all the sandy sediments,

The succeeding Rancocas epoch was a time of slow accumulation
of continental materials throughout the northern Atlantic Coastal
plain, so that the production of glauconite went on unhindered. During
the later portion of the epoch, however, there mnst have been a great
profusion of bryozoan life, since the deposits show & remarkably large
proportion of calcareous materials, largely made up from the shells of
these organisms, the percentage of carbonate of lime at times exceed-
ing 80 per cent. of the whole. The conditions most favorable for the
production of these deposits were found in central and southern New
Jersey, particularly in the region of Salem county.

The Manasquan epoch was characterized throughout by conditions
favorable to the formation of highly-glauconitic deposits, but land-
derived materials in considerable amounts reached the area just at the
opening of the epoch as well as in a less pronounced degree toward its
close.

The Shark River epoch succeeded the Manasquan without evidence
of any marked change in the physical features of the distriet, condi-
tions favorable to the production of glauconite still continuing, £o that
if the Bhark River formation is considered of Eocene age, a subject
which will be later discussed, then we have no physical break between
the Cretaceous and Eocene at this point.
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At the close of the Shark River epoch the conditions favorable to
the formation of greensand ceased throughout that portion of New
Jersey which we have been hitherio considering, To the south, in
Delaware and Maryland, the Eocene period was one of greensand
production, and the representative of those deposits may to-day exist
far to the southward in New Jersey, buried beneath Miocene strata,
but its presence has not as yet been definitely shown in the well
records,

Probable Continental Relations as Revealed by the Deposits.

The deposits of the Upper Cretaceous afford evidence either that the
land of the period was supplying little sediment to the sea or that
these Cretaceous materials were laid down so far from the shore-line
that but a relatively small amount could reach the area, A brief
history of events just prior to the opening of the Upper Cretaceous
may aid in the interpretation of the continental relations during that
period.

The Lower Cretaceous period is characterized by deposits which give
evidence of a gradual submergence of the eastern border of the conti-
nent, brought about by seaward tilting and accompanied by landward
elevation, which produced increased activity in the streams. The
weathered materials of the surface rocks which had become disin-
tegrated to great depths on account of the relatively low elevation of
the land in the previous period were carried seaward, thick beds of
sands and clays often characterized by large amounts of arkose being
formed. Several epochs of elevation and, depression with variations
in the angle and direction of tilting doubtless took place during the
period, with the result that the land must have been eonsiderably
planed down prior to the opening of the Upper Cretaceous.

The Upper Cretaceous was probably ushered in by a general depres-
sion of the area draining to the Atlantic border, which must have
diminished the power of the streams and at the same time decreased
the supply of sediment. This was probably also accompanied by
some depression of the sea-floor as well; yet from the descriptions
which have been given in the previous pages regarding the character,
distribution and relations of the sediments it is evident that the con-
tinental conditions could hardly have been constant throughout the
period of Upper Cretaceous deposition. Oscillations of greater or less
moment, sccompanied by increased activity of the streams, must have
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taken place from time to time, but these changes were not identical
or synchronous throughout all portions of the northern Atlantic slope.
At the same time many of the minor changes may find their explana-
tion in the direction of transport brought about by variations in the
oceanic currents adjacent to the continent border. Such an explana-
tion is, however, wholly inadequate to account for the great deposits
of sand in the upper Matawan of northern New Jersey, the lower
Monmouth of central and southern New Jersey, Delaware and Mary-
land, and the upper Monmouth of northern New Jersey and the
Delaware peninsula. The largely-increased deposits of coarse materials
at these epochs over the wide areas indicated could only have been
brought about by changes upon the adjacent land surface.

The close of the Upper Cretaceous witnessed the general elevation
of the entire ares, the gradual stripping off of the Cretaceous cover,
and the superimposition of the consequent streams upon the under-
lying rocks to which, under varying conditions, they have been con-
tinuing to adjust themselves during subsequent periods,

Subsequent Structural and Chemical Changes in the Strata.

The interpretation of the sedimentary record would hardly be com-
plete without reference to the changes, both structural and chemical,
which have taken place in the strata subsequent to their deposition.
The various oscillations of the northern Atlantic Coastal plain have
produced, so far as observed, no marked structural change in the
Upper Cretaceous strata, although the beds have been gradually
depressed seaward, so that each suoceeding group of deposits has come
to lie at a slightly lower angle. 8light deformation, both along the
strike and dip, has been observed, the explanation for which is sought
in movements which have taken place subsequent to the formation of
the strata, although no doubt in part explained by the uneven sur-
face upon which the deposits themselves were laid.

Chemical changes of considerable moment have taken place in the
beds, often obscuring the original character of the strata, The most
conspicuous of these alterations has been the weathering of the glan-
conite, which has changed the deposits from green or grayish green to
brown or reddish brown in color. This is especially marked in the
more porous strata or along the thinned-out margins of all the forma-
tions. At times the glauconite grains have been entirely destroyed,
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while at other times the surface only has been weathered, and when
crushed the greenish interior is shown. At times induration takes
place, producing either shelly layers or thick beds of ironstone, The
ironstone deposits have very materially affected the topography of the
northern Atlantic Coastal plain, these hard beds protecting the under-
lying formations from removal. The escarpment in northern New
Jersey owes its prominence very largely to the protection thus afforded.

The other deposits have also suffered greater or less change in their
surface exposures, the dark clays especially beooming lighter colored
as the carbonaceous materials contained in them have been changed
or removed by the percolating waters,

INTERPRETATION OF THE FAUNAL RECORD,
Correlation of the Formations Within the Province.

The several formations of the Upper Cretaceous of the northern
Atlantic Coastal plain are highly fossiliferoua throughout the area of
their occurrence, so that, with few exceptions, the paleontological
evidence is adequate for the correlation of the strata from their northern
to their sonthern limita,

The Matawan formation is less highly fossiliferous than the other
divisions of the Upper Cretaceous, At certain localities, however,
the species represented are very numerous, but the fossiliferous bands
are less persistent and the individualz seldom so abundant as in the
succeeding formation, The several species of ammonites referred to
in the list of fossils are especially characteristic of the Matawan forma-
tion, Ammoniles delawarensis and several of the forms of Scaphites not
having been recognized from the later horizons. Many of the other
molluscan types are unknown except in the Matawan, or are found
less frequently in the succeeding Monmouth. Other forms, on the
other hand, occur with about equal frequency in both the Matawan
and the Monmouth. A good many species hitherto recorded from
the lower greensand marls are found upon examination of the locali-
ties to have come from beds beneath the Monmouth, go that a careful
revision of the statements of earlier authors regarding the horizon
from which the fossils have been derived is necessary. Belemnitella
americand, 80 common in the Monmouth formation, has never been
observed in the Matawan, while the shells of Erogyra costata and
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Gryphea vesioularis, so common in the Monmouth, although occur-
ring in the lower portion of the Matawan, are not at all frequent
until the upper beds are reached.

The Monmouth formation is very rich in organic remains, both in
number of species and individuals, the most common and widely
distributed forms being Gryphea vesicularis, Exogyra costata, and
Belemnitella americana, which characterize all three divisions of the
formation. Large numbers of other molluscan species, as, for example,
Ostrea larva, Idonearoa vulgaris, Crassatella vadosa, Cardium pere-
longatum, and Turritella verlebroides, are widely distributed, so that
the faunal characters of the formation are sufficiently distinctive to
establish its oeccurrence at all points without difficulty.

The Rancocas formation, although highly fossiliferous from the
standpoint of individuals, is characterized by very few species. The
most typical form is the Zerebratula Aarlani, which, throughout New
Jersey, is so widely found at the top of the lower greensand member,
but which in Delaware and Maryland also occurs within and at the
top of the lime-sand division. Among the characteristic forms are
Idonearca medians, Grypheosiren vomer, and the several types of
Echinodermata mentioned above in the list of fossils from the Ran-
cocas formation,

The Manasquan formation is not as rich in organic remains as the
Rancocas, but there are several types which are extremely common
and characteristic, among ‘them being Ostrea glandiformis, Gryphea
bryani, Crassatella conradi, and Caryatis (?) veta. With few excep-
tions, the species are quite distinct from those of the preceding and
succeeding formations,

The Shark River formation is characterized by an abundant fauna
within the limited area in which it has been observed. With one or
two exceptions, the forms are quite distinct from those of the preceding
formations, and the genera represented point to a more recent fauna.

An examination of the faunal zones shows that some are much
more sharply delimited than others, The Matawan and Monmouth
faunas, for example, are much more closely connected with one another
than are any of the others, and although they are really but little
more than subdivisions of a general fauna, yet they are sufficiently
distinct from one another to be readily followed from the Raritan bay
to the eastern shore of the Chesapeake, while beyond the distinctive
characters of the Matawan fauna are continued to the Potomac at Fort
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Washington, The Rancocas fauna is very distinct both from that
above and below it, and is highly characteristic of the formation in
which it occurs, Its Terebratula harlani zone is the most persistent
fossiliferous band in the whole Cretaceous series. The Manasquan
and Shark River faunas are equally distinctive, although having, so
far a8 can be determined from surface indications, a far less wide geo-
graphical distribution, Almost no 8pecies common to earlier faunas
have been found, and practically no forms continue on from the
Manasquan into the Shark River epoch.

Correlation of the Deposits With Those of Other Areas.

The first four formations above described have been, with a single
exception, generally recognized as belonging to the Upper Cretaceous,
while the fifth or Shark River formation has been assigned to a later
date, since Conrad* first in 1848, and again more fully in 1865,
maintained the Eocene age of the deposits, More recently Whitfield +
has claimed the identity of several of the species with forms found in
the Eocene of the Gulf, although they oceur there at somewhat widely-
separated horizons; but since all of the specimens thus referred are
casts, he expresses some doubt as to their identity. 8o far as the
generic relations of the molluscan types are concerned, most of them
certainly have a more Eocene than Cretaceous aspect, yet many could
2s well be referred to the one as the other.© With one or two excep-
tions, all have been found as early as the Cretaceous in some portions
of the world. There are, it is true, no distinetively Cretaceous types,
while the genus Afuria and one or two vertebrate types are not known
earlier than the Kocene, yet it has been hitherto impossible to satis-
factorily correlate the S8hark River formation with any known Focene
deposits. It is, of course, readily conceivable that deposition went on
in the moderately-deep waters which prevailed in this region continn-
ously during late Cretaceous and early Eocene time, Elsewhere upon
the Atlantic and Gulf coasts, however, a marked stratigraphic break
occurs at or near the top of the Cretaceous, and sediments of a
different type characterize the oldest of the known Eoceue strata,

Some light may perhaps be thrown upon the subject by indicating the
equivalents of some of the other Coastal Plain formations where the

*Jour. Acad. Nat. Sei. Philadelphia, U. 8., vol. L, 1848, page 129. Proc. Acnd.
Nat. Sci. Philadelphia, 1865, pages 71, 72
1 Monograph U. 8. Geol. Survey, vol. 1X., 1884, Ibid,, vol. XX, 1890.

NEW JERSEY GEOLOGICAL SURVEY



THE BTATE GEOLOGIST. 206

criteria for correlation are more complete. The physical character-
istics and organic remains of the Potomac formation of the Atlantic
border have generally led to its correlation with the Tuscaloosa of
the eastern Gulf, which occupies a similar position at the base of the
Coastal Plain series. These basal deposits are generally regarded to
be of Lower Cretaceous age and to be the sole representatives of it
east of the Mississippi river,

It is highly probable that the more distinctly marine beds of the
Upper Cretaceous rest throughout this portion of the continental
border unconformably upon the older deposits, but whether their
bagal strata are synchronous everywhere has not as yet been definitely
proven. Enough has been learned, however, from a comparison of
the species of the Matawan-Monmouth groups with the Entaw-Rotten
Limestone-Ripley groups to show that they have a common fauna.
This is very clear as regards the Ripley and Rotten Limestone groups,
while there is nothing in the meager assemblage of forms from the
Eutaw group to debar it from being included also. Stanton has
found that these Upper Cretaceous deposits in Mississippi have 86
species in common with the New Jersey strata, while in Alebama 35
have been found, all of whick are also included ir the list from Missis-
sippi. At the same time 54 continue on into Texas. Itis highly
prebable, then, that the Matawan-Monmouth formations stand as the
representative of the Upper Cretaceous of the eastern Gulf region.

Before considering the succeeding group of formations {Rancocas-
Manasquan-8hark River), all of which contain faunas of post-Ripley
age, let us examine the typical Eocene fauna of the Pamunkey for-
mation of Delaware, Maryland and Virginia, which is the next suc-
ceeding member of the Coastal Plain series. A critical examination
of the fossils from this formation shows two quite distinct fannal
zones, The lower, about 60 feet from the bottom of the formation in
the Potomac valley, has been designated the Aquia Creek fauna, and
shows many points of similarity to the middle Lignitic of the Gulf,
while the upper or Woodstock fauna, containing Ostrea sellzformis
and other types, finds its approximate equivalent in the Claiborne, or
rather that zone represented below the fossiliferous sands. With
proper allowance for differences in physical conditions and the con-
sequent effect upon geological range of species, for time occupied in
migration, and for the lack of typical forms in the highest and lowest
strata, the Pamunkey may be regarded as the equivalent of all or the
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major part of the Lignitic, Buhratone and Claiborre of the Gulf,
although no assumption is made that deposition began at just the same
time in the one region as in the other. 8ome portions of the basal
Lignitic may have antedated the lower bed of the Pamunkey, but
that is not at all sure.

Let us now return to a consideration of the Rancocas-Manasquan-
Bhark River formatiors. The Rancocas fauna, so far as its generic
forms are concerned, as well as in a few instances of specific identity,
iz clearly Cretaceous, but from its position is later than the Ripley.
The Manasquan fauna, which succeeds it in conformable deposits, is
far less typically Cretaceous, although it could hardly be associated
with the Eocene, while the conformably-succeeding Shark River bed,
only twelve feet in thickness, has a fauna which shows unmistakable
Tertiary affinities.

It seems highly probable that the conformable Rancocas-Mana-
squan-Shark River group may occupy a position between the Ripley
and the Lignitic of the Gulf, and may be in its two basal members of
Cretaceons and in its upper member of Eocene age. Clearly-defined
unconformity exisis between the Ripley and the Lignitic, and during
the interval represented by this physical break deposition must have
taken place somewhere along the continental border. It is highly
probable that the Rancocas-Manasquan-Shark River group represents
the whole or a part of this interval.

To the north of New Jersey there are many indications of the
former wide extension of the Upper Cretaceous formations, On both
Staten Island and Long Island, fossils belonging to the Matawan-
Monmouth fauna have been obtained from the drift, while the deposits
are still found in place on Block Island, Martha’s Vineyard, and at
Marshfield, in Massachusetts. It seems highly probable that the
deposits of all these localities belong to the Matawan formation., To
the south of Maryland, in eastern Virginia, the Upper Cretaceous has
been penetratod in well-borings, but the records are not sufficiently
complete to determine the horizons with accuracy. In North and
Bouth Carolina the presence of the Upper Cretaceous has been known
for a long time. The fossils described from this district show that
the Matawan-Monmouth fauna is represented, but it iz not certain
whether the same divisions exist there as in the northern Atlantic
States. Nothing similar to the higher formations of the Upper Cre-
taceous in New Jersey and Maryland has apparently been observed

Some statements regarding the approximate equivalents of these
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American formations among western European deposits may well close
this chapter. Any attempt at a detailed correlation of the strata
must, from the necessities of the case, be fraught with many difficul-
ties. Almost none of the species are identical, yet the assemblage of
forms is such as to warrant the conclusion that we have in the New
Jersey formations the representatives of the Cretaceous stages of the
Senonian and the Danian as well as the very earliest stage of the
Eocene of Europe.

The Matawan-Monmouth fauna has many strong Senonian affini-
ties in its cephalopod and pelecypod forms, while the Rancocas and
less distinctly the Manasquan point to the Danian. It is interesting
to note that the lower Danian, known as the Maestrichtian or
Maestricht chalk, also has an extensive development of Bryozoan
marls very similar in charaster to the Vincentown lime-sands, while
its paleontological affinities are much the same.

Regarding the equivalents of the SBhark River fauna, there is much
greater obscurity. In its paleontological relations to the underlying
formations it is not unlike the Caleaire pisolitique of France, in
which the general aspect of the fauna resembles the oldest Tertiary,
although a number of undoubted Cretaceous species still persist.
These deposits have been placed in the substage Garumnizn as the
upper member of the Danian by many European geologists, although
more recently there has been a tendency to regard them as oldest
Eocene (Paleocene of von Koenen). Whatever may be the view
regarding the age of the Calcaire pisolitique, it is evident that the
Bhark River fauna must be regarded as very old Eocene, although
containing a few Cretaceous representatives, since the assemblage of
forms points so strongly to their Tertiary affinities. The correlation
of the American Coastal Plain formations with European must at
best be of the most general character, in which only the broader
affinities of the faunas are indicated. The wide difference in condi-
tion is such as to preclude detailed comparisons between the Ameri-
can and Earopean deposits.

ECONOMIC PRODUCTS.

The most valuable of the economic products of the Upper Creta-
ceous formatione are the sands and clays which have been extensively
worked for brick-making and the greensand marls, which for over a
century have been used as fertilizers,
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The workable sands and clays come entirely from the Matawan
formation, and mainly from its lowest member, the Crosswicks ¢lays.
These deposits are extensively worked in New Jersey at the present
time, along the banks and in the vicinity of Matawan creek, in Mon-
mouth county ; upon Crosswick creek and near Bordentown and
Kinkora, in northern Burlington county, as well as upon the Pen-
sauken oreek, near Lenols, in its southern part; a few miles to the
east of Camden, in Camden county, and at Woodbury, in Gloucester
county. Many millions of brick are annually produced at these
places.

The Matawan formation in New Jersey has also been worked in its
more glanconitic layers, both in the Crosswick clays and Hazlet
sands, for greensand marl, but very little is being done at the present
time,

The workable marls come chiefly from the suceeeding formations,
all of which, from the Monmouth to the S8hark river, have produced
valuable fertilizers throughout the area of their occurrence, The
Monmouth formation was the earliest worked, and extensive pits
were opened in Monmouth county, New Jersey, where it is most
highly glauconitic. Throughout central and southern New Jersey
little digging has been done at this horizon, as the deposits become
too argillaceous ; but in Delaware, especially in the vicinity of the
Chesapeake and Delaware canal, the thin but very marly layers have
yielded thousands of tons in qnite recent years,

The Rancocas formation, more particnlarly in its lower division,
has been worked for marl at several points in Monmouth county,
especially in the southwestern part, at and near Hornerstown. It
has been most largely developed for this purpose in recent years,
however, in the more southern counties of the State, at Blackwood,
in Camden county ; at Sewell and Mullica Hill, in Gloucester county,
and about Woodstown, in Salem county., The same beds have been
worked to some extent in Delaware and on the eastern shore of
Maryland, particularly in the valley of the Sassafras river.

The marl richest in fertilizing ingredients belongs to the Mana-
gquan formation, which, with the 8hark River formation, which
overlies it, has been worked largely in eastern Monmouth county.
The Bquankum marl, so called, obtained near Farmingdale, has been
extensively exported and is in high repute. Very large pits were also
opened at Vincentown, Burlington county, and are still worked to
some extent,
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The greensand marls were first used as fertilizers in 1768, the first
recorded pit being opened near Marlboro, Monmouth county, New
Jersey. It was not, however, until 1820 that the marl ¢came into
general use, and for the next half century millions of tons of it were
employed for agricultural purposes. Much of it was dug from small
openings for local consumption by the landowners whose farms were
in the marl district, or was hauled by wagons into the neighboring
county, A great number of larger pita were opened by eompanies
engaged in the marl trade, the railroads oftentimes building branch
tracks into the excavations. Thousands of carloads were thus re-
moved direstly from the pits and shipped to distant points. During
the last twenty-five or thirty years, since the commercial fertilizers
have come into such general favor, the marl industry has waned, to
the great disadvantage of the Jersey farmer. Recently something of
a revival has taken place, and the local use of the marl seems to be
increasing annually.

Another economic product of some importance is the calcareous
deposit which characterizes the Vincentown lime-sand of the Ran-
cocas formation, and which has been burned for lime at several points
in South Jersey. It is largely consumed locally.

The indurated ferrnginous layers of the Matawan and Monmouth
formations are also used locally for building purposes, in the absence
of more suitable materials, The more highly calcareous and fer-
ruginous materials of all the formations are also employed to some
extent for road construction, although the superficial Pensauken
gravels are better suited and are more extensively used.

SUMMARY.

A summary of the conclusions contained in this paper is as follows :

a. A marked westerly-facing escarpment, called the Cretaceous
escarpment,” accompanies and characterizes the Upper Cretaceous
formations,

b. The several formations show sufficiently marked differences in
the character of their materials thronghout the entire distance from
northern New Jersey to southern Maryland, to readily distinguish
them,

. The formations, with some local exceptions, thin toward the
south, and at the same time change considerably in their lithologic

characters,
14
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d. The subdivisions of the different formations, clearly defined at
certain points, are unrecognizable at others. In general they grow
less distinct toward the south,

e. The formations are gradually overlapped, one after another,
toward the sonth, until in the Potomac valley the Tertiary deposita
rest directly upon the Lower Cretaceous,

J. An unconformity is found between the Raritan and Matawan
formations, a probable one between the Monmouth and Rancocas
formations, and a clearly-marked one between the Shark river and
later deposits.

g- The faunal characteristics of the formations are clearly defined
throughout the region, the Matawan-Monmonth faunas being more
closely related to one another than the Rancocas-Manasquan-8hark
River faunas, while the latter, as a whole, are sharply defined from
the former.

h. The Matawan-Monmouth faunas, which range through a con-
formable group of deposits 400 feet in thickness, are the equivalent
of the Eutaw-Rotten Limestone-Ripley faunas of the gulf, which
occupy strata aggregating 1,600 feet in thickness, and which rest
probably unconformably upon the Tuscaloosa formation, the southern
representative of the Potomac.

i. The Rancocas-Manasquan-Shark River faunas, occupying a
conformable series of beds less than 200 feet in thickness, are absent
in the Gulf, and probably represent the time-break between the Upper
Cretaceous and Eocene in that region, since the Pamunkey fauna has
already been shown to represent approximately the Lignitic-Buhr-
stone-Claiborne (Lower and Middle Eocene) of the same distriet.

J. When compared with Enropean horizons the Matawan-Mon-
mouth fauna is probably Senonian and the Rancocas-Manasquan is
Danian in age, while the Shark River fauna must be regarded as
lowest Eocene, although showing some affinities to the Caloaire
pusolitique of France, which has been regarded by many authorities
a8 representing the Upper Danian,

k. The economic products are confined largely to the Matawan
sands and clays, which have beem extensively worked for brick-
making, and to Monmouth-Rancocas-Manasquan-Shark River green-
sand marls, which have for over a century been used as fertilizers.
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Artesian Wells in New Jersey.
|
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1.

ARTESIAN AND OTHER BORED WELLS, AND ALSO DUG
WELLS, IN S80UTHERN NEW JERSEY, &ec.

—_—

INTRODUCTION,

Principal Weter Herizons and their nomenclature.
List of wells in each of the Cretaceous Water Horizons.

° Sec. 1.—Well Records in Miocene Strata.

At Egg Harbor City,
At Atlantie City.
Garden House.

At Atlantic City.
Windsor House,
At Ventnor.

Sec. 2a.—Well Records in Cretaceous Strata in the
Northern Part of Southern New Jersey.

At Spring Lake.
At Poplar.

At Belmar,
Near Belmar.
At Allenhurst.
At Loch Arbor,
At Darlington.
At Little Silver.
At Red Bank and opposite.

At Brookdale, southwest of Red Bank,
At Shrewsbury.

At Seabright and near.
At Black Point and near.

Nine wells.
Two wells.

On Rumson Neck. Five wells.

On Rumson Bluff, Four wells.

At Oceanic. Also opposite and near.
Five wells.

At Normandie.

At Shrewsbury river (mouth}.

At Elberon,

At Waterwitch,

At Atlantic Highlands. Two wells

At Keyport, and east of.

At Runyon.

At Matawan,

On Telegraph Hill.

Sec. 2b.—Well Records in Oretaceoua Strata in the
Southern Part of Southern New Jersey.

At Reedy Island.
At Salem,

At Alloway Station.
Near Daretown.

At Atco. Three locations.
At Williamstown.

At Kirkwood.

At Barnsboro, north of,
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At Paulsboro.
At Marlton. Three Yocations.
At Jenning’s Mills.
At Mount Laurel.
Lenola Molluscan Fossils,
Ripley Beds.
At North Woodbury.
At National Park.
Southwest of Westville,
At Newbold.
At Westville (water works), Two wells,
At Camden. Tenth and Pine streets.
At Merchantville.
In Philadelphia, Pa.
At Point Breeze.
At Bpreckels’ sugar-house, Reed
street wharf,

Three wells.

REPORT OF

In Philadelphia, Pa.
At United States Navy Yard.
At Webster’s brickyard,
Gray’s Ferry,
At Fifteenth and Callowhill streets,
Reading Railroad subway.
At Pavonia. Two locations.
At Bristol, Pa.
Near Morris Station. Ninety-eight wells.
Camden Water-Supply.
At West Palmyra.
Filtrated Water Company.
At Smithville.
Near Vincentown.,
At Jobstown,
Near Yardville.

near

BORED WELLS, MOSTLY IN NORTHERN NEW JERSEY, IN
RED SANDSTONE, GNEISS, AND OTHER ROOEKS, AND
IN THE GLACIAL MORAINE, MAINLY IN ESSEX,
HUYDSON, SOMERSET AND MIDDLESEX QOUNTIES
ALSO ON STATEN ISLAND AND LONG ISLAND,

N. ¥.,, AND ALONG THE DELAWARE
RIVER IN PENNSYLVANIA.

Sec. L—Waells Reported by P. H. & J. Conlan.

At Newark. Two locations.
At Arlington.

At Boho.

At Jemsey City.

At Jersey City Heights.

At Bayonne.

At Fort Lee.

At Long Island City, N, Y.
At Bridgeport, Conn.

At Dunwoodie, N. Y.

At Arbutus, Md.

Sec 2.—Wells Reported by W. R. Oshorne.

At New Brunswick.
At Woodbridge.
At Valentine Station.

At Sand Hills,
At Tottenville, Btaten Island, N. Y.
At Pleasant Plains, Staten Island, N, Y.

Seo. 3.—Wella Reported by Stotthoff Bros.

At Lnfayette
At Andover.
At Allamuchy. Two wells.

At Hughesville.
At Flanders,
At Lake View.
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At Clifton. Two wells.
At Passaic. Four wells
At Fort Lee.

At Afton, near Madison.

At Bagking Ridge. Two wells.

At Millington.

At Bayway Two wells

At Castleton Corners, Staten Island, N, Y,
At Bound Brook.

At Neshanie Station.

GEOLOGIST,

At Three Bridges.

At Flemington. Two wells,
At Princeton.

At Yardville.

At Morrisville, Pa

At Bristol, Pa.

At Croydon, Pa.

At Cornwells, Pa.

At Torresdale, Pa.

216

Sec. 4.—Woells Communicated by George B. Jenking and Others.

At Dover and vicini.ty. Seven wells.
At Arlington and Danville.

At Union, northwest of Elizabeth.

Foriy-five wells,
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L

ARTESIAN AND OTHER BORED WELLS, AND ALSO
DUG WELLS, IN SOUTHERN NEW JERSEY.

INTRODUCTION.

As in past years, so during the present one (1897), the writer has
carefully collected data respecting artesian and other bored wells, but
before noting the details respecting such wells, the various water
horizons which the investigationa of the survey bave demonstrated to
exist will be described, and to each will be assigned a definite name
by which it may become known.

PRINCIPAL WATER HORIZONS.

In last year’s annual report we noted six principal water horizons
between the Delaware river and the Atlantic ocean, the three lowest
of which were in the Cretaceous. The developments of the past year
have enabled us to indicate three additional horizons. These are
interbedded within the various intervals between the lowermost four
horizons of last year’s report, or the first four, as then enumerated,
counting from the base upward.

We therefore now re-enumerate the varions horizons in the same
order, 1. ¢., from the base upward, or in the order that their upturned
and beveled edges would be crossed in passing from the river to the
ocean.

For convenience in designating these we now also assign to each a
definite name. They are as follows, commencing at the base along
the Delaware river and passing eastward to higher horizons :

First Horizon—A Qroup—The Raritan Group.—This may be de-
fined as a group of two or three horizons in heavy gravel and cobble
strata near the base of the plastic clays, which clays are variously
colored white, yellow and red, or they are mottled in all these colors.
The color of the water-yielding gravels may be defined as a yellowish
while in contrast with those of the next higher horizon, which are of
a bluish white, '
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Second—1 he Sewell Horizon.—At the top of the plastic clays and
base of the clay marls, The water-bearing gravels are often very
coarse, Their color is a bluish while in confrast with those of the
first group. This we designate as the Sewell water horizon, because
it was first opened and studied in M. J. Anspach’s well at that point.

Third—The Woodbury- Wenonah Horizon.—This horizon is near
the base of the clay marls. In the region about Woodbury the
depths of the various wells seem somewhat too irregular to indicate a
well-defined water-bearing sand, and this horizon is there probably
distributed through a considerable thickness of laminated sands, while
in the neighborhood of Wenonah the horizon, according to our present
information, is not so thick, and yet appears to be more decidedly a
gingle sand bed. We name this the Woodbury- Wenonah horizon., It
was developed by wells at and near Woodbury many years since, and
more recently by wells at the water works at Wenonah. (The well
at the hotel at Wenonah goes deeper, to the Sewell horizon.)

Fourth—The Cropwell Horizon.—This horizon is midway in the
clay marl or Matawan formation. It is not so far as yet known more
than a few feet thick, but yields mostly a satisfactory quality of water,
often doing 80 at points where the water from the next higher horizon,
as is occasionally the case, proves sgomewhat too irony, We designate
this the Oropwell horizon, since we were first able to define it by a
well at that point, though other wells in the region to the eastward
had previously developed it.

Fifth—The Marilton Horizon.—At the top of the clay marle and
base of the true greensand marl series, which consist of the upper,
middle and lower marl beds. Last year we designated this the Marl-
ton- Medford horizon, but think it better in future to term it simply
the Marlion horizon. The water-yielding strata are also bluish white
in color.

When boring wells to this horizon its approach is often indicated
by the occurrence, first, of the bryozoa in the limesand and lime-rock
alternations over the Middle Marl, and next by the shell bed in the
Middle Marl, of which the two characteristic associated fossils are a
tersbratula, and 8n ancient oyster, called a gryphea. After these,
sometimes quite closely after them, and at other times some fifty feet
below, there is usually found a hard crust, containing certain straight
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cigar-shaped foseils, called belemniles, and also an oyster (Exogyra)
with a twisted or curved beak, which do not occur in any higher
stratigraphical position,

Sizth— The Lindenwold Horizon.—A few wells have been developed
in this horizon, which is within the Bryozoan limesands next above
the Middle Marl bed. We do not yet know how extensive it may be,
We designate it the Lindenwold horizon, since there are quite a
number of wells drawing from it at that place and within a few
miles thereof.

Seventh— The 950-foot Atlantic City Horizon.—This horizon may
be regarded as one not yet thoroughly defined. The only wells so
far known that can draw from it are one each at Winslow and Berke-
ley, and one to the 950-foot horizon at Atlantic City. The last well
is the same that, through misinformation, was erroneously stated in
the report for 1889 to have a depth of 1,100 feet, We designate this
the 950-foot Atlantic City horizon. This horizon is probably at the
base of the Miocene and top of the Focene beds.

Eighth—The 800-foot Atlantic City Horizon.—About 150 feet
higher than the preceding one, and about 125 feet below the base of
the great 300 to 400-foot diatom bed. This we designate as the
800-foot Atlantio Cily horizon.

Ninth—The 700-foot Atlantio City Horizon.—About 100 feet or
more higher than the fifth, and a little below the base of the great
diatom bed. This we designate as the 700-foot Atlantio City horizon,

The finding of diatomaceous clays in the boring of any well in
southern New Jersey is positive evidence that sooner or later, as the
drilling proceeds, one or both of the two horizons last named will be
found, Unfortunately, distoms can only be seen with a microscope,
and they are therefore not so convenient an indication of their under-
lying water horizons as the readily-visible shells and befemnifes before
noted are of their underlying Marlton water horizon.

Minor horizons yielding much less water than those above listed
ocour above the ninth or 700-foot Atlantic City horizon, four of
which, in Miocene strata, were noted in the annual report for 1894,
page 166. Particularity, however, as to all these minor horizons is
for the present year omitted.
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Of the water horizons now defined, the Raritan, the Bewell, the
Woodbury-Wenonah, the Cropwell, the Marlton and the Linden-
wold are all in Cretaceous strata. The 950-foot Atlantic City
horizon we are not yet prepared to precisely and certainly locate in
the geological column, but the 800 and the 700-foot Atlantic City
horizons have been clearly demonstrated to be within Miocene strata.

Passing along the coast northward from Barnegat some of the
upper of these horizons would not be met with at all points, but
southward from Barnegat if a well were drilled anywhere sufficiently
deep it would probably find all of them, unless perhaps a few of the
thinner ones which have as yet only been developed in the central and
western side of the coastal plain, might not continue as open sands so
far seaward, Below we re-name these horizons in the reverse order
of that followed in the preceding description, or, in other words, we
now name them from the top downwards. We also note, where
known, the approximate interval in feet from the top of one horizon
to the top of the next.

WATER HORIZONS IN STRATIGRAPHICAL ORDER, COMMENCING AT THE TOP.

700-foot Atlantic City horizon.

Interval about 100 feet.
800-foot Atlantic City horizon,

Interval about 150 feet, J
950-foot Atlantic City horizon.

Interval not yet known. } Age?
Lindenwold horizon.

Interval about 50 feet.
Marlton horizon.

Interval about 115 feet.
Cropwell horizon.

Interval 125 to 150 feet. ¢ Cretaceous.
Woodbury-Wenonah horizon, .

Interval about 70 feet.
Sewell horizon,

Interval not yet determined
Raritan borizons. A group.

+ Miocene,

We now classify and refer to their appropriate water horizons a
considerable number of Cretaceous wells whose records either appear
in this report or have appeared in previons annual reports,
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LISTS OF WELLS IN THE SOUTHERN PART OF SOUTHERN NEW JERSEY
TQ THE VARIOUS CRETACEOUS HORIZONS.

Wells to the Lindenwold Horizon.
Laurel Springs. Jenning's Mills,
Gibbsboro, Alloway (probably).
Lindenwold, several wells, Harrisonville, Jos. Cheeseman’s.

Wells to the Marlton Water Horizon.

Magnolia, north of. Mariton, Amos Evans,
Locust Grove, School-house. “  Wmn. B. Cooper.

u *  Ellwood Evans. % Thomas C. Hammitt.
Marlton, C B. Chew. “  Wm.J. Evans.

“  Bamuel Lippincott. " Bowman 8. Lippincott.

H Henry Brick. " LeviT. Ballenger.

“  Amos Wills. Well No, 1. %  Joseph Evans.
Mulliea Hill, Thomas Borton. “ Jacob L. Evans.
Marlton, Samuel J. Eves, b A. W, Lofland.

* 8. C. Gardiner (pear Milford).  Middletown, Del., 83-foot horizon.
Barnsbore, 110-foot horizon. Woodstown.
Marlton, J. W. Barr. Salem.
Kirkwood, Stratford House. Medford, Joshua 8, Wills.
Sewell, 72-foot horizon, %  Joseph Hinchman.
Marlton, Josiah Ballenger. Pitman Grove.
Medford, I. W. Stokes, Reeves’ Station. Buddtown.

70-foot horizon. Clementon, unsuiceessful well, abandoned

Vincentown, Jos. A, Jones. about 30 feet above this horizon.
Marlton, Benjamin Cooper. Daretown.

Wells to the Cropuwell Water Horizon.

Cropwell. Reeves Station, 183 feet—Isaac W. Stokes,
Smithville, Medford.
Marlton, H. B. Dunphey, Middletown, Del. (Horizon at 204 feet. ?)

* T. R. Wills & Co. Well No.2. Glasshoro. (Horizon at 395 to 405 feet. ?)

“ “Town Well” {Water Works -

Well),
Wells to the Woodbury- Wenonah Horizon.

Woodbury, D. Cooper. Woodbury, C. C. Green's residence,
Mount Ephraim, w Glassworks,
Paulsboro, W. Mills, “ Tollgate, south of.
Woodbury, Well No. 1 at creek. Mantua,

" Skating Rink. ‘Wenonah Water Works.

“ C. C. Green's farm, Auburn.

u L. M. Green's residence. Harrisonville, George Horner's,
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Wells to the Sewell Horizom.

Maple Shade, 130 feet. Wenonah Hotel.

Gloucester, 85 to 113 feet. Sewell,

Moorestown, 136 feet. Woodstown test-boring 339 feet (7}, pos-
Mickleton. sibly however, this may be the
Magnolia, Wenonah horizon,

Mount Laurel,

L
Wells in the Raritan Group.
Philadelphia, southern part. Numerous Gloucester, 169 feet.

wells, Collingswood.
Delsir, Colestown, 251 feet.
Cramer Hill, Moorestown, 212 to 250 feet.
Morris Station, ninety-eight wells for Mount Holly.
Camden Water Works Supply. Jobstown.
Pavonia, several wells, Yardville.
Camden, numerous wells, Middletown, Del,, either 475 to 495 feel,
Burlington, several wells. or 517 to 534 feet.
Billingsport. Woodstown, test-boring 776 feet.
Jordantown. Reedy Island.

Maple Shade, 190 to 205 feet.

DETAILED RECORDS OF WELLS,

We now present detailed reports of the wells in New Jersey of
which data have been collected during the year. These are olassi-
fied in the following order :

L

Seo. 1. Wells in Miocene strata.
Seo. 2a. Wells in the northern part of the Cretaceons belt.
Sec. 2b, Wells in the southern part of the Cretaceous belt.

II.
Woells in Red Bandstone, Gneiss, &c.
Sec. 1. Wells reported by P. H, & J. Conlan.
Sec. 2. Wells reported by W. R. Osborne.

Sec. 3. Wells reported by Stotthoff Bros.
Sec. 4. Wells communicated by George E. Jenkins and others.
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I.
8ec. 1. Woells in Miooens Strata.

TWO ARTESIAN WELLS AT EGG HARBOR CITY,

Elevation, 50 feet; diameter of each, 6 inches; depths, 369 and 371 feet. Water
rises in one of the wells do the surface and overflows at high tide.

Early in the year two wells were bored by Kisner & Bennett, at
Egg Harbor City, to supply that place with water. The contractors
courteously saved and furnished specimens of the borings, from which
we make the following record. This well passes through the lower
146 feet of the great 300-foot diatomaceous clay bed of the Atlantic
coastal plain, and obtained water in brownish and gray sands imme-
diately beneath. There is a slight difference in the elevation of the
two wells, say two feet. From the lowest one, at high tide, the
water flowed over the surface :

Swamp muck from surface .. esenese to 7 feet.

Yellow sand, some water at 75 feet ..., 7 feet* 87 «

Yellow sandy clag..ccciviicrennrssnnnene 87 © %124

Graysandy clay. ..vviincercinenene. 124 % V146 ¢ 1
Yellowish sandy clag.......co.oeeeernnn. 146 « 164 © foy
Dark elayey sand ......coceormsrnivverenias 184 ¢ 183 ¢ ) i
Dark clayey sand ..veecvvrrveernreneienns 183 « 199 «

Dark sand with a little clay. ......oce, 189 * %216 «

Dark sand and ¢lay ....ccosnenn. sersiins 216 ¢ 4234 ¢ . g
Clayey sand,dlightly yelow.. . 234 « wg5) « [ Distomaceous | g
Dark sandy clay. .. vorsarereannan 201 © B 270 © 5
Sandy clay, lighter ahade ............. wene 270 % 290

Sand and clay with coniferous wood..... 200 “ “310

Band, brownishu e eescreensees weensrsns S1O € 0328

Band, gray .eviciiiiniienn. tomomeesraaninnans 328 % «346 ¢

8and, gray, water..cimenecere e eeenee 4G M 371 )

Every specimen from the depth of 164 feet to that of 310 feet,
when examined under the microscope, showed sponge spicules and
diatoms ; among the latter were the characteristio specific forms only
occurring in the Chesapeake Miocene clays of the Atlantic cosst de-
posits. We, however, regard all the beds below the depth of 124
feet as of Miocene age.
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ARTESIAN WELL AT ATLANTIC CITY, AT THE GARDEN HOUSE.
Elevation, 10 feet; diameter, 8 inches; depth, 847 feet,

Late in the year 1896, Uriah White finished the boring of a well
at the Garden House. An 8-inch casing was sunk to the depth of
408 feet, or to just within the top of the great diatomaceons clay bed,
and a 6-inch casing the rest of the depth, except the last 50 feet,
which was occupied by that length of streiner. The salient features
of this boring are briefly as follows :

To the top of the great diatom bed....ceveisresnirvrsermiserersssssensensosesessesees 400 feet.
GIaY coi st et rrtn e ves s stee s e s re s et esssnn raestnens 400 feet to 540
Band, water-Bearifgunrrinimisressssstscsaressennsnameseresiosrienenes 540 € € B5O 4
Clag,coieeesceseesiancannnirorenens .o B5Q W fQ W
Band ....ociiern soneneiennennen 560 « © pgg ¢
Clay wovrviiinssnsncinenervanisnes . 862 " “gog ¢
Clay, brownish 696 ¢ « 775 w
Brownish sand, with abundance of 5aLeF umevvseireriicnscovvsnersneenne 775 4 & 847 4

It should be noted that at the depth of about 100 feet there occurred
8 bed of coarse white sand and heavy gravel about twenty feet thick.

The water horizon reached is that which we have designated as the
800-foot Adtlantic City water horizon, that being proved to be the
average or approximate depth to its top along the beach fronts from
Brigantine to Ocean City. The depth thereto, north of Brigantine,
becomes gradually less, and south of Ocean City gradually somewhat
greater, while at Atlantic City, back on the meadows, it is also some-
what less.

ABRTESIAN WELL AT ATLANTIC CITY, AT THE WINDSOR HOUSE.
Elevation, 10 feet; diameter, 6 inches; depth, 835 feet,

With the close of the year, Urish White informs us that he has
completed the boring of a well at the Windsor House, with g depth
of 835 feet. This horizon is the same as that supplying the well at
the Garden House, as noted in the preceding record, and also the
wells at the Dennis, the 8t. Charles, the Rudolph, the Haddon and
the Brighton Hotels, as reported last year and the previons year,
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ARTESIAN WELL AT VENTNOR, S80UTH OF ATLANTIC CITY.

Depth attained, S13 feet, but the well not yet completed.

As we conclude this report, Uriah White informs us that he is
boring a well at Ventnor, south of Atlantic City, and has reached a
depth of 813 feet with the drill, but had not yet driven the casing so
far or finished the well. As, however, the 800-foot water horizon
had been opened, the well would probably not be prospected farther.
Particulars respecting this well will be deferred for next year.

1.
Soc. 92 Whells in the Northern Part of the Oretaceous Belt.

ARTESIAN WELL AT SPRING LAKE.
Elevation, 10 feet; depth, 730 feet. Water rises within — feet of the surface.

Kisner & Bennett inform that they have bored a well at Spring
Lake, for Dr. Krout, to the depth of 730 feet. This well is finished
with a 60-foot strainer, so as to draw water from the interval between
the depths of 670 and 730 feet.

ARTESIAN WELL AT POFPLAR.
Elevation, 50 feet ; depth, 520 feet, Water rises to within 80 feet of the surface,

During the year 1896, a well was put down by Uriah White, at
Poplar, on the Williams farm, near the Eden Wooley farm. The
well has a depth of 520 feet, and is said to be “a very good well.”
The water rises to within 30 feet of the surface. This well reaches
the 525-foot Asbury Park water horizon, which is probably the same
as has been named the Marlton horizon in the section from the Dela-
ware river to the ocean. (See page 217.)

THREE ARTESIAN WELLS AT BELMAR, AT THE WATER
WORKS PLANT.
Elevation, 15 feet; depth of each, 640 feet.

Kisner & Bennett have bored three wells at the water worke plant
at Belmar, the location being west of the railroad, and a short distance
sonth of the station. Fach well has a depth of 640 feet, and each is
finished at the bottom with a strainer 60 feet in length, thus drawing
water from the interval between 530 and 640 feet. This water horizon
is the equivalent of that at the depth of 525 feet at Asbury Park.
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ARTESIAN WELL ONE MILE WEST OF BELMAR STATION,

Elevation, 10 feet; depth, 445 feet.

Kisner & Bennett have sunk a well for Mrs. Hannah Truax on
the south side of Shark river, about one mile west of the railroad
station, at Belmar. This well has a depth of 445 feet, which corre-
sponds stratigraphically with a depth of 480 feet on the beach front.
It taps the first Cretaceous water horizon of this region, the equivalent
of the 400-foot horizon at Asbury Park.

THREE ARTESIAN WELLS AT ALLENHURST, AT ALLENHURST
WATER WORKS,

Wells overflow 9 months in the year, Do not overflow in the summer when the wells
at Asbury Park are being heavily pumped.

No. lu.weeaeae.Elevation, 10 feet; diameter, 4% inches; depth, 548 feet.
No. Zucrvrenians “ PURS i 43 “ B4 ¢
Ko, Boveecranaas a“ 10 ¢ u 44 © 530 ©

From Bartine Green, engineer of the water works plant at Allen-
hurst, on the north side of Deal lake, we have been furnished with
the above data respecting wells put down by Uriah White at that
point in 1896, and which have not been previously noted.

These wells draw from the 525 to 550-foot Asbury Park water
horizon.

ARTESIAN WELL AT LOCH ARBOR.
Elevation, 10 feet; depth, 562 feet.

Urizh White informs of a well with a depth of 562 feet at Loch
Arbor. The water horizon is the equivalent of the 526 to 550-foot
horizon at Asbury Park, i. e., the Marlton horizon.

TWO WELLS AT DARLINGTON STATIOR (DEAL BEACH).
Elevation, 20 feet ; depth of each, 500 feet.

We are informed that a 6-inch well was drilled near Darlington
{formerly Deal Beach) station, on the east of the railroad, by Urish
White, in the year 1895, to the depth of 500 feet, and a.43-inch well
west of the railroad to the same depth (500 feet),

These wells draw from the same horizon as the Allewhurst wells
just above noted, viz., from the 525-foot Asbury Park horizon.

15
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WELL AT DARLINGTON, NEAR THE BEACH.

Elevation, 20 feet; depth, 525 feet.

‘We learn that a well has been put down nearer the beach at Dar-
lington, to the depth of 526 feet, the water horizon reached being the
525-foot horizon at Asbury Park, The well was drilled by Uriah
White.

ARTESIAN WELL ONE-HALF MILE WEST OF
LITTLE SILVER BTATION,

Elevation, 30 feet: drilled to the depth of 310 feet; finished to draw water from
between the depths of 180 and 230 feet. Water rises within 8 feet of the surface.

Through the courtesy of Uriah White, we have been furnished
with a full series of the borings of a well put down by him about
one-half mile west of the railroad station, at Little Silver,

The well was bored to the depth of 310 feet, where something
hard, supposed to be rock, was encountered. It was afterward finished
with a depth of 230 feet, and draws water from the sands occurring
between the depths of 180 and 230 feet. This water horizon is the
equivalent of the first, or 400-foot horizon at Asbury Park.

From an examination of the specimens, we present the following,
each separate specimen being noted :

Surface deposits........ rreesssmsiisenniasannane 14 feet.

Greenish yellow clay and sand......oovveees 14 feet to 20 ©

Greenish yellow sand and clay....copmeeens 20 % ¢ 40 ¥

Greenish yellow gand.....ccovcienrererirranies 40 « ¢ g0 *#

Greenish gray sand, .ciiiiiiiiinis senenns 80 % % BO ¥ f Red sand bed,
Greenish gray sand .ccemseininsenmminnee 8¢ ¢ ¥ 100 ¢ J

Greensand marl ....ccnveorcorirsrmernnns, 100 % 120 ¢ }Lowermarl bed.

——

Greensand MAL] eecierenineesniesienee 120 « «“ 140 ¢

Greenish tand...cesesesereescerernenreveinrninens 140 € @ 163 & ) I L}
Greenish gand......cocvnveiimniisnecnennann. 183 % 7 180 ¢ '} § )
Fine gray sand, with water. .......ccivenne 180 ¢ ©197 %
Fine gray sand, slightly darker. ........... 197 “ # 218 | ]
Black micaceous clayey sand......cueerene 216« 23 ¢ | Matawan !
Gray and seeerrererneoeenne veveesseemmsnenns 225 14 % 951 10 [ clay marls. |
Dark pure clay streak at ....c.coovvvveninnns 251

Sandy clay, dark.. ...ccveveneee veeeaee 231 4 ¥ 271 04 |
Dark clayey sand......... voeenee 271 € 290 ¢

Gray sand . .ooiiivinie cenerierneninae, v erees 200 « # 310 ¢ | J
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THREE ARTESIAN WELLS AT RED BANK,

One well, depth, 197 feet; one well, diameter, 4 inches; depth, 209 feet; one well,
depth, 214 feet. Elevation of each, about 30 feet.
Waler rises to within 8 feet of the surface.

Kisner & Bennett inform us of three wells at Red Bank, with depths
as noted above, The one with the depth of 214 feet was put down
by them for the railroad company, and is located near the station.
They state that the water rises therein to within 8 feet of the surface
under natural conditions ; that is, when wells adjacent are not pumped.
The water is said to be of good quality. The horizon is the equiva-
lent of that at the depth of 640 feet at Belmar, or 525 to 550 feet at
Asbury Park.

ARTESIAN WELL OPFOBITE RED BANE, ON THE NORTH BANK
OF THE NAVESINK RIVER,

Elevation abont 17 feet ; diameter, 3 inches; depth, 217 feet.
Water rises within 14 feet of the surfuce.

Matthews Bros. write: “In 1895 we drilled a 3-inch well for
Bheriff Patterson, whose cottage is situated on the north bank of the
Shrewsbury river, directly opposite Red Bank, N. J. The elevation
above tide-level is about 17 feet. The depth of the well is 217 feet,
and the water arose to within 14 feet of the surface, and the supply
of water large and good.

% The strata passed through were:

S Brown SANG vveveenmacrestemnsiireirsitsersististissiansisrsenssasaassises 9 feet == 9 feet.
White sand.......... B trenrrenanees 2 4« =11 ¢
Man. . PSRN s 27 ¢ — 38 “
Pebb]es and snnd ................ N wereinee B0 = 44 ©
Clay and sand ..eeeveerenninne earvesennsanrauanthanns erensneensnieasiene 40 “ = 84
Dark-colored sand .......... thesteesenerenvarens teeterensssenntrarenarrare 48 “ =132 ¢
Black marl... e eeaEeaRar LR Laraee breenL N EN SRRt E RS RS areen 43 " =175 “
Band and wood water-bearmg atrafum ............. srerrereriees vvanee 42 ¢ =217 ¢

This horizon is the equivalent of that at 525 to 550 feet at Asbury
Park.
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ARTESIAN WELL AT BROOKDALE,

Elevation, 28 feet; diameter, 4} inches; depth, 712 feet, Water rises within 18 fect
of the surface. Pumping capacity, 174 gallons per minute,

Matthews Bros. write: “In 1896 we drilled a 43-inch well for Mr.
William Thompson, owner of Brookdale Stock Farm, sonthwest of
Red Bank, Monmouth county, The elevation is about 28 feet above
tide-level. The depth of this well is 712 feet. The water rises to-
within 18 feet of the surface.

“The strata passed through were:

S 8a0d e st e raseses ereeraae 3 feet = 3 feet
ClaY i rerirscsissiensrsm e rreriesisennee. B % = §
- 1 [
o 17w Zoap e JTevermarh.
Pebbles and sand.........c.u.. rreras “ 39 v
Clay and sand ..viniinsnisin oo, =79 % i
Dark-colored 8and. .ucvveiivimessiterssnnnrenees v B2 K =181 4
Black marl... eeneensssersennrrranieenennnanse 49 4 =180 ¥
Black merl rock .................................... 140 =194 ¥
Hand, water-beiring, but aupply not snﬂicxent. W 220 21
Clay and greensand.... TR I S
Sticky ClaY coeieieenniiioniminic s 38 0 =324 © Matawan clay
Black sand....ooviesveeseenens eaesicns ceriraenennns 64 4 =388 marls,
Quicksand ........ 14 ¥ =402 ¢
Marl and clay........ 64 ¢ —d66 ¢
Rotk i iisrcnniseminnnineneen., . 6 % =472 ¢
Cemeated Bheflgo . cionviiniicrinneissrnrernesninne. 9 % —481 =
Greensand and clay.. .occesirenniienniniscnnan, 32 ¢ =35I8 ¢ |
Brown sand and wood..... e 87 % =600 ¢ 17
Blue clay.. sl s 44 8 =644 4 )
White sund \mter-bcarmg............ R Y Raritan. (?)

“ We could pump from this well 174 gallons per minute.”

Notes farnished us in connection with an analysis of this water
state that it containe “ very little organic matter” and is “in every:
way suitable for drinking and household purposes.”

The water horizon opened by this well is probably the equivalent
of that at 690 to 740 feet at Barren Island, Jamaica Bay, L. L, N. Y.,
as noted in last year's report. It is also probably the same as that at
the depth of 540 to 575 feet at a point about three miles to the west-
ward and near Holmdel, as was also noted in last year’s report,
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The horizon at the depth of 465 feet at the base of the bluff at
‘Matawan (see page 465) is also probably identical with that developed
by this well,

The records of this well and of those at Holmdel * and Asbury Park }
[1,321-foot well] are especially interesting, since they indicate that
the Matawan or Clay Marl formation increases notably in thickness
as it dips southeastwardly beneath the coastal plain and toward the
ocean from its outcrop along and near the boundary line between
Middlesex and Monmouth counties.

ARTESIAN WELL AT SHREWSBURY, N. J.

Elevation, 26 feet; diameter, 6 inches; depth, 264 feet.-

This well was put down by Matthews Bros,, who write as follows:
“In 1897 we drilled a 6.inch well for Mr. W. P. Brown, at his
summer residence at Shrewsbury, N. J. The elevation is about 26
feet above tide-level. The depth of the well is 264 feet,

“The strata were:

Y Red Clay.. oo snnitinisrsstisnnr e s areie e st vt prsressarnas 7 feet = 7 feet.
Sticky blue Clay. viiviciirsirmmmnetoreneinenrrearienseiroserssrensnens 4 4 =11 ¢
Red clay and iron o€ ieiinisieniinesssmmen e 14 4 = 25
Brown sand.... ccoviiivernnresniisinn e rnriree reesnn essarsens oy B = 30 ¥
Red clay and iron 0fe...ceremicrirerimmmmnisienenniresssnssoresre 12 % == 42 ¥
Marl s e e, 16 4 = B8
Dark sand...viiiriniinersiiesiss seeansrssessnerensoeneesorressesssaessensns 81 ¢4 =139 *©
White clag.. vcciicrenieiemiiinni e e e 15 % =154 ¢
Black marl......cviiiemiiimmes i e 48 6 =105 4
White sand (water-bearing SrGHM). cocverressuceneneesssorssrssssnnnes 68 * =264 ¢ 7

ARTESIAN WELL ON THE NAVESINK RIVER, BETWEEN
FAIRHAVEN AND OCEANIC.

Elevation about 24 feet; diameter, 3 inches; depth, 214 feet.
Water rises to within 22 feet of the surface.
Matthews Bros, report as follows: “ Later in 1895 we drilled a
3-inch well for Mr, Jobn J. Gillicks. Cottage situated on the south
bank of the North 8hrewsbury river, between Fairhaven and Oceanic,

* Annual Report 1898, page 147,
t Anoual Report 1895, page 72.
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N.J. The elevation above tide-level is about 24 feet. The depth
of the well was 214 feet, and the water arose to within 22 feet of the
surface,

“The strata passed through were :

“Clay .o, rovseree erSNTERrerEs ENeRtNsaNIEE LENEREEONtbISeuTettnrasanrrannn 4 feet = 4 feet.
Brown sand.. e ciisinieineniriineniiierimersiaresssesenees seerseeenns 16 % = 20 ¢
Heavy gravel. i siirsirmmrenee corees cvnvisesvssnns seresese 4 ¢ =24 ¢
Band and claF..veiiis ciriiiiei s syt rssaeree 24 % = 48 “
Mark. i ceecirems st sessas et rrare s reranrereens 41 ¥ = B0 &
SRellg ovnneiinnniiiiniiiiiiirirs st e e eenne. 4 == 03 ¢
Pebbles of different colorBu..iuversimeenivireesosesessmmnressismerness 70 =100 ©
Dark-colored sund. ...cccciviniiimcsinn i s eresneene.. 36 ¢ =136 ¢
W iR ClaT s rie versnenisurierensesinnrerirsssetesassmronssnnssrans sunsas 7 % =148 *f
Black marl cocciiieersciririiisntsrresar s rsrarrnesesarnsnn e sme seensasas 28 ¥ =171 *

White sand and wood (raterderr:ag stratum)u oo 43 ¢ =214 © '

ARTESIAN WELLS AT SEABRIGHT.

Elevation, 10 fect; depth, 240 feet; first water horizon at the depth of 70 to 90 feet ;
second water horizon at the depth of 175 to 240 feet,

Kisner & Bennett inform us of three or four wells that have been
put down in past years at Seabright to the depth of 240 feet, finding
a water-bearing sand between the interval of 175 and 240 feet, This
repregents the second Cretaceous water horizon, occurring at Belmar, or
that at the depth of 600 to 640 feet. In drilling, a higher horizon
was passed between the depths of 70 and 90 feet, which horizon is the
equivalent of the first horizon at Belmar, the top of which is found
there at the depth of 475 feet. This horizon rises above sea-level
before reaching Atlantic Highlands, and consequently is not found at
the Jatter place. The higher of these horizons iz the equivalent of
the 400-foot horizon at Asbury Park, and the lower of them equals
that at 525 to 575 feet at Asbury Park.

TWO ARTESIAN WELLS AT SEABRIGHT AT THE * HOTEL PANACCL”

Elevation, 4 feet; diameter of each, 4} inches.
Well No. 1, depth, 272 feet; yield, 84 gallons a minute.
Well No, 2, depth, 286 feet; yield, 294 gallons a minute.

These welle were bored in 1897 by Matthews Bros., who write:
“ We have drilled two 4]-inch wells for Mr. Edward Panpacci, of the
‘Hotel Panacci,’ Beabright, N. J. The elevation is about 4 feet
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above tide-level. The depths of the wells were, first, 272 feet, and
second, 286 feet. The first well yielded 84 gallons per minute; the
second well yielded the enormous supply of 294 gallons per minute.
This second we!l was considered the most successful of any along the

coast.
“The strata penetrated were:

“ Coal and beach sand (made ground o s eosnnnerssanees 3 feet = 3 feet,
Beach 000 . civeeieereerirrnenricaiisasenmiensinaisreassessiaess enatnreanss € = 43
Marl.. o 86 0
Ucmcnred ahe!la o= 90 ¢
Colored pebbles.............. o= 95 ¢
Dark-colored sand..... 4 =172
White elay...ove. “ o—189
Black marl... #o—033 &
White sand and wood (water-bearing), first well...... vepsrierneernes 89 0 =272 O
White sand and wood (water-bearing), second well.......... coneeres B3 =286 7

ARTESIAN WELL ONE-QUARTER MILE WEST OF BEABRIGHT.

Elevation, 14 feet; dinmeter, 3 inches; depth, 297 feet. Water rises within 12 feet
of the surface. Pumpel 71 gellons per minute.

Matthews Bros. inform as follows:

«Tn 1897 we drilled a 3-inch well for Mrs. Hadden, whose summer
residence ia on the Rumson road, one-quarter mile west of Seabright,
N.J. The elevation is about 14 feet above tide-level. The depth
of the well is 297 feet, and the water rises to within 12 feet of the
surface. A supply of 71 gallons per minate was obtained from this
well.

“The strata drilled were:

RS0
Clay and brown eand....... coee
Black sand and clay. e erernesiananni, vereremraserrnneases 116

MATLeiuirisirrrasrroransnorsisssnransassessassvasanssransnans certersaiesnsrrsnes B9

UTTRTRToTPRTeTRRy | BERLENE [ I
-

Cemented shellt, o virernnsiansicieane

Colored pebbles.. .civeiaeiiiersiisennae rerrsassngeinesranrasennarsers 3 O $9 ¢
Dark-colored sand.....ccccvenenees vemrrasnesesrarmnarenesnnesiasaisinernsre 19 O 176 *
TV hite Qlay...ocuseessescesrrunnseresssensanensrabusssrsssasssisssos aanessans W15 & =141 #
.5 €1 o DO 40 ¢ =231 “
White s'md nml wood (water-bem ing stratum) ................ sereany B3 0 ==297 # P
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ARTESIAN WELL ONE MILE FROM BEABRIGHT, ON RUMSON ROAD,

Elevation, 14 feet; diameter, 4} inches; depth, 393 feet. Water rises within 12
feet of the surface; yields 103 gallons per minute.

This well was put down by Matthews Bros., who write as follows :

“In 1897 we drilled a 4}-inch well for Mrs, Dermott. Location
near the Rumson road, about one mile from Beabright. The eleva-
tion above tide-level is about 14 feet. The depth of the well iz 393
feet. The water riges to within 12 feet of the surface, and the well
yields 103 gallons per minute,

“ The strata were:

“ Heavy 8a0d.uuiciscsnsiensisincarrnecnresrnsaesese
Clay.. s nnnennnne T O
Brown sand....ces serevcrnniiirienene Naerrrssebieanesassne

Black sand... etemnmsesrsrrresaranas

Marl .. cers e rerasnrnnes crrsreasasee

(.}m“nted ahd(a e nese b e e e

Colored pebbl......... .................... e st . 4% =108 ¢
Dark sand.oievuerrccrcnvrercennenns erarrrrerssesasirenesaters srsreisasan “
White clay.... e e e e rrraras aeremrarsasarreens 15 i
Black marl... resrsseerseiienie e sanas et abres &
White sand and wood {watr r—bearmg) u
Blue clay. .. Cernsesirueserenbaen "
White sand und wood (water-bcarmg) won

ARTESIAN WELL ONE-HALF MILE WEST OF SEABRIGHT,
NEAR THE RUMBON ROAD.,

Elevation, about tide-level ; diameter, 3 inches; depth, 202 feet.
Matthews Bros. write: “In 1895 we drilled 3-inch well for Mr.
Palmer, cottage situated near the Rumson road, one-half mile west of

Beabright., The elevation of ground above tide-level is about 14 feet.
The depth of the well is 292 feet,

“The strata passed throngh were:

“8and ..vieeenriens e B terrerrsrRTearaseaE et eetarans shuarsans b rans 4 feet.
Clay coovveevetmnnisne ccnenaee s 5 ¢
Brown sand . iivierenisiiiseinieenn eamreesin e e sesesans nen 15 =
Black s80d.cc i virnviveriiieienrmneonssnsineae rarasbeerenass = 46 “
B’ £1% J SRR reenrraene = 92 «
Shel's, comealid v ciiciiniarnnierserirarsirmrerieree ressesssnrensasesseanar 4 = 96
Pebbles, different ca!orel .......................... csrreeernarrenane 4 % = 08 ¢
Dark-colored 8and .oovvviiiiiisniiniiiniccicrnnerens conserrrarsesennes 86 ¢ =164 €
White clay.... LU £ BELLII=S £ L
Black marl... e eEsee R eRete R e P A e trbt e rbeerrera tesenase 47 W =230 ¢
White sand and Waod (t"-‘.‘[’tf—bEﬂ.f‘: L7 #2203 w P
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ARTES8IAN WELL ON RUMSON BLUFPF.
Elevation, 12 feet; diameter, 3 inches; dépth, 367 feet.

Matthews Bros, write: “In 1895 we drilled a 3-inch well for Mrs,
Ralli, cottage situated on the Rumson Bluff, about 12 feet above
tide-level. The well is 367 feet deep, and the water rises to within
9 feet of the surface.

“The strata passed through were:

BANA coveirarierrasesarreretssrsesnessessratinssenns ssenssesnsstass tessansasans = 2 feet.
Clay connecreenrenrarasnns
Brown sand.......e.eees
Black sand....ccevuiense
Marl.....oecirernemennenee

i
=

Pebbles, different colors...ceiiinreeerienrenisniinerersienresssnssaraess 3 % = 83 “
Dark-colored 8and...ceuiisruasmsirsiosissemierisersinenresrsesnrarerinse 68 ¢ =161 “
White clay.....cccssnens rarreraransinsesnresunrensasrearroanrisnraens 20 0 =184 ¢
B £57 3 DN e s e setentbersetsressntarsinrrersranannanen 400 6 =228 ¢

.74 4 =303 ©
16 4 ==319 &“@
48 4 —367 “

White sand....oovvsveinreiirmnasereennesnn
Blue clay. ciivniimmorsmimnennienen.
White sand and Wood (uater-bearmg)

ABTESIAN WELL NEAR SEABRIGHT, ON THE RUMSON ROAD.

Elevation, 1 foot; diameter,3 inches; depth, 274 feet; natural flow, 18 gallons

per minute,

Matthews Bros. write :

“In 1895 we drilled a 3-inch well for Mr, John Bryan, whose cot-
tage is situated along the Rumson road, near Seabright, N. J. The
well has a natural flow of 18 gallons per minute, and is 274 feet
deep.

“The strata penetrated were:

8a00.n ctrrrerr e rsrecsses cersrestnseercenresnsnnrnerensasnrrenanereee 2 fe€L = 2 feet.

Clay.. covvviiininans O s es LN b e b ar e R b aae s e b AR b N e R e nnrranann 3 v = § ¢«

versresrese e ieineaesanensnneres S0 ¢ == 35 ¢
Marl...rciiniciss e, Veererenvisantranies cvesrreennens 43 Y = 78 ©
SREHS..cesirartss crsrrnieiciriiareranraesinsnsssesats terssnentoreteresiennnieens “# = g2 ¢
Pebbles, different colors......... o= 84 ¢
Dark-colored sand.....ovieueveane “ ==15§
White elay..coiiicimisniiisiian. # =182 ¢
Marloiine irenen eresane =209 «

White sand and wood (water-bem m_qstmtum) crervesnrerrnrnn e 48 ¢ ==274 ¢
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ARTESIAN WELL TWQ MILES WEST OF SEABRIGHT, ON
RUMBON ROAD.

Elevation between 40 aud 60 feet ; diameter, 3 inches; depth, 396 feet,

Matthews Bros. also write : ,

“ Later in 1895 we drilled a 3-inch well for Mrs, Gen. C. B. Fiske,
whose cottage is situated on an elevation along the Rumason road,
about two miles west of Seabright, N, J, The elevation above tide-
level is between 40 and 60 feet. The depth of the well was 396 feet,
and in drilling this well we penetrated an exeeptionally-thick marl
stratum.

The strata passed throngh were :

BN tiacse eanvanarernsisrrenses toareisssorninesrsrerannnsson virreerenennas 2fect = 2 feet.
Clay veriincreee g v =10 ¢
Red rand cvcricnicniciieinimnii e esessieeennns 45 ¢ == 55
Fine brown 93nd...veeivaseisecrisnisnreerissrsenens 7T = 62 ¢
Conrse sand.. vivviiiiirerencasiiererasrneren 47 ¢ =109 *
Bticky marl ....ocvivevreenenen. 98 ¥ =205 ¢
White clay...ccceereeeeenn 24 ¢« =220 »

Black marl ..ooiiiiiiiiiisinirnrc i s cesenseseenaneee. 1120 =341 ¥
White sand (wol r-bearing slr@tum) cocecsecvesrassss reasensennennss 98 =386 ¢ 7

ARTESIAN WELIL ONE-HALF MILE WEST OF SEABRIGHT,
OR THE RUMSON ROAD.

Elevation, 5 feet; diameter, 4} inches; depth, 347 feet. Water rises within 1 foot
of the surface.

Matthews Bros, report:

“1In 1897 we drilled a 4}-inch well for Mr, E. G, Woerz; location
is on the Rumson road, one-half mile west of S8eabright. The eleva-
tion above tide-level is about 5 feet. The depth is 347 feet. The
water rises in the well to within 1 foot of the surface,

% The strata were:

4 Brown AN ecees renrrsnsisssienrernancasersrrnrarersrnnesencerensnenes 20 1066 = 20 feet,
Black sand..... verennns 37 ¥ = BT

B .S OO P ORI *: S 01
Cemented sRelis....vvniviiireiirs seissssissnnisnosirerrratnnsnion 4 “ =105 “
Colored pebbles......... reresrrneessseseer e B 0 =110 ¢
Dark sand...cecvivermirnnmnimmsmssnin s s 11 ¢ =181 ¢
White elay... ceeeennias #o=197 ¢
Black marl “o=234
White sand and wood (waler-bearing)......oconnicvmmrssiressrn.canns 898 ¢ =282 ¢
Blue elay. e srorseserissasmsarsnserneanraane P ssesssirnnnines 18 80 =307 ¢
White sand and wood {waler-bearing).....ovvirerirnraranresnnanres voe 40 % =347 ¢ 7
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ARTESIAN WELL AT BLACK POINT, OPPOSITE ROCKY POINT,
NAVESINK HIGHLANDS,

Elevation, 17 feet; diameter, 4} inches; depth, 279 feet,
Water rises within 15 feet of the surface.

This well was put down by Matthews Bros., who write :

“In 1897 we drilled a 43-inch well for Mr., R, Romaine ; location,
Black Point, opposite Rocky Point of the Highlands, N. J. The
elevation above tide-level is about 17 feet, The depth of the well is
279 feet, and the water rises to within 15 feet of the surface.

“The strata were:

“Made ground....vvuresivennsiiisienne s e ennne orenens 3 feet = 9 feet.
Sand...ccccoviriiirnerarnen. ver e 304 = 12 ¢
CI8Y ciiriirieniernrenresneenes remn e rera. e 200 = 14 ¥
Brown sand......cvuenennnn, R A 1
Black sand and claFu..crceverreirereeninnns S Ebi b e aeesu s aersraas 3.« “ = 58 ¢
MarL civiriineererseesnenmrers inannsansanses errrrresrennerssnensns [ s 41 = G ¥
Cemented BRells. vvvivesireirinicminnnnivinesiresersrenies sssnensnnnesnens 6 % =105
Colored pebbles......ccosermennannns ererenra e eren e e e v 8% =108 ¥
Dark sand....covvevenne Ho==182
White clay......... Wo=197
Black mark..ciiviieicenreinmneiniiciniennnees Wo=241 ¥
White sand and wood (uatcr-bmrmg) .................... ¥ =279 « "

ARTESIAN WELL NEAR BLACK POINT, ABOUT ONB MILE
WEST OF SEABRIGHT,

Elevation, 12 feet; diameter, 3 inches; depth, 296 feet, Waler rises within 9 feet
of the surince, Yield, 54 gallons a minute.

Matthews Bros. state: “In 1897 we drilled 2 3-inch well for
Dr. Kimball; location near Black Point, about 1 mile west of Sea-~
bright. The elevaiion above tide-level is abont 12 feet. The depth
of the well is 296 feet, and the water rises to within 9 feet of the sur-
face. The yield of this well was 54 gallons per minute, The strata

were:
HBAT 1ovrririntiesreress cemssrenetmnrreteess serressearsnrenarenesersrersensessss 3 feet.
CIaY cveieirisiirererienr s seesnniessness Chre frerreeerasernrasesnanneas : 5 ¥

Brown snnd v crvens e vas 14
Black sand nnd c!'ty L B
Marl.iciiicrrerneede cnvenns Ceetieerirrersaareereaans . ' 93 “
Cemen!ed shells..onnan.. RNt e rana e st bty s dranr rearaveren 99 “
Colored pebbles....cur irirririirmeesiis iareeesssrserrnsesreessens 103 ¢
Dark sand..ciciiiriiiciiiniineens crrvrrrerrareninn 179 #
White clay wrierenns U U =196 ¥
Black marl .. =236 «
Black marl rock . R =240 ¢
White sand and \\ood (wntc; baurmg stralum) P =296 « 7
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ARTESIAN WELL ON RUMSON’S NECKE, OPPOSITE SEABRIGHT.

Elevastion, 4 feet; diameter; 4} inches; depth, 267 feet.
Natural flow, 23 gallons per minute,

This well was put down in 1897 by Matthews Bros., who write:
“ We drilled a 4}-inch well for Mr. George O. Waterman. Cottage
situated on the Rumson Neck, on the opposite side of the river from
Seabright, The elevation above tide-level is about 4 feet. The
depth of the well is 267 feet, and it has a natural flow of 23 gallons
per minate.

“ The strata penetrated were :

# Red clay, parily made ground....cee cerrecsrasrnss imersssssenenrsens 17 feet = 17 feet.

Black sand.......oveirivarsrsissrisnsicasimmerninsinnassasonas verevansrerne 24 0 = 41 ©
AT e eerireiserenes sosssarssasensn sassmstos srsneenossaserassinsrscssnnnsenensss 47 & = 88 ¢
Cemented 8hells. .cvveiiievioriareesarinenrienssosensnens cerrerrerrepnans 7 % = g6
& =]00 [1]
4 =189 #
il -___186 i
& =227 it

o = 267 “wo”n

ARTESIAN WELL ON RUMSON’S8 NECK.

Elevation, 7 feet; dismeter, 3 inches; depth, 277 feet. Water rises within 6 inches
of the surface

This well was put down by Matthews Bros., who write as follows :
“Tn 1897 we drilled a 3-inch well for Mrs. Kellogg; location,
Rumson’s Neck, Elevation is about 7 feet above tide-level. The
depth of this well is 277 feet, and the water rises to within 6 inches
of the top of the well,

“The strata penetrated were :

CIAT.. reneereeenraessessseruesasesssasnsorecctanranscosssnemsamnnessncennrars 4 fe8t = 4 feet.
Black sande..c...ouivivierienienarererrereereresrerssssssorassinssenssanennes 47 ¢ = BL
Marl ccveeriieeene . . 46 ¢ = 97 ¢
Cotented SEM 0 vereaveennesissssasssaseneres srnansarasmarsnscsusssncrnsesinn 9 0 =2 100
Pebbles, colors evbterersreresetessesennsn arars rersnrannrernerans & 0 =104 ¢
Dark-colored sand ....ocovivencraninins =176 «
White cla¥. i =190 “
BLack maTL e cmeeerrecreereresamransens vasressevessesvsasrssmmnenannannenene 40 ¢ =286 ¢
White rand (afer-bearing o i ssssireennismssiirsssnere seases 41 ¥ =277 "
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ARTESIAN WELL ON RUMSON’S NECK.

Elevation, 4 feet; diameter, 3 inches; depth, 284 feet; natural flow, 26 gallons per
minute; pumping yield, 73 gallons per minute.

Matthews Bros. write: “In 1897 we drilled a 3-inch well for Mr.,
Minugh; location, Rumson’s Neck, about 4 feet above tide-level.
The depth of the well is 284 feet, and it has a natural flow of 26
gallons per minute, and yields 73 gallons per minute when pumped.

“The strata penetrated were :

CIAY vvenee vrverarninsnenreanss snsinnsssarannsasananssconenenmnannerranieneens 4 fo6t = 4 feet,
Black sand....oiiciiiieiiinieniiinriirinensnessanniaans crrserniniasesneens 49 Y 53 ¢
Cemented afldls P OTRUP TP S PPl 1) S
Different-colored pebbles verrseramanies 8 ¢ =106 ¢
Dark-colored sant. e i tissisnisiisnneiiessmsrmsrsmnsnesennne 74 9 =180
White elag veeeriereiinirsrisii s e 16 % =196
Black mark...ciciviisiineemnrioeernirectioresnsenee crrreeenees 450 =041 ©
White sand and wood (water-bearing}.......ivrerens vervsnsssaiennenens 43 ¢ =284 ¥

ARTESIAN WELL ON RUMBON’S NECE.

Elevation, 3 feet; dinmeter, 3 inches; depth, 284 feet; natural flow, 32 gallons per
minute; pumping capacity, 93 gallons per minute.

Matthews Bros. write: “In 1897 we drilled a 3-inch well for Mr.
Peter White ; location, Rumson’s Neck, and the elevation is about 3
feet above tide-level, The depth of this well is 284 feet, and it has
a natural flow of 32 gallons per minute, and when pumped 93 gallons
per minute was obtained.

 The strata penetrated were:

“CLAY wiimrrereerrtenrereierarrassntnns sesnsnssessssssanensans senanns s O feet
Black sanda. oo veverarinnrennins rereesrnenenas veser seearrsersennenesasens 47 6
Marl .. PPV PITVSPRTUTRPR- I S
Ccmmtcdahclls OO PRTRY ; S
Daﬂerent-colored pebbles T OO PIURTU. B
Dark sand....ooiinin eertrreres et e s ran e e taaanass S &
White c]uy. 16 «
Black marl e iisiirererncreirenoreseees 49 ¢
White sand and wood (wafer-bearing) e 46 4 =
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ARTESTAN WELL ON RUMSON’S NECE, NEAR THE
SBHREWSBURY RIVER.

Elevation, 4 feet; diameter, 3 inches; depth, 369 feet.
Natural flow, 65 gallons per minute,

From Matthews Bros, we have received the following: “ In 1895
we drilled a 3-inch well for Mr. Strong, whose cottage is situated on
the Rumson Neck, near the Shrewsbury river. The depth of the

well iz 369 feet, and has a natural flow of 65 gallons per minute,
¢ The strata passed through were:

“ Black 8and....cusvesnrsrsenressnrnassanisnne = 48 feet.
Marl.occisinivmmeserenaanee = 90 «
Shella covirsvsens ersisssssroreeans = 96 *
Pebbles.......... = 99 ¢
Dark-colored sand........ cesrssveseirnnas . =162 ¢
White €lay.. .o imrverscrassveenrscossinraensra =179 ¢
Black mnrl.. enreteeretperabia iR Esreas s ra e sesan R asee N =923 “
White sand and wood (warer-bcarmg) ....................... creeran =295
Blue clay... terebirertianaenteeses crrrsesensrseraraness 17 ¥ =312 ¢

White sand u.nd wood (:nter-bearing).... eeneny versersre 87 % =369

ARTESIAN WELL ON RUMBON’S BLUFF.

Elevation, 18 feet; diameter, 3 inches; depth, 376 feet.

[13

Matthews Bros. write as follows respecting the above: “In
1896 we drilled a 3-inch well for Mr. 8. W. Alexander, whose
gummer residence is on the Rumson Bluff. The elevation is about 18

foet above tide-level. The depth of the well is 376 feet.
 The strata passed through were :

“

¢ Band..eeiisiarsinasniomerniarserena N G feet = 6 feet.

Claacnssnss srrscrmsrsnasensenassens 4 ¢ =10
Brown sand....ccvecieeneininniees s envanas g ¢ = 19.
Black sand....uvseirernereesavnorens 34 ¢ = 53
Marl.. [PYUTTPIT . verrevesnensenrasens 43 ¢ = 0§
Oemented shella . 5 ¢ =10t
Dlﬂ‘erent-colored pebh]es 4 % =105
Dark-colored sand... - 72 =177
White clay.. .. 19 * =196
Black marl.. ccecsessssnnsionisnssissrererasvirsnensnnensas ressarernan e 47 % =243
White sand and wood (raler-bearing)srierecirienineens # =310
Blue clay....ocesunmnesrernenanrorscaniransinaens srresnareseanenn s “ =329

“ =376

White sand and wood (tcater-beanng). PPN
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ARTESIAN WELL ON RUMBON’S BLUFF, THEREE-FOURTHBS OF A MILE
NORTHWEST OF SEABRIGHT.

Elevation, 12 feet; diameter, 3 inches; depth, 387 feet.
Water rises within 9 feet of the surfnce.

This well was put down by Matthews Bros., who state: © In 1897
we drilled a 3-inch well for Mr. Peabody, whose cottage is situated
on the Rumson Bluff, three-quarters of a mile northwest of Beabright,
The elevation above tide-level is about 12 feet. The depth of this
well is 367 feet, and the water rises to within 9 feet of the surface.

“The strata penetrated were :

BARA L ivireir i rsrn s aan s rsean sens St hresade v eneenien wis Dfeet = 5 feet.
Clay..cocnnimneas sabseras vearte g 2% = 7 &
Browa sand...ccvvvveeveererierennonine rebe et e eesens carsiaasseineenee 9 = 1§ ¢
Black sand.......ccue..... cirbmrrarenisener 38 ¥ == 54 ¥
B 678 ) S vereenee 43 ¥ = 97 W©
Cemented ghells.ennsensrneranns veeirreae 4 0% =101 ¥

Colored pebbles wouuvecvcrrirnenienseenias eresncenneneen 3 % =104 ¥
Dark sand....ceuniene reavanrasrnrraneas vesnnnariianie e 17 % =181 «
WWhite ClaY iivver i vuiscrnensiisiiicsrirens revevesrees sereecssecressssssas 18 % =200 «
Black mark.....vcvinninsconmvensiseeios msees erearernt e ranas ceerene 42 % =242
Black marl £0ek. ..ccviivniieiiiis cirescnin e e i veneens. @ ¥ = D44
White sand and wood (water-bearing}....crrvrunennnn ¢ =313 ¢
Blue elay....cinveiinrenneereennnn. feretrareiesbaas R
White sand and wood (water-bearing}....... srersrnsereranerirans =367 ¢ 7

ABRTESIAN WELL ON RUMSON’S BLUFF ALONG THE
SHREWSBURY RIVER.

Elevation, 29 feet; diameter, 3 inches; depth, 395 feet. Water rises within 26 feet
of the surface,

Matthews Bros. write as follows respecting this well: “In 1897
we drilled a 3-inch well for Mr. John T. Fralley, ocottage on the
Rumson Bluff, along the Shrewsbury river, nearly opposite Sesbright.
The elevation above tide-level is about 29 feet. The depth of the well
is 395 feet, and the water rises to within 26 feet of the surface.

“The strata penetrated were:
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S Trony ClaF woeresecsiiereseieiisimnenessssnreiiresimerianesinseonssnerarsnss 1 1064

Red sand...eeenirnrisersssrenrssssnssrrnnesnssarssocssssarsnusasassnssrensss 10 9
ClAY coeorentitnineneni s e serserersaisresirssssiress vernnensrnsrssnsrs B
Brown sand.....eeeee.. eevaressen u
Black sand....ovnmssnicinin “
Marl . u

113

Cemented shells........
Colored pebbles....ovvimeisinens

Dark £a0d voovvinvissmisrennresmmnenennisanss s ssasssanns “
White ¢lay cueeverveneenns TG PRUPIO VRIS 1. S
Black marl... errersersensrraseserarasseasrnarare rnsras s rrrraraass s
White sund and Wood {(water-bearing)... «

Blue clay.. bt arseneamaeruesemnstrrayeseestarteatiaransanias
White sand und wood (uater-bearmg). vreeverinarssnassnressenivannes 43 €

ANOTHER ARTESIAN WELL ON RUMSON’S BLUFF,

Elevation, 15 feet; diameter, 3 inches; depth, 374 feet. Pumping capacity,

162 galloms per minute.

Matthews Bros. also write: ¢ In 1895 we drilled a 3-inch well for
Mr, Harriot. Cottage situated on the Rumson Bluff, about 15 feet
We could

above tide-level, The depth of the well is 374 feet.
pump from this well, constantly, 162 gallons per minute.
“The strata penetrated were :

L1 T T TURURUVETRUR . § | -

ClAF wiviiiinamrmerasmsiensansionsensarsassesorsnrronsansansasasinnmesnsnsssaras 4 ¢
Brown sand,......

Black 8800, ... srssserrssrsrsrnvsarrannecis ersenreseenareareonnns ne w300
MAT] i creisestcertsrsssarsansaesnannnsrcsssssnssesns tesssrnsensassrransornes G0 °0
SREllS cureervererrarnrriorens tttrentres trrrnrreaes sesaebisabrensn sesearsanariers % O

Pebbles, different colors ..cuuvune D, 3 4
Dark-colored sand....cvciieriinrerninirnerimier s 68 %
Whlteclay 25 «
Marl.ues ' eerrsrsetiverersnsiasys O : ¥ S
White sand nnd wood (uatcr-bearmg) PP veverneee 12K
Blue clay. cceccvueecrerecsnnrsnsercossracaastisssassnnnrsssmmssessisanasones 14 %
White sand and wood (Lcatcr-bearing stramm)......................... 65

ARTESIAN WELL AT OCEANIC,

Elevation, 16 feet; diameter, 6 inches; depth, 372 feet. Water rises within 12 feet

of the surface. Pumping yields 210 gallons per minute,

Matthewa Bros. inform that in 1897 they put down “a 6-inch well

for M, C. D. Borden, of Oceanic, N, J. The elevation is about 16-
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feet above tide-level. The depth of the well is 372 feet, and the
water rises to within 12 feet of the surface. This well yields 210
gallong per minute.

 The strata were:

“ Brown sand....eeesieisinninnn . 9 feet = 9 feet
White sand....ceisverimriermnsniiesssnii e o s 8 % =17 ¢
GIATEL corecrtirvicsivirsicmnens wmtiscrssmrersnmssesanssisssessnessannaanns 3 o= 20

" Black sand and clay...coccceserrirrncns wrerererennianieesasnrsrerseresarees 38 % = BB
Marl. et e srenerernisremssarsnnaness 47 ¢ =103 ¢
Cemented shells ........ crereisrasrararee vtecerrerrrsrerernvansee 10 =110 ¢
Colored pebbles.. vciviieiiininicnninirenmiasninren s e s 3 ¢ =13 «
Dark sand . .covvviecicniiiiieriieniinnn, ereseninerssnneinaannanens 14 0 =190 ¥
WWhite Clay...ccorsimimiiiisnnonin rreriresinsnt sesessssasasssasasranasosse 17 % =207 ¢
Black mATl e ceccrirrrinee st sy e s vea B3 H =260 **
White sand and wood {water-bearing)....ccovnvvrrraresrciisnraenianss 44 ¢ =304 ¢
Blue clafo e necrracaseans vererresineretssesrausssssassansnrenarany 18 0 =2 819 ¥
White sand and wood (wutcr-bcanng stratum) ....................... L83 ¢ =312

ARTESIAN WELL OPPOSITE OCEANIC, ON THE NORTH BANK
OF THE NAVESINK RIVER.

Elevation, 16 feet; diameter, 4% inches; depth, 297 feet, Water rises to within 14
feet of the surface. Pumping capacity, 187 gallons per minute.

Matthews Bros. inform as follows: “ In 1897 we drilled a 44-inck
well for Paul Lamarche. Cottage situated opposite QOceanic, on the
north bank of the Shrewsbury river. The elevation is about 16 feet
above tide-level. The depth of this well is 297 feet. The water
riges to within 14 feet of the surface. We could pump from this well,
continually, 187 gallons per minute,

“The strata passed through were:

B BAN. curerienieensenteereeres srareraranasacnsvneerissbessirsaisnennrsrnsninisery 3 f06L == Zfeet,
Marl.. coocovemniraniins Cetrrnsenen s e sassbuns paissneseees OF 0 = 08 ©
Quicksand .. eeeeehesaiEsertaiesitereraRetrers SRRnRrEeR TR ET santn 9 4 = 48 ¥
Marl nndsand rsreresestbretesesauarsbresrantenrarsiirorrnssres 43 6 == 7 ¢
D1H'erent-colored gravel ............. rarsrersanernrersranee vrentereenes O % =102 ¢
Dark-colored sand.......cvvcuveisnionsnnrenscensossorirssrnsnrarsssesesecnss 04 ¢ =166
White clay.cceriimneensinsissiismiirsressersnenrmseresnersmmenvernes 27 ¢ =108
MATl.cvevvecenrsroensscsacsrenrnrrvansssrrmmensncnsansnnsnessinnrersaessesasass 09 ¢ =262 ¥
White sand and wood (10aLer-Bearing o inrersersnnerearvennne 48 ¢ =297 ©

16
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ARTESIAN WELL OPPOBITE OCEANIC, ON THE NORTH BANK
OF THE NAVESINK RIVER.

Elevation, about 34 feet; diameter, 4} inches; depth, 357 feet,
Water rises within 31 feet of the surface.

Matthews Bros. write: “In 1895 we drilled a 43-inch well for
Henry Lamarche, whose cottage is situated on the north bank of the,
Shrewsbury river, opposite Oceanic, N. J. The elevation above tide-
level is about 34 feet. The depth of the well is 357 feet, and the
water arose to within 31 feet of the surface.

“The strata drilled through were:

“ Red 5aNd., rerereersrisssierniseeserersserronerssasssanssrrnsarerneerennannss 20 féet = 20 feet,
Clay oviveenrns 4 eettsemresssermserasedessnrsantsrertentesin s 3 Y o= 23 Y
Brown sand.. ...... e ereseerenas ¥ = 31
Marl..ovreciiiecirnnae errreeenriabaes e n b asaraNe § o= 4 ¢
TaTTETe) T 1Y O OIOTUIVPR LN D B
Marl and BaDA. ..o-virerieererrasianiii s s sassassar et n e e ra e 48 " =117 ¥
Different-colored gravel......... st e 8 % =123 Y
Dark-colored 8and....ccvevvueerireenneiiarirrerseisssasssnssrsrsensencennne 08 ¢ =181 *
White clay..cccoivmeniiins viverimerarmmanensassasnnn “ =210 ¢
Black marl. ... .... o287 ¥

White sand and wood (water-beuring strolum)au s coviecverne -nvee 9 & =357 ¢ ¥

ARTEBIAN WELL OPPOSITE OCEANIC AND NEXT THE
ABOVE WELL.
Elevation, about 30 feet; diameter, 3 inches; depth, 353 feet.
Water rises within 28 feet of the surface.

Matthews Bros. also write: “In 1895 we drilled a 3-inch well for
Mr, John Lamarche, location next to Henry Lamarche, The depth of
the well is 353 feet, and the water arose to within 28 feet of the sur-
face. The strata penetrated were about the same as the well drilled
for Mr. Henry Lamarche.”

ARTESIAN WELL OPPOSITE OCEANIC, ON THE NAVESINK RIVER.

Elevation, about 80 or 90 feet; diameter, 44 inches; depth, 365 feet.
Water rises within 80 feet of the surface.

Matthews Bros. write as follows: “In the summer of 1835 we
drilled a 4} inch well for Mr, Matthew Lamarche, whose cottage is
situated on the benks of the North Shrewsbury river, opposite Oceantc,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 243

N.J. The elevation above tide-level is about 80 or 90 feet., The
water came up to within 80 feet of the surface. The depth of the
well was 365 feet.

‘ The strata passed through were:

REA ClAY eurenrarcernnsrsianressssarrrnssisterstsssineusrestinnraneareraraases 20 feet = 20 feet.
Tron 0re ccvvirscrernrserneivriers rmareenrsasnreares o= 92 ®
Peanut ston@..isviicemrercccnereanse. o= 240
Red glay...covumrecenireeeninirinnans o= g4 "
Red 88nd.ciiiiiiinriirenienicioniimiinenrnines i ssrossesnonerenees 30 % = T4 0
Rerd elay covveeeiciciircinniiccnnssrrs s s virsesarrsrannsns s s sasanne 4 4 = 78
Brown sand..ccemeeinerininiiir i saisr e sse e rass sanresscaens 7 % =8 4
Black marl.....ccooniersrinsisisiceirannones L 30 ¢ =115 %
Quicksand ....... Crrertrernatensieneas veersrreenaanee 100 % =125
Marl and Ba00..iicireieiorenrsnnsinnn s imnaesres seeraes orsvesnansannss 40 4 186 ¢
Heavy gravel, various colors.,..o e cinunsiisiiimeinee. 8§ % =171 @
Dark-colored 8and.....cveeeiee sesnssnnnsares iensnerssessesssnrvsasnsnrs . B0 ¥ =231 ¢
White elayuecineri s, srressnrrninnssrrrssserrinenns 26 0 =267 ¢
Black marl...cviciecrerensnns serrennas CeberesrerrerrRe s saresranennsanian 50 ¥ =307 ®
White sand and wood (waler-bearing siratum).....cevereerrers weannes B 4 =365 “ 7

TWO ARTESIAN WELLS AT NORMANDIE,

No. l... ........Elevation, 10 feet; diameter, 3 inches; depth, 200 feet,
No. 2ueverraerea i ip « # 44 ¢ “ o200 ¢

Kisner & Bennett inform us of two wells put down at Normandie
for F. P. Earl, each having a depth of 200 feet. Oge of these is a
3-inch well, drilled some eight years since, and the other a 4}-inch
well, put down some three yearssince. The water is of good quality.
The horizon is the equivalent of the Asbury Park 525-foot horizon.

ARTESIAN WELL AT NOBMANDIE, AT THE OUTLET OF THE
SHREWSEURY RIVER.

Elevation, 10 feet; depth, 200 feet.
Kiener & Bennett furnish the following generalized record of

another well put down by them to the depth of 200 feet at Nor-
mandie, at the outlet of the Shrewsbury river:

Bezch BaNG t0... i 1uiterorrsreararavaes ratsurstecsasserssessneransssssssassnsans 150 feet.
Green mark,......ovveereieecreeniann semsenen 4 ees b beraat rrseeraern rran e 15 feet =165 «
White sand (wafer-bearing) . .ovoniiiinsrcsiiniemnnre e 35 & =200 “

This water-bearing sand is the equivalent of that at 525 feet at
Asbury Park,

NEW JERSEY GEOLOGICAL SURVEY



244 ANNUAL REPORT OF

ARTESIAN WELL AT ELBERON.,
Elevation, 25 feet (?); depth, 375 feet.

Kisner & Bennett state that a well has been drilled at Elberon,
northwest of the railroad depot, to the depth of 375 feet to the first
or 400-foot Asbury Park water horizon, viz., the one next below the
marl series,

ARTESIAN WELL AT WATERWITCH, AT THE BASE OF THE
HIGHLANDS OF THE NAVESINK.

Elevation, 10 feet; depth, 142 feet. Water overflows.

During the early summer a well was put down near Waterwitch
station, at the base of the Highlands of the Navesink, on the beach
upon the south side of Sandy Hook bay. Kisner & Bennett, who
drilled the same, state that it has a depth of 142 feet, and has a 40-foot
strainer at the bottom. The water horizon is the second one beneath
the marls, or the 525-foot horizon of Asbury Park. The well over-
flows at the surface,

ARTESIAN WELLS AT ATLANTIC HIGHLANDS,

Elevation, 5 feet. Seven wells, diameter of each, 43 inches; depth, 114 feet.
Water horizon near the top of the clay marls,
One well, diameter, 6 inches; depth, 465 feet.
Water horizon at the base of the clay marls.

Kisner & Bennett inform that they have drilled seven wells at
Atlantic Highlandsto the depth of 114 feet, and one well to the depth
of 465 fect, These wells are sitnated at the base of the bluff, on the
margin of Raritan bay, and are but a few feet above tide. They all
overflow, The wells with a depth of 114 feet draw from the water
horizon that is found at Asbury Park at the depth of 600 feet, and
but a shert distance below the base of the marl series, while the well
that draws from the depth of 465 feet is supplied from the same
horizon that furnishes the wells noted in this report at Keyport
and Matawan,* viz., at the base of the clay marls and top of the
plastie clays,

*Bee pages 245 and 246.
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ARBTESIAN WELL NEAR ATLANTIC HIGHLANDS,

Elevation, about 30 feet; diameter, 6 inches; depth, 167 feet,
‘Water rose to within 28 feet of the surface,

Matthews Bros. inform as follows: “Late in the fall of 1895 we
drilled a 6-inch well for Mr. Charles Leonard, Leonard avenue, near
Atlantic Highlands, N. J. The elevation above tide-level was about
30 feet. The depth of the well was 167 feet, and yielded a good
supply of water, and this well now supplies the village with plenty of
water. The water arose to within 28 feet of the surface.

“The strata drilled through were:

# Red clay and peanut StON€...ccuiivr vearsssiarsasisissnmsasenncnnnnnis 8 106t = 8 feet.
Red Clay covcsissearierineresininssnssirsssisinnsserssorenensrasrarsesnnens 18 4 = 20 ¢
Brown Sanf....ieseseitisiomisninisisssssessantsasiesssnsssessasacasan sasrennas 4 ¢ =24 ¢
MArL. . cioirecirrrrnrenserieansensarseeransasses sasnrasererttetontnnnneeenssarses 18 0 = 40 %
Black 8a0d.... cuceruesiorsrnrnnssisrsmsssrsnsrssssarmereesinnssornnrsrsasstn 33 4 = 78 ¢
White lay..oocrerermerseteniansonisnainsmsrmsssonenseresnaee 14 ¢ = §2
White sand and wood (water-bearing sfrattm).......cciicivmnreianes 70 =167 & 7

FOUR ARTESIAN WELLS AT KEYPORT.
Elevation, 2 feet; depth of each, 214 feet. Water overflows.

From Kisner & Bennett we learn that a few years since they drilled
four wells at Keyport for the water-supply of the town. These wells
are located on ground only about two feet above tide and overflow.
They have a depth of 214 feet, and draw from the same horizon as
the wells noted at Matawan (see pages 246 and 247), 4. e., from sands
below the clay marls and at the top of the plastic clay or Raritan beds,

ARTESIAN WELL TWO MILES EAST OF KEYPORT PIER, AT
LORILLARD'S BRICKYARDS,

Elevation, 10 feet: diameter, — inches; depth, 230 feet.
Water rises within 3 feet of the surface.

This well was put down by Uriah White, It has a depth of 230
feet, and must draw from practically the same water horizon as the
wells reported at Keyport and Matawan (see pages 245 and 246). It
is finished with a 30-foot strainer at the bottom. There is said to
have been a little sand, without much water, at the depth of 175 feet,
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then there was 20 feet of blue clay at 175 feet to 1965 feet. The water-
bearing sand above the depth of 230 feet is described as consisting
of grains the size of those composing the beach sand at Asbury Park,

ARTESIAN WELL AT RUNYON, FOR PERETH AMBQY WATER-S8UPPLY.

Diameter, 4 inches; depth, 185 feet. Water rises 16 feet above the surface.
Temperature of the water, 54 degrees Fahrenheit.

Daring the fall W. R. Osborne completed the boring of a 4-inch
well at the Perth Amboy Water Works, which are situated about
seven miles southiwest of that city, and near Runyon station.

The well has a total depth of 185 feet, but the top of the water-
bearing sand was found at the depth of 175 feet. We are informed
that the well flows freely at the surface, and * delivers 280,000 gal-
lons per 24 hours.” By placing a joint of pipe on the top of the
caging the water rose within it to the height of 16 feet above the sur-
face. The temperature of the water, as it lows from the mouth of the
well, is 54 degrees.

The diameter of the well is 4 inches, A 6-inch casing was suak
to the depth of 105 feet, and then a 4-inch casing inside the 6-inch to
the depth of 180 feet from the surface.

The contractor kindly furnished specimens of the borings, and also
a record, which we copy below, noting the specimens in brackets:

Fine white sand, like seashore sand, with lLignite at 75 feet........ 78 feet = 75 feet.
[Epecimens of ligaite furnished. ]
White clay, then red clay, then sandy blue clay, interstratified
with rock seams, each a few inches thick.......cc..covarrvnnreens 100 feet =175 feet,
[Specimens furnished of white clay at 75 feet, and of oune of the
rock senms nt 145 feet, and of the “blue clay * at 160 feet.}
Very white sand, with abundance of water, which overflowa......... 10 feet — 185 feet.
[Specimen at 185 feet.]

THEEE ARTESIAN WELLS AT MATAWAN.

No. L. covesserererennncenn. Elevation, 1 foot ; depth, 215 feet; overflows.
No. 2iriciiranininnricoesanans “ 40 feet; * 260 ¢
DU - T “ 30 « “ 230 ¢

Water from No. 3 rises within 28 feet of the surface. Well No. 1 bored by Kisner
& Bennett. Wells No. 2 and 3 bored by Uriah White.

The first artesian well at Matawan was put down a few years since
by Kisner & Bennett. It is located at the wharf landing on Mata-
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wan creek, just east of where the railroad crosses that stream. It has
a depth of 215 feet, and is allowed to continually overflow from the
month of the casing, which has an elevation of but about one foot
above high tide,

The second and third wells were drilled the present year by Uriah
White, No. 2 has an elevation of 40 feet and a depth of 260 feet.
It is located east of the railroad and south of the carriage road cross-
ing the railroad near the station. Well No. 3 has an elevation of
30 feet and a depth of 230 feet, the water rising within 28 feet of the
surface. It is also located east of the railroad, but north of the car-
riage road. All of these wells draw from the same water-bearing
sand, sn horizon located below the clay marls and at the top of the
plastic clay or Raritan beds,

Urish White kindly preserved and furnished a full set of the
borings from Well No. 3, from an examination of which we compile
the following record :

Alternations of sand and ironstone crusts., 10 feet = 10 feet, ] 3
Black micaceous sandy clay,with lignite, iy iy
bt 10 greensand ......oceserseiniiinens 15 % =25 % P
Dark micacecus sandy clay, slightly | I
DROWE coveeeceeranarnnresusessrecreecisaenas 100 6 = 38 ¢ Matawan R
Dark micaceous sandy clay, greenish...... 50 ¢ —= 85 ¥ I clay marls. §
Black micaceous sandy ¢lay..coirereireanee 8 = 80 ", I, ot
Streak of lignite b .vvceusvsesssresnss -revers oo =90 « i? 5
Clay, with lignite like peaty marsh....... 5§ % =95 ) o
White sand, with some lignite......cccuen 25 ¢ =120 ¢ .
Dark micaceous sandy cloyuuicernineann, 10 # =130 ¢ } Transitional. |
Whitish sand, with some lignite through- Probably |
OUL vevvernreernssasensrensenrrnsnnsnsmennnnes 1000 & =230 ¢ Raritan ]

This well (No. 2) was finished with a strainer 60 feet long at the
bottom.
BORED WELL ON TELEGRAPH HILL.

Elevation, 300 feet; depth, 675 feet.

As we close this report a well is being bored by Stotthoff' Bros.
about two and one-quarter miles southeast of Hazlet station, nearly on
the 300-foot elevation contour upon the eastern slope of the 357-foot
hill known ss Telegraph Hill, The contractors have kindly fur-
nished us with a series of the borings as far as they have ao far pro-
gressed, to the depth of 575 feet, We have carefully examined the
same and have prepared therefrom the following interesting record.
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Gravel surfice t0..ueniiasinenran. 25 feet.
Mixture of gravel and marl at.... 25 “ 1
Light-colored olive green marl... 25 feetto 40 “ = Middle marl.
Beddish-yellow sznd with iron

stone crust ot 65 feetuw. vose 40 ¢ ¢ 70 @ = Red sand bed.
Black olay s eeviciinniienininee 700H 1130 8
Dark green or bleck marl........... 130 % < 150 *
Blick clay....ovevvennes creraeiisranans 160 “« ¢ 186 ¢
Band, gray...... ceviiiiiiciinen, 185 9 8 243 0 1
Btony crusts, &coviniiriiiis veereen. 243 ¢ 4 255 ¢ G
Clayey sand . e invies o vaennenes 255 “ « 260 ©
Black clay.ceiiins voenevrieenenn. 260 ¢ 6 278
Black sandy clay.ccccrnnnnniinicens 278 % ¢ 2094 ¥
Band, with lignite.. covveneenns oon. 299 % 0 303
Olnyey sand, with lrgmte .. 308 ¢ ¢ 310 © }
Sand.. errssrnrierrersinnens 8100 0 4 350 9
Clag oveun. verre e 350 « “ 360 “
8a0d, With lignite.ee evvesmrs + verrrs 360 € 4 375 }
Clay o v 375 8 € 428 0
Greenv,h clay, some greemand . 428 ¢ % 435
TIAF crvverreeerereseeesoseereneeeneenn , 435 ¢ 0 457 @
Sand, with considerable hymr.e L 457 ¢ ¢ 47h ¢
Clay.. vearenres covveneenanenns 475 % F 515 ¢
Band, lignite and MiCh.iiass vorreens 515 ¥ ¢ 545 ©
Clay ... cereevines D45 Y 0 BBE M
Sand, hgmte and mica., v BBB ¢ © BB5 ©
“and, quite white, some mlca, no :

'igrity, SOME WateT...crver.veen, 565 ¢ p75 ¢ ] J

} Lower marl,

Cretaceous.

Matawan clay marls
and sands.

On comparing the specimens from this well with those from one of
the wells at Matawan, there appears to be a correspondence lithologi-
cally in the peculiar greenish micaceous material at the depth of 435
feet in this well with that at the depth of 80 feet at Matawan, As
the thick clay bed of which this is a portion terminates at Matawan
15 feet lower, and as there it is about 150 feet farther to a water
horizon, it appears probable that by continuing the Telegraph Hill
boring, the water-yielding sand would be reached at about 625 feet.

L
Sec. 2b. Wells in the Southern Part of the Oretacecus Belt.
ARTESIAN WELL ON REEDY ISLAND,
Elevation, 5 feet; depth, 570 feet.

A well has been bored at the United States Quarantine Station at
the northern end of Reedy Island, in the Delaware river, opposite
Port Penn, Dalaware. This well is nearly on the line of strike with
the wells at Salem, noted in this report, pages 249 and 250,
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We have been furnished with a series of the borings, from which
we compile the following record below the depth of 90 feet, to which
depth, we are informed, the material penetrated was “ mud:”

Mud {7) t0uiecsesiearinrnrmaneisiieroniiemsnsnenss nee sesssscssassaseienses 90 feet.
Coarse gravel....ovvreviriiiri e s s s e aes 90 feet to 113 ®
Still coarser gravel. ....cccoviieen wn L 113 ¢ w125 ¢
Gray sand, slightly olwe in shade, ut ererrassesashannrs i ae e 160 *
Dark gray sand at... e meestserbreatesbbraebreterernTrenerass cranes 170 «
Light gray sand at...... 201 %
Light gray sand atu ... vevinieeiicnennne 205 “
Black cley at......... bbb A atEs e i s e et s b e e e ne e e 240 ¥
Black clay at....... eame ke g e b e iser e naarnranerar Mg
Greenish clay at...cisiieimiervcreiinesienion rersensssosnnor sonssoens 275
Dark clay ate.ccvve cerviiisnimrme i cetmernnin et 283 ¢
Greenish clay at.., e b eararerineanraierares sereehessratersaraeses 285
Dark clay, mixed wuh gmvel at. ................................ P 300 «
Dark clay, sltght.ly greemsh Dbiiiisimrerert it e 304
Whitish clay... Neaasarstinasisns e sassarebrensessssniessinnase oeare S04 fEet Lo 314 ¥
Reddish clay....ccccs cociiiininirniinninireriet israss e nsseinassaenes 314 « “ 318 «
Dark clay..csiceenines coiinniecininiane, baseeseereaere et ara nnn s 318 « 328 «
Dark clay, shghtly yellow, at - trerarereranieresaananeiieans 333 «
Black clay at......ovevvioreenns heerertrrErae s raraae s e a e aas s sunn e rna 342 ¢

Red elay 2t .cocivereesaneanns niseressuieeisaverasnenrrrnerntn taeser srnne 30 ¢
Redclay ot .o ncsncnencris sermaerans sesnna 385
Red clag nboiiiicn i cers iosarnnecasinre snene vrnerasas 400 ©
Red clay louiviii e cinensin s st soss s ensssenns 670 ©
Whitish sand, with waler....ccocviviirne corerens teeresnareceenas carens 670 “ 4

THREE ARTESIAN WELLS AT BALEM,

Elevation, 3 feet; depth of each, 130 feet. Water rises within 1 foot of the surface.

Late in the spring J. Haines & Bro. completed the boring near the
railroad station, at Salem, of three wells for John Q. Davis, to fur-
nish fresh water to a pond to be used in the winter for the natural
freezing of ice.

These wells are located upon the margin of the level flood plain of
a small tribatary of Fenwick creek, The higher ground immediately
adjacant upon the south rises about 10 feet, and is composed of about
3 feet on top of coarse yellow gravel, and 7 feet below of fine yellowish
gravel. The first well put down was upon a level 1 or 2 feet less
than that of the other two wells. The water rises in this well to
within 1 foot of the surface, the elevation being probably sbout 3
feet gbove high tide.
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J. Haines & Bro. courteously saved a full series of the borings
from this well, from ao examination of which we make the following
record :

Marsh mud, roots, &c.e.ovevrvivvanerines Seniness et st ars s 1foot= 1 foot,
Yetlow sand, with some greensand.............. veresresssrssnneserannens 19 feet = 20 feet,
Olive green marl,. rrrrertrrennten e nnes resesnsarasesianns e 100 4 = 30 ¢
Dark green marl......ccievveeenee vrrrrsrens s teasisresennennes 100 ¥ == 40 ¥
Green marl, shghtly lxghter in color R | L I
Sand, with bclcmmtu and some fmgment.s of che[l ...... simerarenainens 5 % = 60 ¢
Band {waler-bearing). v cvivereress vrrririniecirisssmssssiennesnraneenias 10 ¢ =130

The horizon reached is that which we have designated as the Marl-
ton water horizon, and which also supplies the wells at Quinton,
three miles slightly south of east, which wells furnish water to the
Salem Water Works plant. These wells were cased to the depth of
70 feet, leaving the entire thickness of the water-bearing sand, some
60 feet, open for supply.

BORED WELL AT ALLOWAY STATION.

Elevation, 30 feet; depth, 60 feet.

We are informed that a boring has been made at the above-named
station to the depth of 60 feet. On plotting this well upon a vertical
section, now being prepared, it seems probable that the water-sapply
is from the Lindenwold or lime-sand horizon over the Middle
Marl bed.

ARTESIAN WELL 80UTH OF DARETOWN, ON THE FARM OF
WILLIAM T. RICHMAN.

Elevation, 140 feet; dinwmeter, 3 inches; depth, 405 feet. Water rises to within
100 feet of the surface.

During the spring of the present year a 3-inch - well was bored to
the depth of 406 feet on the farm of William T. Richman, one mile
south of Daretown. This well obtained a supply of excellent water
from the Marlton horizon, The contractors, J. Haines & Bro., care-
fully saved an admirable series of the borings, which they courteously
furnished the writer. From an examination of the specimens we
make the following record. The boring was commenced at the bot-
tom of a dug well at the depth of 40 feet:
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The salient features of the preceding record are, the depth and thick-
ness (80 feet) of the Beacon Hill gravel and sand ; the occurrence
next beneath of a brownish clay, which we take to be the so-called
rotten stone noted by well-drillers in Monmouth county, and which
probably represents the base of the Miocene; and then most inter-
esting of all is the existence of all three divisions of the Upper Marl
bed, as defined by Prof. George H. Cook, viz., naming them in
descending order, the blue marl, ash marl and green marl layers,
with the addition of a considerable thicknesa of a similar ash marl
above the blue marl. We assign, with considerable certainty to
the Upper Marl, a8 thus divided, the material between the depths of
200 and 315 feet, but still hold in reserve the exact age of the 95
feet of earth next above or between the depths of 105 and 200
feet, since but one specimen was furnished for that interval, which
may have come from the base thereof, and we are consequently
unable to judge where to place the boundary between undoubted
Miocene and the top of the Eocene division of the Upper Marl bed.
Respecting thiz 95-foot interval, however, we are informed by the
workmen who actually made the boring that a decided change
occurred at the depth of 105 feet from a dark-brown hard clay to a
light-colored clay much softer, the borings from which, however,
became hard when dried. This light clay was so soft they could
often sink 9 feet or so in five minutes without change of tools, the
“ borings coming out like sausages.” The ashy marly clays between
230 and 315 feet are characterized by small calcareous microscopic
fossil organisms, known as coecoliths, and which may now be dredged
from the bottom of the ocean, Terebratula harlami, a brachiopod
shell which ocours at the top of the Middle Marl bed was found at
the depth of 325 feet, and Belemnilella mucronaia, s cephalopod
which occurs at or beneath the base of the Lower Marl bed, was
found at the depth of 375 feet. The specimens furnished show the
Middle and Lower Marl beds as one continuous stratum, consisting
largely of glauconitic greensand marl; the Red-sand bed, which in
Monmouth county intervenes between these two marl beds, being here
apparently wanting.

The finding in this well, ag already noted, of a complete typical
section of the Upper Marl bed indicates the continuance of that bed
some twenty miles or more southwestwardly from Clementon, which
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has heretofore been the most southerly point at which it has been
known and mapped on the geological map of the State, Near
Clementon its basal green mar] member is found a few feet below the
bed of the northern tributary of the north branch of Timber creek,
about one-half mile east of the railroad station, while its upper or
blue marl layer avd the intermediate peculiar ashy marly clay, 57
feet in thickness, have been revealed in a boring on the line of the
150-foot contour &t a point about one and one-half miles east of the
same station.

We note in this (Daretown) boring the apparent absence of the
upper or bryozoan lime-sand member of the Middle Marl bed. This
peculiar lime-sand does not appear in any of the samples farnished of
the borings, nor was it seen at all by anyone present during the entire
progress of the work. This absence seems to the writer remarkable,
in view of its occurrence in outcrops along the strike of the beds to the
northwest, where cut across by the streams at Harrisonville, Woods-
town and near Penton. This absence is even more remarkably
emphasized by the great thickness (about 100 feet) of this bed at
Quinton, as revealed in a nnmber of wells put down there, which fact
was noted in the Annual Report for 1890, page 136, Quinton being
not so far out on the dip of the beds by nearly two miles, and being
located but eight miles distant, slightly south of west.

BORED WELLS AT ATCO, ON PROPERTIES BELONGING ToO
JAMES I. GRIEB.

Wells Nos. 1 and 3, elevation, 150 feet; dirmeter, 3 inches; depth, 60 feet each.
Well No. 2, elevation, 160 feet; diameter, 3 inches; depth, 65 feel.

Daring the summer three wells were bored about one-half mile
northwest of the railroad station at Atco, on properties belonging to
James L. Grieb, who kindly furnished some specimens of the borings,
and also some notes respecting the same, from a study of which we are
able to present the section noted below.

The first and third of these wells, numbering them in the order in
which they were put down, are near to and on the north of the rail-
road upon ground having an elevation of 150 feet, while the second
well is a short distance south of the railroad aud nearly, if not exactly,
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upon the 160-foot contonr, We ineert the record of well No, 2, only,
(the well upon the highest ground), since those of the others are,
as should be expected, essentially the same.

This record corresponds and harmonizes with the upper portion of
the record on page 255, of the well at Thomas Richards’:

Yellow gravel i e 32 feet = 32 feet.
Yellow sand... ooy 20 ¢ =§2
Yellow elay . cvvisiencrers rensere e s s e s =56 «
Black clay wiuciviieee sinviierinininiiciiiin st annenneeeees 8 0 == (4 €
White fine sand..cciiininriivir et e, 1 ¢ =86 ¢

The black clay stratum is reported as brownish in color from the
other two wells, and not quite so thick.

TWO WELLS AT ATCO, NEAR THE RAILROAD BTATION,
Elevation, 150 feet; depth of each, 67 feet.

A few years since two wells were put down on the north side of
the railroad, near the station at Atco. One of these is at the store at
the northeast corner of the cross-roads, and the other on the property
immediately adjacent on the south, Each of these wells is 57 feet in
depth, Some “patty-like” clay iz said to have been taken out.
They draw their supply of water from the same stratum as that
reached by the wells at James L. Grieb’s. See next preceding record.

ARTESIAN WELL AT ATCO, AT THE RESIDENCE OF THOMAS
RICHARDS.

Elevation, 170 feet; depth, as finished, 100 feet.
Prospected beyond to the depth of 128 feet,

Duaring the spring a well was bored at Atco, on the property of
Thomas Richards, This well is nearly on the 170-foot contour line
on the northern side of the 178-foot hill, near to and northeast of the
railroad station. The work was done by George Hugg, who furnishes
the following generalized memoranda of strata:
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Alternations every few feet of sand, gravel, fine quicksand and red,
rusty, sandy hardpan, with pebbles § to 1 inch in diameter... 50 feet = 50 feet.

Bticky black elay........coveernnen RO Vereaiirerrnes 15 ¢ = g5 ¢
Ben gand................ rrveraeres esirarisrsreeses certeny cierreniseeenans 30 =100 ¢
Potters’ elay () evsveivseciarsmurene cresmnenssniensesee s vrvrvisninen. 3 % =102 ¢
White fine gravel, without clay.........cconeunnanen v aserearenstaeeasencas 26 * =128 ¢

BORED WELL AT WILLIAMBTOWN, AT THE GLASSHOUSE, NEAR
THE RAILROAD STATION.

Elevation, 150 feet; diameter, 4 inches; depth, 30 feet.
Water rises within 32 feet of the surface.

Joseph W. Pratt, who bored this well, furnishes the following
record thereof :

Band and coarse gravel........ et R e s e s e ean 4 feet to 26 feet.
Yellow clay.ciiminie cerveneressearenscneerassioans P - L
Red and white gravel.....covvenerecrrnnsene o veenes 31 GG
Black clay.. .......... eierenie ettt e sarean serenass R [ S B

Reddish brown gravel. ... .iiivmeeiererecnnermnemsssesseersns 71 % w8 @

The well is finished with a 9-foot length of strainer at the bottom.

ABTESIAN WELL AT KIRKWOOD, AT TEE STRATFORD HOUSE.

Elevation, 100 feet; diaméter, — inches; depth, 100 feet.
‘Water rises within 51 feet of the surface.

Through the courtesy of C. 8. King, we have been furnished with
& series of specimens from a well bored at the Stratford House,
located nearly midway between Kirkwood station, on the Camden and
Atlantic railroad, and Stratford station, on the Reading railroad route
to the shore, and on nearly the highest ground. C. 8, King has also
handed us a record of the material passed through, this being in the
handwriting of W. R. Kelly, the contractor who bored the well.

We append the record verbatim, adding upon the right our
interpretation of the geology of the strata:
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Specimens,

No. 0. Dug well..cooviecvirccnivanaennn 33 feet. ] }l o~
% 1. Fine yellow sand... cccoaieriniens 8 feet= 41 “ . @
« 9. Coarve yellow sand.....ceererees g ¢ = g3« |Becon HLE) A 2
“ 3. Yellowish loamy gravel...... 8 “ = 46 © 48 feet. 5
% 4, Yellowish clayey sand 2 % = 48 « | J
“ B, Green marly clay... 7 ¢ =5 “ 1
“ g, Black marl sand..ceereerrrerees oee 3 94 = B8 ¥ I
“ 7. Green marly clay, very hard 13 # =71 4
« 8 Black marlsand withwaterinit, 5 * == 70 ¢
“ 9, Green clayey marl, verysticky, 4 * = 80 “ P
% 10. Lime rock (7}, very hard.. 2 % = 82 *“ | Middle and Lower §
# 11, Brown marly clay, soft and Marl beds 45 feet. 3

sticky .voeree voirese sesemnernenrans 4 4 = 86 " | 2
“ 12, Black sand and gravel, with o
water in it.. ceerreerrenens 3 % = 89 ¢
% 18, Hard stony conglomeral,e 2 ¢ = g1 *
# 14, Light-green marly clay. ........ 2 % =903 " ]
Water-bearing sand
“ 15, Sandinlayers,softerand harder, 7 “ =100 { atthetop of the clay
marls,

Nos. 5 and 6 of the above record outorop along the Camden and
Atlantic railroad, a short distance north of Kirkwood station, at an.
elevation of about 50 feet.

The water-supply comes from the Marlton horizon.

BORED WELL ONE MILE RORTHWEST OF BARNSEBORO.

Elevation, 70 feet; diameter, 4 inches; depth, 318} feet.
Water rises within 70 feet of the surface.

This well was bored for James Jessup, Its location is on the road
from Barnsboro to Mount Royal station and Berkeley. Joseph W,
Pratt, who bored the well, furnishes the following record, which we
quote verhatim :

“Surface loam ..ueereeeee. 5 feet = 5 feet.

Greenland «oivar- oon 3 ¥ — 85 ¢ Base of the lower marl. ]

Black mnd and marl ? 1 l
alternating in §to | | i
10-foot layers...... } 80 “ =:116 *“ | 1

A little water at 90 l | 2
to 100 feet. ] 1 g-;ay marl: and s.ands, t §

Dlack mud . oo 183 @ 208 & | eATAN formation. |5

Fine white sand ........ 5 % ==303 ¢ l

Ooarse white pravel j

with water cooveenen. 183 ¥ =23183 47 ]
Stopped on dark guicksand. Finisltd with a 9-foot strainer point.

This well is probably supplied from the Sewell water horizon.
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That the “ greenland ” noted above represents the Lower Marl bed
is demonstrated by an exposure, on the banks of a small creek but 2
few hundred feet westward, of a shell bed, some five feet thick, literally
packed with such characteristic fossils as Belemnites, Exogyra and a
large Gryphea.

BORED WELL ONE-HALF MILE WEST OF PAULSBORO.

Elevation, 10 feet; depth, 66 feet.
Water rises within 16 feet of the surface.

A well has been bored for Joseph L. Locke, about one-half mile
west of Paulsboro. It has a depth of 66 feet, and the water rises to
within 16 feet of the surface. It was put down by Seth Roberts,
who kindly forwarded us some samples of the borings, and also
furnished the following record :

Started in the bottom of a dug well at the depth of....ccivisniriiinenn 15 feet =15 feer.
Sand and fine gravel..ciiisin s e s 2 % =17
Streaks of blue and white clay 8 * =25 ¢
White sand and coarse gravel, water thick and milky....... vemraeres L1568 =40
Black mud or clay......cciererererene N T % =47 @
Dark, tough clay, crumbles when brought to the air.....cceciviiiaiees. 8 % =55 ¢
Black micaceous clay, with considerable lignffe......ovrrmisverirenranns 9 ¢ —=g4 «
Water-Bearing 8aRd. .uvmrsesnarnsrsersrisssarantsnniseinnisristsastascienriainars 1 % =65 &
Water-bearing gratelirariioivsisverrnenmrrnsss e Cereernans 1 ¢ =g§ «

BORED WELL NEAR MARLTON, ON THE FAEM OF T. R. WILLS & CO,
(formerly Amos B, Wills),
Elevaiion, 100 feet; diameter, 4 inches; depth, 199 feet.
Water rises to within 314 feet of the surface.

A 4-inch well has been put down on the farm of Thos. R. Wills
& Co., about five-eighths of a mile south of Marlton. This well was
bored to the depth of 199 feet, but was cased only to the top of the
water-bearing sand at the depth of 196 feet.

In the Annual Report for 1894, page 208, there is note made of
a previous well on the same farm, with a depth of only 84 feet. It
was beoanse the water in this well proved to be quite ¢rony that the
well of the present year was put down to a lower horizon, which
furnishes water of a satisfactory quality.

The contractor, A. G. Dunphey, preserved from the recent well a
full series of specimens of the borings, which he courteously divided .
with the writer. From an examination of these we compile the

following record :
17
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Specimen.
No. 1. Hoil and yellow loam ..., ...
¥ 2, Gravel and greenish-yellow
BANd e e
4 3. Yellowish sand with some
greensand graing.............
“ 4, Dark or black clay......cc.ea.
“ b Sand mixture of greensand
and white quartz grains.....
“ 6. Greensand marl, somewhat
clayey.. i inninn
“ 7. Pure greensand marl, called
powder-grain marl...........
* 8. Chocolate marl......cceereeenans,
“ 9, Chocolate marl, darker shade,
“ 10, Mixture of greensand and
quartz sand, with some thin
crusts of irony conglom-
erate, containg also fosgils ag
follows: Grypheaostrea vomer
Morton and a more ponder-
ous (ryphea or oyster, too
fragmentary for specifie
identification, also the min-
eral Vivianite, replacing the
lime of some of the shells .,
“ 11. Medium-coarse sand, slightly
greenish-yellow.....oous o
“# 12, Medium-coarse sand, green-
ish-yellow, but darker. ...
“ 13. Finer sand, similar in color,
but containing numerous
pale yellowish-green casts
of foraminiferd. .. ccveinnan
“ 14, Band slightly clayey............
“ 15, Sand mainly quartz grains...
‘ 16. Black, sandy clay, 52 feet in
thickness......... covvirverncrnes
“ 17, Hard crust, consisting of sand

o

conglomerate, 8hells and
other fossils

In this stratum were
found the cusp of a tooth
of Thoracosaurus meocesari-
ensis Leidy, a gavial related
to the crocodile, and also
the molluscan genera Ceard-

tum, Gryphea and Pecten...

18, Clean, clear yellowish guartz-

ose sand, without greensand
graing, water-bearing, ....ove

19, Sandy clay, with greensand,

b toriinrrrerainiens o
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Numbers 11, 12, 13, 14 and 15 of the above comprise together 56
feet of greenish-yellow sands of various shades, avd which in this
well were water-bearing throughout, but unfortunately the water
was quite irony. The specimens from this interval prove that in
this region, as at Salem, Woodstown and Quinton, there are next
below the marl series 50 to 60 feet of water-yielding sands. These
sands for localities near the intersection of the cross-roads in Marlton,
furnish water too irony for household use, while the water therefrom
in numerous wells one mile or more to the eastward, is quite free
from iron and is generally considered satisfactory.

The reason for this difference in the quality of the water from the
same horizon, within such a short distance, is probably explained by
the fact that there is to the eastward, intervening between the marl
geries and the water-yielding sand, a solid non-permeable ironstone
layer a few feet in thickness, which prevents the water in the true
greensand marls from filtering into the underlying sands, while near
the Marlton cross-roads, from information furnished by several well-
drillers, this ironstone layer is either quite thin and broken, or is in
some instances entirely wanting, and thus permits the contamination
of the water in the quartzose sands with that from the overlying marl

beds,

MARLTON WATER WORES WELL AT MARLTON, ONE-HALF MILE
SOUTH OF THE RAILBCAD BTATION,

Elevation, 115 feet; diameter, 6 inches; depth, 212 feet.
Water rises within 413 feet of the surface.

Early in the summer a well was bored at Marlton by A. G. Dun-
phey, to supply the town with water. The Marlton horizon, that
next below the marl beds, was found at the depth of 96 feet, but the
water proved too irony to be entirely satisfactory. The boring was
then continued 116 feet deeper, or to the depth of 212 feet, finding
there an abundant supply of water deemed quite satisfactory. The
following record of strata has been obtained :
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Soil voviees civvniiciiiie. @ feet= 9 feet.
Yellow gravel.....va...... b ¥ =14 ¥
Yellow quicksand........ 15 % == 29 ¢
Black mad......c.ivennr 20 ¢ = 49§ ¢
Marl .oueee . pererenene 25 % = T4 ¥ ) )]
Brown mud (chocolate ! Middle and

marl) coiveigiiine v, 19 % == g3 © r Lower marl.
Mud and shell...cceereee. 3 4 = 96 ¢ |
Giray sand, with abund-

ance of waler, some-

what drony...ccuiieeennns 10 “ =108 ' ) .
White sand v 104 =107« | &
Black sand-...s cvvveene 1 % =108 & L water §
Whitish or gray sand... 17 “ =125 ‘: ' horizon. E
Black sandy mud at ..... 125 ¢ I o
Black clay at below...... 1556 ¢ J Matawan
Black muddy sand ot..... 185 « clay marls.
Sandy marl at ............ 196 «
Light-colored sand at..., 208 « ) Cropwell
Yeilowish-white sand, Dot

with satisfecfory water, J horizon.

L R 212 « »

BORED WELL SOUTHEAST OF MARLTON, ON THE FARM OF
THOMAB O, HAMMITT.

Elevation, 125 feet; diameter, 8 inches; depth, 135 feet.
Water rises within — feet of the surface.

Early in the summer of the present year a 6-inch well was bored
by A. G. Dunphey, on the farm occupied by Thomas Wills, and
owned by Thomsas C. Hammitt, about one and one-quarter miles
directly southeast of the cross-roads in Marlton, Through the
courtesy and co-operation of the owner and of the contractor, we
have been furnished with a full series of specimens of the borings,
from an examination of which we compile the following record :
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GTATRL v eerssrrerressrranrssrsreenienenns 5 feet = 8 feet,
Yellow quicksand.... .. 58 ¢ = 64 ¥
Black mud......... 6 * = T0 “ = Miocene (7).
Black sand e 2 =72 00 ]l 1
Black marly mud...wercisereeennns 8 % =76 ¢} Age M.
Marl e vrireenannes reeverrrerararnans T o= 82 ¢ ]
Black szad.. 1 % = 83 ¢ 1
Hard crust of sand and shells

among the latter Terrebratula I

Rarlani.....ccennnen vrarmnsesenuenesans w 29 =28 ¢ o
BIack MUd cvvvverermsreerseessaeresaresns 7w =920 | g
Black 820d..cverecvrrerenrerrensrnene 4 4 = 88 € 1 Middle and Lower | §
Black sandy marl....cccverervneienes 2 4 = Qg8 ¢ ?Marl beds. S
Green marl....voeerciiviecnns vsreenens 16 = 09 1
Black marl..cccsssrsmeneinioreasnranes . 4 % =103 ¢ l
Black clayey marl..uiveennincens 24 4 =127 ¢ I
Shell crnst, containing Belemniles

and Brogyra..isceei v inueen <o LB =132 "
Sand, with water—2Marllon water

Aorizon couveaeens ceerieren s iirenses 3% =18 ¢ Matawan clay marls. )

This well draws water of satisfactory quality from the top of the
Marlton water horizon, which occurs immediately below the marl
geries. ‘The molluscan brachipod fossil Terebraiula harlani, noted
above, marks the upper part of the Middle Marl, while the Belemnile,
a cephalopod fossil, as also the Ezogyra, an ancient oyster, likewise
mark the bottom of the Lower Marl.

ARTESIAN WELL NEAR JENNINGS MILLS AND OKE MILE EAST
OF MILFORD,

Elevation, 70 feet; diameter, 3 inches; depth, 56 feet.
Water rises within 2} feet of the surface,

During the summer s well was bored by A. G. Dunphey on the
property of Peter SBchwin, near Jennings Mills, and about one mile
east of Milford.

Of this well the following record has been courteously furnished
by the contractor :

Gravelly sand....ocrinineeninnnns siars 28 feet = 28 feet.

Green mud ..o eersinresiasesnenes .98 =37 ¢

Black 8and...cvveininiisirinrieenna s . 2, % =39 *

Greenish sand..v.oviveennnne T B s

Limesand rock and sand alternating, 11 * =353 ¢ 7 Limesand layer at the top
Sand, water-bearing ...o.oieerns cranieenas 3 v =5 “ of the Middle Marl bed.

NEW JERSEY GEOLOGICAL SURVEY



262 ANNUAL REPORT OF

The boring is said to have stopped on *something hard,” which
was probably another layer of limesand rock. The water probably
comes from the porous layer of the limesand. Thus far but few wells
have been finished to draw their supply from this limesand. Beside
this one, they are as follows:

One well at Gibbsboro, one at Laurel 8prings, one near Harrison-
ville, a few at Lindenwold, and probably one at Alloway station.

We designate this Bryozoan limesand water-yielding stratum as the
Lindenwold water horizon, since there are several wells that draw from
it at that locality.

BORED WELL AT MOUNT LAUREL AT THE BASE OF THE MOUNT:

Elegvation, 70 feet; diameter, 3 inches; depth, 306 feet.
Water rises within 50 feet of the surface.

A well has been bored on the farm of Mrs. Samuel Shreeve, on the
70-foot contour, near the base of the southern slope of Mount Laurel,
Wm. C. Barr, the contractor, has kindly furnished the following
record and also some samples of the borings:

Commenced in the bottom of a dug

well at the depth of................ 25 feet,
Reddish-gray sand....... ..oveernnnan. 31 feet= 06 *“ ]
Black clay...ccooiriiriniinenniciiicannnn, 176 % =231 ©
A few mollusean fossils at about @
1C0 feet. 2
Numerouz mollusez at 150 1o 160 r Matawan Cloy marls. | g
feet. E
Tough green clay.. ...c.cccvivenracenn. 30 ¥ =262 « ©
Dark-bluish clay ...oovriiisinininnns 42 % =304 « |
Gray sand, water-bearing ......veern. 2 Y =306 “ Sewell water horizon. J

Stopped on a whitish clay.

The whitish clay on which this boring stopped is probably eqaiv-
alent in horizon with certain alternating lamins of whitish clays and
sands that were found near the bases of the wells at the Wenonah Hotel
and at Sewell. Beneath these lamins, at the last two named localities,
oceur coarse sands and gravels with large pebbles, forming an open
stratum from which an abundant and excellent supply of water is ob-
tained. The water horizon reached at Moant Laurel may be considered
as practically the same, We have designated this as the Sewell water
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horizon. Its position is at the base of the Matawan clay marls and
the top of the Raritan plastic clay series, and has a thickness, if we
may judge by the boring at Bewell, of at least forty feet.

Ripley Oretaceous Fossils at 160 feet. The Bed a Continuation of that .
Outeropping at Lenola.

The shells at 150 to 160 feet evidently represent the continuation
of the fossiliferous horizon, outcropping in Reeve’s clay bank, near
Lenola station, At Lenola the fossils occur as casts, while here,
however, the shell material has been well preserved. The smaller
shells came from the boring in fairly perfect condition, but the larger
ones were completely broken into small pieces; nevertheless it has
been possible, by means of characteristic markings on these fragments,
to identify the larger shells without difficulty.

We present below the list of species as determined by C. W. John-
son, of the Wagner Institute, there being twenty bivalve and four-
teen univalve shells, including with the latter one cephalopod—an
ammonite. In the study of these fossils and in the comparison of
them with the shells now in the Wagner Institute from localities of
the Ripley beds in Alabama, Mississippi aud Texas, the writer was
especially struck by the identity of this fauna with the typical Ripley
fauna. In the list below we note, on the right, the locality of the
forms of which there are specimens from the Gulf States, now pre-
served in the Wagner collections.

Among the forms there are four which are regarded by C. W.
Johnson as new species, three of which he has named. These are’
included in the list below. A paper has been prepared by him
describing them, and accompanied by illustrations which will appear
in the forthcoming Proceedings of the Academy of Natural Sciences
of Philadelphis, for the year 1898. Tn this connection we may state
that Pugnellus densata, a epecies especially typical of the Alabama
Ripley beds, has, we believe, never before been recorded from New
Jersey.

LAMELLIBRANCHIATA.
Occurrence in the Ripley
Beds in the States
named below.

Anomin tellinoides, Morton..cren crerarririns rvereeneeessncAlabama.
Cardium eufntlensis, Conrad....covveeerinrmssiesrsssresnressescano - Alabama,
Corbula foulkei, Lea. Probably synonymous, with

Corbula cufanlensis, Conrad...covmvinnnsiminnaninan e Alabama.
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Gecurrence in the Ripley
Beds in the States
named below,

Corbula crassiplicata, Gabb........coivviiieie vt crvvieeriries e Alabama,

Exogyra costata, 8ay ..cocoviviiee vt cviniiienarerenns e {A]abama, Missiseippi
and Texas,

Leptosolen biplicata, Conrad ....c.o..-...v.onereeererseces e, Alabama and  Mise-
issippi.

Legumen, sp.?

Leda sp.?

Lucipa cretacea, Conrad....... Hre e e Cerrer vt raen, Alabama,

Nucula pererassa, Conrad..vicicasernnnn, trarveestannvrrmrensneieesss Alabama and Texas,

Nucula, sp.?

Ostrea plumosa, Morton.....cciveeevsiinnininresieiens scesnecrssnnnn o Alabama,

Pinna, sp.?

Pteria, sp. ?

Camptonectes (Amusium) borlingtonensis, Gabb..........ccesresnc Alabama.

Pectunculus, sp.?

Trigonia mortoni, Whitfield. Probably synonymous with T.
thoracica, Morton... ravesesnsencnnansasarAdlabama.

Trigoniarca cuneata, Gabb »..........................Alabama.

Veniella conradi, Morton, ....veeeiveemessenenresineinnanns Cerreesrann Alabama and Texas.

Veleda lintea Conrad....... . cosnaressnnreen dlabama,

GASTROPODA.

Alaria rostrota, Gabb.
Anchura, 8p.? (expansion of outer lip enly). Probably new
species,
Anchura, sp.? Young.
Dentalium, sp. ?
Lunatia halli, Gabb,
Pugnellus densata, Conrad.....u.evirieinnsrsininerionarassnininnnee . Alabama,
Pyrifusus subdensata, Conrad.....c..covviieeeerinniiinnnne vervnrenanncAlabama,
Cinulia costata, Johnson* New species
Bealaria sillimani, Morton.....coviceresverveninsereenncssaeeanaine e Alabama,
Trichotropis cancellaria, Conrad......ovivcrniiiniiiiiissnninnan.on Mississippi,
Turritella vertebroides, Morton....c.ceeue.. vereennsarneneen Alabama,
Turritlla quadrilive, Joknson*  New species, re'sembles T
trilira, which has three raised spiral lines on each whorl,
while this has four.
Duba (7) reticulata, Johnson* New species. This is a small
univalve, none of the specimens of which had the lip or
aperature sufficiently perfect for positive generic identifi-
cation; it resembles Tuba, to which it is referred with
a question. The specific characters however, are very
distinct.

*8ee New Cretaceous Fossils from Artesian Boring, Mount Laurel, N. J,, in the
forthcoming Proc. Acad. Nat Sci. of Phila. for 1893.
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CEPHALOPODA.

Ammonites (Placentaceras) placenta, Dekay.

This occurs as casts twelve inches across at Lenola. Small broken frogments indi-
cating u shell of similar size were found jn this boring with the highly nacreous
iridescent shell well preserved, and showing on the interior very plainly the com-
plex and characteristic suture lines dividing the chambers.

VERMES.

Hamulus squamosus, Gabb (worm-tube).

CORAL.

Platytrochus apeciosus, Gabb and Horn.

In addition to the above fossils there are two ear-bones of fishes
probably representing two species, which, however, we are not able to
determine. There is also one small, flat vertebra, hollow or saucer-
shaped on both sides as in the shark family, which indeed it most
likely represents. The type locality of the Platyirochus was in Ten-
nessee, in beds probably belonging to the Ripley formation.

BORED WELL IN NORTH WOODBURY.

Elevation, 40 feet; diameter, 4 inches; depth, 128 feet.
Water rises within 28 feet of the surface.

This well is at the residence of H. G. Huey, closely adjacent on
the westward to the point where the West Jersey railroad obliquely
crosses the Gloucester and Woodbury tarnpike. It was put down by
Joseph W. Pratt, who states that the strata were the same as in the
118-foot well at SBouth Westville (see page 267), which statement is in
accordance with the following record of this well furnished from
memory by H. G, Huey :

Red sand .............0e bvesertarieas Crurrmersareeniar rereanan 12 feet = 12 feet,
Black mud ..... crresanenes 80 Y = 72 ¥
Green mark..i b s crreeereee. 4 ¥ = T8 ©
White shore sand, then gravel with blue pebbles, &e. (water-bear-

ing at the DREE) ...covriveverersrenerinneseiianes tertsrmrssnrannngnrnanee D2 Y =128 ¢
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BORED WELL IN NATIONAL PARK, BELOW AND NEAR TO RED
BANE, ON THE DELAWARE RIVER,

* Elevation, 44 feet; diameter, 3 inches; depth, 78 fect,
Water rises within 48 feet of the surface.

This well is located on the gravel bluffs facing the Delaware river,
about three-fourths of a mile southwest of Red Bank landing. It is
within the National Pask grounds, and is near the summit marked
on the topographical sheet No. 11 as having an elevation of 44 feet.
It was bored by Joseph W. Pratt, who has furnished the following
generalized record :

Brown stone conglomerate t....usisiesrsnesennnss 0 feet = b feet, ]

Hard brown sand and gravel.....eoevssisisncnens 27 & =382 ¢ .
Whitish boulder at.....cvvesvererseee 32 ¢ J

8and, shade of brown sgar....... =60

Thin streak of white clay. Raritan
Coarse white gravelocccesivseeccraserens aerassssmneenee L 18 % =78 ¢ Cretaceous,

BORED WELL, ONE MILE BOUTHWEST OF WESTVILLE BTATION.

Elevation, 40 feet; diameter, 3 inches; depth, 105 feet.
Water rises within 38 feet of the surface.

This well is at Capt. C. B. Platt’s hotel, on the road from West-
ville to Thorofare, and at the southwest corner of the crossing of the
said road and the trolley road from Woodbury to Gloucester, and
is also about one mile southwest of the railroad station at Westville.

Capt. Platt furnished a series of specimens of the boring, together
with the following record. The words in parenthesis being ours,
however. On the right we append our geological interpretation.

Coarse gravel (blueish white}...... 3 “
¥

Sand followed by a vein of yellow Comparatively
CMLF wrerernerer sonereconcrssensseannns 12 feot = 12 feet. { recent.
Black clay and marl..voeieeiiina B3 « = 65 *“
Gray sandu...veienireemens o 23 ¢ = 88 *© Matawan clay marls,

Sand (very slightly pinkish white) 3 *
Coarse gravel {yellowish white)
Water-Dearing wuvveres sirirareciiens

and associated
gravels.

Crelaceous.

94 } Raritan plastic clays

2 |
|
|

105 ¢

—
—
Il
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ARTESIAN WELL AT S0UTH WESTVILLE.

Elevation, 20 feet; diameter, 4 inches; depth, 118 feet.
Water rises within 23 feet of the surface.

This well was put down by Joseph W. Pratt, who farnishes the
following record :

Black mud from near the surface to...... 65 feet. Matawan.
Dark-gray sand and coarse gravel......... 53 feet =118 “  Raritan.
Finished with a 9-foot strainer length at the bage.

} Crelaceous.

ANOTHER BORED WELL AT BOUTH WESTVILLE,
Elevation, 20 feet; diameter, 3 inches depth, 59 feet,

This well is almost immediately adjacent upon the west to the well
Just noted at South Westville. It was hand-bored with an auger by
George J. Btites at his own residence. We have been furnished with
the following record :

Burface 50il, &uiverrevnecrnerirussennas vovssennes 12 feet = 12 feet,

Dark clay and marl....ceees.enees merenennee 18 % =30 %

Th S 3

Th::: g::i i::: ..... | 2« g9 { Matawan clays and

Then white grEvelu.urnsrerenseeessens . :F = i sands. - Cretaceous.
The latter water-bearing, J

The boring was stopped upon a “ log.”

ARTESIAN WELL AT NEWBOLD,

Elevation, 15 feet; diameter, 4 inches; depth, 73 feet,
Water rises within 12 feet of the surface.

This well was bored by Joseph W, Pratt at the residence of Chas,

A. Hilliard. The following record of strata was furnished by the
contraetor : :

(1:T1T; ceerrrtranine et ene s aenneenes 16 f€t — 18 feet.
Black marh. ... cciviiiirrerierneeencarens sessanss trirnnees 30 Y —4F Matawan
White gravel. .o eesrseeesssessnsns verersens 27 % =73 * [ Cretaceous.
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TWO ARTESIAN WELLS AT WESTVILLE.

Elevation, 14 feet; diameter of each, 6 inches. Depth, No. 1, 112 feet;
No. 2, 114 feet.
Water rises within 15 feet of the surface.

Our information respecting these wells was obtained from Joseph
W. Pratt, who bored them, and from J. W. Ladoux, C.E., of the
American Pipe Company, who constructed the water plant at
Westville.

A thin bed of black clay (Clay Marls) was encountered near the
surface. A coarse gravel, bluish gray in color, oocurred at 73 feet,
and at the base of the well a very coarse gravel, yellowish white in
shade, while between these two gravels there was a dark sand. The
two gravels were water-bearing, the lower oue, however, yielding
much the most water, it only was utilized. The upper gravel is at
the base of the Matawan clay marls, while the lower one may belong
to the top of the Raritan series of plastic clays and interbedded gravels,

ARTESIAN WELL IN CAMDEN, AT REEVE'S OILCLOTH WOEKS,
TWELFTH AND PINE STREEIS.

Elevation, 15 feet; diameter, 8 inches; depth, 934 feet.
Water rises within 16 feet of the surface.

This well was bored by Joseph W. Pratt, who furnished the infor-
mation tabulated above, and also the following record of strata :

Yellow sand and coarge gravel.ovearisonminin 12 feet =12 feet.

Yellow sand..vsiersneencemrasernras rretatsrnanntasarenaran 18 * =30 ¢

Potters’ clay, light yellow............ rvessrsnrsassenes 2 4 =32 «

Coarse, heavy gravel.ieceoeerssnsrisnsnaineenens 81 ¢ =63 ¢ .
Plastic’ clay, FelloW. iiesnmensiniinisisis i sinean 2 % =685 "  Raritan
Coarse gravel...... eensiammeesssennassteirectearsinsrssaen 28 4 =93 ¢ Cretaceous.
Yellow clay penetrated 6 inches....ccuesnmcernee 3% =934 ¢

This well was furnished with a strainer at the base 9 feet long,
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TW0O WELLS SOUTHEAST OF MERCHANTVILLE, ON THE FARMS
OF JOSEPH HINCHMAN,

Well No. Lo.virneene Elevation, 50 feet; depth, 65 feet.
Well No. 2..uuuueee e 50 « # 58 o

These wells are both on the easterly side of the road leading from
Merchantville to the Haddonfield and Moorestown road. Well
No. 1 is about seven-eighths of a mile, and well No. 2 about one
and one-quarter miles directly southeast of the railroad station st
Merchantville. Intermediately between them, but on the other side
of the carriage road, is the well on the property of James A. Eagle,
noted in the Annual Report for 1896. Of the wells now being reported,
well No. 1 was dug to the depth of 56 feet and then bored to the
depth of 65 feet, increasing the water-sapply considerably. Well
No. 2 was put down to the depth of 58 feet and was discontinued on
hard strata, “ like rock.” Both of these wells find water within the
Matawan clay marls.

BORED WELL AT POINT BREEZE, PHILADELPHIA, NEAR THRTIETH
AND BIGLER STREETS, ON THE PROPERTY OF THE
ATLANTIC REFINING COMPANY.

Occurrence of nuts and stems of trees.

Throngh the courtesy of Dr, S8amuel G. Dixzon, President of the
Academy of Natural Sciences of Philadelphia, we have been per-
mitted to copy from a letter received by him from Morris W. Hark-
ness, General Manager of the Atlantie Refining Company, the follow-
ing record of a well put down on the line of Bigler street, about 50
feet east of Thirtieth street, as Iaid out on the city plan, though these
streets are not yet opened :

Loam.eccrsiiniriene e e e e nneses 3 [BEL == 3 feel.
Brick €laF v e e e 12 ¥ =15 “
WHhite gravel....c.. e sreresseessee s oo se e, 15 * =30 «
Black M iiiiicieniniesinininn sinsinnessenssrsscreeesssrsereseenn, 12 4 =42 «
Gravel and BARM Lot crtisrsernre e rer e rsre et e s ers s s e s 30 ¥ =73 «
Dark mud with rotten wood, bark and branches of trees, also nuts....... 10 % =8g «
Fine sand with Water.......cvurverruernieeiirisieeenssnsesessssseessseoesesns T W =89
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BORED WELL AT BPRECKELS S8UGAR-BOUSE, REED BTREET
WHARF, PHILADELPHIA.

Elevation, 5 feet; depth, 98 feet,

Philip Flaghouse informs us of a boring made some years since in
Philadelphia at Reed street wharf, on the Delaware river, at Spreckele’
sugar-house. He furnishes the following record :

Filled In.. «ccciiirminemrarennineriasisesnsmastennnansnnees 12 feet =12 feet.

Black mud {marine and fresh-water diatoms)eu...... 24 * =36 “ Recent.
Gravel. e irsnnessense. berrasaeraneresne I3 0% =48 ¢ Age?

Red nnd various-colored clays.. .o ererienrseinnens 39 4 =88 ¢ ] Plastic clays.
Cobblestone gravel containing Water...icseenssnenases 10 % =98 ¢ Cretaceous.

Subsequently a reservoir for the inflow of the river water was sunk
at the same place into the black mud of the above record. Bome of this
mud was microscopically examined by John A. Shulze, and found to
contain a mizture of marine and fresh-waler diatoms, among which
was a triangular form, Triceratium farus, which characterizes recent de-
posits upon the New Jersey coast and also elsewhere along the Dela-
ware river. This exact form does not occur in the great Miocene
diatom bed of the Atlantic coast. Its first appearance, according to
investigation made by the writer of numerous clays of different
geological ages, seems to be in Pleistocene beds, from which it extends
upward to deposita of the present time, being still found in the Dela-
ware river as far up as Philadelphia, though not found in mud from
the river at Burlington which the writer has examined.

ARTESIAN WELL AT THE UNITED STATES NAVY YARD, LEAGUE
IBLAND, PHILADELPHIA, PA,

Depth to gneiss rock .. i e e 270 feet.
Depth in micacesus gneiss T0CK ..ociciisssrsssssssnrsscrnmiannninierniesaas e ninns 330 «
Total depth from surface........ o trisararsa i iaraeseraes e sbenrniassnnane 600 ¢

This well was bored by P. H. & J. Conlan. It was noted in last
years report as having then reached a depth of 450 feet. It has
since then been completed, with a total depth of 600 feet. Between
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the depth of 50 feet and the surface of the rock at 270 feet various
alternations of typical Raritan Cretaceous plastic clays and inter-
bedded gravels were penetrated. The gravels yielded water, but the
design in putting down this well was to obtain & supply from the
gneiss rock. We are informed that it yields about 265 gallons a min-
ute. Details of the strata to the gneiss were published in last year’s
report (1896), page 114,

BORED WELL NEAR GRAY'S FERRY, IN BOUTHERN PHILADELPHIA,
PA,, AT EDMURD WEBSTER’S BRICKYARD,

Elevation, 25 feet; diameter, 6 inches; depth to gneiss rock, 95 feet. Total depth
of well, 232 feet.
Marine microscopic fossils. Evidence of the former inland extension of Delaware
bay with its saline waters to the Iatitude of Philadelphia and Camden.

Early in the year, a six-inch well was bored by Thomas B. Harper,
at Edmund Webster’s brickyard, in the southern part of Philadelphia,
Pa., the exact location being near the intersection, as shown on the
city survey maps of Thirty-second and Moore streets—the elevation
of the surface being about 25 feet. This well passed through yellow
clays and gravels to the depth of 95 feet, where the top of the mica-
ceous gneiss belt of southeastern Pennsylvania was met with, The
boring was continued in this rock to a total depth from the surface of
232 feet, where a satisfactory supply of water was obtained for the
steam boilers used at the brick works.

Through the appreciative interest and courtesy of Edmuuod Webster,
and also of the contractor, we have been furnished with a full series
of the borings, which we describe below. It should be noted that at
the depth of 40 to 45 feet there is a band of clay which shows on
microscopic examination sponge spicules. No diatoms have been
observed in any of these specimens. There have, however, been
frequently found by the writer, mixed with sponge spicules, diatoms
of both marine and fresh-water forms in ‘clays interbedded in the
extension of these same gravel beds beneath all that portion of Phila-
delphia south of the 40-foot contour line, and which may be broadly
described as that portion of the city east, southeast, and south of the
Reservoir hill at Fairmount water works.

We reason from this mixture of fresh and salt-water microscopic
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organic remains that the Delaware bay, with its saline waters, in com-
paratively recent geological times, extended inland s a much larger
sheet of water than now to the latitude of Philadelphia, Pa., and
Camden, N. J. It may be stated in passing that the writer has not
found either of the micro-organisms noted above in any of the gravels
or clays in the city above the elevation of 40 feet, nor has he observed
them in any of the much older Cretaceous deposits, although he has
frequently searched for them in clays of both these ages.

DESCRIPTIVE RECORD OF SPECIMENS,

Yellow clay at.. cerensennnenrane 20 feet, ‘i
® " and mvel at e 300Y
% ‘oot 8 35 « } g‘:&amuvay
Reddish-yellow clay wnh a llttle J
gravel at ...ooiveevieniinnennnes . 40 “
Clay, light yellow, at.. 45 © Sponge spi- -
Dark clay at . reus 50 ¢ } cules in these. } Transitional.
bow and grnvel at.. 55 « 1
Fine gravel at.....vovuvenan . B0 %

I Also comparatively
b recent, but a still
I older phase.

Yellow gravel wuh some ciay ut 65
Gravel, more decldedly yellow,at 70 “

i 40 13 13 75 13
1 “ H 3 “ 80 4 J
Yellowish-white gravel at.......c... 85 « Raritan }?
“ S . 90 ¢ Cretaceons,
Disintegrated micaceous rock at... 85 3
" 113 113 13 e 101 1]
1} 13 " i s 105 i
u u R 0 U Whiter.
Some gravel
“ u wow L 115 ¥ { dropped from
above in this.

Philadelphia belt

Solid micaceous rock at.....covevuress 120 4 " of Azoic rocks,

“ «“ e, 1261
u “ B e 130 ¢
# « o crrensess 140
" “ O e voeers 145
“ i L RO 1 T
£ 113 [ 1] creees ceaene 200 €@
“ “ B e cesn 238 0% J

Supply of water obiained at this depth.
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RECORD OF STRATA IN PHILADELPHIA, AT FIFTEENTH AND
CALLOWEILL STREETS,

Elevation, 37.7 feet, city datum; depth, 26 feet.
The oceurrence of plant stems and sponge spicules.

In the course of the construction the present year of a subway in
Philadelphia for the Reading railroad, a very considerable excavation
was made comprising the whole block bounded by Broad, Callowhill
and Fifteenth streets and Pennsylvania avenue. At a point just
within the northeast corner of Fifteenth and Callowhill streets the
following section was measured. We insert in the description of
strata notes upon the fossil organisms contained therein, the result of
a careful examination, both microscopic and otherwise, of specimens
taken from each layer.

Loam, with a few sponge spicules.....covenuiiiennnannne srssesssreseninnnenene O feef == 3 feet.
Yellow loam, and iron, rusty mottled clay, with sponge spicules,

some of them pinkead fOrMS....cconvrasissninensnniaineresronsaresses 12 ¢ =15 “
Black peaty clay, abundance of vegetable stems, fissue, &C..evvreenueee 3 ¥ =18 *
Clay, with sponge spieules. e corneeresniiesee cssrncnorsrianens 1 4 =19 %
Clay, no micro-organisms ..... b E s s rsa e ressernienan 1 ¢ =20 *
Thin lens of brown clay, below this at another point in the exca-

vation.
Yellowish gravelu.cosrncrsmessnmensmeneaens . 6 ¢ =26 ¢

Stopped on micaceous gneiss rock.

At one place in the excavation there was a thin lens of brownish
clay between the yellowish gravel and the micaceous gneiss.

The black peaty layer was traced along the line of the subway
excavation from Thirteenth to Eighteenth street. The opportunity
to trace it farther did not occur, since the masonry beyond had already
concealed the exposures of the beds,

BORED WELL AT THE PENNSYLVANIA RAILROAD SHOP®
AT PAVONIA.
Elevation, 30 feet ; depth, 154 feet,
Diameter, 6 inches to the depth of 56 feet, and 2 inches below that depth
Water rises within 22§ feet of the surface.
Revision of Record in Annual Report for 1897,

I the record of this well published in last year’s annual report,
we inadvertently stated that specimens of the borings had been
furnished, whereas they are and then were in the possession of the

18
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master mechanic of the railroad company’s shops at Pavonia. The
well was bored by Philip Flaghouse, but through misapprehension
we credited the work to another person. Philip Flaghouse has
recently furnished a blue-print descriptive drawing of this well made
to scale. We insert this record, as it is slightly fuller than that
presented last year. The boring is two inches in diameter, and was
commenced at the bottom of a six-inch boring, which was noted in the
Aunnual Report for 1892 as having a depth of 60 feet, though this is
now found to be but 55 feet. The first four lines of the following
record are taken from the report for 1892 :

Gravel....... e seisismrarrarnceenes ersserraeier e e 6 feet = 6 feet.
White clag . ovvercensrisririreermsienennmemnae 100 % = 16 % ]
125:3.7 P, terarnreriateressrinisnian rararasarer 19 9 = 35 % o
Gravel, rater-bearing (bottom of old well)urvcarenn 20 4 = B5 &
Coarse white 5a0d...oimewersreese coomnesennennnnnans 13 % = 68 ¢
White sandy Cl8Ferrceriemmireiss cevmmiraisrisssaisnanee B ¢ = 73 ¢

Fine white sand..ccess ccorvivciircnniiines cvvernninne 2 4 = 76 ¢
White sandy clag..ccccaieaiinnrnarans . vineens 3 ¥ = T8 ¢

Very fine whitegand...siivciainininisininan, 1 % = 79 ¢

Fine yellow 380d.ccommrninmerrniner e 2 % = B1 @
White sandy €laF.... ceeecrsrrrrencensisrisrracrennnan . 6 % = §7T «
Sand... crrsssesnsseeraes .1 % = 88
White sandy clay. . 4 ‘: = 92 :: Raritan
White sand....... R 1 ¢ = 93 " Cretaceous.
WHhite claFurerrrcsssisinmrsssimnimmmsnneenneens 1 ° = 84
White sand...cuierenenss deevrrasrapisanasnnninsnns 3 W == Q7 ¢
Yellow claFuu. coueracssssiionsrrasrarinninesnsssonasnans 2 % = g9 ¥

Red clay., .iccoimmcsieninannenmisnsnasonniinneens 6 % =105 ¢
Yellow clay..crierenen 4 % =109 ¢
White sandy clay. cooveciresscarsrares § ¥ =117 *
Sand similar to sandstone.....ccscmrierenneriere ceoans § «© =122 ¥
White sandy clay.c..ceorvrseinraienecnanseens veeevene T =120 O

Fine white sand..sciceninneeicnnniad . we 9 % =138 ¢
Coarse white sand, wa!er-be.urmg ................. e 4 =142 4

Fine white sand...c.ccccanseriirirmsnmniissiencsnvearas 5 & =147 ¢
Gravel, T DT e ssresseserssseres s ssnes 74 =154 ¢ )

The water-bearing horizons of this well are in the Raritan
Cretaceous.

ARTESIAN WELL AT PAVONIA, AT THE ATLAS CEREAL MANU-
FACTURING COMPANY’S WORES.

Elevation, 12 feet; diameter, 2 inches; depth, 124 feet.
Water rises within 11 feet of the surface.

This well was put down the present year by Philip Flaghouse,
who has furnished the following record of strata penetrated :
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Loam.......... TSI einirersestvesermarnisnens -oone 4% feet = 4} feet,
Gravel... cociiuee covveienies ceererennenn 3 ¢ = 8§ v
Sand and clay in small strata....... 11 “ =19 *«
Fine white sand......ccovermrivrncininrnsirinnnnnns 27 = 46 %
3 L1l = 49 L1 I

. 8 0 = 57 3
Red clay. .....cc.....e... e e e D Y = 62 K |
White Clay. v i vrerareenne,. 2 ¥ = (4 ® ]
Red clay. o iesneresssnne 6 “ =7 | .
L T © =g ¢ | g‘“’“““
Red €la..vorviveseseeresemeesnsssevenans “ 90 « retaceous,
Yellow elay cocecviviiiiniirinnns covrveriviriniiiens 7 % = 07 4 |
Fine white sand. ....c.covvireeirrennnn 9 ¢ =106% ¢ |
Whiteclav............ e reetsritnr . 4 % =111
Fine white sand .ooovviiiiiiiiiinns civvicviriseens 4 % =115 @ o
Coarse sand nnd gravel, water-bearing............ 9 " =124 =« ]

All of this well below the depth of 46 feet, and possibly below the
depth of 19 feet, is in strata belonging to the Raritan Cretaceona or

the plastic clays and interbedded gravels,

BORED WELL AT BRISTOL, PA.,, NEAR THE PENNSYLVANIA

BAILEROAD STATION.

Elevation, 10 feet; depth, 114 feet; micaceous rock at the depth of 83 feet,

Early in the year a well was bored on the line of the Pennsylvania
railroad, a short distance north of the station, at Bristol, Pa., for the
use of the railroad company. The work was done by Siotthoff
Brothers, who kindly farnished specimens of the borings, from an
examination of which we compile the following record :

Brownish gravel, surface £0....00eee. ersrtsiieeren

Gravel not quite 50 brown...oveevviveciviivininronens 35 feet to
Medium even-grained yellow gravel........,...... 45 % &
Yellow gravel, slightly finer. .....oocvveriereirannes 55 1€ 6
Yellow (kaolin) elag....cicvenrivereersrresivnsnnnnns - 80 % u
Bluish-white (kuolin} elay ........ueu.e.. voeeneess 85 W
Micaceons (?) rock, disintegrated................ . 83 0w

Micaceous rock, solid. .. eeesnirres seres oronenss 100 ¢

Lt

35 feet.

45 «

b5 « ]

60 « Raritan
65 « ?Cretaceous.
83 113 J

100 *

114 «
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BEVENTY ARTESIAN WELLS* NEAR MORRIS BTATION FOR
CAMDEN WATER-8UPPLY.

Elevation high-tide level ; depths, 85 to 100 feet and 11¢ to 150 feet.
Water rises to tide-level, but pulsates with the tide about 15 inches.

In last year's annual report records were inserted respecting a
number of wells put down north of Delair, preliminary to the sinking
of a considerably larger number to furnish a water-supply to the city
of Camden. During the present year 70 additional wells have been
sunk to either one or the other of the two principal deep water
horizons there indicated, viz., at the depth of 85 feet to 100 feet, and
at the depth of 110 feet to 150 feet.

The wells now reported are on the meadows south of the mouth of
the Pensauken creek, and are near Morris railroad station. A
water works plant has been erected near this station, and large mains
have been laid to the city of Camden, through which water is now
being supplied to that city. As we conclude this report, additional
wells are being sunk on the same tract of meadow land, but farther
south.*

The water supplied by these wells comes from two horizons within
the plastic clays and gravels of the Raritan division of the Cretaceous.

FOUR TEST WELLS AT WEST PALMYRA.

Elevation, high-tide level ; depths, 30 to 46 feet.
Bored for the Palmyra Filtrated Water Company, to supply water filtered
directly from the river,

Through the courtesy of Joseph H. Young, civil engineer, we have
been furnished with the following information respecting four test
wells put down at West Palmyra, on the level marshy margia of the
Delaware river north of the mouth of Pensauken creek. The wells
were drilled by Andrew Flemstrom for the Palmyra Filtrated Water
Company,and are located along & straight line nearly directly across the
strike of the Cretaceons beds which underlie the more recent surface
gravels of this region, well No, 1 being to the east and No. 4 to the
west. As well No. 1 is farthest out and No. 4 is farthest back on the

*Aq this goes to print, 28 additional wells have been bored, making 98 io all.
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dip of the Cretaceous, we insert the record in the reverse order of
their numbers. Well No. 2, it will be seen, found two water hori-
zons—an upper one which rose a few inches above the surface, while
a lower one did not reach thereto by some ten inches, The upper
water horizon only was reached by the other three borings, which
did not go deep enough stratigraphically to open up the lower water
horizon.

The lower horizon is in gravel of the Raritan Cretaceous age,
while the upper horizon is in a clean, clear bed of medium te moder-
ately coarse gravel of much more recent age, but what that age is the
writer is not at present prepared positively to say beyond the fact that
it may be either the Trenton gravel (so called) or the Pensauken, and
is not older than the latter. |

Well No. 4 is located near low-water mark ;—No. 3 is 800 feet
southeast of No. 4;—No. 2 is 700 feet southeast of No. 3 ;—No.
1is 500 feet southeast of No. 2, and is on the edge of the bluff.

RECORDS,

Well No. 4 at West Palmyra.
Elevation, 3} feet below high-tide level.
Peat cvuevinnrerermerinisins oaerererraraerresss ensesEetrunststaTTtnrrerestenn 12 feet==12 feet,
Fine sand..eeiniirmvinciisinns vies cevnniiis soisnsnsrenrnsennee eesnees 3 % =15 ¢
Coarge Zravel. i.iviveieiiicicsceresinrninresvrie svnsenessres eeee cnee 2§ 6 =17k 4
Gravel o s e e 28 =29 O
Brown gravel. v, s srsireneernes 1 8 =21 &
Brown 6804 weevrrceisinsieniinriniise i s renaninees serenens 1 8 =22 &
Brown gravel. weivievsisisssseisscsarrnrientsennensnsisrsrerss sesvarenenense B % =97 K
Fige gravel ...... ........ - B
We ter-bearmg strata at 12 to 30 feet

Well Mo, 8 at West Palmyra,
Elevation, high-tide level,

Peat .. P OURURNE S (=712 I 7V 3
Clay reervnsssrerres st e e s saeenes @ 0 =10 S
Sand nnd gravel ......... R R s e barnan st e rnn s sasseraann e seranrre T % =17 ¥
Conrse gravel...cenrciinins ccrininiin i . 88 % =204 4
Band and gravel ................................................................ 6} ¢ =27 ®©
Fine yellow sand. ...c.evvesinre venveensnence e b ee e bt resnresn 2 4= w
“ RV UOUVUTUROORS . SR SPSSY: 3§ S
GIavel.. coreeremisriciesaisnsininarnasessesrenrsstsse caresrnensnrasecsans v 2 b =83 ¢

Water-bearing strata 10 to 32 feet.
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Well No 2 at West Palmyra.

Elevation, high-tide level,
Two water horizons, Depth, 9 to 26 feet and 33 to 43 feet.

Loam and peat.. ...ee covviivereerinnsnicnsnanes coees 9 feet == 8 feet.  Most recent.

Sand and gravel (first water horizon) weeeeeern.. 174 ¢ =264 Comparatively
White ¢lay.. -overrseerererrrersnnns R s I recent.

Fine sand (second water horizan)eoovvivniernnenes 1 % =33 ¢ | .

Fine brown sand (second water Aorizon).cciccvees 5 =38 ¥ I. Raritan

Fine gravel (second water homzon) 5 " =43 " | Cretaceous.
Yellow clay ... .- - L L

Water- bca.rmg stmta nt 9 to 26 feet, from which water flowed 6 inches above the
surface.

Water-bearing stra'a at 33 to 43 feet, from which water rose to within 8 feet of the
surface.

Well No I at West Palmyra.
Elevation, high-tide level.

Peat, oottt esensiies e 3 féet = 2 feet.
Loamy clay ...... Chevee sees meenes UV S
Band and gravel....... vreererssarsasarenns srssrneisstitesrsessnneennenneenens 17 6 =23 ¥
Clay cccorirnniccrnraninns SN 6 * =29 %

Fine sand ...ccoceernne certrarnies e rasse s, 8 ¢ =38 ¢
Watcr-baamng strata 8 to 28 feet

The Palmyra Filtrated Water Company is an incorporated com-
pany, whose plan is to sink into the gravels revealed by these wells a
series of eight basins, with a combined capacity of 2,000,000 gallons,
into which basins the water of the Delaware river will be allowed to
percolate by filtration, which it will probably do, since the river has
cat its channel in these gravels, and has a depth of 30 to 40 feet
between this point and the opposite shore. A full series of the bor-
ings from each well are in the office of the company. This horizon
is higher than the two horizons utilized at Morris Station for Camden
water-supply. (See page 276.)

ARTESIAN WELL AT SMITHVILLE, BUBRLINGTON COUNTY.

Elevation, 20 feet; diameter, § inches; depth, 112 feet.
Water rises 16 feet above the surface.
Overflows 30,000 gallons or more per day.

This well was bored by W. C. Barr, who furnishes the following
record. The well is located at the H. B. Smith Machine Company’s
works, near the head of the pond :
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RECORD.
Top filling of ashes, &Cumiiirrinsreinniininnininenne. Sfeet= 8§ feet.
Greenish coarse sand..c.eercevcerensrvsrsinsesnisinnniene 20 0 = 28 ¢
BIACK €18Feuct1recurrsnee enerases easerenssrsrscssns cevreees 82 4 22110 @ Clay marls.
Gray sand, With WalEr cuerrvormsrecmncinnniennnes 2 ¢ =112 ¢

A geries of the borings was furnished by the President of the
company, Wm. 8. Kelley. They show a somewhat stony crust at
the top of the water-yielding sand, at say, 110 feet, while from about
the same depth there was obtained a fragment of a tooth, which may,
perhaps, represent some reptile of Cretaceous times, but which we
have not been able to have identified, though we have referred it to
several specialists in such matters.

The location of this well is west of the outcrop of the Marlton
water horizon, The strata penetrated below 8 feet are entirely within
the clay marls of the Matawan division of the Cretaceous. The
water sand reached is the Cropwell horizon, which occurs strati-
graphically about 115 feet below the top of the Marlton horizon, and
somewhat centrally within the clay marl beds.

BORED WELL NEAR VINCENTOWN,

Elevation, 50 feet ; diameter, 5 inches; depth, 69 feet.
Water rises within 26 feet of the surface.

Wm. C. Barr informs that he has bored a five-inch well for Joseph
A. Jones, on the road from Eayrstown to Vincentown, on ground
with an elevation of 50 feet, and that the well has a depth of 69
feet. The boring was commenced in the bottom of a dug well having
a depth of 28 feet, and was continued through marl to the depth of
64 feet from the surface, and then 5 feet farther into a coarse water-
bearing sand, from which the water rose to within 26 feet of the sur-
face. The supply comes from the Marlton horizon. More recently
we have been informed that the water from this well is quite irony.
If the boring were continued 100 to 115 feet farther it is probable
that the Cropwell water horizon would be found, the quality of
which has, we believe, generally proved satisfactory.
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BORED WELLS AT JOBSTOWN,

No. lieireiiens Elevation. — feet; depth, 156 feet.
No 2.0 cieens “ 8 « o356 ¢
No. 8 cvvvevserns u 60 ® 715 ¢

Three water horizons in well No. 3, viz, at the depths of 385, 602 and 660 feet.

Wells Nos. 2 and 3 are on the Rancocas S8tock Farm of P. Loril-
lard, about one mile east of Jobstown, and well No. 1 is at the Park,
not far distant.

Wells Noe. 1 and 2 were bored by Williard Blaisdell, and have
been noted in the Annual Reports for 1879, 1882 and 1885 as at
Columbus,

Well No. 3 was bored by Orcutt Bros, Its record, combined with
that for well No. 2, was published in the Annual Report for 1892 ;

likewise was stated to be near Columbus.

From Geo. H. Orcutt we have recently learned some facts concern-
ing well No. 3 not heretofore published. He states that though this
well was prospected to the depth of 715 feet, it was finished with
a series of three strainers, so as to draw water from three horizons at
or about the depths of 385 to 387 feet, 600 to 602 feet and at 660
feet. From a detailed record of this well, those interested may con-
sult the Annual Report for 1892, page 305. We, however, now pre-
sent & condensed record of the larger divisions met with, as revealed
by a series of borings presented by Orcutt Bros. :

Recent (?) yellow, loamy sand.......... 14 feet = 14 feet.
Laminated sznds and clay marls........ 292 “ =306 ** = Matawan.
Plastic clays and interbedded sands... 4U9 % ==715 % =Raritan }Cretacecus.

The three water horizons noted appear to be all of them within the
plastic clays or Raritan divisions of the Cretaceous, although the
upper one is near its top and shortly below the base of the clay marls.

We are informed by Dr. Carter, the present superintendent, that the
water from these wells is quite satisfactory in quality.
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BORED WELL NEAR YARDVILLE.

Elevation, 70 feet; depth, 271 feet; water-bearing horizon at from 256 feet to 271 feet.
Water rises within 56 feet of the surface.
Diameter, 6 inches to 147 feet and 4 inches to 258 feet.

This well is on the Magnolia Stock Farm, and was bored last year
to a water horizon between the depths of 143 and 159 feet, as was
noted in the annual report for that year (1896), page 144,

This year the boring was continued to a lower horizon, which was
found between the depths of 256 and 271 feet. The water rises to
within 56 feet of the surface, The boring, both last year and this,
wes done by Stotthoff Bros., who, on both occasions, furnished speci-
mens of the borings and some notes respecting them, For complete-
ness, we present the record of the entire boring from the surface down-
ward, though for the first 159 feet it is but a repetition of that pub-
lished last year:

Bottom of dug well at.,...ccvvrremnismicnsas 20 feet.

BIUE MAThecveemrisssarissoreescsssnsenrsnneniens 20 fect to 35 « ] Baseof the
“8hore” sand ..cvivirisniissecimssisnennen. 35 41 42 ¢ Matawan
Chocolate war), sand and gravel.......... 42 % ¢ 60 “ clay marls,
Fine black sand and lignite....ccvssnnse 80 % % 70 ¢ ) Intermediate
“8hore” saNdu.urerrenierrreereeemressenesrnene 10 & ¢ 98 ¥ ;' sands

Clay marl at. ..oocvreniis vevnrrssenranas . 140 * ) '

Fine white kaolio clay, with some miea.. 143 ¢ © 147 ¢
Band, with taler...cooreeercceeiirmriinrinrnene, 147 8 ¢ 158 4
Dark, coarse, sandy clay.....ooveiiniiienne 169 * #1172 ¢ r
Dark clayey sand, not quite so coarse.,.., 132 “ * 192 *
Medium, coarse, clean white sand,

Cretaceous,

“which, however, yielded but lLittle '} Ran%nn
WAHEF" rovevsrerenassessssesssssssennen ooone 192 4 906 4 | Plasticclays
Dark fine clay, with lignite...coovsre oovuar 206 ¢ 5 218 ¥
Fine sandy clay, lighter shade....... o e 218 0% 0223 %
Coarse sandy clag..ccovveeimreisiarcisnnninnins 223 ¢ " u58 ¢

Water-bearing 8and.viveiereaieeens sorrnrnenar 256 46 4 271 8 J
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IL

BORED WELLS, MOSTLY IN NORTHERN NEW
JERSEY,

In Red Sandstone, Gneiss and Other Rocks, and In the Glacial Moraine, mainly
in Essex, Hudson, Somerset and Middlesex Countles, and on Staten
Island and Long Esland, and along the Delaware River.

8ec. 1. Bored Woells Reported by P. H. & J. Conlan.

P. H. & J, Conlan write as follows respecting wells put down by
them during the past year. These wells are in Essex and Hudson
counties, and parts outside of New Jersey, nearly adjacent. In their
report there is also, however, included one well in Maryland. These
wells are mostly in the red shales and sandstones of the Newark sys-
tem, though a few of them are in gneiss rock. A well put down by
them at the United States Navy Yard, League Island, Philadelphia,
has been placed among the wells classified under the heading “ Wells
in the Southern Part of the Cretaceous Belt.” (See page 270):

WELLS IN NEWARK,

One well, depth, 520 feet; one well, depth, 326 feet,
Both these wells are in red shale.

“We put down a well for P. Ballantine & Bons’ ale brewery, 12-
inch pipe to rock, which is 30 feet from surface. The rock is red
shale. Depth of well, 529 feet, and yields about 150 gallons of water
per minute,”

““We put down a well for Zeigel, Eisman & Co., tanners, adjoining
the meadows, We found clay and quicksand to rock, which was met
with at 75 feet from surface. The balance of well is drilled in red
shale. There is a good supply of water. Depth of well, 326 feet.”

WELL AT ARLINGTON.
In red sandstone. Depth, 270 feet.

“We recently completed a well for the Arlington Manufacturing
Company, Arlington, a suburb of Newark. Sunk 10-inch pipe to
rock, which is about 30 feet from surface, The balance of well is
drilled through red sandstone. It iz 270 feet in rock, and pro-
duces 375 gallons of water per minute.”
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WELL AT 80HO.

In red sandstone. Depth, 120 feet.

“ We put down a well for Mr. C. Northrop, at Soho, a suburb of
Newark, Rock was met with at 18 feet from surface. Well is 120
feet deep. The rock is red sandstone formation, A good supply of
water,”

WELL IN JERSEY CITY.

Io red sandstone Depth, 1,400 feet. Well not finished.

“ We are putting down a well for the Consolidated Traction Com-
pany, at Jersey City. Rock was met with at about 150 feet from
surface ; it is red sandstone. We are down abont 1,400 feet, It is
not yet finished,”

WELL ON JERSEY CITY HEIGHTS,

Ino trap rock. Depth, 275 feet Well not finished,

“ We are putting down a well on the heights of Jersey City for J.
Mehl & Co. We are down about 275 feet. Formation is trap rock
a5 far as we have drilled. The rock was met with at about 20 feet
from surface. It is not yet finished.”

WELL AT BAYONNE,

In red shale. Depth, 600 feet.

“The well of the Martin Kalbfliesch Chemical Company, at Bay-
onne, was mentioned in a previous report; was drilled to a depth of
600 feet, with a very small supply of water.”

WELL AT FORT LEE.

In trap rock. Depth, 850 feet, Well not finished.

“ We are drilling a well at Fort Lee, N. J., through trap rock. We
are down abount 850 feet, and no sign of change in rock. It is a
curious thing that at a quarter of a mile distant the red sandstone
crops out at the surface.”
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FOUR WELLS IN LONG ISLAND CITY, N. Y.

Depths, 100 to 135 feet.

“ We have put down four wells for the Nichols Chemical Company,
Long Island City, adjoining Brooklyn. The average depth is from
100 feet to 135 feet. There was encountered fine sand, clay and
boulders to the water-bearing stratum, which was met with in coarse
gravel. They yield on an average from 75 to 125 gallons of water
per minute, and the water is of a good quality.”

WELLS NEAR BRIDGEPORT, CONN.

In goeiss rock. Depth, 300 to 800 feet.

“We have drilled several wells in Connecticut, especially near
Bridgeport, They vary in depth from 3CO feet to 800 feet. Rock
was generally met with very near the surface. Formation, granite,
with good results for water.”

WELL AT DUNWOODIE, N, Y,

In gneies rock. Depth, 775 feet.

“ We bave just completed a well at Dunwocdie, about eight miles
north of New York City. Rock was found about 25 feet from the
surface. The rock is of very hard granite formation, and the same
character all the way. It is 775 feet deep, with a moderate supply of
water.”

WELL AT ARBUTUS, MD.
In rock. Depth, 7756 feet. Well not finished.

“We are at present drilling a well at Arbutus, for the Manual
Industrial School for Boys, about eight miles south of Baltimore,
Rock was met with at 28 feet from the surface. We are down about
465 feet, with very little water. The rock is of the hardest character,
but we are going deeper.”
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II,
Sec. 3. Bored Waellg Reported by W. R. Osborne.

In respomse to our request, W. R. Osborne has kindly furnished
the following information respecting wells put down by him during
the year in Somerset and Middlesex counties, and on Staten Island.
We insert his descriptions verbatim.

Some of the wells draw their supply of water from the glaeial drift,
and some from the red shale and sandstone formation belonging,
according to the momenclature of last year’s report, to the Newark
system, A well at Runyon, put down by bim, has been incorporated
with the wells classified under the heading of “ Wells in the Northern
Part of the Cretaceous Belt.,” (See page 246.)

BORED WELL IN NEW BRUNSWICK.

In red shale. Depth, 146 feet.

] also drilled a six-inch well for Mrs. B. Zimmerman, Burnet
street, New Brunswick ; 16 feet to shale; finished at 146 feet. Some
of the shale was very hard in this well, unlike any others I have
drilled in New Brunswick.”

BORED WELL AT WOODERIDGE.

Diameter, 4 inches; depth, 56 feet.

¢ This well was bored for M. D, Valentine & Co., at a dwelling
gonth of their Woodbridge factory. It was drilled through sand and
gravels to a gravel bed, where water was obtained. The water-bear-
ing gravel is reddish.”

TWQO RORED WELLS NEAR VALENTINE STATION, LEHIGH
VALLEY RAILROAD.

Well No. Luiiecaine Diameter, 4 inches; depth, 140 feet,
Well No. Zucvinnsianee ¥ 4 ® #0138 @
RECORD OF WELL Xo. I
“ Commenced in bottom of dug well..viviiiirres v 18 feet.
Fine SAnd..veees cocerenseronsrscanenseanirsese crsrnrsrsinceasissns sanssnse 60 feet =— 78 ¢
Red shale to WALET Bbu.uvers sesersversnssressasrasrararseeroursivessaserses 140 ¥ 7
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“ Well No. 2 is about 300 yards south of No, 1, with about the same
record except that water was found in larger quantities. Well No. 1
was torpedoed with dynamite after the well was completed. These

wells developed the red shale deposit much farther east than I expected
to find it.”

BORED WELL AT BAND HILLS, BETWEEN AMBOY AND
BONHAMTON,

Soit strata to 100 feet ; red shale to 202 feet.

“I have bored a well for David Brown on top of the ridge on 8and
Hills rosd, between Amboy and Bonhamton. Sand, gravel and clays
to 89 feet, where coarse sand was met with, and some water. Being
unable to keep the sand down, the drilling was resumed, and at 100
feet red shale was found. Afer drilling to 202 feet water in suffi-
cient quantity was discovered to supply the needs of the dwelling and
barn. I may add that this well is the farthest east of any well I
have found red shale in of all the wells I have sunk in the neighbor-
hood. Water stands at 90 feet from the surface.”

BORED WELLS IN TOTTENVILLE, STATEN ISLAND, N. Y.,
OFPPOSITE PERTH AMBOY, N. J,

Depths, 28, 51 and 54 feet,

“ During July of this year I sunk some test wells for the town of
Tottenville, Staten Island, just acroes the sound from Perth Amboy,
After passing through 20 feet of sand and gravel, I found a gravel
bed at 21 feet giving quite a flow of water; then, passing on down,
at b1 feet there was another layer of gravel. The material above
this stratum of water was composed of hardpan.

“Bince I sunk the test wells, a pumber of 3-inch pipes were sunk to
the depth of 28 feet by the parties who have the contract for building
the water works. These wells were non-productive. Since then they
have sunk one 6-inch well to 54 feet, finding the same bed of gravel
I found at 51 feet.”
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FOUR BORED WELLS AT PLEASANT PLAINS, STATEN ISLAND.
Diameter of each, 4 inches; depths, 28 to 56 feet.

 Recently I have sunk four 4-inch wells at Pleasant Plains, Staten
Ieland. These wells all obtain water at from 28 to 56 feet, according
to the elevation of the surface. I find the drift about the same over
all the lower portions of the island composed of sands and gravels:

“No. 1 well, at Methodist Episcopal parsonage. Depth, 37 feet.

“No. 2 well, at Mr. Winant’s, near Staten Island Rapid Transit ruilroad. Depth,
28 feet.

No. 3 well, at W. W, Maull's dwelling, on the Amboy road. Depth, 33 feet.

“No. 4 well, at the residence of Wm. Androvet, on the hill, east of north of the
public school building. Depth, 56 feet.

“A peculiarity of Mr. Maull’s well is this, the water is very soft,
while just across the fence, in the next lot, there is an open well, 21
feet deep, with water quite hard, I have noted this fact in several
neighborhoods, and have wondered if there is not something in the
surface formation which affects the water passing into the open wells.”

II,

Sec. 3. Woells Reported by Stotthoff Bros. Mostly in the Red
Sandstone Region, Though a Few are Along the
Delaware River, below Morrisville, Pa.

The following thirty-three wells are reported by Stotthoff Bros. as
having been drilled by them the past year :

LAFAYETTE, FOR HENRY BREMER.

“ Commenced in bottom of old well at the depth of....ooviiiriniiniiiicnniena, 20 feet.
Limestone..crereeresrsrssrrasenssrs R ererne sermrsernninessinrnnerearirnsnnarass 20 ¥
40 [19H

ANDOVER, FOR P. J. CRISPEL.

¢ Dark-gray sand to the depth of... .ccovveiimriier o 424 feet.

“ Water, 10 gallons per minute.”
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ALLAMUCHY, FUR JOHN JILSON,

“ Loose stones aud gravelu....ciceeniiens rreereennien ternberserraraarar s e senirrans 32 feet.
Gray rock

“ Water, 2 gallons per minute,”

ALLAMUCHY, FOR JOHN MARTIN.

“ Loose stones and gravel to the depth of..civiiveiiiiiisneniiins cimiviiesecisnnnn. 64 feet.

%At the bottom, fine sand ; had to use screen. Water, 6 gallons per
minute,”

HUGHESVILLE.,

“Band and gravel. st i nerssrisnssessnnssersenns 20 {801
“ Water, 12 gallons per mioute.”

FLANDERS, FOR W. 8. YEAGER.

“ Commenced in the bottom of a dug well at the depth of. .o.ouiceiverrenranns 20 feet.
Sand and 1005e SLONES uvvrveirirsrariren vemreernnn ORI A
48 it

LAKE VIEW, FOR FERDINAND DU LAC.

“Earth and sa0d..cccvicieiens ciniiseeriniieareereiinsenanasareersnrenroacrrernenseees 28 f€L.

Red sandstone....ccciivemriinness seisnininiine N 37«
60 &%
“ Water at 30 feet, 10 gallons per minute.”
CLIFTON, FOR P. J. KIPP,

“ Dark-yellow 680dus iarcrranrncennserenieeeinns rrrsrserenenersasses sesermsresnnesnnsennens 40 feEL..
Sandstone v iiirerseee . eReeArarseres aubai b e srnarrssnananie P
101 *

“ Water 12 feet from the surface at 15 gallons a minute,”
CLIFTON, AT MRS, HENRIETTA ROSENBERG'S,

“ Clay and 8and....ceeieretrmrerercunnneninen vasvisinnes e e rearrer serrvensasernens 87 feet.
Bandstone coeve ceersuminiiiiiiis secrirnresirneins cetiraires iere ssersersssssaseereesses D8 ¥
95 [14

‘“ Water 10 gallons per minute 10 feet from the surface.”
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PASBAIC, AT LYMAN CISCO'8,

*“ Started in the bottom of a dug well at the depth of...ceoeeivnnees cersneennnns 21 feet.
Red sandstone.......... rrersressteiraretarereresersabasis s anatsnnsananennnesnsoraranes 90 ¥
ur o«

“ Water came within 29 feet of the surface and yields 10 gallons per

minute.”
PASSAIC, FOR 8, N, DE FRIES,
“Sand and clay......ccvernneenns
Sandstone. v icrseriereiaerneinen eerbaveieassareasiesranenrs veeennes .

“ Water rose to 24 feet, pumps down to 31 feet, at 10 gallons per

minute.”
PASSAIC, FOR LOUIS LOCKER,
U Rod 310dSt00E (0uirers srrssessstsmasrnsarronaiestosisrertensrsnsnnssaesnnsirssansissssne 47 feet.
“ Water, 4 gallons per minute.”
PABSAIC, FOR JOEN ALNOR.
24 fect.

CartdretE EEIRIB YIRS

23 [

¥ Clay and sand.....oeee-
Hed sandstone...cuaeenas

=1

)

“ Well pumped to the bottom, 8 gallons per minute.’

FORT LEE, FOR CHARLES WENZEL.
12 feet,

* Earth and SL0NES...cvrrriensisssserscarrarans PP PPN
113

Trap rocKaeee coonicrnerriersernrssiinen e B e
i

“ Water, 2 gallons per minute.”
AFTON, NEAR MADISON, FOR MRS, D, D, JENNINGS,

“Sand and coarse gravel to the depth oficvevcinnnieincnriinee veeene covreninier BT feet

“ Water 43 feet from the surface at 10 gallons per minute.”
19
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BASKIRG RIDGE, FOR B, A. BEAL.

“ Commenced in old well at a depth of ...o.versisrinrenne
Red rock and yellow shale.....cuevannns

PO .11 5 1 -1

112
“ Water, 2 gallons per minute,”

BASKING RIDGE, FOR I. H, TUNIS.

“ Red and yellow shale rock, surface to the depth ofivvccvessrissiiiens coveeemeene 81 feel,

“'Water, 2 gallons per minute.”

MILLINGTON, FOR W, W. ARMFIELD.

Bl D=1 4 | s r e e bt benaueraressnrbaranas 25 feet.
Red shale.......... PSS FUTRUP (1 B
91 £i
“ Water, 8 gallons per minute, at 53 feet from the surface.”
BAYWAY, FOR JOHN ETEVENSON CAR COMPANY.
Dinmeter, 8 inches.
* In red shale and rock to....... ST ve 250 feet.

“ Water, 60 gallons per minute, at 23 feet from the surface.”

BAYWAY, FOR JOHN STEVENSON CAR COMPANY.

Diameter, 8 inches.
“ Red rock and shale t0.....uiccerereisviiecerenssivsmmnsnnssessens errasaerreteres seene 300 feet.

 Water, 95 gallons per minute, at 28 feet from the sarface.
“ We have presented samples in glass tubes from these two wells to
the Geological Survey.”

CASTLETON CORNERS, STATEN ISLAND, N, Y., SOUTH GOF BERGEN
POINT, N. J.,, ACROSS THE KILL VON KULL.

33 feet.
53 113
64 13

150 «
“ Water rises to 63 feet from the surface at 8 gallons per minute.”
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BOUND BROOK, FOR THE MIDDLEEROOK HEIGHTE ABSOCIATION.,

OEATtH . v vertreenenraronisssnninnssseninsseonestensisnisareseribnnesbs tbINEIsteRassaneroren 15 feet,
Red shale rocKaericiiniviminig e siees o qperrereasseaasanncannes 102 «
17 «

 Water at 15 feet from the surface, 60 gallons per minute.”

NESHANIC STATION, FOR MI38 DORA BEITLER.

L O TG ) W T, ettetendretsannraeretnseraren nsensan ceensranne 12 feet.
B0ft T THBIE. ccverssrrsssrsnrasnnrnsesssaassasrsssasstorintinntessionessasssareanasns e 73 H
85 o

“ Water rose to 16 feet from the surface, pamped to 24 feet, at 15
gallons per minute.”

THREE BRIDGES, FOR JOHN A. VAN FLEET.

14 feet.
60 113

74 113
¢ Water, 10 gallons per minute, at 52 feet from the surface.”

FLEMINGTON, FOR E, W. EARNES,

% Loose earth.c.ovvienesencisiineniicen hbereaberieRLEaRbres R teneastnnnrtrnasnn 4 feet
Red bastard shale and sandstone, very seamy..cvvevsersseranianss serrvamins 98 "
102 ¢

“ Water rose to 44 feet, pumped down to 53 feet, at 10 gallons per
minute,”
FLEMINGTON, FOR H. E. DEATS.

L 071 < ) | SO veertreunereirsberenntenranassensancesnreserniraraness 18 1860
Red shale. ccciiicensinisnsinsnmmeiicinersae. DT UT U RURIORY . - S
96 113

“ Water, 30 gallons per minute, 60 feet from the surface.”

PRINCETON, FOR F, A. DOHNM,

* Bluestone, very hard, to the depth of...iveisienner seemescsiinnierianissssennnns 80 feet

“ Water, 12 gallons per minute.”
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YARDVILLE, FOR DAVID HENDRICKSON,

“Band, &0, L0uieiserscrrcairiracrrireninir rarsseissressaesessronres varsserrnrrsrinseesnenes 271 feet.

* Water rose 65 feet from the surface; yielded 20 gallons per min-
ute,” (8ee page 281.)

{The following five wells are at localities on the Pennsylvania side
of the Delaware river, and near or on the line of the New York

division of the Pennsylvania railroad.—L. W.]:

MORRISVILLE, PA., FOR CABE & CAIN,

Sand and blue claf..verineininsinnissrirss i cevesrnes 39O
Hard gray granite rocK.. i nonnisresssisee. 710«
136 «

“ Water came within 24 feet of the surface, but pumped down to 65.
feet, at 10 gallons per minute,”

BRISTOL, PA., FOR S80LOMON WILDE,
“Band and gravel, sUIfice 0.....cuvn i cessiensmessrmssinsecessnsnscensensness 122 feet.
‘ Water rose within 9 feet of the surface, but pumped down to 40
feet, at 36 gallons per minute.”

CROYDON, PA., FOR W. H, VANDEGRIFT.

Earth t0 vivciivicnisensie cvormmuniiniiension e sen e recassan 24 feet..
Mica rock, with hard and soft 8eam. . .ccuecerrirririiririiinin renecsseserenees 124 5

“Yields 25 gallons per minute,”

CORNWELLS, PA., FOR CHARLES M'FADDEN.

“ Earth and s20Q £0.,uu0mn vorverniusiiessoiseenressessaens nransinne

“ Water rose to 18 feet from the surface, but pumped down to 28
feet, at 10 gallons per minute,”
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TORRESDALE, PA., FOR E. D. MORRELL,

“ Earth and 10088 ravel..cueesresimesseraesesssseasmanimismnsinssonoanorsenranies 52 1€€L
MiCA TOCK ©vvviinsssrrnsnrsrsersrsnnssssinssssniessassssnsssssassasstonsassrossassnesoranses 109
201 ¢

“ Water rose to within 3 feet of the surface, and pumped 12 gallons
per minute, at 100 feet from the surface.”

11,

Bec. 4. Wells.—Informa.tion Communicated by George E.
Jenkins and Others.

WELLS AT DOVER AND VICINITY,

George E. Jenkins, of Dover, N. J,, writes as follows respecting
wells at that place and vicinity :

No. 1. “In reply to your favor for information in reference to the
artesian wells sunk in Dover, I would say that Mr. 8. T. Smith sank
a well on his property, located on the top of the terminal moraine,
elevation above tide 630 feet, west of Dover, on the south side of the
road leading from Dover to Mine Hill, and about three-fourths of a
mile from the Delaware, Lackawanna and Western depot. This weil
was sunk in 1886, and was put down 135 feet. The record was as
follows :

45 feet sand, cobbles, boulders and such materials as found in terminal moraine.
80 feet quicksand.

8 feet blue potters' clay.

2 feet quicksand. and at this point struck bed-rock.

138

“ The well is not a flowing well, but the water raised to within 60
feet of surface. The water was not satisfactory, as it was always
‘roily.””

No. 2. “The well at the stove works was driven 60 feet, when a
flowing well was secured. The size of the well was 6-inch. The
record was as follows:
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11 feet of soft mud and boulders..
10 feet hardpan.

5 feet quicksand,
31 feet sand, mod and boulders.
&7

“At 57 feet struck rock and drove into it 3 feet, when a flowing
well was secured, Mr, William Cramer, of Paterson, N. J., did the
work.”

No. 3. “The well at the Delaware, Lackawanna and Western
railroad was put down 153 feet, striking rock at 145 feet. Itisa
6-inch well.

“Two &-inch wells, Nos. 4 and 5, below, were put down at the car
shops.”

No. 4. “The one in the paint shop was a 6-inch well, and put
down 214 feet, when a flowing well was secured. The record of the
well was about as follows:

50 feet hardpan.

60 feet quicksand.

16 feet rock (evidently boulders),
R8 feet gravel.

214

“ Bed rock was not developed, and as the well was producing excel-
lent water in quantity, the work was carried on no farther,”

No. 5, “The second well was sunk about 800 feet farther east, and
was of the same size as the first one, but il was put down 224 feet
before a flowing well was secured. The character of the material
through which the well was driven was much the same as in the first
well. David Balkind, of Morristown, put down these three wells”
(Nos. 3, 4 and 5).

No. 6. “The well put down by the city of Dover was driven over
200 feet, but no water was secured. Mr. William G. Cramer drove
this well also.”

No. 7. “In 1896, David Salkind put down a 5-inch well at the
Dover Rolling Mill for a distance of 130 feet, but it is not a flowing
well.”
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WELLS AT MOUNT ABLINGTON AND DENVILLE.

George E, Jenkins also writes respecting wells at the above loca-
tions as follows:

“In 1891 David Salkind put down a 5-inch well at Mount Arling-
ton station, on the Delaware, Lackawanna and Western railroad. He
drove down 267 feet, through sand, when he struck shaly material of
graphite (?) composition, The well was not a flowing well ; the water
roge to within 60 feet of the surface.

“T believe a well was also put down by this man at 8t. Francis
Sanitarium, Denville,”

[The records at Dover and vicinity, and at Arlington and Denville,
are especially interesting as showing the great thickness of the glacial
drift in thia region of northern New Jersey.—L. W.]

ARTESIAN WELLS AT UNION, KORTHWEST OF ELIZABETH.

35 sand wells, depth of each about,sieesans vesnersrericncniirn s, 103 feet.
10 rock wells, ¢ * ¥ Y rerisenrae N 500 «
All gaid to be flowing wells.

We are informed forty-five wells have been put down at Union,
three and one-half miles northwest of Elizabeth station. Thirty-five
of these were put down to the depth of about 103 feet to rock, find-
ing an abundance of water at that depth. The other ten were con-
tinued into the rock (Triassic) to the depth of about 500 feet. All
the wells are reported as flowing wells. The total overflow is said to
be 2,000,000 gallons in twenty-four hours, We are also informed
that a pumping test was made, showing 6,000,000 gallons per twenty-
four hours, the water being then lowered to from 13 to 28 feet from
the surface. The wells are in a marsh, which the borings show to
have a depth of 20 feet, The record, in brief, is as follows:

Marsh MO ienrereerrnrenssrsresermess coverernassssmrnsssssarssssisssssnesns 20 feet = 20 feet.

Alternations of sand, clay and gravel to rock, water at the base... 83 % =103 “
Rock Newark (Triassic).
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DRAINAGE OF THE HACKENSACK AND
NEWARK TIDE-MARSHES.

————

This project, on which a preliminary report was made last year,
has received some attention from the communities interested during
the year. The reasons for making this improvement, urged in our
lagt report, were that the metropolitan district of the Btate, compris-
ing a population of about one million people, would thereby expe-
rience material relief from mosquitoes, which now breed in large
quantities on the marshes; that the malarious exhalations of this
great area of brackish marsh would be mitigated, and the prejudice
which it creates in the minds of the multitude of people who annu-
ally cross it on the great trunk lines leading to all parts of the coun-
try would be removed. It was also pointed out that there is a marked
tendency to an accumulation of nuisances of all kinds, such ag ma-
nure-piles, slaughter-houses and fat-rendering establishments. The
gradual saturation of the marshes with sewage and manufacturing
wastes is also steadily increasing the danger to the healthfulness of
the surrounding communities. As the population within the influ-
ence of the marshes, between the Orange mountains and the Hudson
river, is now increasing at the rate of about four hundred thousand
people each ten years, all of these evils will be greatly aggravated
during the next twenty years, in which time the population will prac-
tically double.

The enterprise is not urged as an agricultural measure. Whatever
advantage the improvement may have in this direction ia to be re-
garded as entirely incidental. When a district becomes as populous
s this, and is growing at so rapid a rate, it requires a reasonable
amount of foresight to preserve its prosperity. The city of New
York had only about half as much population when it established its
great Central Park, and many similar enterprises, undertaken with
proper foresight, have contributed to the prosperity of that city.

(299)
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The uplands all about this meadow district are admirably adapted
for residential purposes. Indeed, we find here unquestionably the
most attractive suburbs accessible to the four millions of people com-
priced within a radius of fifteen miles of the New York City Hall,
Manufacturing and commercial enterprises naturally seek the lower
levele of a district, and proximity to navigable waters, The water
front about New York harbor is being rapidly taken up, and much
of it has become too valuable to be nsed for large manufacturing sites.
These great industries should be given an opportunity to locate about
Newark bay, the Passaic and Hackensack rivers, This is far prefer-
able to having them scattered throughout residential districts, or
driven elsewhere, and the application of this waste marsh land to such
purposes will add very largely to the wealth of the Btate. Every
such great community must have its commercial and manufacturing
center, and the marshes are admirably fitted to serve this purpose,
leaving the uplaod for residences.

It would, of course, be desirable that the drainage of the marshes
should be done by private enterprise, if it could be so accomplished
successfully, ‘There is no doubt that some favorably-situated portions
of the meadows can be reclaimed very profitably in this way. There
ere difficulties, however, in the application of private enterprise to the
whole area of marsh lands, Private companies cannot exercise con-
demnation powers ; and, excepting where large tracts are held under
» single ownership, this will interpose serious difficulties. It is also
certain that private enterprise would select only the most favorably
situated tracts, and improve these, thereby aggravating the unwhole-
someness of the portions left unimproved. Another difficalty which
tends to discourage piecemeal improvement by private enterprise is
that such improvement is made directly in the face of surrounding
nuisances which depreciate the value of the improvement. A visit to
the borders of the marshes, where they have been filled up and occu-
pied, on the outakirts of Newark and Jersey City, will satisfy one as
to this, The unsanitary conditions and the uninviting aspect pre-
sented by the surrounding unimproved marsh lands is sufficient to
deter purchasers of any land improved upon their borders. If private
enterprise should operate on a large enough scale, undoubtedly some
of these difficulties would be removed.

The above objections apply equally to independent action on the
part of the municipalities, It is true that the city of Newark has
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within its limits a large tract of meadow, the improvement of which
would be a great benefit to that city. But if this is improved sepa-
rately by the city of Newark, there is a considerable area of marsh
lying immediately adjacent to it on the south, within the limits of
Clinton township and the city of Elizabeth, and also the great tract
in Kearny township, which, if left unimproved, will tend to depre-
ciate the value of the Newark improvement. If, on the other hand,
the whole tract of marsh land is wiped out at one stroke, as it may
be through a public improvement, Newark and Jersey City will then
have no difficnlty in finding occupants for their improved lands ; and
if they will acquire and gradually improve the water front within
their limits, and lease it as fast as a market is found for it, they will
ultimately secure great pecuniary and commercial benefits,

The conditions, therefore, seem to favor a comprehensive public
improvement, and naturally the question that is uppermost in the
minds of the interested parties is, by what means can the improvement
best be accomplished? It consequently appears proper to outline
herewith a method of treatment which seems most feasible, and eal-
culated to secare the largest measure of advantages, With a plan of
this kind in mind, we can later take up some of the details and con-
sider the engineering problems more intelligently,

The first important question is, by whom shall the cost be borne?
A careful study of the problem indicates that while under a judicious
scheme of improvement a considerable part of this land will speedily
find a market at profitable prices, nevertheless this eannot be true of
the whole twenty-seven thousand acres. 8o large a tract cannot be
marketed advantageously for many years, To throw the whole cost
of the improvement upon the marsh land, therefore, will probably
defeat the enterprise. It is doubtful if drainage bonds, which are
simply a lien on the drained marsh land, can be marketed, While
unquestionably these lands will, in a reasonable period of time, be
worth very mnuch more than the cost of the improvement, they could
not be quickly marketed for the necessary amount, consequently
might not offer tempting security for the necessary issue of bonds.
The benefits which we have outlined, and which will acerue to the
adjacent upland communities, will be very substantial, and will resalt
in making them much more attractive, and increasing their real estate
values. It is only proper that these advantages should be recognized
in adjusting the assessments,
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The impression seems to have got abroad that it is proposed to
condemn the entire area of marsh land and hold it under public
ownership, to be sold at a profit after executing the improvement.
However great the pecuniary advantages of forming & great public
trust, like the Clyde Trust, or the Mersey Docks and Harbor Board,
of Liverpool, might be, such a measure has the appearance of a great
speculative enterprise, and therefore it might not be favorably re-
ceived by the people of the State or the communities directly inter-
ested. A much more conservative plan, and onme which we think
would commend 1tself to the publie, is to leave the property in the
hands of its present owners so far as possible, giving the proposed
drainage commission power to condemn only the small amount of land
needed in building the embankments, the main ditches, pumping
plants and other structures essential to the improvement. Should
Newark, Jersey City and the other municipalities wish to take over
and own the water front and improve it on the lines which have been
followed with such marked financial success by the city of New York,
and which bave secured such benefits to its commerce, they should
certainly be given the opportunity to do so. There can be no ques-
tion that such a policy would be ultimately advantageous.

We therefore suggest in outline the following plan of improvement
as best calculated to meet the conditions and to secure public sapport :

Let the necessary legislation recognize the metropolitan district of
the State, lying between the Orange mountains and the Hudson, and
extending from Elizabeth northward to Paterson, Hackensack and
Englewood, to be what it unquestionably is rapidly becoming, one
community with identical interests. Leta drainage district be created
including the whole. Next create a drainage commission either
under & new law or by judicions amendment of the law of 1871. Let
this commission have power to issue four per cent. bonds, payable in
twenty-five years, to cover the cost of the improvement, such bonds
to be & lien on the land drained and on the assessments. Provide for
interest on the bonds and a sinking fund sufficient to retire them,
when due, by assessment; one-half of the necessary amount to be
levied upon the lands drained, and the other half upon the surround-
ing upland communities. Let all cost of maintenance, pumping and
administration be levied upon the lands drained, The commission
would first prepare comprehensive plans of drainage; and should
also have power to fix, in concert with the United Btates authorities,
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pier and bulkhead lines and plans of improvement for the navigable
channels. In order that future improvements shall not interfere with
the drainage plans, the commission should have power to fix street lines
and grades, the grades of sewers, and its approval should be neceseary
to the alignment and grade of future railway lines crossing the marshes.
The ultimate improvement of the water front, either by the cities
or the individual owners, should also be made subject to the approval
of the drainage commission. The actual execution of the plans by
the commission, however, should be limited to constructing the em-
bankments to exclude the tides, the sluices and pumping plants, and
the main ditches needed for effective drainage of the entire area.
The commission should also maintain and operate these works
indefinitely. As soon as the marsh has been rid of water the com-
mission should have the power to compel the owners of the land to
ditch and improve it to an extent which will rid it of all stagnant
water lying on the surface. From a sanitary point of view it would
be desirable to have the whole ares either brought under cultivation
or seeded to grass, which should be grazed or mowed regularly, If
the owner of the land should fail to put it in proper condition the
commission should have the power to do 80, and to assess the cost
upon the land. This done, the district would present an inviting
aspect and wholesome conditions. While the commission would see
that its plans were conformed to, the further improvement, such as
the grading of streets, sewering, building of wharves and filling up of
the water front, should be left either to the manicipalities or to the
owners of the marsh land,

Our estimate of the cost of this preliminary improvement, in last
year’s report, did not cover the cost of necessary lands, of pumping
plants or administration. The pumping plants would, in many cases,
not be needed for from five to ten years after embanking, as the drain-
age could be effected by sluices. In other cases they should be intro-
duced at once. To cover these additional items liberally we may
double our estimate, placing the cost of preliminary improvement at
$2,500,000. We have for interest, therefore, $100,000, and for sink-
ing fund, $60,000, to be raised apnually. One-half of the total, or
$80,000 annually, we have proposed to assess upon the surrounding
communities. The assessed valuation of the proposed drainage dis-
trict is $430,000,000. The assessment, therefore, would amount to
about twenty cents on each $1,000, added to the present tax rate, It
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would cost the average head of a family about forty cents annually,
at the beginning, decreasing to twenty cents as the population in-
creased, and entirely ceasing in twenty-five years. This wonld repre-
gent the cost of obtaining a very large measure of relief from the
mosquito nuisance and & very substantial increase in real estate values
throughout. Indeed, on the whole, the addition to property values
which would result, would go far to reduce even this slight charge.

The cost to the owners of the marsh land would average §3 per
acre snoually, and to this there would have to be added for main-
tenance about $1,and later on, when pumping becomes general, $3.76
more, or & total charge per acre of $7.76 until the bonds are retired,
when the cost falls to $4.75 per acre annually. It is safe to say that,
with the appreciation of values of the marsh land, this annual charge
would not be burdensome. Of course, these are only average figures.
The assessment upon the lands drained should be upon a careful valua-
tion, and not by the acre.

There has been some surprise expressed that the estimated cost of
the improvement should be so small, but it should be borne in mind
that the plan which we have outlined calls only for such a prelimi-
pary improvement as will put the marshes in good sanitary condition
and place them on an equal footing with adjacent upland. It is not
proposed that there shall be any outlay for the building of wharves,
filling of land, or other expensive improvements. This is to be left
for the owner of the marsh land, and need not be done until a market
is opened for the land thus improved, It is also intended that the
final ditching and clearing up of the land shall be done by the owners
or lessees. 'This part of the improvement is very important as a sani-
tary measure. No matter how well the preliminary work of the
commission may be executed, or how good an outlet for drainage
may be provided, if the owner of the land does not put the surface in
good condition, the full benefits of the imprevement will not be
epjoyed. For this reason we would make such an improvement
compulsory.

In order to place clearly before the reader the successive stages of
the improvement, as we helieve it should be conducted by the pro-
posed drainage commission, we have prepared the three accompanying
illustrative plans. These are intended merely as suggestions, First,
:n order that the drainage work may be adapted to future require-
ments, and may be permanently successful, the nature of the ultimate
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improvement of the marshes, and the general lines on which the i~
provement should be executed, must be carefully studied, and a com-
prehensive plan adopted by the drainage commission, so that every
step taken may keep in view a wise aad successful permanent im-
provement, The proposed commission should first survey carefully,
and lay out the marsh district in the general manner indicated o
Plate X. Pier and bulkhead lines should be established along the
rivers, leaving ample waterways. A belt of land extending back
from 600 to 1,000 feet from the pier lines should be set aside for fac-
tory sites, wharves and business enterprises requiring both ample
space and water frontage. Along the inner margin of this belt there
should be a right of way set apart for a freight railroad connecting
the shore front with the various railway lines. On the land side of
this railway strip there should be a highway, and next to this should
be the main drainage channel to receive the drainage of the lands
within, Inland from this the marsh district should be lsid ont in
streets and building lots. Along ‘the railway lines there should be
ample space reserved for factory sites and other industrial enterprises..
The system of grades should be so fixed by the commission as to pro-
vide for the filling up of the water front, back to the main drainage
channel, to the level of the top of the dikes, or somewhat above the
bighest known tides. Inland from the main drairage channel the
grades shouid be adjusted to allow for subsidence of the marsh land..
There should be no extravagant outlay in filling up these lands, The-
cost of maintaining the dikes and pumping will not exceed $4 75 per-
acre annually, and this is interest at 5 per cent. on $95. To fill the
lands up to a level which would do away with the necessity of pump-
ing would cost twenty-five or thirty times this amount,

The marshes having been laid out and the grades fixed as in Plate
X., the commission would execute only that portion of the work:
shown in Plate XL, namely, the dikes, the principal ditches and
sluices, and, as fast as they are needed, the pumping plants. Let all
the rest of the work be done by the owners or the municipalities..
The cities, for instance, would open up and grade the streets and
build and maintain the sewer system as they do elsewhere, althongh
these would all conform to the plans laid down by, or be subject to
the approval of the drainage commission. The water frontage wonld
be improved by the owners of the land, or, if acquired by the cities,
under the direction of the city authorities, but subject to the plans

20
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adopted by the drainage commission. The drainage commission
would remsin in control of sll its original drainage works, and
this control should be extended to the supervision of all of the pri-
vate ditches. The drains would ultimately have to be faced with
stone, and some of them might be arched over and covered in. No
sewage should be allowed in them.

The ultimate stage of the improvement, indicated in Plate XIL.,
will be largely effected by private or municipal enterprise. The work
of the commission will pave the way for it by removing those
nuisances and prejudices to which the neglected marshes give rise;
but immediately following the execution of the work of the commis-
sion, as shown in Plate X1I., nearly all of the meadows will be devoted
to agriculture. Dairying, market-gardening and such other agricul-
tural pursuits as have been successfully followed in Holland, should
succeed here in the interval which will cccur between the reclamation
of the marshes and their occupation for industrial and residence pur-
poses. The unltimate development shown in Plate XII. would begin
at once near Newark and Jersey City, and in other favorably-situated
parts, but many years must elapse before it would extend over the
entire 27,000 acres ; for this area is ample to accommodate the homes
and industries of over one million people. The rate of increase
which has prevailed during the past quarter of a century, if con-
tinued, will produce a total population of four millions in the metro-
politan distriet of this State by 1940, so that, if the meadows are
reclaimed as herein suggested, it is entirely within the bounds of
probability that many adults of the present day will live to see the
entire reclaimed area occupied as a city.

Plate XI1.shows howa comprehensiveand carefully-planned scheme
of development would result in giving both rail and water trans-
portation for large industrial enterprises along the entire water front.
It will also be seen that it is not proposed to burden the enterprise
with a heavy interest charge by a development in advance of actual
needs. So soon as the marsh lands are brought into good sanitary
condition and so improved that they cease to be a nuisance threaten-
ing purchasers or lessees of improved lands, there need be no further
expense incurred until a market is immediately available for the
property improved.

It will also be noted that there is no need that the drainage com-
mission shall interfere with private enterprise to any greater extent
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than our cities do at present when they lay out and adopt a general
gystem of streets and grades, construct sewers, &c. The functions of
the drainage commission would be very similar to those of 8 municipal
department of public works, yet it would not interfere with existing
municipal government more than would be absolutely necessary to
secure the best sanitary and economie results.

Some of the evils of leaving such a great undertaking as this for
independent action, by municipalities or private parties, with no com-
prehensive plan, are illustrated in the history of the reclamation of
marsh lands in Bacramento valley, California. (See the Report of the
Commissioner of Public Works for 1894.) The State of California
became the owner of about one and three-quarter million acres of these
swamp, tide and salt-marsh lands by a grant of the United States in
1850. This grant was made in order that the lands might be reclaimed,
After various grants had been made by the State to private parties
undertaking to reclaim portions of the land, a law was finally passed
which resulted in the formation of a series of ill-planned drainage
districts, to be operated upon separately. Under this law the State
parted with about one million acres of its land, which was taken up
for reclamation, in tracts of all sizes, by private parties. We quote
the following from the commissioners’ report, page ix: “Many of
the parties acquiring these lands have made strong efforts to reclaim
their possessions. Some have impoverished themselves in such efforts.
Where naturally favorable conditions and persistent work have been
combined, 8 reasonable success has been attained, so far as land pro-
tection is concerned, but the important feature of adequate channel
capacity for floods has been neglected.” Again we quote: “ Most of
these operations have met with but partial success. Where successful
it has been from a combination of vigorons work and favorable circum-
stances, or an ability on the part of the owners on one side of the
river to construct more powerful levees than there are on the other
side.” Bpeaking of the cost of these works, the report says: “ Upon
these lands and adjoining river channels vast sums of money have
been expended, much of which is generally acknowledged to have
been without adequate return. Instead of treating the subject as a
whole, which it is, it is divided into several hundred reclamation
swamp land or protection districts. These districts sometimes have
natural boundaries, although most of them are arbitrarily bounded
by property or other lines, The authorities of each district have
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been supreme, so far as the workse in that district are concerned, and
have located and built them in many instances irrespective of the
effect upon the river or other lands.” He sums up the total cost of
the work done thus far at $18,090,748.65. The commissioner says
further: “8hould the State only prescribe a system and furnish the
supervision and advice necessary to secure unity of action on the part
of the disjointed interests now at stake, a great advance toward ulti~
mate success would at once be made.” The commissioner recommends
that the whole improvement be now taken up and carried to a success-
ful conclusion by the State, under a comprehensive plan, and the ;
aggregate cost of the necessary works is estimated at $9,287,000. In
gubmitting this estimate, the consulting engineers, Messrs. Manson
and Grunsky, say: “ It will be borne in mind that there has already
been expended upon the lower rivers more than §17,000,000 for re-
clamation and protection purposes, without adequate returns, and that
from a quarter to a half million dollars is being annually spent,
It is needless to further urge the necessity for the adoption of a
general drainage system looking to the control of flood waters. The-
execution of the works involved in such a system would vastly in-
crease the wealth of the State.” They further say (page 70): “In
devising means for the carrying out of these works, provision should
be made to have their cost fall upon the entire area benefited there-
by ; not upon swamp and overflowed land alone, but upon all land
subject to or in danger of periodical inundation in the Sacramento
valley, and upon all districts, even though already better protected
than adjacent territory, where the contemplated works will reduce the
danger to overflow in times when the river is at flood stages;.
* * * but above all things unity of =action is essential and a
supervigion of the work by competent State authority is requisite to
make the project a succesa.”

We should not fail to benefit by this extremely costly experience
in the Sacramento valley. It isstriking testimony to the necessity of °
having the Hackensack meadows works under a single board, and
having them carried out upon a comprehensive and carefully-designed
general plan.

Some of the difficulties thought to be in the way of the utilization
of these marshes have been greatly overrated in the popular mind.
For instance, it is a common belief that the failure of the enter-
prise in Kearny township, along the Pennsylvania and Delaware,.
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Lackawanna and Western railroads, was due to the riddling of the
banks by muskrats. This is not the case. These drainage works
of the Pike estate, as we stated in our last report, while they have not
been kept in thoroughly good condition, are nevertheless so effective
that from personal observation we find the water-level on that prop-
erty to be fully three feet below the level of high tide outside of the
banks. If somewhat larger sluices had been provided this level
might have been further reduced, but with the present sluices all has
been accomplished in the way of lowering the water-levels in the
marsh that could reasonably be expected, and no serious leakage
through the banks is indicated. The real difficulty with that im-
provement s that the marsh land has shrunk with the fall of the
water until it has become again saturated. All that the improvement
needs at pregent to make it thoroughly effective is & moderate amount
of repair of the banks, a further opening of the ditches, and the lower-
ing of the water-level by pumping. The expedient of introducing
cast-iron plates in the heart of the dyke was a costly one. This was
done to prevent the burrowing of muskrats, We believe that sheet-
piling of creosoted lumber would answer every requirement. Again,
we propose that the embankments shall be placed at a considerable
distance from the river bank, not less than 100 feet, and we would
also avoid the cutting of any ditch near the inner toe of the embank-
ment, The habit of the muskrat is to enter the river bank, or the
bank of a ditch, just below the water surface, and to dig inward and
upward, forming his house above the water-level. If the dike is
placed close to the river bank he burrows through it during this
operation and causes a serious leak, but if it is placed well back, the
probabilities are that he will not reach it at all, and this simple
expedient would of itself remove this difficulty, even without the
sheet piling. A liberal fore-shore, or space between the river bank
and the dyke, also protects the bank from wash,

When we keep in mind that a part of the plan is the filling up of
the whole shore, level with the top of the embankments, there can be
no objection to liberal margins outside of the banks. The river bank
is, moreover, as a rule, the firmest and best-drained portion of the
marsh in its natural condition, so that there is no objection to be made
from a sanitary standpoint to leaving it outside of the dyke.

Another difficulty which has been overrated is the question of
securing foundations for buildings upon these marshy areas. It should
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be recalled that some rather important structures, such as the Penn-
sylvania railroad shops, already stand upon the marshes. The map
published in last year’s report showed the depth of the mud from
actual soundings. A reference to this will show that over large areas
this depth ranges only from seven to nine feet, and for all but an
insignificant portion it is less than fifteen feet. The question of
foundations presents no serious difficulties.

Something may be suggested a5 to the feasibility of the proposed
work of reclamation by recalling what has been done on similar lines
elsewhere. The reader is referred to a full description of the re-
claimed Jands of Holland, contained in the Annual Report of the
Btate Geologist for 1892, We find that 840,000 acres of land have
been 50 reclaimed in Holland, the most of which lies below the level
of the sea, Perhaps the most interesting of the works of Holland is
the drainage of the Haarlem mere southwest of Amsterdam. This
great enterprise resulted in reclaiming 45,000 acres of land which was
covered by a great body of water averaging 13 feet deep, and a por-
tiop of the land reclaimed lies over 20 feet below sea-level. The
mere was navigable, and had a commerce amounting to over 700,000
tons annually. This commerce had to be provided for by a caral
built eround the margin of the lake, this canal being used also for
drainage purposes. The removal of the water alone, which amounted
to 832,000 tons, required a very heavy and expensive pumping
plant and over four years of steady pumping. The total cost of re-
clamation was $3,600,000, or $80 per acre. The pumping, of course,
has to be continued to remove the sarplus rainfall, and the annual
cost of maintenance amounts to about $1.62 per acre, The returns
from land sold covered the cost of drainage, and eighteen years after
removal of the water the value of the land was estimated to be §8,-
640,000, or considerably over double the cost of drainage. It will
be seen that the difficulties in this ease were much greater than the
proposed work on the Hackensack meadows. Here the land will be
free from water at the start; and instead of being at an average level
13 feet below the sea, it is slightly above high tide. There is no com-
merce to be provided for by navigable canals. As we showed last
year, the amount of surplus rainfall to be removed is greater. In
Holland the rainfall exceeds the evaporation by about § inches, whereas
here the average excess is abont 22 inches, or nearly three times as
much ; but, on the other hand, the lift of the pumps for the Haarlem
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mere is about three times greater than it will be on the Hackensack.
This offsets the greater rainfall, and maintenance of the Hackensack
meadows improvement should not be greater, excepting for such in-
crease a8 may be due to the higher scale of wages prevailing in this
country.

The extensive drainage works of the Fen country in England have
aleo been carried out in the face of much greater obstacles and on a
much larger scale than will be necessary on the Hackensack meadows.
The area drained by the Bedford level of the Fens amouats to
300,000 acres, These Fen lands were noted sources of fever and
ague until drained, after which they became much more healthful.
The Jate Prof. Cook made a careful inquiry in this district about
twenty-five years ago, and stated that he could not learn that the
drained lands were considered less healthful than the drier uplands.
Other instances of beneficial drainage works in England are the
Romney marsh improvement and the drainage of the wet lands along
the Stour, Medway and Thames, all of which works have had a most
favorable sanitary result. Indeed, we have instances in our own State
of sanitary benefits resulting from drainage worke. In Salem county
15,225 acres of tide-marshes have been drained for agricultural pur-
poses. Before drainage these brackish marshes cansed malaria to such
an extent that some of the old residents reported some years ago to
the present State Gieologist that there were not enough well people to
take care of the sick. Since drainage malaria in that region has been
quite uncommon.

The examples of drainage works which we have cited, and which
have been euccessful from a financial and sanitary standpoint, are
sufficient to justify us in expecting equally good results from the
drainage of the Hackensack meadows. In none of those cases is the
gituation more favorable as regards nearness to great centers of popula-
tion, or accessibility to navigable waterways. In none of the cases
were the sanilary and other benefits extended to a larger number of
people.

The statements which we have heretofore made as to the dangerous
sanitary conditions now existing and likely to arise in the future from
these marshy areas had been founded upon general experience. We
have not heretofore thought it neeessary to quote authorities in sup-
port of our position, believing that the danger of malarious exhala-
tions is almost self-evident, There is, however, much to be fouad in
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a ‘ Report of the State Board of Health of Massachusetts upon the
Improvement of the Neponset River, 1897,” which coincides with the
views which we have hitherto expressed. For instance, in relation to
the evil effects of malaria extending to the neighboring upland ridges,
we find the following on page vi: “ While it might be expected that
the meadows should be uninhabited, as they are, it is not at first so
easy to understand why the higher grounds in the vicinity should be
still unoccupied by the rapidly-increasing suburban population which
seeks and finds acceptable building sites at distances from the business
center of Boston more considerable than any portion of the area in
question. The facilities for transportation by convenient railroads
are at Jeaet as good as can be found in other directions from Boston,
and the towns which make up the district appear to be desirable
places of residence. There has, however, for years existed a popular
belief that the meadows have become a source of sickness, and this
feeling seems recently to have increased. Intelligent observers re-
port that these meadows are at times the source of disagreeable
odors and the direct cause of much sickness.” Also on page vii:
“One farmhouse was found not far removed from the meadows,
but lying many feet above their level, which, well built and well
cared for, had failed to offer adequate protection against an influence
‘which, originating beyond the immediate surroundings of the house
itself, was sufficiently potent to affect more than haif of the ten occu-
pants of the house.”” We have also called attention to the danger of
sewage contamination incressing the unhealthfulness of the region.

“The report above cited says as to similar conditions on the Neponset

meadows: “ The waste matters of human life, and the refuse of manu-
factories, when added to the waters of the stream, become efficient
fertilizers for the vegetable substances that find a home there, and
* * % by their decay give to the atmosphere odors which common
experience as well as scientific knowledge declares to be injurious to
health.” An exhaustive examination of the Charles river, in the
same State, also gives some evidence as to the increase in intermittent
fever due to the increasing pollution of the stream, and its effect upon
the flats bordering upon the river. (See Report of the Joint Boards
apon the Improvement of Charles River, 1894.) This is of import-
ance in considering what the result of leaving the Hackensack river
marshes in their present neglected condition must be in the future
apon the large population growing up about their borders. The
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rapid increase of sewage pollution in the Passaic river and Newark
bay has been sufficiently considered in previous reports of this survey
and also, more recently, in the report of the Passaic Valley Sewerage
Commission of 1897,

In addition to this, we have a large number of smaller public and
private sewers emptying directly upon the marshes throughout almost
* the entire extent of their borders. This condition of things, taken
together with the fact that the marshes are frequently subject to a
slight overflow of the tides, and are kept constantly saturated with
water, is a sufficient warniog to all who are familiar with the origin
of malarial diseases.

In a paper read before the New Jersey Sanitary Association, in
1896, we pointed out that deaths from remittent and enteric fevers
and diarrheeal diseases, for that half of the population of the State
which lives within the influence of these marshes, are more numerous
by fifty per cent. than for the rest of the Btate. Attention was then
called to the fact that malaria causes much misery and a loss of
human energy which is not represented by the death-rate, and that
the aim of the sanitarian should be not only to diminish the death-
rate, but to make life better worth living, The report upon the
improvement of Charles river, above cited, says (on page ix): “ The
medical profession believes that the gases arising from decomposing
organic materials are injurious to health; it has not been proved,
however, that these causes do produce some one distinct disease, but
rather that the continued breathing of them lowers the vital resistance
and predisposes the person exposed to them to diseases of various
kinds and all degrees of severity.” This quotation expresses the
same general condition of things which we had in mind in attributing
some of the increased death-rate spoken of to the influence of the
marshes. We cite these recent reports bearing upon the sanitary
question because they present conclusions of a board which has come
to be considered a high authority on questions of this nature, but the
evidence bearing upon the unfavorable sanitary influence of such
marshes may be almost indefinitely increased. Probably most of our
readers will be disposed to accept our indictment of the marshes from
a sanitary standpoint, but perhaps not all take into account how
rapidly the danger increases with the increase of the surrounding
population,

In claiming that the effect of reclamation of these marshes will be
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to greatly diminish the number of mosquitoes, we had not thought it
necessary to set out our reasons for this belief, To one familiar with
the tide-marshes of the Atlantio coast and the mosquito question, the
relation of the one to the other is too apparent to suggest the necessity
for any argument. It is a matter of common experience that the
number of mosquitoes increases almost everywhere as we approach
the edge of the salt marshes. It is also well known to the people in
our proposed drainage district, between the Orange mountains and
the Hudson river, that the moequitoes are always more numerous
when the wind blows from the marshes, and that these tide-marsh
mosquitoes are of a much more vigorous and voracious nature than
mosquitoes bred on the nplands. There are, to be sure, a few mos-
quitoes scattered widely over the upland areas of the State, but they
are easily distinguished from those found in the neighborhood of the
marshes. They are comparatively harmless. The point has been
raised, as fatal to the theory that mosquitoes originate in the tide-
marshes, that they do not breed in salt water. This is entirely beside
the question. It is well known that they do breed largely in
shallow pools of fresh water, The Hackensack tide-marshes are
tidal but not salt to any marked degree. The large influx of fresh
water from the Passaic and Hackensack keeps even the water of
Newark bay comparatively fresh, and especially fresh during such a
wet season as the past summer. The meadows directly upon the
Atlantie coast, in Ocean, Atlaatic and Cape May counties, are, in the
main, very decidedly salt as compared with the Hackensack marshes,
but even these are in many places only brackish, and everywhere
along the border of the upland they are quite fresh from the seepage
into them of spring-water. We may readily concede, therefore, that
mosquitoes do not breed in salt water. Anyone who has spent a few
days on the Hackensack meadows, or the tide-marshes of Barnegat
bay or Delaware bay, or upon the immediately-sdjacent upland, in
July or August, when the weather is reasonably warm and the wind
not toc high to permit the mosquitoes to be abroad, should have no -
difficulty in accepting the tide-marshes as the principal cause of the
mosquito pest.

The objectionable feature of the marshes which we have above em-
phasized should outweigh ssthetic considerations. It is true that at
times they present an attractive and somewhat unusual landscape,
richly varied in coloring and with a pleasing effect of spacions open-
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ness, in sharp contrast to the nearby cities, On this account some
are not disposed to favor their utilization for manufacturing and com-
mercial purposes, But only those with a highly-developed artistic
sense, and the ability to forget the evil sanitary influences lurking
beneath the waving reeds and grasses, can appreciate these beauties.
The larger number who look upon the marshes carry away with them
an impression highly unfavorable to the sanitary reputation of the
Btate. It must also be remembered that neglect will not preserve the
present aspect of the marshes. If unimproved, they will gradually
come to be put to the basest possible uses, and will present a far less
inviting appearance in the future than they will if judiciously im-
proved and developed in the manner which we have suggested.
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SUPPLEMENTAL NOTES ON THE MINING
INDUSTRY OF NEW JERSEY.

—_————

The mines in operation during the past year include only the old
and well-known mines at Hibernia, Richard, Hurdtown and Port
Oram,

The demand for iron ore has not been at all strong, and the general
conditions of the trade have not been favorable for a large yield of
product. While the outlook for the coming year does not give very
great encouragement, it is to be noted that prices have reached the
bottom limit and the operating plants are in the position to increase
their respective outputs if the demand should warrant it. Of the
mines in operation only two place their prodact upon the market.
The remaining operators consume the mines’ product in their own
furnaces.

The mines in operation during the year are embraced in the follow-
ing review :

Hurdtown Mine.

Owned by the Hurd heirs, operated by The Hard Mining Company;
Benj. Nicoll, President and Manager.

The mining operations that bave been carried on in this well-
known mine consist of “robbing” all the available ore from the
roof and sides. In the past two years all the mine’s production has
come from the deposit which had been left standing in the old work-
ings in the form of supports. All the ore has been removed from
the bottom to a point 2,200 feet from the surface, Here the old
workings are 160 feet from cap to bed-rock and sixty feet from hang-
ing to footwall-rock, and in order to reach the bunches of ore
along the sides under the cap-rock the mine was pumped full of water
up to the height of the ore deposit. Floats were then lannched upon
which the machinery was placed and the attack made upon the ore,
Blasts loosen the material, and by lowering the water the ore is

(819)
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secured and the work continued downward. The plan has proved
successful, and an area of over two hundred feet has been worked over
and the ore removed. There still remains about 1,400 feet of ground
to be worked over before reaching the territory to which the “rob-
bing ”* was done under the old plan of operation.

It is estimated that it will require about two years in which to
remove the available ore under this plan, but there remsain large
pillars and other supports of ore in the upper regions of the mine
which will yield large quantities of ore and require some years in
their removal.

The quality is all that can be desired in richness of metallic iron,
but the phosphorus is too high to pass Bessemer limit.

The product during the past year has been from 1,600 to 2,000
tons per month and this is sold in open market. . :

Richard Mine.

The Thomas Iron Company, owners and operators; James Arthur, Superintendent
of Mines.

The developments in the body of ore lying upon the footwall and
which were partially opened upon last year, have been extended and
the explorations show a remarkable deposit of ore. The two prospect-
ing drifts started last year have been extended along the course of the
deposit in a westerly direction for three hundred feet or more to near
the throw or offset in the footwall ; in the easterly direction the drifts
were driven about one hundred feet to where the walls had begun to
approach each other, and as there was some danger of disturbing the
No. 2 shaft the drift was continued no further, The average width
of the vein along the drifts is seventeen feet. In the upper drift the
workings were carried upward about one hundred and fifty feet
through a uniform thickness of ore. In the lower level the *back-
stopping ” is now sixty feet above the level and the deposit is fully
twenty feet thick. Great care has to be exercised in removing the
ore and every precaution taken not to disturb the old footwall-rock,
to which all the timbering and supports in the old workings are
secured.

The new slope started in 1896 has now reached a depth of 460 feet
on an angle of fifty-two degrees. Cross-drifts are now being planed
to intersect the ore-body and the operations, as stated in last year's
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report, will then be inangurated. The ore will then be removed with
greater facility and at a much reduced cost.

Near the foot of No, 1 slope and close to the bottom rock-level a
large bunch of ore was discovered during the past year, but no develop-
ments have as yet been made to determine if it is only an isolated
pocket of ore broken off from the main body or a regular shoot
dipping under the rock which has apparently been cutting out the
old vein. -

The workings in the Mount Pleasant or north vein have been
extended daring the year, but the deposit is * bunchy *’ and irregular
and displays the same characteristics as in the old working in the
Mount Pleasant mine,

The method of mining upon this vein through the msain Richard
vein is to be abandoned, and a new slope is being sunk so as to come
down upon the ore-body near the eastern end of the deposit. This im-
provement will increase the output from the north vein and greatly
reduce the cost of operating,

If the market warranted it, the monthly product during the year
would have been over 11,000 tons, but as only from three to four of
the company’s furnaces have been in blast, the product has been only
guch as supplied the demand.

Edison.

The concentrating plant of the New Jersey and Pennsylvania Con-
centrating Company has been in operation for short runs during the
year but no manufactured product has been shipped, and the work of
the year has consisted in perfecting the different departments of the
works,

Hibernia Mines.

Lower Wood Mine; Andover Iron Co., owners and operators;
8. B. Patterson, Superintendent.

No changes in the workings of the mine have taken place during
the year, and the depth of workings, width of vein, &c., are about
as reported last year, A new sink about 300 feet east of “ Reed
Shaft” was sunk and stopes driven eastward from this shaft. The
Church Mine Lot is now under lease to the Andover Iron Company
and it is being operated upon through the workings of the Lower

21

NEW JERSEY GEOLOGICAL SURVEY




322 ANNUAL REPORT OF

Wood Mine. The product has been large, some months reaching
nearly 7,000 tons. The dullness of the iron market has, however,
curtailed the yearly product of the mine,

Wharton Mine.
Joseph Wharton, owner and operator; Edward Kelley, Superintendent.

Mining operations have been vigorously pushed in the past year
and the output has probably been the largest in the history of the
mine, The yield is now 6,000 tons per month.

Additional improvements have been made in the mine plant. In
the No. 1 shaft, & new skip hoistway 920 feet long has been put in,
giving the mine the advantage of two well-equipped hoistways.

Prospecting with reference to ascertaining the further easterly ex-
tension of the ore-body now worked is being contemplated, and
encouraging results have been obtained from s magnetic survey of
the territory about 1,000 feet east of the No, 3 shaft, and the attrac-
tion would justify the hope of finding new shoots of ore east of the
old deposit, Test pits will be sunk and these will no doubt deter-
mine the extent of the ore-body.

The deepest working is now 990 feet, and the sink put down dur-
ing the year past has opened stopes carrying from nine to ten feet of
pure ore, showing without doubt that the large shoots of ore which
were encountered in the mines to the westward are now being opened
upon in this mine. The working area of the mine is comprised in
nine stopes, but only four are now being operated upon,

The Hurd Mine and New Sterling 8lope.

New Jersey Iron Mining Compaany, owners and operators; L. C. Blerwirth,
Secretary and Superintendent.

The year’s work consists of a sink about fifty feet deep and the
working of three stopes.

The cross-cut on No. 5 level was driven seventy-nine feet through
the Harvey offset and a fine body of ore has been developed east of
the offset and under the old Hurd mine workings. A drift has been
driven along the deposit 170 feet and the vein has an average width
of ten feet.
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A second drift has been driven on No, 6 level, and the vein just
opened upon shows a fine deposit of clean, bright, rich ore, and the
chemical analyses show that it is much lower in phosphorus than the
Sterling shoot. In the offset a chimney of ore two or three feet
thick was cut on No. 5 level, and in driving the lower cross-cut the
ore was ten feet wide and twenty feet high. The indications are that
this is a chimpey of ore increasing in size as the workings deepen,
Further prospecting will be necessary to determine the exact nature
of the deposit, but, at all events, the indication of a paying body of
ore is promising, whether it be a chimney or shoot of ore.

The Bterling shoot is now worked nearly down to the bed-rock of
the deposit, and in all probability the most productive area of the
shoot has been worked ont.

The concentrating plant which has been in operation for the past
five or six years was operated up to July, when it was destroyed by
fire. The company has never rebuilt the plant, and only about 1,700
tons of concentrates were passed through the mill in the past year.
The total product of the mine and mill has been about 2,000 tons per
month.

Franklin Zine Mines.

The sinc mines have been in active operation throughout the year.
The Bterling Iron and Zinc Co. and The New Jersey Zinc Co. have
combined their interests, and the North Mine Hill working as well as
the old sonuthwest opening and the Taylor mine are all operated under
the management of the new organization, with headquarters at No.
52 Wall 8t., New York. Mr, Joseph A, Van Mater is superinten-
dent of North Mine Hill, and Mr. James B. Tonking of the Taylor
mine, The Passaic Zine Co. has also been absorbed by The New
Jersey Zine Co., and the mines at Sterling hill have been stopped
in consequence of this change. The entire zinc mining enterprise of
the State is now under the one management and in the control of
The New Jersey Zinc Co.
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CLAY AND BRICK INDUSTRY.
INTRODUCTION.

The brick and clay manufacturing plants in New Jersey comprise
an industry of no small proportions, and as there are many localities
in our Btate where extensive clay deposits are found, it is hoped that
the following information will be of service to capitalists and others
interested in the industries of the State,

ATLANTIC COUNTY.
INDUBSTRIAL BRICK COMPANY,

City office, No. 411 Bullitt Building, Philsdelphia; Samuel Fulton, President
George Fulton, Secretary, Treasurer and General Manager; George Grob,
Superintendent at works, at Mays Landing.

Clay-bed is located at works and is seven feet deep of superior
brick clay. Product consists of pressed ornamental brick. Full
capacity of plant is 25,000 per day.

Plant consists of two boilers, each 150 horse-power; one engine,
125 horse-power ; two wet pans; one crusher or dry pan; one Pen-
field brick machine, having a capacity of 60,000 per day ; seven kilns,
three of which are “ Euadaily Down Draft” and four are Muffle.
Capacity of “Euadaily,” 95,000 each; capacity of Muffle, 55,000
each,
The plant is operated all the year, employing eighty-five men, who
are paid one to two dollars per day. The works have been in opera-
tion since 1892, The product is disposed of in New York, Phila-
delphia and Atlantic City.

A new plant for making brick from sand has been built during the
year, and some experiments have been made with very satisfactory
results, it is claimed. Under this process new, specially-designed
kilns have been constructed in which the green brick are burned only
from eight to ten hours, whereas the clay pressed brick is usually
“fired” from six to eight days.
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ROBERT MUFFETT, BAKERSVILLE.

Plant and clay-beds are located one mile north of railroad station.
Clay is found seven feet thick and only common building brick is
made, Capacity of yard 550,000 per year,

Plant consists of one engine, 12 horse-power ; one boiler, 36 horse-
power; two Datch kilns bhaving a capacity of 75,000 each; one
Latterette brick machine (made in Marion, Ohio) having a capacity
of 8,000 per day.

Plant is operated six months in the year, employing six men, pay-
ing $1.25 per day.

The amount of capital invested is $1,800 and the product is sold
in the immediate neighborhood.

JULIUS EINSIEDEL, EGG HARBOR CITY.

8mall yard, making 100,000 hand-made brick. Has from $1,000
to $2,000 invested.

One kiln, Dutch oven pattern, having a capacity of 20,000, Oe-
casionally makes sewer pipe. Employs in addition to his own labor
one man,

The clay-bed is two to three feet thick and requires stripping of
from two to three feet of top soil.

BERGEN COUNTY.

M, B, & L. B. GARDNER, HACKENBACK.

Clay-bed and yard at Little Ferry., Controls 100 acres of clay-
land, finding the clay twenty feet deep, Capacity of yard from
8,000,000 to 9,000,000,

Plant consists of four tempering wheels and four brick machines,

Employs about thirty men for six months in the year,

One-half the year’s product usually shipped to New York City and
the remaining half sold in local market,
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CHARLES E. WALSH, HACKENBACK.

Clay-bed and yard at Little Ferry. Owns the plant once operated
by Benjamin Cooper & Co., also controls five acres of clay deposit in
which the bed is from seven to twenty feet thick.

Capacity of plant from 4,000,000 to 6,000,000. Ewmploys about
thirty-two men six months in the year, paying $1.36 to $2 per day.

Plant consists of three tempering wheels and three machines, all
run by steam-power.

COOPER YARD.

Plant oonsists of six tempering pits and wheels and three machines.
Has been in the brick business for twelve years, shipping product to
New York.

I. & W. FELTER, LITTLE FERRY.

Clay-bed at Little Ferry, controlling nineteen acres in which the
deposit averages 35 feet.

Capacity of plant 10,000,000 per year,

Employ thirty men for six months in the year, paying from $1.35
to $§2 per day.

Plant consists of one engine, 70 horse-power ; six tempering pits
and wheels ; six Wilea machines,

Been in business twelve years, and dispose of product in Paterson
and Passaie,

MEHRHOFF BRICK COMPANY, LITTLE FERRY.
Nicholas Mehrhoff, Treasurer and Manager.

From artesian well borings, the clay deposit has been found in
these works to be eighty feet deep. The deposit is worked, however,
to a depth of thirty-five feet. Capacity of the plant is 30,000,000
per year.

Plant consists of three steam engines, 85, 60 and 45 horse-power
respectively ; eighteen tempering pits and wheels; eighteen machines,
Employs 100 men at rate of §1.26 to $2.25 per day.

The plant has been in operation since 1872 and product is sold in
New York, Paterson and the New England States,
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NICHOLASE MEHRHOFF & CO., LITTLE FERRY,

Clay-bed is ninety-eight feet deep, but worked to a depth of twenty
feet. On account of water pressure this is about the limit of depth
that it is safe to work the Hackentack clay deposit.

Capacity of yard is 10,000,000 per year,

Plant consists of one 80-horse-power engine; seven tempering
wheels and pits ; seven machines,

Employs seventy men when working full force, but for past few
years only thirty-five men have been employed.

Product has been sold in New York, Paterson and Passaic.

EDWARD SCHMULTZ, HACEKENBACK.

Yard located at Hackensack, close to clay-bed. The depth of
deposit is worked from six to thirty-five feet.

Capacity of yard is 4,000,000 per year.

Plant consists of 24-horse-power engine, three tempering wheels
and pits, two machines,

Has operated the yard since 1887 and ships to New York and
"Brooklyn and to the retail market.

PHILIF MEHRHOFF, LITTLE FERRY.
{Formerly Thomas Malley’s yard.)

Clay-bed located close to yard at Little Ferry and the deposit
worked to a depth of fifteen feet on an average,

Capacity of yard 5,000,000 per year. _

Plant consists of 35-horse-power engine, three tempering wheels
and pits, three machines.

Employs twenty-eight men at an average price of $1.560 per day.

JAMES W, GILLIES, HACKENBACK,

Yard and clay banks at Little Ferry, Clay-bed is fifty feet deep.

Capacity of plant 10,000,000 per year.

Amount of capital invested, $40,000.

Employs sixty-five men at average of $1.50 per day for six months
in the year.
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Plant consists of one 200-horse-power engine; one 500-horse-power
boiler ; four Waldrous Haverstraw machines having a capacity of
3,000,000 each.

BURLINGTON COUNTY.
PEILIP H. BRAKLEY, BORDENTOWN.

Gave up the manufacture of brick in 1894 and yard is now for
sale.

SBYLVESTER GRAHAM & CO.
{Firm made up of S, Graham and W. A. Bhreve.)

Office in Bordentown and clay-bed and yard between Kinkora and
Fieldsboro. ,

JOHN BRAIBLIN & BON, CROBSWICKS.

Clay deposit is four feet deep.

Manufacture drain tile, hollow brick and common brick,

Capacity of plant 20,000 per day, and operate 150 days in a year,
employing seven to eight men at $1.25 to $1.75 per day. '

Plant consists of one machine (Braislin pattern); two kllns,
capaeity of 150,000 per kiln,

Been in business at Crosswicks for thirty-one years and dispose of
product in Newark, Philadelphia and New York, Carting to
Bordentown, three miles,

HOWARD L. NEWELL, BORDENTOWN.

Brickyard and clay-bed located at Florence, but it is not now in
operation, being for sale, as the present owner is practically out of the
manufacturing business.

The clay deposit consists of two qualities. The common red brick
clay is seven feet deep, and underlying the red clay is a stiff baff
clay, about twenty feet deep.

Plant consists of one Chambers machine, size B; two kilns,
capacity 150,000 each,
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MERRILL DOBBINS, CLAY-BED AND YARD AT KINKORA,
No. 24 Bouth Seventh sireet, Philadelphia,

Controls twenty acres of clay land, having an average depth of
four feet, but has to remove about six feet of soil. The clay is too
gtiff to work alone and it is found necessary to mix about one-third loam.

Capacity of works is 3,500,000 per year.

Employs forty-five men for six months in the year, paying from
$1.25 to $2 per day.

Plant consists of two Chambers “D” machines; one 75-horse-
power boiler ; five kilns, Dutch pattern, each of a capacity of 165,000,

The plant has been operated for forty years, but Mr, Dobbins has
bad the works only seventeen years,

BURLINGTON ARCHITECTURAL TERRA-COTTA C0,, BURLINGTON.
Philip D. Buchanan, President and Superintendent.

Clay is purchased from pits located at Whitings and Tuckerton.

Plant consists of ‘one 25-horge-power engine, one dry pan of a
capacity of fifteen tons per day, one pug mill of a capacity of fifteen
tons per day, two kilns of eight and twenty-two tons respectively.

Employs twenty-five to thirty men, paying wages from $1.26 to
$5 per day. The works have been operated for two years and the
manufactured product is shipped principally to Philadelphia.

THE SBANITARY ENAMEL CLAY C0., BURLINGTON,
H. G. Green, President; Thos. W. Milner, Treasurer,

Works at Burlington, Purchase the clay used from clay dealers
and miners. Manufacture enamel brick and the plant has a capacity
of 15,000 per week. Value of product from $90 to $§100 per 1,000,

Plant consists of one 90-horse-power boiler; one wet pan, fifteen
tons capacity per day; one Freg, Bheckler & Hoven brick machine;
one press; one kiln of a capacity of 7,000,

At present employ six men.

The company is only just entering the field and is not, therefore,
as yet, a very heavy producer.

Product is shipped to New York and Philadelphia.
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FIRMAN DUBELL, MOUNT HOLLY.

Clay-bed and works are located one mile west of Mount Holly.
The clay deposit is worked to a depth of from four to five feet; at
about seven feet a stratum of quickeand is found underlying the clay.

Capacity this year 500,000.

Plant consists of one Brewer machine, made in Tecumseh, Mich.,
having a capacity of 40,000 per day; one 50-horse-power engine;
two Dutch kilns having a capacity of 100,000 each.

Employs fifteen men for six months at $1 per day.

MR8, CHARLES H. HULMES,

Clay-bed and yard adjoining Dubell’s, and has beer in operation
during the year, making only 90,000 bricks.

MCINNIS BRICK CO., RANCOCAS,

Works located on Rancocas Creek at Molnnis Landing, and was
worked up to 1896, since which time the company has been in litiga-
tion over title to property. Manufactured hard and hollow brick and
have an extensive plant.

ELSWORTH BERRYAM, RANCOCAS.

This is a small yard making common and paving brick.

The clay-bed is six feet deep and is nsed only in making common
brick.

Capacity of yard 200,000 to 250,000,

Plant consists of one Martin machine, horse-power; one Dutch
kiln, capacity 55,000.

WILLIAM BCATTERGOOD, RANOOQCAS.

Clay-bed and works located three-quarters of a mile north from
Rancocas and three miles from Burlington. Clay-bed has been
worked to a depth of eighteen feet, but the bottom of the deposit has
not been reached. The product of the works consists of common
brick and drain tile.
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The capacity of the yard is 200,000 bricks and 180,000 tile, and
this has been the past year’s product.

Plant consists of one 25-horse-power engine; one 40-horse-power
boiler; one Little Wonder brick machine; two kilns, Dutch, capacity
70,000 each, and one kiin 40,000.

Four men are employed at a per diem rate of $1.25 and yard is in
operation six months of the year.

The product is sold in local market.

SYLVESTER GRAHAM & CO., BORDENTOWN.

The plant and clay-bed are located two miles below Bordentown,
between White Hill and Kinkora. The clay is from five to twenty
feet deep and of extended area.

The plant consists of one 100-horse-power engine; one 180-horse-
power boiler ; one Chambers machine, having a capacity of 40,000
per day.

The yearly product is 8,000,000 brick. About §20,000 are in-
vested in the enterprise and employ forty men at the rate of $1.60
per day.

A. A, ADAMS, WOODMANSIE,

Clay-bed is located one and one-half miles east of Woodmansie,
just across the Ocean county line, in the township of Manchester.

The deposit is from six to twenty-two feet deep, and about 16,000
tons are mined and shipped each year,

The amount of capital invested is $5,000,

Beventy-five men are employed at $1.10 per day.

Machinery consists of one 10-horse-power engine and boiler with
derrick.

HENRY C. ADAMS, EDGEWATER PARK.

Clay-beds at Edgewater Park, a short distance east of railroad
depot.

The deposit is about six feet deep and is of such a tenacious
character that it requires an addition of sand to about one-third in
quantity,
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The capacity of the yard is 1,600,000 per year,

Plant consists of one 25-horse-power engine; one 3b-horse-power
boiler ; one Wallace & Co. © Wonder ” brick machine ; three Datch
kilns, each 100,000 capacity ; two Dutch kilns, each 125,000 capacity.

Twenty hands are employed for six months in the year and are
paid at the rate of $1.25 to $1.75 per day.

The whole product supplies the local market,

CAMDEN COUNTY.

AUGUSTUS REEVES, CLAY DEPOSIT AND BRICKYAED AT
FISH HOUBE STATION.

No. 31 Market street, Camden; William Hancock, Superintendent.

The deposit is from three feet minimum to seventeen feet maximum
depth, The capacity of & common brickmsaking plant is 2,500,000 per
year and that many brick have been made in 1897. About 2,000 fire-
brick are also made. Sewer-pipe from two-inch sizes to fifteen-inch
as well as chimney tops, vases, &o., are also manufactured.

Plant consists of Chambers brick machine; three pipe kilns of a
capacity of 1,000 each; two Dutch brick kilns, 220,000 capacity.

The brick is sold principally in Camden city.

AUGUSTUS REEVES (SECOND YARD).

Located where Camden and Burlington railroad crosses the Pen-
sanken Creek, between Maple Shades and Lenola. The clay deposit
is here found to be twenty-five to thirty feet deep.

The capacity of the yard is 4,000,000 per year.

Plant consists of one 30-horse-power engine ; one 75-horse-power
boiler; one pug mill and crusher; one Chambers machine of a
capacity of 25,000 per day; two Dutch kilns, having a capacity of
185,000 each.

From eighteen to twenty men are employed and the yard it run six
months in the year, but it will now run all the year, as a steam dryer
has just been added to the plant,
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HATCH BROTHERS, CAMDEN,

Clay-beds and works at Fish House station. Clay-bed about seven-
teen feet thick.

Capacity of plant is 8,000,000,

Plant consists of Chambers brick machines; four kilns of 260,000
capacity.

About fifty men find employment,

BUDD BROTHERS, CITY LINE S8TATION.

Clay deposit is eighteen feet thick, and 3,000,000 brick per year
are manufactured and used in Camden,

Plant consists of four Dutch kilns, having a capacity of 180,000
each; one 70-horse-power engine; ome 100-horse-power boiler;
Chambers brick machines are used.

Thirty-five men are employed for six months in the year.

JAMES C. DOBBS, COLLINGEWOOD.

Clay-beds about one-half mile out of Collingswood. The depth
of the deposit is 36 feet maximum, and 1,000,000 brick, as well as
300,000 to 400,000 drain tile are manufactared.

The plant consista of one 25-horse-power engine; one 40-horse-
power boiler; one Noland & Madden brick machine of the capacity
of 20,000 per day; one Dutch kiln of capacity of 160,000,

The establishment has been operating for the past thirty years, and
the product is disposed of in Collingswood and Haddonfield.

Has another yard at Woodbury of same capacity as above, but it
has not been in operation in 1897,

About eighteen men are employed in both yards at an average pay
of §1.25 per day.

CHARLES HOLLOWELL, CLAY DEPOSIT AND WORKS AT CITY LINE
STATION, CAMDEN,

No. 1222 Christian street, Philadelphia.

The deposit of clay averages seven feet thick. The capacity of the
yard is 20,000 per day.
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Plant consists of 30-horse-power engine, 40-horse-power boiler
one Wiles brick machine, one tempering wheel and pit, three Dutch
kilns of a capacity of 125,000 to 200,000, :

Employs thirty men from April to November. Some hand-made
“gpecials ” are also manufactured.

THE EASTERN HYDRAULIC PRESSED ERICK COMPANY.

City office, Nos. 401-406 Builders’ Exchange, No. 18 South Seventh sireet, Phila-
delphia; G. 8. Turner, SBuperintendent at works, Winslow Junction.

CAPE MAY COUNTY.
ZOLOT BROS. & C0., WOODBINE.

The clay-bed is from six to ten feet, averaging eight feet thick of
red and buff brick clay. From the lower stratum of the deposit a
very excellent buff’ pressed brick is meade, worth from $18 to $20 per
1,000. The year’s product was 400,000.

The plant consists of one 15-horse-power engine; one 20-horse-
power boiler; one Kelk & Son brick machine (made in Adrian,
Mich.), having a capacity of 8,000 brick per day; one Dutch kiln of
a capacity of 75,000,

The amount of capital invested is $4,000. Product is sold in Cape
May county.

CUMBERLAND COUNTY,
BENJAMIN ERRICKSON, BRIDGETON.
No. 283 South avenue,

Clay-bed and brickyard located in Bridgeton. The deposit of clay
is from seven to eleven feet deep and this yard owns five acres of the
deposit,

This year 900,000 bricks were made, having an average value in
the yard of $7 per 1,000, and all used in the city of Bridgeton,

Plant consists of one 35-horse-power engine; two 40-horse-power
boilers; one Leghorn brick machine, made by the Eastern Machine
Co., of New Haven Conn.; one tempering wheel and pit; one
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crusher ; three Datch kilns, two of which have a capacity of 165,000,
and one 180,000,

Hand-made and pressed brick are also manufactured.

The amount of capital invested is $10,000, and the works are
usually i operation from April to November. Eighteen hands are
employed at the rate of $1.25 per day. The plant has been estab-
lished for thirteen years.

T, 8. SIMMONS, MILLVILLE.

Clay-bed is located five miles below Millville, on the Maurice River,
and is from ten to twelve feet deep, and is the ordinary red brick clay.
The product is all hand-made and the capacity is 1,200,000 per year,
and is eold at Millville. No brick hss been manufactured for the
past two years,

Two Dutch kilns, having a capacity of 150,000 and 160,000
respectively, are in operation when the works are in operation, and
from twelve to fifteen men are employed at $1.50 to $2.50 per day.

The amount of capital invested is $4,000.

SMITH & GREENLEE, BELLE PLAIN,

Clay-bed is three-fourths of a mile from brickyard and brickyard
i8 located close by railroad station. The deposit is ordinary brick
clay of an average thickness of six feet.

The brick are all hand-made and 400,000 is the yearly prodact of
the plant. The plant is operated from April to November, employ-
ing fifteen hands at the rate of $1.10 to $1.50 per day.

The kiln is of cupola pattern, down draught, wood-burning and of
4 capacity of 75,000. The plant has been in operation for the past
six years,

A. E, BIRCHAM, MILLVILLE.

Clay deposit and brick works are located at Manantico, along the
Maurice River. The deposit is from twelve to fourteen feet deep, of
ordinary red brick clay. .

The capacity of the yard is 1,000,000 bricks per year,

The plant is operated by steam, and consists of engine and boiler
and brick machine of the owner’s own make,
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The amount of capital invested is $8,000, and sbout twenty men
are employed at the rate of $1.50 per day.

There are two kilns of Dutch-oven pattern, and one down-draught
kiln. The product is mostly disposed of in Millville.

THE GLOBE FIRE-PROOFIRG COMPANY, SOUTH VINELAND.

Norman W. Cramp, President, Philadelphia; Geo. H. Sheble, SBecretary, Philadel-
phia; T. Milton Shafto, General Manager, Bourse Building, Philadelphia;
H. F. Smith, Jr., Superintendent of Works, Philadelphia.

THE PHILADELPHIA FIRE-PROOF AND BRICKING COMPANY,
P. 0. 80UTH VINELAND, CLAYVILLE.

Chas, H. Fowler, President, Gloucester,

The above-mentioned company own the plant and clay-beds, but
lease the plant to the Globe Fire-proofing Company and supply them
with clay from their deposit about one mile east of the works.

Thirty men are employed at $1.25 per day.

The clay is from eight to twenty-three feet thick,.

The amount of capital invested in both manufacturing plant and
olay lands is $125,000.

J. A, HOBART, VINELAND.

Clay-bed and brick manufacturing plant are located on East avenue,
north of Oak road. The clay deposit is five feet deep, of ordinary red
brick clay. Only hand-made brick are made and this year the pro-
duct was 4€0,000.

The yard is equipped with three kilng of ten arches each.

The capital invested is $6,000.

KILBORN & DARE, ROSENHAYN,

The clay deposit iz overlaid by a covering of earth about five feet
deep and therefore requiring stripping to this amount. The clay
deposit is of ten feet average thickness and underlaid by a deposit

of kaolin sand, which, when used with the clay, makes an excellent
buff brick. -

NEW JERSEY GEOLOGICAL SURVEY



THE S8TATE GEOLOGIST. ' 337

The capacity of the plant is 1,500,000 per year,

The works are equipped with the following plant: One 40-horse-
power engine; one 50-horse-power boiler; one side-cut auger brick
machine, of manufacturer’s own pattern; one crusher and pug mill ;
two down-draught kilns of 60,000 capacity each.

Some vitrified paving bricks are also made,

The number of men employed is thirty, at an average of $1.50 per
day. The plant is operated for about six months in the year and the
amount of capital invested is about $8,000.

The product is shipped to New York, Boston and Philadelphia.

GLOUCHSTER COQOUNTY.

CEARLES B. THACEARA, WOODBURY,

The clay-bed and brickyard are one-quarter of a mile out of the city,
along the line of the West Jersey Railroad.

The deposit of clay is worked to a depth of seven feet, where an
inferior quality of clay is encountered, )

The capacity of the plant is 800,000 per year.

The entire product is hand-made.

The worke are operated six months in a year and employ eight
men at from §$1.25 to §1.80 per day.

About 20,000 tile are also made each year,

Brick has been manufactured here for the past forty years,

JAMES C, DOBBS, COLLINGSWOQOD,

Yard and clay-bed about one-half mile east of the Chas. B
Thackara yard at Woodbury. No product in 1897,

-

HUNTERDON CQUNTY.
A, G. PEDRICK, FLEMINGTON.

The clay deposit covers twelve acres and is from three to sevem
feet deep,
The product is from 300,000 to 400,000 brick annually.
22
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The plant consists of one Hall moulding machine and one temper-
ing wheel operated by horse-power,

The product is sold in local market,

The amount of capital invested is $6,000.

Coal dust has to be mixed with the clay, and the bricks are burned
in open arches.

From six to seven men are employed at from $1.25 to $2 per day.

The yard has been in operation since 1853,

THEQODORE O. DANIEL, LAMBERTVILLE,

No brick has been made in this yard in 1837, All the brick is
hand-moulded and fired in open arches, using wood for fuel.

The number of men employed is seven, at the rate of from $1.50
to $2 per day.

The deposit is blue clay and runs from four to six feet deep.

The yard is an old one, having been here for a great many years,

FULPER BROS. & CO., FLEMINGTON,

Manufacturers of stoneware, The clay is purchased from Perrine
& Son, of South Amboy, and from 2,000 to 2,500 tons per month are
used.

The plant consists of one 50-horse-power boiler and one 80-horse-
power, one 256-horse-power engine, three moulding machines, five
ovens and down-draught kilns.

Capital invested is from $40,000 to $50,000. The plant was
established in 1804, but the present firm has been in business for nine
years past.

Forty-five to fifty men are employed at §16 per week.

MEROER COUNTY.
B. H, REED & BROS.,, HIGHTSTOWN.

Clay-beds and brick works are located along the line of the Cam-
den and Amboy division of the Pennsylvania Railroad in Cranbury
township. The deposit has from nine to twenty-five feet of clay,
The yearly output of the plant is 300,000 brick and 75,000 tile.
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Seven men are employed at an average rate of $1.35 per day.

The amount of capital invested is §4,000,

The plant is as follows : One 25-horse-power engine ; one 25-horse-
power boiler; one Frey, Sheckler & Co. brick machine, having a
capacity of 15,000 per day.

P. J. CAHILL, HOPEWELL,

The clay deposit is about three feet thick and the owner controls
about ten acres, and from 600,000 to 800,000 are made annually.

Plant consists of one tempering wheel (horse-power), one hand
pressing machine, and all brick is hand-made.

Nine men are employed at an average rate of $1.75 to $2 per day.

MONMOUTH COUNTY.
DEUMMOND BROTHERS, ASBURY PARK,

The deposit of clay is about one mile from Asbury Park, It is
covered with a deposit of sand eight feet deep, and the stratum of
clay is from four to five feet deep and is black in color. It is under-
laid by a deposit of sea-gand.

The product of the yard is 1,000,000 per year.

From twenty to twenty-five men are employed at from $1.50 to
$2.25 per day.

The plant consists of one 85-horse-power boiler; ome 75-horse-
power engine; one Martin brick machine, and one Michigan brick
and tile machine ; one tempering wheel and pit.

The clay is not of the best quality, and, in order to insure proper
burning, coal dust has to be mixed with the clay. The firing is done
in open arches,

The plant has been operated for eighteen years,

BAMUEL LUDLOW, ASBURY PARK.

Clay-bed exhausted and brick manufacturing abandoned.

NEW JERSEY GEOLOGICAL SURVEY




340 ANNUAL REPORT OF

SAMUEL BROCKLEBANK, POST-OFFICE HOWELL.

Clay-beds and yard are located at Jerseyville.

The deposit, which has a thickuess of six feet, iz overlaid by soil
to a depth of three and one-half feet, requiring that amount of strip-
ping, and about two acres of clay land have been worked over.

The capacity of the yard is 800,000 brick and 5,000 tile.

The plant is operated by horse-power and consists of one Hall
tempering and moulding machine, one Oloott tile machine.

The brick and tile are fired in open arches, using wood fuel.

Coal dust is mixed with the clay before burning.

Six men are employed at the rate of $1.25 per day.

The plant has been in operation since 1853.

EDWARD LIPPENCOTT, FARMINGDALE.

The clay deposit is four feet deep, but requires stripping from six
inches to four feet.

The capacity of the plant is 5,000 per day. In the past year the
product was 200,000 brick and 70,000 drain tile.

The plant consista of & Hall hand-press operated by horse-power..

Four men are employed at from $1.25 to $1.60 per day.

The plant has been in operation since 1857,

PETER LIPPENCOTT, SHARK RIVER STATION.

The yard is abandoned and no produet for some years.

MORRIS COUNTY.

BILAS L, ARMBTRONG, MORRISTOWN,

The plant is located about one and one-quarter miles from Morris-
town, on the Bernardsville road, and has been in operation for the
past forty years.

From five to six acres of the deposit have been unocovered and it is-
found to be from fourteen to sixteen feet deep, The yearly product
is 3,000,000.
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The yard is equipped with one 40-horse-power boiler and engine,
two tempering wheels and pits, three moulding machines, one press-
ing machine,

The plant is operated about six moaths in ths year and employs
thirty men,

The amount of capital invested ig $20,000.

The entire product is sold to builders in Morristown.

CHARLES L. KELLEY & 0., CHATHAM,

This firm began operations in 1869 and worked their plant for
about twenty-two years. The clay was strong and of a good quality
for making brick, and the deposit covers about two acres of clay,
having a depth of from four to fifteen feet.

The location of the plant is such as to require heavy expenses in
operating, and consequently it could not be run on a paying basis,
It has been abandoned and no brick has been made in the past six
years,

WATNONG BRICK COMPANY, MORRISTOWN.,
E. T. Caskey, President; W.T. Headley, Secretary ; Fred. Schmidt Treasurer.

The clay-bed and brickyard are located near Morris Plains, on the
site of an old brickyard which was operated fifty years ago. The
deposit covers an area of eighty acres under the control of this com-
pany, and is from four to five feet deep.

The plant consists of one 80-horse-power boiler and engine, two
tempering wheels and pits, one press machine,

No brick has been made in the past five years, When in opera-
tion the capacity is 3,000,000 per year.

BERNARD J. FALLON, SUMMIT,

Mr. Fallon commenced making brick in 1891, with a daily capacity
of from 15,000 to 20,000, and continued up to 1895, when the plant
was abandoned and is now in this condition.

The clay was found south of the town on the Stony Hill road and
was found to a depth of from four to five feet. It was not of good
quality and was not uniform, being very stony and gravelly.

NEW JERSEY GEOLOGICAL SURVEY




342 ANNUAL REPORT OF

THE WHIPPANY BRICK AND CLAY MANUFACTURING COMPANY.
Bernard J. Fallon, Manager.

This company has purchased a tract of thirty-two acres of clay-
land at Whippany, and the test borings that have been made, show a
superior quality of clay to a depth of thirty feet. The company is
just beginning operations and is not, therefore, at this time, a producer
of manufactured product.

OCEAN COUNTY.
AYERS BROTHERS, TOMS RIVER.

This yard has made no brick this year and the firm has abandoned
the business. The clay-bed is twenty feet thick.

JOHN C. BROWN, LAKEWOQOD.

The clay-bed is located two and a half miles from Lakewood, at
Southard, Monmouth connty. The deposit is from two to six feet
deep and is a fire clay. The works have not been operated for three
years. The capacity is 100,000 to 125,000 per year.

PASSAIO OOUNTY.

SINGAC BRICK (0., LITTLE FALLS.
W. H. Robert and W, Beatty members of the firm,

The clay deposit is from six to thirteen feet deep, of good quality
and of nniform texture.

The product of the plant has been 2,000,000 for the past two years,
The plant ia capable of producing 5,000,000 brick per year.

The plant consists of one 60-horse- power steam plant, three temper-
ing wheels and pits, two Talcott machines, one Wiles machine.

The firing is done in open kilns, using wood for fuel.

The clay, being of such a tenacious character, requires about one-
third part sand in order to make the best brick.

The capital invested is about $12,000.

About forty-two men are employed at from $1.50 to $2 per day.
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JOHN M, POWERS, PATERSON.
Office No. 226 Marshal street,

The clay-bed and plant are located at Singac, and have been operated
since 1861,

The deposit of clay is from ten to fifteen feet deep and so stony
that the product is first dried and then passed through rolls. The
product is then put through the tempering mill and thence to the
brick machines,

The plant located at Singac consists of one 50-horse-power engine
and boiler, one Talcott machine, rolls and pug mill,

The product of the yard is 2,000,000 to 3,000,000 per year, but
none have been made in the past two years.

Twenty-one men are employed at the rate of §1.45 to $2 per day.

The amount of capital invested is between $15,000 and $20,000.

The product is disposed of at Paterson and neighboring markets.

BTANDARD BRICK COMPANY, NEWARK.
No. 172 Market street. Alex. McKirgan, President; William Farrely, Treasurer.

The clay deposit and brickmaking plant are located at Mountain
View. One and one-half acres have been opened and the depth of
clay found to vary from ten to twenty-five feet.

The capacity of the plant is 5,000,000 per year.

The plant consists of one 75-horse-power boiler and engine ; three
temperiog wheels and pits; gix brick machines, five of which are
Wiles and one “New Haven,” the capacity of each machine being
about 40,000 per day.

Thirty-six men are employed for six months in the year at §$1.40
to $2 per day.

The smount of capital invested is $40,000.

GEORGE ADDY, PATERSON.
No. 15 Ryle avenue.

The clay-bed and yard are located at Mountain View and were
formerly owned and operated by the Mountain View Brick Manu-
facturing Company., The present owner has been operating the plant
for the past two years, making 2,000,000 brick per year.
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The capacity of the plant is 5,000,000 per year and consists of
one 30-horse-power engine; one 40-horse-power boiler ; two temper-
ing wheels, Wiles pattern ; three moulding machines, one a Wiles and
the other two Waldrous Haverstraw.

The clay deposit is twenty feet deep, of uniform quality, but requir-
ing the addition of sand in order to work properly.

Forty men are employed for about six months in the year and are
paid $1.60 to $2.10 per day,

About $10,000 are invested in the plant.

SALEM COUNTY.
DAVID F, HAINES, YORETOWN,

Clay-bed and brickyard are located one mile south of Yorktown,
on the road to Elmer. The deposit is a blee clay, from ten to fifteen
feet deep.

The capacity of the yard is about 800,000 per year.

The plant coneists of one 20-horse-power engine; one 40-horse-
power boiler; one brick and tile machine, made by E. M. Freese &
Co., of Galion, Ohio; two Dutch kilns, having a capacity of 60,000
and 100,000 respectively.

The plant is in operation usually from April 16th {0 November
1st, and from four to five men are usually employed at the average
rate of $1.50 per day.

Drain tile is also manufactured,

HILES & HILLIARD, BALEM,

The clay-bed is located at Penn’s Neck, along Salem Creek, about
one mniile out of Salem.

About nine acres of clay have been worked over and the deposit
is shallow, not mining more than two feet deep, and underlaid by
quicksand. The clay is “ short ” and difficult to work.

The plant consists of one 50-horse-power Westinghouse engine;
one 90-horse-power boiler; one Chambers brick machine, size B;
three Dutch kilns, having a capacity of 200,000 each.

Eight hundred thousand bricks are made every other year and sold
in the local market.
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The company is incorporated with the following officers: D. F.
Henry, President; William H. Graham, Treasurer; W. D, Henry,
Secretary and Manager; P. F. Reid, Superintendent at works.

The clay shale or slate is of extended area and this company con-
trols two hundred acres.

The depth of deposit has mot been determined, but it has been
found to be continmous for a distance of sixty feet, to which depth
test was made. The company mines about one hundred tons of the
material per day.

The plant consists of one 200-horse-power engine, three Scotch
marine boilers of three hundred and twenty-five horse-power, three
dry pans and soreens, three tile machines, twenty-two down-draught
kilns.

From eight to ten carloads of material are shipped per day.

Bixty to seventy men are employed.

DAVID E. COLE, KARRSVILLE.

A small hand-made brick establishment, making from 25,000 to
30,000 bricks per year, and selling to neighboring farming district.

JOEN C. BENWARD, WASHINGTON.

Clay-bed and brickyard are located one mile from Washington, at
Brass Castle. About seventeen acres have been worked out, leaving
six acres now opened up, and the deposit is from two to six feet deep.

The capacity of the yard iz 50,000 and this has been the product
for the past two years,

The plant is operated by horse-power, and consiats of one temper-
ing pit and wheel. All brick are hand-mould.

Three men are employed at from $1.25 to $1.50 per day.

The yard has been operated for the past fifty years and the product
disposed of in local market.
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The following list of brickyards, terra-cotta works and clay-banks
ig taken from the notes on these clay-working industries and clay
products collected by Prof. William 8. Myers, of Rutgers College, in
the course of a survey of the same, made to get the statistios of said
industries, They are mainly in Middlesex and Union counties, a few
only being from Monmouth, Practically they represent the Middle-
gex county clay district.

List of Operators in Terra-cotta Works, Fire-Brick ‘Works, &ec.

Location of Location of
Operators, office. works, County.

Tellmic Manufacturing Co......reseesrsesCarteret...enneen. .Carteret... ......... Union.
L. B. Beerbower & Co.......... sesresssien. Elizabeth. .....00.. Elizabeth, .........Union,
New York and New Jersey Fire-proof-

ing Co vvvvinrierieenicnnaaes svsesnane.. 186 Fifth Ave....Keyport...........Monmonth.
Dunn, Dunlop & Co .covvrnreereenncnennen Matawan. .........Matawan. ........ Monmouth.
Matawan Terra-cotta Co. .......coee 0000, 108 Fulton 8t.....Matawen. .........Monmonth,
Henry Maurer & Son.. ....ccoeevssenrern 420 E. 23d 8t.....Maurer ............Middlesex,
Menlo Park Ceramic Works......ocssiiscsierversae nenvearen. Menlo Park ...... Middlesex.
Robert Richardson.............. +s10s. New Brunswick. New Brunswick..Middlesex.
New Brunswick Pottery Co...............New Brunswick..New Brunswick. Middlesex,
Old Bridge Enameled Brick and Tile

Conirrenin i s s s e e e Old Bridge........0ld Bridge........Middlesex.
New Jersey Terra-cotta Co...ocvvrerennne 108 Fulten 8t....Perth Amboy.....Middlesex,
Ostrander Fire Brick Co....cevvereerrnrn Troy.ececssrenciens Perth Amboy.....Middlesex,
C. Pardee’s Works.......c.cersanennn. +ueeer. Perth Amboy. ... Perth Amboy..... Middlesex.
Perth Amboy Term-cotta Co............. Perth Amboy.....Perth Amboy.....Middlesex.
Theo. SImmMOons. ceerenesriiverierrrmiseenes Perth Amboy.....8and Hills., .... Middlesex,
Standard Fire-proofing Co...ecereveeneenns Perth Amboy.....8and Hills.. ..., Middlesex.
Standard Terra-cotta Co...ceevveenennense Perth Ambaoy.....8and Hills,........Middlesex,
Bilas Leonard......ccccvssssrerers coenansrn. Rahway..oooee. Rahway... .........Middlesex,

C. W. Boyoton. .eeeeeneniinis sovenveerenss . SEWATRD wnenees .Sewaren............Middlesex.
Bay View Pottery, Samuel Locker &

Co.verenrranes reevesressnnaras veresssernsensnOnth Ambey....8cuth Amboy....Middlesex.
H. C. Perrine & Son.viviirernrnrieracenn South Amboy ....South Amboy....Middlesex.
American Enameled Brick and Tile

L6, T Tenerbaes stsestbrenrans 14 E. 23d 8t......South River ..... Middlesex.
Adam Weber v, 633 E. 15th St....Weber..............Middlesex.
Balamander Works. .......e..ccenvueeenen. 39 Cortlandt 8t...Woodbridge ..... Middlesex,
Staten Island Clay Co...cceurericimrsiisns o vrrissernesarssssmenerseesserons seeveeee Middlesex.,
The M. D, Valentine & Bro. Co......... Woodbridge....... Woodbridge .... Middlesex,

Excelsior Terra-Cotta Works............Rocky Hill........ { Nes": Rocky }Somerset.
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The plant is operated about six weeks and twenty-five men are
employed at from §1.25 to $2.50 per day.
The amount of capital invested is probably $6,000.

SMITH B. SICKLER, SALEM.

Clay-bed and brick works are located at Penton, in Upper Allo-
ways Creek township, about three miles from Balem.

The clay-bed is from three to seven feet deep and the owner con-
trols fifty acres.

The brick is all hand-made and the capacity of the yard 15,000
per day.

Grinding machines are used to temper the clay, and these are
operated by horse-power.

Eight men are employed at $2 per day for moulders and $1 per
day for laborers.

THOMAS TAYLOR, WOODETOWN,

Clay-bed and brickyard are located at Fenwick,
This is a small yard, making brick by hand, operating one Datch
kiln, No bricks were meade in 1897,

SOMERSET COUNTY.
WILLIAM ROSS, JR., BOMERVILLE,

The clay-bed and brickyard are located about one-half mile out of
town,

The deposit is covered with about eight inches of soil and is
worked to a depth of twelve feet. The total depth of the clay
gtratum iz much greater than twelve feef, but this is the limit of
depth to which work can be carried without encountering water. In
the twenty-five years that the works have been operated, about four-
teen acres of clay have been worked over,

The average output of the yard is 3,000,000 per year,

Forty men and boys are employed at a scale ranging from §1 to
$1.75 per day.

The bricks are burned in open kilns, using wood for fuel,
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The plant is operated by horse-power, and consists of two temper-
ing pits and one grinding and moulding machine.

Mr. Ross is also the owner of the plant formerly operated by
Arthur 8. Ten Eyck. This is a steam-power plant, but has not been

operated in the past year. The clay deposit was from four to five feet
deep.

SUSSEX COUNTY.
FRANK E. LOSEY, NEWTON.

Clay-bed and brickyard are located in Newton, along the creek,
The clay deposit is eight feet deep and underlies the meadows along
the Panlinskill Creek,

The capacity of the yard is over 1,000,000 brick per year. The
supply is sold in the local market,

The plant is operated by horse-power and consists of two temper-
ing wheels and pits and two moulding machines.

WARREN COOUNTY.

AMERICAN BRICK AND TILE (0., PHILLIPERUGRG,

This was an incorporated company with Hon. Henry Green, of
Kaston, Pa., as President.

The company’s plant covers about five acres of land, upon which was
located machinery for crushing slate and converting it into a material
used in making fire-proof building tile under a patent process.. The
material used was the refuse slate from Bangor, Pa. The works
seemed to be experimental, and upon their destruction by fire about
a year ago the company went out of existence.

PITTSBURG TERRA-COTTA AND LUMBER C0., PITTSBURG, PA,

Works and clay shale deposit at Port Murray, along the line of the
Delaware, Lackawanna and Western railroad.

This company began operations in 1896 and has expended a large
sum of money on a plant for making porous terra-cotta and Deuse
tile for fire-proof construction, plain and ornamental building blocks,
hollow, pressed and paving brick.
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Operators in Common Brick Works.

Location of Location of

Opcrators, office, works, County.
Cliffiwood Brick Co., J. D. Avery....Cliffwood...... s Cliffivood Loviuses . Middlesex.
Alexander Gaston...cviniversinsensnens Cliffwvood .ociueesssen Cliffvood....... .. Middlesex.
Dunellen Brick Works.....iceevesnswes . Dimellen.....ov..o.... Dunellen..........Union.
Jacoh Hammer ....cccevvervavnnneas veeee. Elizabeth..c.vuv..... Elizabeth..........Union.

rreeretamanenkTamssEetsrbe b tntans PR Rt e aareisenrans Kingston.......... Middlesex.
Edward FaIry cueeriennees Matawai.....oevreenee Matawan.....eeee. Monmouth.

. Netherwood, } .
John J. Reid...... s gok T L Ave, Netherwood ...... Union.
Berkeley

Macavonl & Verett. . icrsesssirmens svssersmveenmeirsninene i i
Heights...... Union,

Raritan Hollow and Porous Brick
COurvrrerrsarererasnmnassssssservressenrans. 314 Broadway.......Perth Amboy.....Middlesex.

R. A. Boyeeuucosmmmsnresennnens{ 0me e Sy L Plainfiod..........Union.

Plainfield ......
D. Hand & 800 .uereimmaecsscsanrannanen Plainfield .....coueeve Plainfield .........Union.
W. F. Fisher & Covievrrvrrraravirannns Bayreville........... Sayreville......... Middlesex,
Edwin Furman Co., J. J. Cathcart,

BRCTELAT e e ceemes coresrenssvrnsanarsasans Sayreville............Bayreville......,.. Middlesex,
Bayre & Fisher Co....... corsnsianrernreneayreville .. Bayreville...,..,..Middlesex.
Theo. Willetts....cvur.... sresssansannanne.Bouth River.........South River......Middlesex.
Yates Bros..cciineniceeessanans vesees South River.........Bouth River...... Middlesex.

Operators in Clay Works.

Location of Location of
Operators. office, works, County.
T
..... SPRINRS— S o
John Pleiffer ...vumnsisinenssenninesan Fords....cceavenees Fords....cveeseeee.. Middlesex,
Chas. 8. Edgar. ..cucrinninnisicnnnn Metochen.......... Metuchen.......... Middlesex,
Raritan Rxdge Clay Co., A, Campbell
President .. ererarines «o. Metuchen,, ........ Metuchen.......... Middlesex,
J. L. Kearney eessrrestes saresssanirnenanns Perth Amboy ..South Amboy....Middlesex,
Milton A. Edgar..svesssrorsnsrossnd T e]‘;‘;‘xﬂé';b% } Perth Amboy.... Middlesex,
Raritan River Clay Co., John C. Good-
ridge, Jr.,, President......... vreereesress 113 E. 25th Bt.... Weber., ....... veor. Middlesex.
Watson Firebrick Co., U. C. Watson,
Presidentt...ocooveereerinnirasrasrsnnnnnas Perth Amboy.....Sand Hills,.......Middlesex.
* One bank (gwned by J, L. Kearney). . .
tClay only.
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Locatlon of Locatlon of
Operators, office. works. County.

W. F. Taylort.. ... cecsiivernnnsnesnenen.. Red Bank ........ Red Bank.........Monmouth.
W. P. Fergusont..... . creees 263 Broadway.

A. H. Furman........cccesesnsrnvssenisornr. South Amboy.....South Amboy....Middlesex.
N. A, Chemical Co...ooviririsrisessarien .Bouth Amboy.....8outh Amboy....Middlesex.
Leonard Furman.......ce.eu. vreessesreneere.S0uth Amboy.....Scuth Amboy....Middlesex,
J. R. Crossman ....cvssssrssscvnerineernnnns South Amboy.....South Amboy....Middlesex.
T. B. Roberts.uicunivrereesmmeneemeererens. Bouth Amboy.....South Amboy....Middlesex.

C. P. Rose..coovenninrineans vesesanneees South Amboy.....Bouth Amboy.... Middlesex,
J. B, Bueh..rcerrrevereirsinicssccninsen. South Amboy.....South Amboy....Middlesex,
A.O. Ernst..cooseeiinsiearsiniiesseenn. South Amboy ....Sonth Amboy. ...Middlesex.

Geo, W. Benner. ..viciiinineerencncrenneress Metuchen..........8outh River......Middlesex.
James Bissett, AGEnt cnermrneeriens M‘é‘;‘uf‘;vmver }South River .... Middleser.
Pettit & Co......eeuneen Prrererarseierran South River.......South River......Middlesex,
Whitehead Bros. Co.....uceniveseanseries. 517 W, 15th St...Sounth River......Middlesex.
C. A. Campbell...corrcreiciriniiiiiennenn. Woodbridge ...... Woodbridge...... Middlesex.
William H. Cutterumeeeervrcrenresreeens Woodbridge ...... Woodbridge ..... Middlesex.
Warren Drummond.......cosuversnie... Woodbridge ... Woodbridge .....Middlesex.
David A, Brown cceveveerrienivecraennnne o Woodbridge......Woodbridge ..... Middlesex.
B. Dunigan...c..oonvvencrnnnisrinsnssserrenr, Woodbridge ... Woodbridge. .. ... Middlesex.
David A. Flood...cciiieuirerneesneinncnen Woodbridge......Woodbridge...... Middlesex.
John H. Leisen .....coocrene seressinanrense WoOdbridge ..., ‘Woodbridge......Middlesex.
Albert Martin ..ccicnierrirnisnisninnies.... Woodbridge ...... Woodbridge .....Middlesex.
Lewis C. Potter .....ccoanvvreersirnsrnne.. Woodbridge ...... Woodbridge......Middlesex.
D. P. Dunham, Jr ..o vierreerevrsensnnns.. Woodbridge........ Woodbridge......Middlesex.
G. W. Ruddy .... Woodbridge ...... Woodbridge......Middlesex,
Jas. P. Prall...cciinirnniniicinicenen. Woodbridge ......Woodbridge...... Middlesex.
Patrick L. Byan... ...ovvceenininneinrans. Woodbridge ... Woodbridge..,... Middlesex.
Joshua Little & Bons......ucceseeeeeeennn. Woodbridge,..... Woodbridge...... Middlesex.

R. & 8. H, Valentine.........cceeenranrr. Woodbridge ...... Woodbridge...... Middlesex.
E. W, Valentine... ...cocvrivarersss sresrenn Woodbridge.......Woodbridge .....Middlesex.

Brickyards in Trenton.

Donahue & Nolan, Trenton, front brick and common brick.

J. 8. Heath, Trenton, front brick and common brick.

B. P. Walton Buff' Brick Co., Trenton, common brick.

Oliphant & Pope Co., Trenton, front brick, paving brick and fire brick,

H. C. Kafer & Co., Trenton, common brick, front brick and moulded brick.
Wm. W. Fell, Trenton, commeon brick and front brick,

Fell & Roberts, Trenton, commen brick, front brick and ornamental brick.
Applegate & Co., Trenton.

.
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MINERAL STATISTICS.

For the Year 1897.

—
IRON ORE.
Gross Tons,
The total production of the mines, a8 reported by the several ore-mining
companlm, WAS.ee. s Lo Ea e h it b BE N ISae it aBa g ter e r e rsrsensns . 257,235

The total production, as gathered from the shlpments of the several rml-
way companies, from mines in the State, and reported to the office of

the Geological BUrvey Was.cirvecciiiirciiiens cvrevivssensseensninenenee 239,634
The total producuon in 1896, as reported by the several carrymg com-
panies, was., erEeerr TR R s N E e N e Ne e s e nsanaairens sy eabee eeranare 262,070

The decrease in the production which began in 1892, has been
glight through the years 1895, ’96 and ’97. The table given below
shows the production annually since 1870 and at irregular intervals
as far back asto 1790, It hasan interest historically, and is reprinted
from last year’s report. These statistics are from the shipments re-
ported by the several railway companies which carry ore from mines
in the Btate, and from reports of mines where the ore is nsed in far-
naces and is not included in any railway company’s shipments,

ZINC ORE.
Gross Tons.
The production of the zinc mines of the State in 1897 is indicated by the
total ore shipments for the year; the total shipments, as reported by
Mr. A. Heckscher, general manager of the New Jersey Zinc Com-
prny, Amounted 0. cnrer vrsieunssnsiniesnisimrsirsrrnarsresenrsson e isenans . 76,873

The statistics for a period of years are given in the table reprinted
from last year’s report.

TABLE OF STATISTICS.

IRON ORE.
1790......... 10,000 tons ........ Morse's estimate.
1830....0eree 20,000 tons .........Gordon’s Gazetteer.
1855...100...100,000 tons .........Dr. Kitchell’s estimate.
1860..010040.164,900 tons .........U. 8. census.
(851)
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1364.........226,000 tons ......... Annual Report State Geologist.
1867......... 275,067 tons ....eve.e “ W
1870.........362,636 toms .........U. 8. census,
1871.........450,000 tons .........Annual Report State Geologlst
1872.1.0000.,0600,000 tons .........

1873 ...0h.0 065,000 tons ..ecievee i i 4
1874.........525,000 tons ......... i “ L
1875......... 490,000 tons ......... i " “
1876.cccuneen 285,000 tons*.........
1877 000000, 315,000 tons*......ees
1878.cevenenn 409,674 tons ......... “ « w
1878.....uee. 488,028 tons ...l “ “ u“
1880 ..uvvean 745,£00 tons ......... & W w
1881.........737,052 tons ....veeee " u T
1882.........932,762 tons ......... “ u i
1883.........521,416 tons ......... “ & it
1884......u0. 303,710 tons ......... w“ i «
1886.0000enes 330,000 tons ......... " & &
1886,.,10000.500,601 tong .....c... i i w
1887.....0...047,889 fong .....cuee “ “ “
1888..0uevens 447,738 tons . ....... w « i
1889.........482,169 tons ......... " " u
1890.1000100.552,996 tons ...uveuee u « i
189 ienenee 551,358 tons .eeesvees “ & «
1892.ccansas 465,455 tong ..eviee #“ “ “
1893.........856,150 tons ......... w “ u
1894......... 277,483 tons .v.uveees & & u“
1885......0 282,433 tons .....ueun # “ «
1896, 10000000264,999 tons evinen i t t
ZINC ORE.
1868.....0.+.25,000 toost...c.oune Annual Report Sw.te Geologist.
1871...... ... 22,000 tons ......... “ u
1873...... 17,500 tons ......hie o & W
1874 ........ 13,500 tong .....oue “ i £
1878......... 14,467 tons ......... i & @
1879 ........21,937 tons ........ u i i
1580 ...e00..28,311 tons ......... “ i u
1881 vueene 49,178 tons .....ceu “ “ #
1882....... «40,138 tons ........ s w 0
1883 uverees 56,035 tons ......u. “ “ “

* From statistics collected later.
+ Estimated for 1363 and 1871. Statistics for 1873 to 1890, inclusive, are from

reports of the railway companies carrying the ores to the market.

The reports for

1890, 1891, 1892, 1893, 1894, 1895 and 1896 were from the companies working the

mines,
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1884.........40,094 tony ....... Annual Report State Geologist,
1885 ....... 35,626 tons ....eve. u i “
1886 ....... 43,877 tons ...euuens i “ [
1887.........50,220 tona ......... “ b “
1888.........46,377 tons ......... u w“ o
1889.........56,154 tons ......... “ [ n
1899.........49,618 tons ......... “ “ *
1891.ucun... 76,032 1008 1uevevers s «
1892 ... 77,298 1005 .viverern u u “
1893.........55,852 tons ......... i “ “
1894.........59,382 tons ......... e it m
1895%

1896 ........7T8,080 tons .......u i “ “

* Xo mineral statistics were published in the Annual Report for 1895,
23

NEW JERSEY GEOLOGICAL SURVEY



STATISTICS OF CLAYS, BRICKS, TERRA-COTTA
AND OTHER CLAY PRODUCTS.

&

The growth of the industries which use clays has been so large
since the publication in 1878 of the Report on Clays as to attract
general attention and sugpest the value of a census showing the ex-
tent and the output of the establishmente producing the various kinds
of bricks, tile, terra-cotta and other art products using clays and clayey
materials, ¥or the purpose of getting accurate data directly from
these manufacturing establishments, Mr. George E. Jenkins, of Dover,
and Professor W, 8. Myers, of New Brunswick, were engaged to col-
lect the statistics. The Middlesex county clay district, with adjacent
parts of Monmouth and Union counties, was traversed by Professor
Myers, and the remaining part of the State was visited by Mr,
Jenkins. Circular letters with request for answers were used in a
few cases only. Answers were obtained generally, and from offi-
cial gources, so that they are authoritative and reliable. The few
estimates, where no answers were had, are based upon important
statements of shipping officials, and comparative data from similarly-
situated establishments, and are believed to be altogether reliable, so
that the totals as here given are as nearly accurate as it was possible
to get at this time, The communications have been regarded as con-
fidential and have been used in making up totals for the Btate only.
Unfortunately it was impossible to get statements as to the amount
of capital invested and the cost of materials and labor, which would
have shown more clearly the condition of these industries than is
done by the facts of production and the number of men employed.
The summary for the various branches of the clay industries is here
given:

1. Coxox Brick—Buinpixg Brick—REDp Brick.

Number of men employed ......cccereirissnsreinrsarensseninnes 2,861

Number of bricks made....cccorverriers covsernerenranrereeecrens 283,898,000

VAU cviiirinn vrsemecsintrssastae e rrer b reernnnerrebreeres sanre $1,271,342
(855)
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2. FroNT Brick—PrESSED BRICK.

Number of men employed ..ccorivivrirnmniriemcnaniinie 6356

Number of brick made ....coceeurvieirnenans ¢ rarsrerriameeanenes 26,978,500

VAR .. vvvvrasrerruscnmenssnnsnsiiresansnssasssanisrnne $519,077
3. FIreE BrICE,

Number of men employed .....oseviier criarmrnerronins corninnn 800

Brick made ..o icemveniorecininnes Caermnseinee sierssesirenennense 13,827,000

Value coccviireicriiiirrssin e ceenearss - $256,852
4, ORNAMENTAL AND ENAMELED Brick.

Number of men employed ...covvsirsrsrersnrmaianinainiine. 176

Brick mada ...ccvciieiemneeraniininriiin e e svesens rsvensrsasene 2,608,724

VLU oo esrersnrsessesisnssncesssssmssoneverssassorenresssssmnsnreneess $182,900

& PaviNg oR VITRIFIED BRICK.

Number of men employed .vurerarirerersesnmmmmecinaresneinien ———
Brick made ,.ccecerienneirecenines R PN 575,000
) . rrarerae $7,600

6. TERRA-COTTA AND OTHER STRUCTURAL MATERIAL, INCLUDING Roorrsg-TiLE.

Number of men employed ...ccovivnvrineiinires e 1,900
Value of product....cccveesaercans Ceserte e rssan s srrstnren $2,635,700

7. MIScELLANEOTS MANUFACTURES OF CLAY.

Men employed covreeraveerense s PN 150
Value of product.....coeereessvees [P OTUTTOPTIRPTPIN . . $91,350

8 Cravs Dce ANp MINED, INcLUDING POTTERY, CHINA, PAPER, STONEWARE,
Fier Axp REToRT CLAYS.

Number of men emploFed ...vvevereinrinearsanrncisiasiasiaronne 863
Tons of elaY.uvvernrnarncrsrernsas vurennanen hemmsianrrrEsiserarinans 318,736
VBIE evvisrmeersnerinressinesensntesseaseaniasessnsaenes $456,781

GENERAL STMMARY.

Total number of men employed...cccicrminiiriiareericnninanne 7,285
Total number of bricks made ....c.recseereinsecrensinennninne. 327,887,224
Total clay, including all brick-clay, tons .....ocvvamsiieersae 940,236
Total value .oveereeennnene. e earreatratecatsetarsenRsnenansRssree $5,421,402

At the time of the publication of the Report on Clays, 1878,* it
was estimated that there were 72,000,000 bricks made on the Raritan
river and bay and on the Matawan creek, and 10,000,000 on the

%4 Report on the Clay Deposits,” Trenton, 1878, page 315.
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Delaware river at Trenton and Kinkora. The terra-cotta manufac-
ture had not assumed any importance. In 1880 * the total produc-
tion of red brick was estimated at 100,000,000, In 18821 the sta-
tistics of the several brick-making districts were reported to amount
to 150,000,000. The output of the Middlesex county clay district
that year of clays of all kinds (except that used in red brick) and
fire-sands, kaolin and feldspar, amounted to 300,000 tons. In 18881
the statistics reported were

COMMON BIICK wvvovrrsemesserssassrassescsssssssrsnesssersensasssss 160,000,000
FALEBIICK vvvvereeeseessossssesens soseseasessssransessessssasessetros 14,650,000

These figures show that the amount of clay dug, other than for
common brick, has not increased to any considerable extent. The
fire-brick manufacture also remains almost stationary. The statistics
of front or pressed brick on the Delaware do not show any increase,
The statistics of common brick for 1897 show a large increase over
that of 1882—nearly doubling in fifteen years, The manufacture
of terra-cotta and of the various styles of brick for fronts and for
interior and ornamental construction has grown to large proportions,
and at localities beyond the older centers of brick-making, and clays
heretofore regarded as not refractory and of little value or importance
have become valuable in their manufacture.

*Annual Report State Geologist for 1830, pages 181, 182.
+Annual Report State Geologist for 1882, pages 172, 173,
{Annual Report State Geologist for 1888, pages 79, 80.
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PUBLICATIONS.

—_——

The demand for the publications of the Survey is continuous and
active, and several of the reports are out of stock. 8o far as possible,
requests are granted by giving the reports to such requests,

It is the wish of the Board of Managers to complete, as far as
possible, incomplete sets of the publications of the Survey, chiefly
files of the Annusl Reports in public libraries, and librarians are
urged to correspond with the State Geologist concerning this matter.

By the act of 1864 the Board of Managers of the Burvey is a
board of publication with power to issue and distribute the publica-
tions as they may be authorized. The Annual Reports of the State
Goologist 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 institntions, and, as far as possible, to any
who may be interesied in the subjects of which they treat. Several
of the reports, notably those of 1868, 1873, 1876, 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
distributed daring 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
Btate, and to others interested in the particular subjects of which they
treat. The third volume is now being distributed from the office of
the State Geologist. The fourth volume is in press. 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, distrib-
uted without further expense than that of transportation, except in a
single instance of the maps, where a fee to cover the cost of paper

and printing is charged as stated.
{859)
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360 ANNUAL REPORT OF

CATALOGUE OF PUBLICATIONS.

GEOLOGY or NEW JERSEY, Newnrk, 1868, 8vo., xxiv, + 899 pp. Out of print.
PORTFOLIO OF MaPs nccompanying the same, as follows

1, Azole and paleozoic formations, Including the iron-pre and limestone districts; colored.
Scale, 2 miles to an inch,

2. Triassic formation, Including the red sandstone and trap rocks of Central New Jersey ;
colored. Beale, 2 miles to an inch,

3. Cretaceous formation, fucluding the greensand marl beds; colored. $Ycale, 2 miles to an
inch.

4. Tertlary and recent formations of Bouthern New Jersey; colored, Scale, 2 miles to an
inch.

5. Map of o group of lron mines {n Morris county ; printed in two colors. Scale, 8 inches to
1 mile,

6, Map of the Ringwood iron mines; printed in two colors. Bcale, B inches to 1 mile.

7. Map of Oxford Furnace lron-ore velns, colored. Scale, 8 inches to 1 mile,

8. Map of the zine mines, Sussex county ; colored. Scale, 8 inches to I mile,

A few coples are undistributed.

REPORT ON THE (LAY DEPosIts of Woodbridge, South Amboy and other places in New

Jersey, together with thelr uses for fire-brick, pottery, &c. Trenton, 1878, 8vo., viii. + 881 pp.

with map. Out of print.,
A PRELIMINARY CATALOGUE of the Piora of New Jersey, compiled by N. L, Britton, Ph.D.
New Brunswick, 1831, 8vo., x1. + 233 pp. QOut of print.
FivalL REPOBT oF THE STATE GEOLOGIsT. Vol. I, Topography. Magnetism, Climate.
Trenton, 18+8, &vo., xi., + 489 pp. Very scarce.

FINAL RRFORT OF THE BTATE GEOLOGIST. Vol II. Part, I, Minemalogy. Botany. Trenton,
18k9, 8vo., x. + 642 pp.
FINal REPORT Or THE STATE GEOLOGIsT, Veol. II, Part IL Zoology. Trenion, 189, 8vo.,
X. + B4 pp.
REPORT oN WaTER-STPPLY, by Cornellus Clarkson Vermeale. Vol. III. of the Final Report
of the State Geologist. Trenton, 18%4, 8vo., xvi. + 852 and 96 P
BRACHIOPODA 4ND LAMELLIBRANCHIATA of the Raritan Clays and Greensand Marls of New
Jersey, by Robert P, Whitfleld. Trenton, 1886, quarto, pp. 888, plates, XXXV, and Map. {Paleon-
tology, Vol. L.}
GASTEROPODA AND CEPHALOPODA of tho Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfleld. Trenton, 1892, quarto, pp. 402, plates L. {Palcontology, Vol. 1L)
ATEAS OF NEW JErsEY, The complete work [s made up of twenty shects, each 27 by 87
Inches. including margtn, intended to fold once aeross, making the leaves of the Atlas 18} by
27 inches. The location and number of each map are given below, Those from 1 to 17 are on
the scale of 1 mile to an inch.
No, 1. Kitatiney Valey and Mountain, from Hope to the State line.
No. 1. Swutlurcistern Higllands, with the southwest part of Kittatinny valley.
No. 8, Ceatral High'ands, ineluding all of Morrls county west of Boonton, and Sussex south
and east of Newton,
No. & Northeas'ern Highlands, including the country lying between Deckertown, Dover, Pater-
son end Buffern.
No. 8. Vicinity of Flemingion, from Somerville and Princeton westward to the Delaware.
No. 6. The Votluy of the Passafe, with the country eastward to Newark and southward o the
Raritan river.
No. 7. The tounlics of Bergen, Hudzon and Esser, with parts of Passaic and Union.
No. 8. Vietnity of Trenton, from New Brunswick to Bordentown.
No, 9. Monmoutk Shore, with the {nterlor from Metuchen to Lakewood.
No. 10 Vietnity of Sulem, from Swedesboro and Bridgeton westward to the Delaware.
No. 11. TVielnity «f Camden, to Burlington, Winstow, Elmer and Swedesboro.
No. 12, TVicirity of Monnt Hully, from Bordentown southward to Winslow and Woodmansie.
No, 13, Vieinity of Barnegat Bay, with the greater part of Ocean county.
No. 14, Vieinity of Bridgeton, from Allowaystown and Vineland southward to the Delaware bay
shore.
No. 15 Suuthern Inferior, the conntry lylng between Atco, Millville and Egg Harbor Clty.
No. 16, Lng Harbor and Vietnily, including the Atlantle shore from Barmegat to Great Egg
Harbor,
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No. 17, Cape May, with the country westward to Maurice river.

No 18, New Jergey Stale Map. Scale, b miles to an inch, Geographie,
No, 19. New Jersey Relief Map. Scale, b miles to the inch. Hypsomstric.
No. 20. New Jersey Geological Map, Beale, 5 miles to the inch.

The maps comprising THE ATLAS OF NEW JERSEY are sold at the
cost of paper and printing, for the uniform price of 25 cents per
sheet, ecither singly or in lots. Payment, invariably in advance,
should be made to Mr. Irving 8, Upson, assistant in charge of office,
New Brunswick, N. J., who will give all orders prompt attention.

REPORT oF PROFESS0OR GEORGE H. CooE upon the Geological Survey of New Jersey and ita
progresy during the year 1863, Trenton, 18684, Svo., 18 pp. Out of print.
THE ANNUAL REPORT of Prof, Geo. H, Cook, State Geologist, to His Excellency Joel Parker,
President of the Board of Managers of the Geological Survey of New Jersey, for tho year 1564,
‘Trenton, 1865, 8vo., 24 pp. Out of pelnt.
ANNUAL REPoRT of Prof. Geo. H. Cook, State Geologist, to His Excellency Joel Parker,
President of the Board of Managers of the Geological Survey of New Jersey, for the year 1865,

Trenton, 18566, §vo., 12 pp.

Qut of print.

ANNUAL RePORT of Prof, Geo. H. Cook, State Geologist, on the Geological Survey for the

year 1866. Trenton, 1887, 8vo., 28 pp.

Out of print,

REFORT OF THE STATE GEOLOGIST, Prof. Geo. H. Cook, for the year 1867, Trenton, 1868, 8v0.,

28 pp.

ANNUAL REPORT of the Biate Geologlst of New Jersey for 1869,
with maps,

ANNUAL REPORT of the Btate Geologist of New Jersey for 1870
75 pp., with maps.

AWNUAT REPORT of the Btate Geologist of New Jersey for 1571,
46 pp , with maps.

ANNUAL REPORT of the Btate Geologlst of New Jersey for 1872,
with map.

ANNUAL REPORT of the Btate Geologist of New Jersey for 1873,
with maps,

ANNUAL REPORT of the State Geologlst of New Jersey for 1874,

AN¥UAL REPORT of the Btate Geologist of New Jersey for 1875,
with map.

ANNUAL REPORT of the Btate Geologist of New Jersey for 1876,

with maps.

Qut of print.
Trenton, 1870, 8vo,, 67 pp.,

New Brunswick, 1871, 8vo.,
New Brunswick, 1872, 8vo.,
Trenton, 1872, svo., 44 pp.,y

Qut of ptint.

Trenton, 1874, 8vo., 128 pp.,
Qut of print,

Trenton, 1874, 8vo., 115 pp.

Out of print,
Trenton, 1875, 8vo., 41 pp.,

Trenton, 1876, 8vo., 5 pp.,
Out of print.

ANNUAL REPORT of the State Geologlst of New Jersey for 1877, Trenion, 1877, &vo., 55 pp.

ANNUAL REPORT of the Rtate Goologist of New Jersey for 1878,
with map,

ANKUatl. REPORT of the State Geologist of New Jersey for 1879,
with maps

ANNUAL REPORT of the Btate Geologist of New Jersey for 1880.
with map.

ANNUAlL REPORT of the Btate Geologlst of New Jersey for 1881.
+xiv. pp., with maps,

ANNUAL REporT of the Btate Geologist of New Jersey for 1832,
with maps.

Out of print,
Trenton, 1878, 8vo,, 131 pp,,
Out of prin,
Trenton, 1872, Bvo.. 199 pp.,
Out of print,
Trenton, 1580, &vo.. 320 pp.,
Out of print,
Trenton, 1881, 8vo., 874107
Qut of print,
Camden, 1882, 8vo., 191 pp.,
Qut of print.

ANNUAL REPORT of the State Geologlst of New Jersey for 1883, Camden, 1838, 8vo., 188 pp.
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ANNTAL REPORT of the State Geologist of New Jersey for 1884,
with maps,

ANNTAL RErort of the State Geologist of New Jersey for 1885,
with maps,

ANNU4L REPORT of the Btate Geologist of New Jersey for 1885,
with maps,

ANNUAL REPORT of the State Geologist of New Jersey for 1887,
with maps,

ANNUAL REPORT of the State Geologlst of New Jersey for 1888,
with map.

"Trenton, 1881, 8vo., 168 pp.,

Trenton, 1885, 5v0., 228 pp,,
Trenton, 1887, Bvo,, 28 pp-,
Trenton, 1887, 8vo., 46 pr.,

Camden, 1889, 8vo., 87 pp.,

ANNUAL REPORT of the Btate Geologist of New J ersey for 1889, Camden, 1889, 8vo., 112 pp.

ANNTAL REPOXT of the State Geologist of New Jersey for 1890,
with maps,

ANNraL ReporT of the State Geologist of New Jersey for 1891,

270 pp., with maps,

ANXNUAL REPORT of the State Geologist of New Jersey for 1892,
PP, with maps,

ANxval Rerort of the State Geologist of New Jersey for 1803
pp., with maps,

ANNUAL Reront of the State Geologist of New Jersey for 1894,
pp., With geological map.

ANNUAL REPORT ot the State Geologist of New Jersey for 1895,
Pp., with geclogical map.

ANNUAL REPORT of tho Btate Geologlst of New Jersey for 1808,
+3877 pp.. with mips of Hackensack meadows,

ANNUAL REPORT of the Btate Geologist for 1997,

Trenton, 1891, §vo., BUS pp,
Trenton, 1892, 8vo,, xif.+

Scarce,

Trenton, 1893, 8vo,, x,+568
Trenion, 1891, 8vo., X. +452
Trenton, 1895, 8vo., x,+30M

Trenton, 1896, 8vo., x1.4+198

Trenton, 1897, 8vo., xxvili,

NEW JERSEY GEOLOGICAL SURVEY



INDEX.

e
A. PAGE, PAGE
Allenhurst, Artesian Well at .. 225 | Bridgeton Formation, Geological Map ..... 18
Alloway, Bored Well at... Brookdale Btock Farm Arteslan Well.,......
Arkose of Newark System of Roclm See Brunswick Beds.....oueiicicicinninines smenngens 11
under “ Stockion.”” Brunswick Beds, west of S8¢cond Moun-
Arkose in Palirades Range,.. L7131 T O, 50
Arlington, Bored Well at...... Brunswick Shales, Deposition of........e.... 141
Arlington, Feult Breccla in Cut at, Building Blone, Newark System of Bocks... 149
Artington, QUALTY Bb weecevane Building Btone in Upper Cretaceous For-
Arliogton, Trap Dikes at.., mations,......., 209
Artesian Wells, Report on..... Barlington County, Arteslan Wella in......
Atlantic City, Arteaian Wells a 27-265, 2:€-280
Atlantic City Water Horizons. Burlington County, Brickyards fn............. 828
Atlantie County Clay nnd Brick......... wee 324 | Byram, Contact of Argillite and Trap
Atlantic Highlands, Artegian Well at........ BOCK. .oocoisreireannnsmsrrscrmsiersriomerarsinsns snarne 75
Atco, Bored Wells &t....eecea. Byram, Quarries at . 158
Avondale, Sandstones at.
Avondale, Quarries at. C.
Calcareous Conglomerates of Newark Sys-
B. L1=] 1 PRSP .

Bald Pateand Penningion Mountain 'I‘rap, 75
Baptistown, Trap Dike at.
Barnsboro, Artesian Well near
Basking Ridge, Bored Wells at
Barite in Newark 8ystem of Rocka,
Bayway, Bored Wellg Bt
Beacon H{ill Formailon, Former Extcn—
3711 1 47 SRR
Beaches, Recent Formationa
Belleville Bandstone.......
Belle Mountain Trap ..
Belmar, Artesian Well at ..
Bergen County, Brickyards in
Bergen County, Geology of See under
' Newark Bystem of Rocks "™
Bergen County, Bandstones and Conglom-
erates in
Bergen County, Quarries in
Black Polnt, Artesian Wolls..

Bogota, Trap Dike at ..........
Bordentown, Brickyards at.
Boulders of Lockaiong Argillite.
Boulders of Trap Rock
Brick Industry
Brick Materials in Upper Cretaceous For-

mations.. -
Brickyards, List of...cciminmineinceasine 324

Caldwell, Thickness of Tmp Rock...
California, Drainage Works in, Rcfcrcnce

Camden Water-Supply Wells...
Camden County, Artesian Wells ...

254, 255, 268, 287, 268, 269, 278, 274, 275216
Camden County, Clay and Brick.......ceoe.. 582

Cape May County, Clay and Brick .. B84
Cape May Formation..........eures crens 19
Clark, William Bullock, Report of ............ 161
Clay and Brick Industry— '
Clay Operators in Middlesex County,
Li8E Of ittt n s s s Bi9
Clay, Dlatomaceous, Bed in Arteslan
Wells 218
Closter, Quarries at.. o 161
Coal.........- v Bl
Cocceoliths .. 252
Coastal Plain, Border Fermation,., . 19
Coastal Plain, Formation of....eeue o w 174
Conglomerates of Newark System—
Conglomerates, Quartzite, of Newark
BFBLEIN. vuercrsnsmnernntesssasannnarseniasonne 52
Conlan, P. H. & J., Bored Wells Reported
by 280284
Continental Relations of Upper Cretace-

ous
Coal in Newark System of Rocks,..
Copper In Newark System of Rocks, ...

(363)

NEW JERSEY GEOLOGICAL SURVEY



PAGE.
Cretaceous Area, Geological Map., ovvesa 9
Cretaceous, Upper, Report on... - 161
Cretaceous, Upper, Topographic Features, 172

Cretaceots FECarpment. . e rerercessrsens 172
Cretaceous, Upper, Formations, General
Character 0f Depositd v srerssssesesns 183
Cretaceous, Upper, Formations, Geographi-
cal Variation in Materials.....umeees reee 185
Cretaccous, Upper, Formations, Marine
Conditions. i ummeeiessmsmmmssinssvenes servas 197
Cretaceous, Upper, Chemical Chnnges in
Beds, e i 201
Creotacecus, Upper, Faunal Record.......... 202
Cretaceous, Upper, Formations, Correla-
tion of, 204
Cretaceous, Upper, Formations, Extension
of, Beyond BLALeu.wwniiiarrenrresarens crbennns 208
Cretaceous, Upper, Formations, Economic
PrOQUCHH...... .. cveerscmcassasnsmsnnsrnssa sessesansans 207

Cretaceous, Upper, Eumpean Eqnivalent
L1 N
Cretaceous, Upper, Formations, Water-
Yielding Horlzons. ... ccoveverversraresserans 217
Cretaceous, Upper, Fossilsat Mount Laurel, 268
Crosswicks Clays, 178
Cumberland County Brickynrds - 504
Cushetunk Monntain Trap 7%

D.

Darton, N, H,, References to Work of.....57, 58,
63, 82, 116, 121, 127
Davis, Prof, W. M., References {0......58, 60, 68,
82, 118, 121, 142, 145, 146
Daretown, Arteslan Well at....... 4 oesnen P 250
Darlington Station, Artesian Wells at........
Deal Beach, Artestan Wells at... amenen 220
Diatomacecus Clays, Bed In Artesian V\ e].ls 258
Diatoms in Burface Beds........... e 270, 271
Dikes of Trap Rock 59, 02
Dilt's Corner, Fault.
Dilt’s Corner, Trap Dike at.... . 96
Dover, Artesfan Wellt atb.....ieerismssnsnsrens 293
Drainage of Hackensack and Newurk
Meadows, 287
Dminage Works in California, Reference

aneenar

Driﬁ. Glacial, Extra-Morainic
Dune 8and of Surface Formations,....

E.

Eagle Rock, Fault at....... 00481 rrartenasinnsntene 123
Economic Resources of Newark System of

Eeonomic Products or Upper Cretaceous

Formations....cae.
Edgewster, Sketch Map, 8howing Fault.... 119
Ed1son MI0e. comecremrrrmrmreeses rousnsrenseane . 821
Egg Harbor City, Arteslan Wells at............ 222
Elevations of Upper Cretaceous Period.,..... 200

INDEX,

Elberon, Artesian Well at 244
Englewood, Trap Rock and Bhales, east of, 67

Eocene Marls 204
Epochs of Upper Crcta.ceous vraseses 198
Eruptive Rocks. See "Dikeﬂ.”

Essex County, Drainage of Marshesin....., 296
Essex County, Geology of. Hea under
" Newark Bystem of Rocks.”’

Essex County, Quarries fn....

Essex County, Shales {n.
Estheria Ovats,,....
Estuary of Newark System of Rocks..,.188, 1{7
Eurgopean Equivalents of Upper Crota-

ceous Formations.... T — 207
¥,
Faulis In Newark System of Rocks.......105-186
Faulting on Northwest Border of Newark
Bysterm of ROCKS..iveucesrrssseserermen recres 1
Fault Crecela, Arlington..... .. 134

Faunal Record of Upper Cretaceous... ...
Feltville, Contacts of Trap Rock and
Bhale.....
Feltville, SeCHON &hurvrrereeecre vurersssrsssssnsss
Fen County, England, Reference to......
Feriilizers, Greensand Marls......
First Mountain, Faults Along.
Fizh House Clay Banks and Brickyards..., 832
Flemington Faulted Rocks..... .-
Flemington, Trap Hills near...
Flemington, Sandstone Beds near.

. 121

Foraminifera, Casts of, in Greensand,
Formations, Recent....uvmememsmees

Fort Lee, Bored Well Bt iiciceereerssniseniess

Fort Lee, Contacts of Shale and Trap
ROCK ...ciiisvvinisisisne o rrsnasarr asasaras mmme 65

Fort Lee, Fault at - 120

Fort Lee, Thickness of Trap Rock at......... 62
Fossils of Upper Cretaceous Formations. .. 179,
185, 189, 191, 193

Fozsil-Bearing Shales, . B2
Frankliz Lake, Sketch Map, Showing
Probable Faults, ........ceeee -

Frankln Park, Trap Dike near
Frankiin Zine Mines.....coovueeen.

G.

Garrett Rock, Paterson, Skelch Showing
Faults at,
Geological Map of State, Description of.... 8
Geology of the Surface, Report on........vr... i
(lacial Age of Pensauken Formatlon..... 17
Glacial Drift, Extra-Moralnic.........
Glacial Drift, Late, Area of .....
Glacial Drift, Thickness, at Dover..,
Qlaneonite. ...oveverrrvnrciinne
Gloucester County, Artesian Wells 1n J— 265,
255, 257, 265-268

NEW JERSEY GEOLOGICAL SURVEY



: INDEX. 365
PAGE.
Gloucester County, Brickyards and Clay Jersey Clty, Bored Wells in
Banks [D. ..o esresrsesmsssrasens soniinnsisaresners 837 | Jobstown, Bored Wells at

Gnelssie Conglomerates of Newark 8ystem, 53
Goat Hill Trap-Rock Quarries
Granton TraD.. e
Gravels, Water-Bearing... .
Greensand-Marl Belt, Geology of

Greensand Deposita, Origin of..
Greensand Marls
Greensand Marl Formations, Water Horl-

Griggstown, Trap Dike Near....
Guttenberg, Contacts of Shale and Trap
ROCEB .. cernnsmssrersmnsessunsen et ssssanar pereie treben 65

H.

Hasarlem Lake Drainage, Referenee to ... 310
Hackensack Brickyardu . i riemeseetsianes 825
Hackensack and Newark Meadows, Drain-
&ge of.
Hackensack Meadows, Rocks Under
Haledon QUAITY....coumvienenes S
Haledon, Trap and Shales,
Hazled SANdS..ccmeimmass i s
Health, Improvoment by Dralnage.
Hibernla Mines.....
Historical Notes of Reports on Cretaceous

Formatlons ... «o e ann 165
Hoboken, Contacts of 8hale and Trap
ROCK. (rvrmmrne-sstsissansineratnneasissnninnns anaeneens B2

Holland, Dralnage Works in, Reference to, B10
Homestesd Statlon, Trap Rock and Bhale

88
Hook (tea Towakhow) Mountain.
Hopewell, Barite M108 8t 159
Hopewell Fanltoa i 107
Hopewell, Sandstone Beds at.. Bl
Hopewell, Trap Dikes at 08

Hudson County Trap Rocks. See under
« Newsrk 8ystem of Rocks.”
Hudson County, Drainage of Marshes....... 290

Hunterdon County, Bored Wells in,....u..
Hunterdon County, Brickyards in.
Hunterdon County, Quarries in....

153, 1.56, 168
Eunterdon County, Sandstones and Shales
in. See under ‘‘Newark System of
Rocks.”
Hunterdon County Plateau
Hurd Mine ...

Hurdtown Mine.., 819
1.

Tron-Mining IDAUSIIY. . woemrmmteressimsneransnine 817
Istand (Long), of Pensauken Time........... 17
g
Jenkins, George E., Report ofuuiian 817

Jenkins, George E., Artesian Wells, Rec-
0108 fEOML cocnmtrisns rasssrinsnrrssasssssrernns isase 293

Johnson, C. W., List of Fossils at Mount.
Lautel ers 263

Kalm, Peter, Note on Work ofl ..o 166
Keyport, Artesian Wells at.... 246
Kingston, Quarry at. ...
Kirkwood, Arteslan Well at..

Kiimmel, Heury B,, Report of..... 28
L.
Lake Passalc, Reference t0 ..coveecrrvinctroncres 52

Lambertville, Trap Dikes at.
Lava Flows, in Newark System
Lawrenceville Quarry.
Leonla, Trap Rock and Shales.
Little Silver, Artesinn Well at.
Little Ferry Brickyards...coweermenin.
Little Falls, View of Quarry at
Little Falls, Quarries at.............
IAttle Falls, Sandsiones and Trap.
Linwood, Trap Rock and Shales at
Lockatong Beries of Rocld...........
Lockatong Shales, Deposition of.
Long Hill Trap.....
Long Island City, N. Y., Bored Wells

Lorfllard’s Brickyard Arteslan Well.........
Lyman, Benjamin Smith, Reference to..... 114
AL
Malarial Influence of MeadoW..imercen 818

Manasquan Formation, General Charac-

ter of Deposita
Manasquan Epoth.....
Map of Surface Formatlona.
Maps, Topographie, Prices of..
Map of Triassic Formations...
Marls, Greensand, Geology of.
Marls, Greensand, Origin of.
Marls as Fertillzers .......ove
Marton, Faulted Structurs at...c...
Marlton, Artesian Wells at....... vannas
Marshes, Tide, Recent Formatiom
Marshes, Tide, Reclamation of ...
Martinsvllle, QUAITY Bb......ccisasmornien
Martin's Dock, Trap Dike at .,
Massachusetts, Extract from St.ate Bonrd of

Health Report..iiseee
Matewan, Artesian Wells b,
Matawan Formatlon, Areal Dlst.rlbutlun
Matawan Formatlion, Divisions.... .
Matawan Formation, Fossils....... "
Matawan Formation, Materials of
Matawan Formation, Stratigraphy .
Matawan Formation, General Chn.mcber

[+] ——— pvssrsnesinnasnn anpems senserssarsiansens 198

NEW JERSEY GEOLOGICAL SURVEY



366
PAGE.
Matawan Epoch 198
Mays Landing Brickworks .. Sabribe enarer B24
Meadows, Hackensack and Newark,
DIfInREE Of rererererisnsmranarersamsnsiniecs senere 297
Mercer County, Arte~'an Wells in ........281, 201

Mercer County Brickyards, .,
Mercer County, uarries in
Merchantvilie, Bored Weils near...
Metamorphosed 8Lales......ua....
Middlesex County, Arteslan Wells {m...

Middlesex County, Terra-Cotta and Brlck
Worksin.. 348, 349
Milford, Artesian We!l near....,

Milford ()uarries
Mines, Copper, In Newark System of Rocks, 159
Mines, Zine........, . 328
Miming Industry 817
Mining Indusiry, Btatlsties of.,.
Miocene Arca, Geological Map,
Miocene Beds, Daretown Well ...
Mlocene Birata, Arteslan Wells In, ...
Monmouth County, Artesian Wells {n..
Monmouth County, Brickyards in...,
Monmouth Formation....
Mobmouth Formatiens,

tey of Deposits, ..o,
Montville, Conglomerates at,...,
Mornis County, Arteslan Wells in.., ..o.ee.

289, 293-295

Marrls County, Clay Banks and Brick-

L1116 R S« PO, 840
Merrls County, Trap Rocks {n.  Bee under

" Newark System of Rocks."
Morris County, Trap Rock Quarries in.....,

Mosquito Pest, Removal of..........
Mount Arlington, Bored Well a
Mount Laurel Artesian Well,

Mount Laurel Bands,
Mud Cracks .o
Myers, Prof. Willlam B., Ll.st of Terra-
Cotta, Brick and Clay Operalors,........ . B8
N.

Nason, F, L., Reference to Work of.........5, 63
Navesink Mu.rh .......... 183
Navesink Higblands, Artesfan Well at...... 4

Bnnk of ., 227, 229, 241
Neshanic 8tation, Trap Dike nl. ............. e 93
Netherlands, Reference to Reclamation of

e 810
154
. 282

Lands {n v,
Newark, Quarries |
Newark, Arfesian Wells in
Kewarkand Hackensack Meadows, Report

on Drainage of. ......... FO . - 297
Newark dystem of Red Sandstone Belt,

Report on.,., -

2

INDEX. .

PAGE.
Newark System of Rocks—
BArite D .cserrenimanreenms 159
Coal in... 158
Gopperin 159
Newark System of Rocka, Conditions of
FOrMBHON . e sssresmer taerercnes svmnrrtosaen . 189
Newark System of Rocks Economlic Pro-
ducts... 149

Newark System of Rocks, Rlevation, Tilt-
ing and Fauliing -
Newark Beds, Erosion of ..... .
Newark System of Rocks, Fanlis In......
Newark Bystem of Rocks, Fossils in,

Newark System of Rocks, Thickness of.....
186-138
New Brunswick, Trap Dikes near..
New Jersey Iron Mining Co.
New Germantown, Quarries at.
New Germantown Trap Hill
New Vernon Ridge..... ......
Normandie, Artesian Wells at

o.
Oceanic Artesian Wells ... .vesesiinmsens 229, 240
Ocean County, Brickyards in........ccene.n 842

Orange Mountain. Bee " Watchung Moun-
tain.””
Osborneg, W, R., Bored Wells Reported by...
285-287
P,

Packanack Mountain ... S
Palisades, The, Extent, Elevation
Palisades, Contacts of Rocks.

Palisades, Thickness of Sheet.....
Palizades, Trap-Rock Quarries...
Palisades Range, Fanlted Sr.ructure or

Rocks, 116-121
Palisades Range, Sandstones in . 8%
Passaic, Bored Wells at.......... . 289
Passaic County, Brickyards in... . B42
Passaic County, Sandstones and Shnle&

See under " Newark System of Rocks,”
Passaic County, Sandsione Quarries.....154, 155

Passaic County, Trap-Rock Quarries...,..... 167
Paterson, Conglomerates and Sandstones

I crscemimn tr i e e e s s 48
Paterson, Sandstonea and Trap Rocls....... 80
Paterson, Quarries at.. . 165
Peapack, Trap Dike nt 0
Penningion Mountaln Trnp i

Pensauken Formation, Geolog'lcal an 16
Philadelphin, Pa., Artesian Wells in.. 2‘.'0—273
Pleasantvilie Quarry

Pluckamin, Contacia of

Pluckamin, Qunrries at. ...
Point Pleasant Trap.......-..-. +ranarsvnene [ 75

NEW JERSEY GEOLOGICAL SURVEY

I %



INDEX. 367

Pompion Lake, Faults st...
Poplar, Attestan Well at, ... .
Princeton, Bored Well at seeves 281
Princeton, Quarries at.. .

Publicatfons, List of.

Q.

Quarries for Bullding Stone...cmemererearenns 150
Quarries in Trap-Rock Ridges....ccueeeensns 158
Quarizite Conglomerates of Newark Bys-

tem raseree B2
R.
Ralndrop Impressions 42
Rancocns FOrmation ... 186
HRancocas Fomation, General Character of
Deposite. i icrnnrenssssremarivssamer irsvrrrannes 194

Rancocas Formation, Geographical Varin-
LEOIE I 0aeaeeen e smsssssssssssnsnsnsssssnes vasmenes
Rancocas Epoch. ...eireriee sermmeasnnes
Rancoces Formation, Faunal Characte
Raritan Valley, Photographic View of.,
Recent Formations...........-
Red Bank, Artesian Wells at.. ... -
Red Bank on Delaware, Bored Well at...... 2566
Red Bank Sands
Red Sandstone Formation. 8See “ Newark
Bystem of Rocks."

Reedy Island, Del., Arteslan Well............. 248
Richard MIDC....eiiiirirsnnensssess poss shssssrsnens 520
Ridges of Trap Rock, Orig‘ln of.

Riker'a Hill TTap... oo ereanane

Ripley Cretaceous Fossils.

Ripplc Marks
Ripple Marks on Roeks of Newark System, 139
Road Materials, Trap-Rock Quarries. o 150

Rocks, Disintegration at Surface.... 6
Rocky Hill TEAD. e iivisiicisnians ]
Rocky Hill Trap Ridge Quarties... e 158

Rogers, Henry D,, Reference to Reports uf 168

Round Valley e 76
Rumson Neck, Wells Ol vuvvmssiesnisannesene 282
Runyon, Artesian Well Bb....vorvernsesenssminnss 246
Russell, Prof. Israei, Reference to Studles

on Newark System,.,, 58, 82, 141, 143

8.

Ballsbury, Professor, Report of wuuicvniann 1
Selem County, Artesian Walls in.. 249-253
fBalem County, Brickyards in........ betriessbinas 844
Band Brook Trap 2
Band Done of Recent Formations. ... 22
Band Hills, Middlesex County, Bored Weil

Bl v . 286
Bandstones and Shales of Triassic A.ga See

' Newark System of Rogks."”
Banitary Relationsof Hackenzack Marshes, 313
Schoepf, Johann David, Travels of, Refer-

eNee 10, v ruerrararrer Saersirrranrit T Renen sannennee 165

FPAGE,

Becond Mountain, Extent and Helghlt....84, 85
Second Mountain Hange, Faults .. .
Beabright, Artesian Wells at.......eveenea!
Bewell Marls. ..... J————
Bhark River Formation, Faunal Character. 208
Bhark River Fauna, Tertlary...
Shark River Epoch ..
Shark River Formation
Bhark River Formation, Gcnemi Chamc-

ter Of DEPOSILA....cicuerrrrar i vevenamsssarssoncs 195
8hark River Formaton, near Daretown 252
Shales of Bruuswick Berjes -
Shales, Fossil-Bearing., .c..e.esa.. . b2
Shales of Lockatong Serles... -
Bhales of Newark System, I{ow Formed 139
Bhales, Metamorphosed, of Newark

Bhales, Relation of Couglomeratm 0.0 veven 87
Bhales and Sandstones and Trap-Rock
Contacts, Watchung Mountalus........79-83,
85-57
Bhales and Bandstones of Newark System,
Faulis In ceviiicicner e viniaene .
Bhrewsbury, Artestan Weil at..

Smithville Artesian Well... ., 278
Snake Hill Trap.....ue. K|
Soils on Lockalong Beds ...... . B8
Somerset County, Bored Wells in.. ............ 290

Bomerset County, Brickyards in.......... B45, 848
Bomerset County Sandstones nnd Shales.
Bee under "* Newark System of Rocks,”
SBomerset County, Bandstone Quarries in..
152-15¢
Somerset Counity, Trap-Rock Quarries in..
167, 158
Sourland Mouuntain Plateau.....,
Sourland Mountain Trap.......
South Branch, Trap Dike at... .
Spring Lake, Artesian Well at.. e 224
Btaten Island, N. Y., Arteslan Wells. .........285,

Biatistics of Mineral Industries...
Btockton, Quarrles at ..........
Btockton, Sandstone Beds at.
Btockton Berles of Beds...u... rsus
Stockton Beds in Palisades Range..
Stone, Building, Newark System of Rocks. 149

Etone for Road Making........ [ JR— 186
Stotthofl’ Brothers, Wells Reported by
Bireet-Paving Blocks...c.cvuae

Surface Geclogy, Report on...
Surface Loams at High Levels,
Bussex County, Bored Wells in,
Bussex County, Brickyards in,.....

T.

Three Bridges, Trap Dike at.
Telegraph Hill, Bored Well on.
Telford Road Materials...cucversmtesearers +0, 156

L SURVEY




_ PAGE.
Adiipiiiis o Whank River Paune. .. 257
. TR - 1

Y wrvsemms 21

of Beidgeicn mmmu“.... 1
ol the Upper Orslassoua......., 172

reesne du sobe s sssres e nT T S era e T

'1'" Besk and Phales and S-ndﬂonll

Ostsiaets, Wetskang Mongiains. .........
T9-E8, 85-87

Tap Joekn of Watchong Meuntains,
Tastue of, -84, 87

.mummmmana
; Osmpesiiion...

Fermations,
System.
w.

Unipn, Arteslan Wells ot .....ccoummininncnnn 205
Coumty, Befokyurds in............... 548, 349
County,

i
!
g

-

Uadgn County, Bhales fh..........cococinnimes 48

.

v.

< Vemsuale, C. C., Raport of oo ninisinens 97
e Wemdpor, Artesian Well st........... .
Vinspatown, Bored Wells near....
Vincantown Limesands..........e0n.

e T

NEW JERSEY

INDEX,

w.

Warren Connty, Borad Wells in.,.
‘Warren County, Brickyards in
Warrenville, Quarry at.....
Watchung Mountalns...
First Mountain, Extent and Height....

Watchung Mounntains, Contacts of Trap
Rock and Sandstonesand 8hales......79-88,
8587

Watchung Mountains, Texture of Trap
Rocky .83, 84, 8T
Watchung Mountains, Trap-Rock Quarries, 167
Water, Principal Horlzons
Wechawken, Contacts of Shale and Trap., 88
Weehawken, Faulted Rocks st veee JAT
Wells, Artes{an, Report 0D .cviisnmsmeresess 211

Wells, Arteslan, Classified by Water Horts

ZOML vrervevrasnsensnessartsonsnnsmassensssan 20
Wells, Bored on Becond Mountaln....... 135, 126
Wertsville, Trap Dike at....... 3

West Palmyra Tost Wells ...,
West Shore Tunnel, Trap Rock and Sand.-
stone Contacts.....ur veserees
Westville, Borad WellB At eeees visnes
Wharton Mine..,
Whitehall, QUATTY &t...iiucinnerersen
Whitfleld, R, P,, Reference to0..
Wilburths Quarries, Beds at.
Wilburtha, Quarries &t...w.u..
Williamstoiwvn, Artesian Well at....
Wind-blown Sand
Woodbury Bored Well........ccemmiisisiniisinn
Woodmansie, Clay Bed at.....
Woolman, Lewis, Report ofl....

Y.
Yardville, Bored Well at...uu .

sorssanevessans 281

7.

Zinc Mines,., [,
Zine Ore, Er.lustica of. ......... JRRU— ) |

404

SEOLOGIGAL SURVEY




	Contents
	Errata
	Administrative Report
	Surface Geology
	Red Sandstone-Triassic-Newark System of Rocks
	Archaean Geology
	Cretaceous Formations
	Artesian and Other Bored Wells
	Topographic Work
	Drainage
	Reclamation of the Hackensack and Newark Meadows
	Forest Surveys
	The Iron Mining Industry
	Clay and Clay-Using Industries
	Chemical Work
	Geological Rooms
	Publications
	Staff of the Survey
	Passaic River Drainage

	Part I- Surface Geology
	Map of the Surface Formations
	The Pre-Triassic Area
	The Cretaceous and Eocene Area
	The Miocene Area
	The Beacon Hill Area
	The Bridgeton Area
	The Pensauken Area
	Extra-Morainic Glacial Drift Area
	Cape May Formation Area
	Areas of Recent Formation

	Part II- The Newark System
	Introduction
	Chapter I- The Sedimentary Rocks
	Chapter II- Trap Rocks
	Chapter III- Metamorphosed Shales
	Chapter IV- Structure
	Chapter V- Conditions of Formation
	Chapter VI- Economic Resources

	Part III- Report Upon the Upper Cretaceous Formations
	Letter of Transmittal
	Introduction
	Topographical Features
	Description of the Formations
	Interpretation of the Sedimentary Record
	Interpretation of the Faunal Record
	Economic Products

	Part IV- Artesian Wells in New Jersey
	Introduction
	Sec1 Wells in Miocene Strata
	Sec 2a. Wells in the Northern Part of the Cretaceous Belt
	Sec 2b. Wells in the Southern Part of the Cretaceous Belt
	Bored Wells, Mostly in Northern New Jersey

	Part V- Drainage of the Hackensack and Newark Tide-Marshes
	Part VI- Supplemental Notes on The Mining Industry of New Jersey
	Clay and Brick Insdustry

	Mineral Statistics
	Statistics of Clays, Bricks, Terra-Cotta and Other Clay Products
	Publications
	Index



