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To His Lxcellency Franklin Murphy, Governor of the Stafe of
New Jersey and, cx-officio, President of the Board of Mana-
gers of the Geological Survey.

Sir—1 have the honor to submit my Annual Report upon the
work of the Greological Survey for the year 1002,
Yours respectfully,
HENRY B. KUMMEL,
State Geologist.
TrExTON, N. J., November 29th, 1902,
1 1)
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Administrative Report.

Hexry B. Kramumer, State Grorocist. !
]

At a meeting of the Board of Managers of the Geological Sur-
vey, held Japuary 10th, 1902, the position of State Geologist,
made vacant JuI) 1st, 1901, b} the resignation of Dr, John C.
Smock, was filled by the appointment of Ilemv B. Kiummel, who
had been Acting State Geologist ad inferim.

A summary of the work of the Surver for the year ending Qc-
tober 31st, 1902, is herowith plesented in the Administrative
Report, together with certain recommendations which scem to
be demanded by the results of investigations. Some of the re-
sults of special studies for the year are presented in the accom-

panying papers.

Administrative work has of necessity taken a large part of the
time and attention of the State Gcologlbt The Survey is in fre-
quent reecipt of letters requesting information of one sort or an-
other relating to the resources of the State. Tn many instances a

careful answer necessitates considerable investigation on the part

of the State Geologist, cither in the reports of the Surv ey or in the
unpublished data. Many of them relate to underground water-
supplies and the depth at which water may be obtained. Others
concern deposits of peat, clay, cement, rock, &e. In many eases
samples are submitted for examination, All such letters are care-
fully answered and, so far as possible, the desired information is
furnished, for it is recognized that this is one of the most im-
portant functions of the Survey.

The scientific work of the State Geologist during the year has
been varied. In January the iron and copper mines of the State
were visited and examined in detail. In the spring some work
was done with Professor Salisbury upon the Glacial Geology of
Bergen and Passaic counties. In July a short tiine was spent

(5)
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with Drs. Van Hise and Wolff, of the United States Geological
Survey, examining the peculiar problems about Franklin Furnace,
Most of the field season, lowever, was spent in work upon the elay
deposits, a part of the time in company with Dr. Ries. In the
course of this investigation, all the worked clay deposits of the
State were cxamined, <amples eollected, factories visited and a
detailed wmap of the Woodbridge elay distriet partly prepared.
Many undeveloped elay properties were also prospected. In this
work the detaited information colloeted by Mr. Knapp, in his work
upon the surface deposits, was of great assistance.

The seientific work in the office has been of a varied character.
Papers upon the Geology of the Green Pond Mountain Region
and npon the Mining Industey were prepared, as well as the Ad-
ministrative Report for the Aunual Report for 1901, The other
papers in the report were read in manuseript, and afterwards the
entire report read twice in proof. and indexed. Later in the year,
Volume V., the Report on Glacial Geology, now in press, was read,
first in manuseript, then twice in proof. Some assistance was also
given Mr. Salixbury in the preparation of maps to accompany the
report. Kditorial work on Forestry Bulletins L, T1. and IIL. also
demanded some attention. Comparatively little time has been
afforded for study of any problems except those immediately in
hand.

TOPOGRAPHIC WORK.

Alr. C. . Vermeule has continued in charge of the topographie
and draughting work of the Survey. He has been assisted by M.
I, 1. Staats in the field and Mr. Wm. A. Coricll in the office, but
only a portion of their time has been given to Survey work.

The field work has included the eompletion of the survey of the
vegion about South River and Matawan, which is to serve as a
hase for a detailed map of the elay deposits, During the Jast three
months of the year Mr. Staats has been engaged in resurveying the
northern portion of Sheet No. 7, in Bergen and Passaic counties,
a region in which there have heen great changes since the original
survey in 1887, During the year about 232 square miles have been
resnrveved, making a total of 1,515 square miles, or one-fifth the
area of the State, now resurveved, all of which is available for the
large scale mups.
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In the office, the Trenton and Shark River sheets were completed
and the base for the clay map, embracing portions of the New
Brunswick, South River and Matawan sheets, was drawn,  This
work covered about 218 square miles of land surface.

During the year, the Morristown, Atlantic City and Trenton
sheets were published, and a new edition of Sheet No. 9 of the
old series was issued. The following summary indicates the pro-
gress of the work upon the new sheets to date:

Sheets published, 16.

Sheets surveyed and drawn, but not published, 2.

Sheets surveved. but not completely drawn, 5 (in part).

In addition to work upon the new series of maps, the prepara-
tion of illustrations for the Annual Report for 1901 and for Vol-
wme V. on Glacial Geology demanded much time.

SURFACE GEOLOGY,

The work on the Surface Geology has continued under the
charge of Professor R. 1. Salisbury, assisted by Messrs. H. B.
Kummel, G. N. Knapp and C. E. Peci. Mr. Salisbury has heen
engaged chiefly in completing the manuscript of his report upon
the Glacial Geology of the State and in reading the proof sheets.
A few days were spent in field work, viewing critical areas. Mr.
Pect was engaged in compiling data regarding the glacial deposits
of Bergen and Passaic counties, and has completed this work.

Mr. Knapp has been engaged continuously (except during Janu-
ary and a part of March) in field work in southern New Jersey
and in officc work. The most important scientific problems before
the Survey, not only in their hearing npon the geological history
of the State, but upon that of the entire Atlantic Coastal plain,
are involved in the correct interpretation of the Pleistocene or
Surface deposits of South Jersey and their relation to the under-
lying and older formations. These problems reach a complexity
in this State which renders their study extremely interesting, but
at the same time extremely difficult. The only hope of finally
solving them correctly lies in most detailed and painstaking work,
in the course of which all natural and artificial sections are studied,
all well data collected and frequent borings made with a hand-
auger. Mr. Knapp’s work has been of this painstaking character,
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and, althongh of necessitv proceeding slowly, has been prolific of
vitluable result=,  In eonneetion with this work, much information
regarding thee oeenrrence of workable clay deposits has been ol
tuined.

The work  f the State Geologist in this division has already been
noted.

PALEONTOLOGY.

During Novewber and December of 1901, and from July 1st to
the elose of the vear, Dr. Stuart Weller has been engaged in the
studv and description of the Paleozoic fossils collected during
previous vears in the northern part of the State. This work has
involved the examination of several thousand specimens, the de-
seription of several hundred forms, many of which were new to
seience, and the prepuaration of fifty-three plates of drawings. In
the drawing he has been assisted by Miss Mildred L. Marvin, Miss
Annic L. Weller and Mr. D. ¥. Higgins. His report has been re-
ceived and will be pnblished as an Appendix to accompany this
report.,

In Murel an arrangement was made with Dr. Charles E. East-
man, of the Musenm of Comparative Zoology at Cambridge, Mass.,
to examine and classify the collection of fossil fish obtained at
Boomton.  This work is being earried on as rapidly as Dr. East-
wan’s many other stndies permit.

CLAY AND CLAY INDUSTRIES.

In September, 1901, Dr. Heinrich Ries, who is a recognized
anthority on elays, hoth in this country and abroad, began the pre-
parativn of a report upon the economic and technieal phases of
the Clay Industry of the State. The importance of sueh a report
it be judged from the fuet that the annual value of manufactured
elay produets of the State is over $11,000,000, and that the value
of raw clav mined and sold to manufacturers is about $500,000
niare,

The report will contain chapters on the following topies: The
Origin of Clay-—Its Mincralogieal and Chemical Composition—
lts Physival and Chemical Properties and Their Effects; Pros-
peeting for Clay: Mining Clay; The Teehnology of the Clay-
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Working Induseries; The Manufacture of Brick, Terra Cotta,
Tile, Conduits, &e.; The Manufacture of Pottery; The Manufae-
ture of IFire-Brick, &e.; New Jersey Clays—Their Geographieal
Distribution—'T lum Greologiceal Distribution—Their Physical and
Chemical Character—Their Availability and Use; Results of
Physical and Chemical Analvses; Tests of Fire Brick and Crush-
ing Tests of Brick. It is planned to include in the report maps
~howing (a) the general occurrence of clay and clay-working in-
«nstries throughout the State; (d) the position of geological forma-
tions important as clay-bearing horizons; (¢) a detailed map of
the Woodbridge-Amboy clay district: (d) small maps showing the
location of elay-beds in selected areas.

Considerable progress has been made in the preparation of this
report.  Mnch of the field work has already been done and
many of the clay-working establishments have been visited. A
large number of samples of raw clay have been collected, and con-
sidlerable progress has been made in testing these.  Not only have
<amples been taken from localities now being worked, but much
prospecting has been done in the hope of aiding the development
of new regions.  Letters were sent to the newspapers of the State,
calling attention to this work and requesting information from
owners of undeveloped clay deposits. Numerous answers have
been received und much information gained thereby. As many
of these localities, as seem promising, will be examined by the
Survey and samples of the clay tested.

The manufacture of fire-brick is one of the most important
plmsps' of the clay industry in the State. With a view of deter-
mining the relation between the chemical composition and the in-
tuellnhtv of fire-brick, samples have been obtained from the manu-
tacturers of the State. These will be analyzed chemically, fused
and the results tabulated and published, but without the name of
the manufacturer. A report, however, will be rendered eaclk manu-
facturer regarding the results of his own brick. Tt is hoped that
by these tests, valwable data may be obtained regarding the
«hemical composition necessary to withstand a given degrec of
Licar,

A series of tests to determine the crushing and breaking strength
of commen brick, and to afford a comparison of brick made by
different. processes from the same elay, and of different clays by
the same process, has been undertaken. This phase of the work
has been in charge of Professor I. C. Woolson, of Columbia Uni-
versity,
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Tt is, of course, impossible to set a date for the completion of
this work. It is hoped, however, that the report will be ready for
the printer in May or June of the coming year.

ARTESIAN WELLS.

Alr. Lewis Woolinan has continued to collect data concerning the
artesian wells in the State, particularly in the southern portion,
and in part presents a record of the more important of the deep
wells drilled during the vear. .ttention is called particularly to
the records of the wells at Tammonton and Cape May. Mr. Wool-
man's tenfative conelusion that the water horizon found at Ilam-
monton at between 230 and 310 feet from the surface is the same
as the great Atlantic City water horizon at from 780 to 860 feet
is interesting and important. So, too, is the evidence from the
Cape May well, that these same beds, which oceur at Cape May at
900 fect, are not water-bearing at that point, although they furnish
a good supply all along the coast between IHarvey Cedars and
Wildwood.

TLOODS.

Heavy freshets occurred on many rivers last spring, due to a
warm rain on February 2sth, following a prolonged cold spell,
with considerable snow. On the lower Passaie, particularly, and
on the Delaware they were so high and so much damage was done
that widespread attention was directed to them. Mr. C. C. Ver-
meale, whose previous work on the Water Powers of the State had
fitted him particularly to investigate the causes and condi-
tions of these floods, was immediately authorized to study them.
In the field work he was assisted bv Mr. P. D. Staats and Mr,
George E. Jenkins.  The results of his investigations are given
in detail in his report, Part 1. of the accompanying papers, but
attention is invited here to some of his conclusions.

On the Delaware river, at Easton, the flood was as high as any
koown at that point, bnt at Stockton, where there are well au-
thenticated murks, it was four inches lower than the flood of 1841.

On the smaller streams of the State, including the head-waters
of the Passaic and Raritan, the water was no higher than in the
freshet of 1806 or in 1882, but the 1902 freshet was remarkable
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in the much longer duration of high water. In consequence of
this long-continued heavy run-off, the flat lands on the Passaic,
above Little Falls, were covered to such an unusual extent that
the freshet reached a dangerous height on the lower Passaic. Ilere
it was higher than any freshet since 1810, although it did not ex-
ceed the flood of that date. Since the flood did not reach excep-
tional heights on the smaller streams, it is certain that the water
was not preeipitated into them at any unusuval rate. This being
the case, the extreme height on the lower Passaic cannot be aseribed
in any degree to deforestation. Moreover, it is certain that there
was as much, if not more, forest in 1810, when the present flood
was equaled or exceeded, than at present,

Particular attention is invited to that portion of Mr. Vermeule's
report respeeting the hieight of the flood at Little Falls and Pater-
son, and his conclusions regarding the control exercised by the
rock reef and Beattie’s dam at Little F'alls. These conclusions are
of the ntmost importance in view of the plans which were made
by the Passaic Drainage Commission to lower the dam twenty
inches in order to relieve the flat lands above Little Falls. A por-
tion of this work has been accomplished, but its completion has
been opposed on the ground that the danger from excessive freshets
on the lower Passaic would thereby be greatly increased. This
fear arises from an entire misapprehension either (a) of the nature
of the work contemplated, or (b} of the factors controlling the flow
of the river during extreme freshets.

Mr. Vermeule's observations show that the discharge of water
during great floods, and, therefore, the height of the freshet below
Little Falls, is determined solely by the constricted channel be-
tween Two Bridges and Beattie’s dam, and not by the dam itself
nor the reef of rock directly above it. The dam might be entirely
removed without materially affecting the height of the water be-
tween Little Falls and Paterson during maximum freshets. The
flood-marks of last spring’s freshet between Little Falls and Two
Bridges show conelusively that Beattie’s dam exercised no control
whatever over the maximum rate of discharge. This conclusion
is in entire accord with evidence drawn from observations of the
great flood of September, 1882, and of all later freshets. Thoere-
fore, the fear that lowering the dam as proposed would endanger
Paterson and other points along the lower Passaic is entirely
groundless.

Althongh the proposed improvements would not in any way in-
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erease the height of freshets below the dam, nor prevent the
meadows from being flooded in extreme high water, nevertheless,
theyv would, if carried to completion, be of great benefit in
carrving off the water from the meadows after the maximum stage
had passed.  Under present conditions the Jowlands remain satu-
rated and submerged two or three weeks, or cven sometimes
months, after the river has passed its flood stage. During this
period- - e., when the stream is bank-full, and discharging about
3,000 to 6,000 enbie feet per second, or one-fifth of its maximum
flood  discharge—DBeattie’s dam is « controlling factor in the
streani-flow,  The proposed lowering of the dam twenty inches
and the lowering of the reefs above the dam would at this time
give very substantial relief to the wet lands above, and would in
no wav whatever affeet detrimentally the lands below the dam.
{t is important that these points be emphasized, since so mnch
misapprehension prevails,

Attention is alse invited to that part of Mr. Vermeule’s report
in which lie suggests the possibility of creating storage reservoirs
along the nupper Passaie, whereby the danger of disastrous floods
on the lower Passaie may be averted, the value of the existing
water powers at Little Falls, Paterson and Dundee enhanced, the
summier flow of the river greatly increased and the pollution
of the Iower river by sewage diminished. The possibilities con-
tained in this suggestion should be thoroughly canvassed in view
of the urgent necessity of diminishing the contamination of the
Passaie below Paterson.

Mr. Vermenle's full report is commended to the careful atten-
tion of ull persons interested.

FORESTRY.

During the past vear the following Forestry Bulleting have been
publi<liesl and widely distributed: No. L., Forest Reservations in
the Pines Delt of Southern New Jersey, by John C. Smock. No.
1L, Daes Forestry in New Jersey Pay 2 by F. R. Meier. No. I1L,
Practical Aid to Landowners in Handling Forest Lands—A Plan
of Co-operation by the Geological Survey. A few copies of each
are <till avatlable for distribution.

[n order that wider knowledge may prevail of the terms nupon
which the Geologieal Survey can assist landowners in forestry
work, Bulletin TIL. is herewith reprinted.
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PRACTICAL AID TO LANDOWXNERS IN HAXDLING
FOREST LANDS.

A PLAN OF CO-OPERATION BY TIIE GEOLOGICAT., SURVEY.

“Many persons realize that the common methods of treating
forest land and harvesting the timber crop are wasteful in the
long run, although they scem to yield the greatest imnediate re-
turns. A general lack of knowledge as to other methods, however,
stands in the way of any widespread improvement. In many
European countries forests are systematically treated, and made
to yield a continuous income at the same time that the forest, as
a whole, is preserved and propagated. For the past cight years
forestry methods have been applied to a three-thousand-acre tract
in Bergen county, and an annual return of five per cent. has been
secured. During the eight years $25,000 worth of timber has.
been cut off, yet the forest is worth more now than when the ex-
periment commenced, and, under the plan pursued, cutting can
continne indefinitely, with cqually good results.

In many eases trees may be planted with considerable profit.
This is particularly true of the eottonwood, locust, black walnut,
catalpa, tulip tree, smooth-bark pine, white pine, and, in some
localities, the basket willow. A catalpa plantation, eleven vears
old, has been known to have a net value of $190 per acre, and a
locust plantation, sixteen years old, of $148 per acre. In 1870
a grove of large, thrifty locust trees, thirty-six to thirty-eight
vears old, near Holmdel, yiclded a gross return of $1,200 per
acre for fence posts alone, and other instances are known where

- gross returns of $2,400 per acre have been realized. These re-

sults were obtained from the “waste land” on farms.

In order that similar work may be started in other parts of the
State and that a better knowledge of forestry methods may pre-
vail, the Geological Survey is prepared to co-operate with land-
owners to this end, so far as the funds at its disposal may permit.

Upon application from the landowner, the Survey will send a
trained forester, who has had practical experience in the manage-
ment of timber lands in the State, to examine the tract and to give-
practical adviee for the improved treatment of the area in ques-
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tion, either in respeet to handling the present forest or in planting
for the future.

Many persons think that only wealthy men can afford to place
their lund under forest management. This is a mistake. The
ohject of forestry 1s to ent trees in such a manuer that valuable
stecessive erops can be raised in the shortest time, without injur-
ing the producing power of the forest, and at @ profit. The methods
to be pursued vary under different conditions, but in all cases one
aim Is present—io make the bustness pay, both now and in the
future, The farmer should be just as much concerned to make
his woodlot pav the largest possible profit as he is to secure the
largest returns from his orchard or his cornfield. But often this
is not the case.  The woodlot is left to take care of itself, whereas,
in many eases, its value could be greatly inereased, Wlth but little
additional labor or expense, if wise methods of eutting and plant-
ing were pursued.

In varions parts of the State there are considerable areas of land
which are valueless for agricultural purposes, but which may be
of considerable value for forest purposes. These are often held in
tracts of one thousand aeres or over, but, under present conditions,
they are often u source of expense, rather than profit, to their
OWners. '

It is the desire of the Survey to render practieal assistance to
hoth elasses of owners, and, therefore, requests for advice will be
considered for traets of any size, from five acres upwards. The
appiications will be eonsidered in the order in which they are re-
ceived, but preeedence may be given to the lands most likely to
furnish u=eful examples.

The eonditions under wiich the Survey will undertake this
work are stated In the following agreement:

TIMBERLAND AGREEMEXT.

Trestox, N.o Jo. oo it , 190
The Geological Survey of New Jersey and Johin Doe, of
.............. . do mutually agree together as follows:

1. The Geological Survey, In pursuance of investigations in
forestry, and in vrder to disseminate a knowledge of improved
ways of handling forest lands, shall, after personal study, on the
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ground, by its Forester, prepare a plan for harvesting the forest
crop and reproducing the forest on the lands of the said John Doe,
sitnated and deseribed as follows: ... ... .. . .. Lo oLl

2. The said plan shall be prepared for the purpose of inereas-
ing the present value and usefulness of the said land to its owner
and to perpetuate and improve the forest upon it.

3. Upon the completion of the said plan and its acceptance by
the said John Doe, the Geological Survey shall supervise the exe-
cution thereof, so far as it may deem necessary.

4. The cost of exceuting the provisions of this agreement shall
be paid as follows: (@) The salaries of all emnployes of the Geo-
logieal Survey engaged in fulfilling this agreement shall be paid by
the Survey. (#) Actual and necessary expenses for traveling and
subsistence of the employes of the Survey working under this agree-
ment shall be paid by the said John Doe. Expenses under this para-
graph are estimated for the preparation of this planat ....... ..
dollars.  (¢) The Survey shall not participate, in any degree, in
the receipts and expenses arising from said lund, furiher than as
specified in (b) above.

5. The Geological Survey shall have the right to publish and
distribute, in its reports or otherwise, the said plan and its results,
for the information of landowners and others whom it may concern.

G. This agreement may be dissolved by either party, npon ten
(10) days’ notice given to the other.

(Signed) ........... ...,
(Signed) ....... ... ...

TrExTow, N. J,.............. , 190
The plan above mentioned, being now completed, is accepted,
and will be carried out, under the conditions and during the
validity of the above agreement.
(Signed) ............ ... ... . ...

Applieants for advice should specify the acreage and situation
of their lands, the latter by county and township. Full details
as to the character of the forest are especially desired, in order
to avoid delay. Applications may be made at any time, and
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the State Geologist will be glad to correspond with landowners
regarding their properties. The Geologieal Survey, however, re-
serves the right to withdraw the offer herein made, without further
notice, if the interests of the Survey demand it.”

Numerous inquiries have heen received in response to this ciren-
lar and reports have heen made to the following persons after an
examination of their woodlands by Mr. F. R. Meier, who has
acted as consulting Forester to the Survey:

Mr. Fdward Colson, Daretown, Salem county; Mr. J. I
Whitney, Glasshoro; Mr. Lonis Du Bois, Holmdel, Monmeouth
county: Mr. Morris T. Sherrerd. Engineer and Superintendent
of the Newark Water Deparfinent.

The largest tract examined was that of the Newark Water De-
partment, surrounding the storage reservoirs in the Pequannock
valley, in Passaie, Morris and Sussex eountics. On this traet the
foremost aim is, of course, the preservation of the water-supply
from contamination and the securing of as equable a flow as pos-
sible. This is best uceow  ished by preserving the water-shed in
forests, but its attainment is not inconsistent with a secientific
and profitable cutting of the timber for revenue. Mr. Meier has
examined the traet and outlined a plan of management by which
the oldest, diseased and defeetive trees will be removed to make
room for more vigorous growth, Selective cuttings will also be
made of trees for the market, and the growth of secdlings will be
encouraged. Owing to the great extent of this tract and its con-
sequent importance as an object-lesson in scientific forest manage-
ment, the Geological Survey has arranged to have Mr. Meier super-
vise the execution of the plan, in accordance with the terms of
the above agreement.

A portion of the land of Mr. Colson was found to be admirably
adapted to the enltivation of the basket willow, and accordingly
a report regarding its culture was prepared by Mr. Meier.  So
much of this report as is of general interest 1s published in Part
IIL of the accompanying papers.

Forest Fires—The loss to the State from forest fires has heen
frequently referred to by the State Geologist. In the Annual
Report for 1843 a list of forty-nine fires in Atlantie, Ocean and
Burlington counties alone is given, which burned over 60,000
acres and did damage estimated at several hundred thousand
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dollars. In order to determine exactly the effect of repeated Hres
upon the forests of the State, accurate valuation survevs were made
in 1897 by Mr, Gifford Pinchot, now chief Forester of the United
States. These surveys included fimber which had becn protected
from fire and that which had becn repeatedly burned over.  These
showed that the yield of timber from the burned tracts was only
one-third the volume of what it would be if protected fromn Lre.
and only one-sixth of what the land is eapable of producing under
careful management.  Morcover, under present conditions, the
wood is coarse, knotty and fit only for cordwood, whereus, protee
tien from fire would insure dense stands of timber and tall, straight
trees, free from knots.

In spite of the facts published in the Aunual Reports for 1895,
1898, and 1899, showing the great loss to the State by these fires.
whieh, in the majority of eases, could have heen easily extin-
rrmshed if promptly attacked by an organized foree, cach vear has
seen a eontinnation of the destruction.  The past vear has been
no exception to this rule, although it was marked by heavy rains
at ntervals during the period when fires are most prevalent, and
thercfore the damage was not so great as in some vears. Never
theless, the recent investigations of Mr. Meier show that in 1902,
from April to October, inclusive, there were sixty-five forest fires
in the State, which burned over an area of 98,850 acres and did
damage conservatively estimated by him, after actual observatior
npon the ground, at $168,325. ‘T'wenty-one of these were seb by
locomotives, twenty-two by farmers burning hrush or elmung
land, six by hunrors, two were incendiary :md the resi resulted
from miscellancous causes.

During the past year more fires were started by carelessness in
burning brush, clearing land, &e., than by locomotiv es, although
the difference in numbers is not great.  But when the acreage
burned over and the loss are compared we find a marked differ
enee. The twenty-one fives started by locomotives burned $3.203
acres, causing damage to the amount of $110,G02, whereas, the
twenty-two fires caused by ecarclessly burning brush swept over
4,495 acres, with loss of $33,976. A smale fire in Burlington
and Ocean counties, started by a locomotive, swept over a tract
twenty miles long dnd from one to cight miles wide and lasted ten
days. The damage by this fire alone is conservatively estimated
at $75,000. No effort was made to extinguish it and it <wae

2
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finally put ont by rain. The most destructive fire caused by
hnrmng bruslt was one near Bridgeton, where 800 acres of thirty-
sear ohd cak and pine of excellent quality were burned, causing a
loss of 16,000, Leaving these two fires out of account as per-
hups beinge nnusial, we nevertheless find that the twenty other
fires et by loeamotives Tmrned 10,203 acres, with loss of $35,602,
as against the fwentv-one other fires from burning brash, which
harned only 3005 acres, with Joss of $17,976. It is evident,
therefure, that (he fires cansed by railroads were last year by far
the most destrnetive, althongh not the most numerous.

The reason for this is perhaps twofold. Fires started by burn-
ing brush or elearing land are frequently confined to more or less
isolated tracts of timber and therefore cannot spread so widely.
Morcover, it more often happens that some effort is made to ex-
tingnish tlese fires or at least to confine them within limits. In
the ease of the railroad fires, however, these more commonly start
in the great nnbroken stretehes of pine, where houses are almost
entirely wanting.  Unless discovered promptly by the railroad
sectiom men, no efforts are ordinarily made to extinguish them.
The smoke, indeed, is commonly seen from the nearest town, but
it is no onw’s business to fight the fire and, therefore, no atten-
tion is paid to it unless it threatens the town. Nearly all the fires
during the pust yesr could have been extinguished with little loss,
if attacked promptly hy a wellorganized foree under competent
direetion.

Meranged by anmties, the record stands as follows:

Atlantic ... vt 11 fires, 11,417 acres burned, damage, $32,463 00
Purlineton . ... . R T Bt - " 25,100 00
Cape May ..o 150 L - “ 4,705 00
Cumberlaml ... ... T 3225 0 i s 28,018 00
Camden ... ............ 1 0« 400 H ‘ 6,000 00
Glourester ..., ao 830 “ “ 4,220 00
Memer oo 10T 1w “ # 150 00
Monmeuth . oooveee e . oo H20 ¢ # ‘ 5,900 00
FOCOAI oo vin v ran oot a3080 “ “ 54,207 00
Passaic ... ..ot L 1125 ¢ * “ 4,500 00
Moreis ... oo i 250 ¢ “ * 700 00
Salem oL o 480 - “ & 2,480 00
Sometsel . oo w00 ¢ o “ 400 00
QUSSEX v ve e eaneenan [ 130 “ o 390 00

$168,323 00

’ -'One ﬂfe s counted in both Burlington and Ocean countlea.
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The above estimates take into aceount only the damage to the
timber itself, but do not include the less easily estimated damage
done to the soil, which is impoverished by repeated burnings. The
layer of vegetable mold which is always found on the floor of un-
disturbed forests and which is vitally necessary to the propagation
and growth of the forest, is gradually destroyed by repeated burn-
ings, It is recognized by all foresters that this layer of humus is
an lmportant factor in preventing evaporation from the soil, mod-
erating extreines of temperature and preventing the shifting of the
sand beneath by wind and rain. If this is destroyed the reprodue-
tion of the forest is practically impossible for many years. In
soma parts of the pines belt, this condition has already been
reached, and in all regions subject to repeated fires it is rapidly
approaching. The annual damage done by fires in destroying the
lnunus is not easily expressed in dollars and eents, but it must not
be overlooked.

Many persons are inclined to question the damage caused by
these fires which annually sweep over portions of the State. The
reason for this is that the freshly devastated lands are compared
with the forests which arc now in existence, and which, for the
most part, have themselves been burned over repeatedly. This is
wrong. Comparison should be made with the forests which grew
vriginally or which might still be flourishing if the land had been
protected.  Small, scattered tracts of old timber have locally es-
caped fire and demonstrate by their size and value that the soil,
where not sterilized by repeated burnings, is eapable of producing
a large tree growth. On the other hand, trecless, nearly barren
areas, like the Plains in Burlington and Ocean counties, show the
results of repeated fives, and indicate only too surely the condition
to which a large portion of the pines belt will ultimately be re-
duced unless forest fires are prevented. As eminent an authority
as Mr. Gifford Pinchot has declared that “the complete npover-
ishment of southern New Jersey is close at hand unless the fires
can be stopped.”

Methods of Prevention.——Under existing legislation, the duty
of fighting forest fires has been left to the townships. They have
had power to appoint fire marshals and make appropriations for
this work, but no effective good has been accomplished. As shown
by the number and extent of fires during the past season, the means
at present employed are totally inadequate. Very few of the
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tewnships taki ooy etfort to prevent or extingnish fires, leaving
it o hedividial effort. Not a single township has availed itself of
the provisions of the luw® passed by the tast Legislature, nor has
s determined effart been made to enforee its regulations regard-
ing the Iarning of Lrush, chareoal pits, &c., which caused over 30
et vent, of the fives Jast vear.  In the opinion of sone, not five
Lownalips will seeept the provisiens of the act in the next ten years.

Fidividial cftort is totally neffeetive in the vast majority of
st for g variety of reasons,  The most serious objections to the
present method= of tivefighting ave (@) lack of unity of effort and
eentralization of authority s (5) general apathy, except where the
fire das attained preat proportions and threatens some town or
farm huilding=: () laek of knowledge as to exact location of the
fire i its ineipiont ~tages: (d) delay in attacking the fire; (e)
frequent cessation of efforts hefore the fire is completely extin-
annixdied,

In the Annnad Report of the State Geologist for 1898, after
e whole subjeet had veecived eareful investigation, a compre-
Lensive plan was presented for a State Forest Serviee. It was
here <hown that  sueeessful organization against fires should
attain (1) the rapid and aceurate loeation of the fire; (2) the
~poedy arrival of the tighters at the scene of a fire, and (3) vigor-
cu~ anid intelligent action on the part of the fighters.  Whether
the proposed pla was the hest that could be devised, or whether
a simpler arganization might not be equally effective, 1s a ques-
tien which van only be determined after trial. It is beyond ques-
tiom, however, that no effeetive measures against forest fires can
e expeeted within the next decade unless the State takes the mat-
ter in fened. The <tiudies of this department indicate that a
maxinune antnad expenditure of $10,000 by the State in estab-
lishing und maintaining a State Forest Serviee will largely pre-
vent this annual devastation.  Sinee the area to he proteeted is,
roughly, 1,100,000 geres, the expenditure of about three-quarters
of @ eent per aere per anmn eannot be regarded as excessive.

The organization should have an expert forester at its head,
who <hould not only have charge of all efforts in fighting fires, as
well as the enforeement of the forest laws, but should also give
adviee ad instruetion, free of charge, to residents of the State,

*An act concernipg furest fires and the prevention thereof. Chapter 139, Laws of
1902,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 21

upon all matters relating to the protection, eare and management
of woodlands, both by letter and by personal inspeetion of forest
areas, and who, by all means in his power, should create an en-
lightened publie sentiment on forestry matters.

There should also be numerous fire wardens, at points through-
out the region subjeet to fires, who, in consideration of a small
sum monthly, should bind themselves to fight fires whenever they
oceur within their territorv.  Provision should also be made for
the temporary emplovment of large numbers of men to fight great
fires, which cannot be extinguished excepr by a large force. [t is
not intended here to present the plan in all its details, but ondy to
einpliasize the eonviction of the State Geologist and various mem-
bers of the Survev staff, reached after eareful study and consulta-
tion with many persons familiar with the conditons, that a State
Serviee organized along these lines, with the right kind of officers,
would not only be efficient in extingnishing fires hefore they had
attained great headway, hut that it would arouse publie opinion
to the usefulness of forests and the dunger which threatens them.
The safety of the forests in any rvegion must nltimately rest upon
an enlightened local sentiment, and without this, efforts to pro-
tect them cannot he entirely suceessful.

Since local measures are not effective ; sinee the matter is bevond
the power of townships to control; since the increasing devasti-
tion is a matter which econcerns the State at large as well as the
regions innediately affected, the State, out of its abundant re-
sources, should promptly establish a forest-five service.  The ques-
tion cannot be solved by postpening action, for postponement ounly
aggravates existing conditions. Prompt and efficient action is
demanded, and the demand should net go unheeded.  Some such
plan as that proposed above should be put in operation at once, in
the district most exposed to fire. The State annually spends
thousands of dollars to enforee the gume laws and protect the
game from extinction, althougl, at the snme time, large amounts
of game are annually killed by these fires. It surely should exer-
cise its police powers to preserve its forests, which are of great
value and importance, not only for the production of timber, &e.,
but for their indirect effects npon the soil; the water-supply and
the climate,
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CO-OPERATION 01 TIE UNITED STATES GEOLOGICAL SURVEY.

Under the agrecinent entered into in 1891 with the United
States Geological Survey for eo-operation in geological work, a
portion of the ghlands was surveved in four succeeding years,
but work was suspended for o nmmber of years. During the past
geasol, however, at the urgent request of the Siate Geologist, it
was resumed,  The Franklin folio, showing the geology of a con-
siderable region aronnd Franklin Fnrnace, together with deserip-
tive text, has heen prepared by Dr. J. E. Wolff for publication by
the United States Geologieal Survey. and is now in the hands of
the engravers,

Under Dreo WolfF's diveetion, moreover, field work was continuned
in the Highlands, with a view of completing the area contained in
the Pussaie quadrangle of the United States Survey maps. Upon
the completion of this work, data will be in hand for the publica-
tion of auotiier folin, which will show the geology of another large
areq, in the northern part of the State. The expense of this work
is Twrne by the national organization, thus permitting the funds
of the State Survey to be used in other directions.

The Hydrographie branch of the United States Geological Sur-
vey, in response to requests from many leading citizens of the
State, a« well a~ from the State Geologieal Survey, late in the
vear, made arrangenients for a series of stream measurements
upin New Jersey rivers, for the purpose of determining the
stream-How during the varions stages of high and low water.
This work supplements anid earries forward that already done by
this departmient, the resnlts of which were presented in Mr. C. C.
Vermenle's Report upon the Water-Snpply, Volume I1L of the
Final ]‘{Ppm"r series,

MUSEUM,.

Early in the vear the cases and speeimens which had been on
exhibition at the Pan-American Exposition were returned from
Buffalo and replueed in the Museum.  Owing to lack of eases and
shelves, mueh of the new material, seenred for exhibition at Buf-
falo. cannot be displaved to advantage.  The same is also true of
the new materinl whiell i= constantly coming into possession of
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the Survey. Under present conditions, there is mothing to be
done but to store this material in boxes in the basement of the
State House.

LIBRARY.

‘The Survey reeeives, as exchanges, reports and maps from other
Surveys, both in this country and abroad, as well as numerous
trade journals and pamphlets from individuals. In addition to
these, several important geological and inining periodicals are
received by subseription, and some important books needed for
reference are purchased.

In these ways the Library received during the year 27 bound
volumes, over 200 unbound volumes of periodicals and reports,
326 pamphlets and nearly 200 engraved maps. The proper care
of these, even with the mininmm amount of attention and sitmplest
wethod, demands considerable time.

PUBLICATIONS.

During the year, the Annual Report for 1000, an Sve, econtain-
ing xxvirn plus 178 pages, and illustrated with six inset plates,
two figures in the text and two maps, has been published and was
distributed in July. The exchange list of the Survey contains
the names of 285 libraries and other surveys, 332 newspapers and
periodicals and 2,945 individuals. All requests for reports are
filled so far as the supply on hand permits, the only expense to
the recipient being the cost of transportation. The demand for
the reports from parties without the State, wishing information
as to its resources, is large and cncouraging.

Three forestry bulletins have been published and distributed—
Bulletin I., Forest Reservations in the Pines Belt of Southern
New dersey, by J. C. Smock, 12 puges, 1 map; Bulletin IT., Does
Forestry in New Jersey Pay ? by F. R. Meicr, 9 pages; Bulletin
I1I., Practical Aid to Landowners in Handling Forest Lands—
A Plan of Co-operation by the Geological Survey, 6 pages.

The Report on Glacial Geology, Volume V. of the Final Re-
port series, is in press at this writing, and will be ready for dis-
tribution soon.
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The following <heets of the farge seale maps were published
during the vear;  Morristown, in December, Atlantic City, in
October, and Tronton sheet just after the year closed. Copies of
these =hects lave been sent to a few libravies in the State, to other
Geologieal Surveyvs, 1o the Managers of the Survey, and to the
vavions Ntate department-. Further distribution is by sale at the
eewrtlie eclioge of 23 cents per sheet—a ehavge which barely covers
the eost of printing and mailing,

A new odition of sheet Noo 9 of the old Topographical Atlas
was b Gesited and placeed on osale
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PART 1.

Report on the Floods of February 28th
to March 5th, 1902.—Effect of Proposed
Drainage Works on Passaic Floods.

By C. C. VERMEULE.,

(25)
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Notes of the: Floods of February 28th to
March sth, 1g02.—Efect of Proposed
Dramage Works on Passaic Floods.

BY C. C. VERMEULE.

On the opening days of March last there were fresheis on all
of the streams of the northern part of the State which were
high enough to be worthy of study and cowparison with pre-
vious high floods. They did not, as a rule, exceed in height
previous floods of record. On the Jower Passaic, however, the
flood was the highest since 1810, and considerable damage was
done at Paterson.

When the Report on Water-Supply, of 1894, was written, the
flood of September, 1882, on the Passaic, was taken as a maxi-
mum, and there appeared to be no evidence that any higher
water had occurred on that stream or on the Raritan, and possibly
none so high, except in 1810, On Febrnary 6th, 1896, however,
freshets ocenrred which were disenssed in the annual report for
that year. These wero higher on the Raritan and the several
Highlands branches of the Passaic than any previous freshets
for which we have reliable data; but on the Passaie, below Two
Bridges, the water was not so high in 1896 as it was in 1882, We
are again called on six years later to record another notably
high freshet, and it becomes interesting to investigate its cause,
and endeavor to ascertain whether there is any reason to infer
that similar high freshets are oceurring more frequently than
during the early part of the nineteenth century.

It is well to direct our attention first to the meteorologieal
conditions which produced tho freshets of last March. The
precipitation through the winter had been fully up to the normal;

(27)
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awd, as is w=nal in the wonth of Febrnary, the ground was well
flled with water. The entire month of February was cold,
averseing 1 odeerees below the normal temperature, and there
haed beon, frone the 21st 1o the 26th, precipitation amounting to
2,65 tueles Tnoall The weather, up to the 26th, had been so
eold that practically all of this water must have remained on
the wronud in the form of snow or ice.  The snow, which was
compact, ranzed fram s inches to 1 foot in depth on the 28th.
On tles 20th e wean daily temperature of the TTighlands was
26,5 degreess on the 27th it had visen to 43 degrees. Tle
«tredins began to rise carly on the 26th and were already out of
their banks on the norning of the 28th, on which day the average
ruinfull in the northern part of the State amounted to 1.61
inehes, and the rivers rose rapidly.  This was followed by 0.91
inehes adilitional en the st and 2d, and 1.05 inches on the #th
of Murelt, making the total precipitation 6.22 inches.

As 2 result of these conditions, during the cight days from
February 25th to March 7th, inclusive, the Passaic discharged
over Dundee dam S6 per cent. of this precipitation, or a quantity
of water equal to 5.33 inches of rainfall on its catchment. This
Hood, therefore, exceeeds in volume the greatest previous one for
which we have a volumetrie record, viz.:  September, 1882, by
over 41 per eent.  Fortunately, the rainfall and the thaw were
distributed over eight days, and precipitation was not so con-
centrated 2s in February, 18965 consequently the maximum rate
of dizcharge aml the heighi of this flood were not commensurate
with its great volmme, and exceeded that of 1882 on the Lower
Passaie by only 24 per cent,

On the Delaware the flood of last March was 9 inches lower
at Lambertville, and 4 inches lower at Stockton, than the flood of
1541.  On the Raritan and most of the other streams of North-
ern New Jersev it was also lower than in 1896, Only the
Lower Passaie. Delaware and Pequest exceeded the records of
1896 and 1ss2. On these, owing to topographic peculiaritics,
the maximum rate of discharge is more nearly commensurate
with the volume of run-off than is the ease with more torrential
strearns,
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PASSAIC CATCHMENT,.

The topography of the Central Passaic Valley and the relative
position of the several branches of the Passaic are shown by Plate
I. Between Two Bridges and tidewater, at the city of Passaie,
the stream receives no important afiluent.  This portion of the
stremim we have designated the Lower Passaie. We have revords
of its discharge at Little Falls and Dundec, and of its height
at Patorson, all of which are in closo agrecment.

Two Bridges is at the confinence of two branches having nearly
equal catchments, viz.: the Pompton and the Upper Passaie,

The northerly afuent, the Pompton, is formed by the con-
fluence of the Ramapo, Wanague and Pequannock, all of which
meet about six miles north of Two DBridges, at the village of
Pompton. The catchment of the Pompton, which lies mostly
upon the Northern Iighlands, is mountainous and forested.
There is very limited opportunity for the flood-waters to spread
and accumulate, as the valleys above Pompton are narrow aud
confined, consequently the floods are discharged promptly and
the maximuin rate of discharge is high. The southerly afiluent,
the Upper Passaie, has large aveas of flat land over whieh the
flood-waters spread as indicated by the shading in Plate 1.
These flats extend to include Great Swamp, not shown on Plate
I., which is almost at the head-waters of the stream, but two
important branches, the Rockaway and Whippany, have their
catchments upon the Southern Highlands, so that abont onehalf
of the catchment of the Upper PPassaic is hilly or relling, with
considerable forest area.

Tho Passaic below Two Bridges reached the bank full stage
of 4,000 cubic fect per second at midnight on the 26th of last Feh-
ruary, and by noon on the 28th had risen to over 12,000 cubic
feet per second. It then began to rise more rapidly, reaching
a maximum of 22,677 cubie feet per second on March 2d, at G:3
P. M. It continued at a very high stage, exceeding 21,000 cubice
feet per second, for 24 hours, or nutil 6:30 r. a1, on March 3d,
after which it subsided in its customary, regular, but tardy m:in-
ner. Owing to later rains the river did not get within its banks
for about two weeks, but the flood which we are considering was
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practically over by 6:30 v, 3. of March Tth. During the eight
days from February 28th to March Tth, inclusive, the total
quantity of water flowing over Dundes dam amounted to 10,-
219,443,630 cubic feet. This quantity can be better understood
if we consider that it would fill a square reservoir measuring ono
mile on cach side and 366 feet deep. It would be sufficient, if
stored and saved, to supply all the water used by Newark and
Jersey City together for a period of over three years; but, for
reasons which we lave pointed out in the Report on Water-
Supply, it is iapracticable to conserve such flood-waters.

This year’s flood on the Lower Passaie exceeded all others
which we have heretofore recorded in any of these reports.
During our studies of this flood, however, we have been able to
verify marks of tho floed of 1810 which have been pointed out
from time to time, and have obtained other marks. IFrom these
we tind that lood to have been six-tenths of a foot higher between
Little Talls and Two Dridges than the recent freshet. An ae-
curate survey of the channel of this part of the river, and well-
ascertainctl slopes of these floods, enable us to compute that the
maximum dischurge in 1810 must have been 25,500 cubic feet
per second, or 10 per cent. in excess of the flood of 1902.

It also appears that about forty years ago therc was another
freshet nearly as hizh as that of 1902,  (There was such 2 flood
on the Raritan in 1565, See Report on Water-Supply, pago
214.)

The following tables exhibit in condensed form the leading
data for the hich froshiets of whieh we have measurements:
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TABLE A.

MAXIMUM RATES OF DISCHARGE ON THE PASSAIC AND IT3 BRANCIHES.

SEPTEMBER 22, ii FEBRUARY 6, : MARCH 2,
y i 1696, | 1902,

g sl glr| s

SB[ 88 88 | Bd| .28 56| .28

Zalgal 585 (38| 93f 33| B

Eellz3| 2R 29 5g2 |pE| Bgd

891 58| 83y (28| B&¢ (58| 85g

5¢||=2| o8& ||=s| S9& ims o8&
Passaic, Dundee .. .covene....... 82/ 66| 18,265 ad 17217 91 e2e77
" Little Falls........... ... [ 7°3| 66 19,000, 44! 16,7456(| 81f 21,207
Ramapo. at Pompton .......... .... | 160|| 24 10,540, 24 8,731;| 54 7,049
Wanaque, at Pompton........ | 101)] 24 6,666 11 7,203 54 6,187
Peqguantock at Pompton..... ...| 88]| 20 4,460 7 5,500 50 4,600
Rockaway at Boenton ..., .| 118y 36 4,800/[ 16 5.446|[ 51 4,640
Whippany at Whippany...... el 880 LA 100 3,2000 47 2,600

.
|
!
'
i
|

TABLE B.

GREAT FLOODS ON THE PASSAIC AT DUNDEE SINCE 1876.
AREA OF WATERSHED 822.7 sQUARE MILES,

TIME PROM BFQIN-
g;i‘;lznnsjz‘?;fé NING OF RISE 'l%— I TOTAL DISCHARGE,
DATE OF MaXIMUM DISCHARGE. FEET, PER _— I
BECOND. Maximum,{ End, [.Inmillion-Toches on
hours. da}s. | cuble feet,watershed
,— | ———
March 2d, 1902.....0veiinenn o 22,677 91 8 ’l 10,219 | 535
September 26th, 1832........ 18,265 66 8 7,100+ 371
February 8ih, 1896........... 17,217 44 8§ I 6083 3.8
December 12th, 1878... 16,592 60 8 i| 6,878+ 3.47
February 14th, 1886............... 12,452 60 8 I 5729, 3.00

Table A shows, in the columns headed “hours from the be-
ginning to the maximum,” the relative suddenness of the riso
of the three great floods on any given stream. Thus, the very
sudden, sharp rise of 1896 brought the main stream to a maximum
at Dundee in 44 hours, whereas in 1902 it required 91 hours.
On the branches the variation was still greater. In both cascs
the ground was frozen, but thawing, yet tho contrast betwoen
the two is mueh sharper than between cither and the Septembor
freshet of 1882. This makes clear the fact that the deficient

NEW JERSEY GEOLOGICAL SURVEY



0 ANNUAL REPORT OF

pereolation due to frozen carth, to which too much importance
is often attached, is less of a factor than the degree of concen-
tration of rainfall.  [v considering the rate of precipitation we
must, of vourse, treat all snow and iee accumulations as rainfall
at the time when they were set free by melting.  Another very
tmportant factor is the eondition of the ground-water. A coun-
centrated vinfall eoniiug upon saturated soil will produce heavy
floads at any scasoc of the year.

As will be seem by reference to Table A, all of the branches
reawched o ligher wasium in 1896 than they did in 1902 bat,
on the othier hand, the main stream at Dundee and Little Falls
was lower. A referenee to Talle B will show, on the other hand,
that the total et of the stream during eight days was very
mneh greater o 1902 than in 1386, This seeming paradox is
tully expluined by the fact that the maximum height on the
beanches i determined by the greater or less concentration of the
precipitation, whercas on the lower stream the height of the
neaximern i< determined by the extent to which the Great Piece
meadow above Two DBridges is filled up, owing to the excess of
inflow over the eapacity of the channel below Two Bridges.

Taking the cohunn of honrs for a given flood, we have an
exhibit of the chrovelogical order or sequence of the maxima
on the ~cveral branehes and on the wain stream,  In order better
to nndersiamd the wovewnent of the flood-waters into and out of
the large swumps on the river above Two Bridges, it is necessary
to present more fully the sequence of the flood stages on the
<everal branehes, sl 1his is done for the two floods of 1902 and
1s46 0 the two tollowing tables:
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TABLE C.

CHRONOLOGY OF THE FLoOD OF 1902 oN THE PASSAIC.

HOUES FROM FEREUARY RTH, 1902, MIDNIGET,
WHEN THE PASSAIC REAGHED BANK-
FULL STAGE TO—

POINT OF OBIERVATION, s “EE '§
* g El

23 E - o

ks Bu 27 . P

Ao - R =3

EE aa | big 3

A =P mES 4]
Passaic, at Little Falla.....ccoierviiecisns oo, | Uniform. | 81 96
Pompton, at Pompton Plains........cee....... « 54 72
Ramapo, at Pompton .. 38 48 87
Wanaqgue, at Pompton...... 42 92 95
Pequannock, nt Pompton..ine o 1 38 48 120
Rockaway, at Boonton .......vveeesreecrannn 43 51 101
Rockaway, st Pine Brook. .....c.ees veeeee | Uniform 5 78
Whippany, at Whippany, ............. PR 42 47 47
Pasuaic, at Hanover ........ .ccosvveeivvaenoo | Uniform. § 96 104
Passaic, at Chatham...cceeeivierevrinraes " 36 i1

TABLE D.

CHRONOLOGY OF THE FLOCD oF 1386 oN THE FASSAlC,

HOURS FROM BEGINNING OF RISE ON THR
PASSAIC. FERRUARY 6TH, 1ED8,
AT 10 A, M, TO—
e ‘ ——
PoINT OF OBSERVATION, s k¥ l =
bo g w0 i 2
28 E a2 =
55 25| 33 | =
WE W EE] =
g8 | 5% | Eis &
Passaic, at Little Falls..occciiiiveniiiinian 3 44 ¢ 44 6 days
Pompton, at Pompton Plains..........oeree] Uniform, | 13 | Uniform. | 66 hours.
Ramapo, at Pompton.......cooie ccivirnnninen “ 23 “ 1 days.
Wanaque, at Pompton...im .. w 23 " 88 houre.
Pequannock, at Pompton « 63 “ 29
Rockaway, al Boonton.....eiveniees vovirien « 18 17 8 =«
Whippany, at Whippany. ... “ 10 | Uniform. [ 21 “
Passaic, at Pine Brook.. .........ccovs veeee 7 17 41 6 days.
Passaic, at Hanover..... .| Uniform. | 24 36 6 ©
Passaic, at Chatham .. ..... ..o siens i 53 53
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For the flood of 1902 we have reckoned time from midnight
terminating the 26th of February, when tho Passaic reached
4,000 cubie feet per second, which is the bank-full stage at Two
Bridges.  For the 1496 tlood we have taken the beginning of the
rise, wiich was sudden and distinetly marked, as at that time
the river was considerably below the bank-full stage.

The time of waxinmn height at the upper end of the flat lands
is tndicated by the reeord at Pomnpton Plains, Boonton, Whippany
and Chatiiun,  We have found that, in 1902, the maximum
height wus renched at these points in from 36 to 54 hours,
the average being 47 hours, whereas the maximum height at
Little Falls and Two Bridges, on the Lower Passaic, did not
occur until the expiration of 81 hours, or 34 hours later than at
the hiewd of the tlat=.  In 1896, the maximum at the head of the
lats cecurred at an average of only 11 hours from the begin-
ning, whercas the maximum on the Lower Passaic was not
reached until B4 hours had expired, a difference of 33 hours.
The dagrccuent in time lapsed between high water at the ‘head of
the flats and high water at the outlet at Two Bridges is marked
in spite of the very great difference in the other characteristics
of theso two flonds. s the difference of time was the same
during the flood of September, 1882, it would appear that the time
requivid for the flood to come down across the flats to Two
Bridecs is eonstant and independent of the height of the flood.

Tho swamp lands above Two Bridges and below Chatham,
which aro slown as ~ubmerged on Plate I., aggregate about
20,000 uervs. The area of land covered with water during the
floodd of 1852 wus determiined by survey, and amounted to 20,012
sercs, Oup computations of the flood of 1882 indicated that at
the end of 72 honrs, or 3 days after the beginning of the rise,
by which tine the several branches had subsided within their
banh~, the aecwmmulation of water on the flats amounted to 3,-
As0,000,000 culie fecn W\ shinilar computation for the flood of
iS00G <fows that the groatest accumulation was at tho end of
21 hours, and amounts’ 1o only 1,580,000,000 cubic feet, which
gecnmuiation was not Daterially diminished until after the ex-
pivation of 1~ hours, (Nee annnal Report for 1896, page 267.)
Our studics of the flood of 1902 indicate that the accumulation
on the tlats at the expiration of 60 hours amounted to 1,784,
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000,000 cubic feet. At the end of 90 hours the accumulation
was 1,272,000,000 cubic feet. From these figures it appears
that the unusual height of the flood below Two Bridges was due,
not to an unusual accumulation of water on the flats as a whole,
but to tho fact that after this water had besun to move down
into Gireat Piece meadow, above Two Bridges, it was augmented
unusually by the continued high rate of discharge of the branches,
due to the suceessive storms, so that Great Piece meadow, im-
mediately above Two Bridges, was filled up to an unusual degree,
causing a high rate of discharge through the restricted channel
from Two Bridges to Little Falls.

It must not be inferred that the submerged area shown on
Plate T. was at any time level, like a lake, over the entire expanse.
The slope of the flat lands is indicated by the elevations shown
by the figures, which in some cases indieate the ordinary water
level of the stream and in other casces the average lovel of the
meadow surface. As shown by our chronology of the flood, in
Tables C and D, high water occurred earliest at the points where
the several branches come into the flats; and at this time, which
was about midnight of the 28th, it was still 4.5 feet below its
maximum height at Two Bridges, consequently there was a
marked slope of its surface down through the flats, considerably
greater than the slope of the valley. For 34 hours later, until
the maximum discharge was reached at Little Falls, the water
was subsiding at the upper end of the great pool, but rising at
Two DBridges. During the next 15 hours it was discharged at
T'wo Bridges as fast as it eame in from above, and the out-flow
was nearly eonstant.  After this the discharge could bo no
longer maintained and the stream declined as it gradually enmptied
the flats of tho accumulated flood-waters.

In the Annual Report for 1896 we traced tho history of the
flood of February 6th, 1896, and that of the flood of September,
1882, was traversed in the Report on Water-Supply of 1894
(page 155).  The freshet of March, 1002, is less readily analyzed
because of cowplications arising from the repeated heavy rains,
but sufficient data have been collected to cnable us to show
graphically in Plate II. something of the history of the flood.
On this plate the vertical lines and figures at the top indicate
the date and hour, the lines being drawn at midnight, 6 A, .,
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noon innl 6 eo v, for cach day. The horizontal lines and figures
at the Weft indieate the discharge in cubie feet per second on the
«everal ~treams, =o that such discharge can be found for any given
hour doring the Hood.

Line »u" <hows the eurve of measured flow of the IPassaic at
Dindve dim, where the measurements are more satisfactory than
at Little Fulls, during the entire period of the flood. We have
safficient data at Little Falls to show that the curve of discharge
there s elosely parallel to the eurve at Dundee. The discharge
at Little Fulls dum appears to have been remarkably steady from
9 A, an. to 12 . m. of March 2d, varying but slightly from the
maximum.  Line *1” shows the curve of discharge of Pompton
viver at Two Dridges.  This eurve is a composite, made up of
data obtained on the Ramapo at Pompton Steel Works, on the
Wanaque at Pempton Lakes, and on the Pequannock above
Pompton, together with a record kept at the head of Pompton
feeder,  We have been able to approximate closely the discharge
of the Pompton from these data, Line “¢” shows the rate at
whicli the water eameo in from the Upper Passaic at Two Bridges.

The flood-waters of the Pompton reach Two Bridges much
quicker than those from the other branches of the Passaic, as the
latter luve to work their way across a large area of flat land
whieh must first be filled up to a sufficient height.  As wo have
previously pointed out, (see Report on Water-Supply, page 155;
also Annual Report for 1896, page 268) the result of this is that
the flosd-waters from the Pompton frequently flow up the south-
erly branch of the Passaic into the Great Piece meadow, this
retrograde tow continuing wntil equilibrinm has been established
by tilling up of the Great Piece meadow.

In Plate I1., after having established the curve represented by
the How of the Pompton, shown by the line marked “b,” we have
taken the difference between the flow shown by this curve and the
measured flow of the Lower Passale, to represent the discharge
of the Passaie past Two Bridges, and in this way have obtained
the data to plot line “e.”” It will be noted that from about 10
p. ar. on the 28th until 2 v, . on March 1st, this curve goes below
the horizontal line marked “0 cubie feet per second,” or the
line of no discharge. The reason for this is that during that
time the flow of the Pompton past Two Bridges oxceeded the
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amount of water flowing down the main Passaic from Two
Bridges, and during that time, consequently, the water was
flowing up stream at Two Bridges, into tho Great Piece meadow,
This curve “e,” therefore, indicates graphically the ocenrrence
of this peeuliar phenomenon during the flood of 1902.

The remaining lines, marked “d” and “e,” on Plate 11,
indicate the estimated discharge of the river afier the completion
of certain drainage improvements, to which we will refer later.

Plate TII. shows similar data for the flood of February 6th,
1896, the several lines being lettered the same as corresponding
lines in Plate IL.  As this flood presenis a marked contrast to that
of the present year, it is interesting to compare the two diagrams.
The flood of 1896 was the result of u single sudden storm and
thaw, which eaused sharp rises on all of the branches of the
Passaic.

Tracing the flood of 1896 on the diagram, Plate 111, it will be
noted that after 6 p. a. of the 6th inst. the quantity of water
flowing down from the Pompton, at Two Bridges, shown by line
“b,” exceeded the discharge of the Passaic below Two Bridges,
indicated by line “a,” and it will be noted that line “u,”
showing the measured discharge of the Passaic, indicates that at
12, midnight, a maximum was reached, after which the stream
fell off for seven hours. Tlis first maximum, which nearly
always ocenrs during great floods on the Lower Passaie, corre
sponds in time with the height of the flood on the Pompten, and
the falling off is due to the fact that immediately after the
Pompton begins to subside, the water from the southerly branches
does not come down over the flats to Two Bridges rapidly enough
to maintain the high rate of flow of the lower river, which has -
been established by the Pompton. At 7 a. a. of the 7Tth, equi-
librium had been established at Two Bridges, and the waters
coming down over the flats, from the southerly branch, again
caused the main stream to rise, until it reached its maximum
at 7 A, m. of the Sth inst., after which the main stream steadily
declined for five days while it was drawing off the accumnlated
water on the flats above Two Bridges,

The discharge of the Pomptgn during this Hood was quite
accurately ascertained.  Taking the difference hetween the die-
charge of the Pompton and that of the main Passaic, we are
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enabled to plot the eurve of discharge of the waters of the Upper
Passaie, past Two Bridges, as shown by the line “c.” It will be
noted that after 6 r. a. of the 6th inst. this discharge was a
negative quantity wntil 3:30 p. s of the Tth inst., during which
time the waters of the Pompton were flowing up stream into the
Great Picce meadow above Two Bridges, in the same way which
was noted in Plate I1. for the flond of 1902. This upward flow
amountel to nearly 8,000 enbic feet per second at a maximum.
As the Pompton deelined at 3:30 r. . of the Tth, a point was
reached where the waters again commenced to flow downward
from Great Picee meadow, and line “¢” shows how these waters
came in steadily at an increasing rate until 7 a. a1 of the Sth
inst., when the downward flow from Great Piece meadow
amounted to 11,300 cubic feet per second. For the suncceeding
12 hours the inflow and outflow from Great Piece meadow were
about equal, after which the river steadily declined.

Lines *d” and “¢” of the diagram refer to conditions after
the eompletion of the proposed drainage works, and it is because
theso two floods are espeeially instructive as to the effect of these
drainage works that we have presented themn with such detail.

Plate 1V. shows plotted enrves indicating the discharge of the
Passaie at Dundee during the three floods of 1882, 1896 and
1102, Time is indicated by the vertical lines drawn 6 hours
apart, and is reckoncd each way from the occurrence of the
maximum for euch flood, all being plotted with the maxima on the
samo vertieal line,

The horizontal lines show the rate of dischargo at any given
time, in cubie feet per second.

The relative volume of the several floods is here shown
araphically, heing indicated by the relative height of the enrves,
and the ticures just below the flood eurve indicate the precipitation
to which each flood was due. Tt will be seen that the period
from the bewsinning to the maximum varies from 44 hours, in
1894, to 01 hours, in 1902, The first maximum, due to the
inrusk of the waters of the Pompton, coincides clogely in time
reckoncd back from the prineipal maximum in the floods of 1896
and 1552, the interval heing about 33 hours, but for the flood of
1802, it is about 45 heours,  The parallolism of the curves
representing the -ubsiding floods is qujte remarkable, and indi-
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cates that this eurve is deternnined by the ewptying of the stored
water from the flats in each ecase.

It is interesting to compare the rainfall and run-off for these
three floods, as I have done in the following table:

Computed Percolation

Rainfall, Run-off, evaporatfon, or loss,
inches, inches, jnches, fnches.
September, 1882 .......... 10.87 3.91 2.63 4.53
February, 1896 ........... 4.8¢ 318 0.58 1.10
March, 1902 ..... PR 6.47 035 077 0.35

The column headed “Computed Evaporation” represents the
evaporation for eight days, during each flood, as determined from
tho formule given in the Report on Warter-Supply.  Adding to-
gether the run-off and the computed evaporation, and dedueting
their sum from the rainfall, we have for ecach flood the guanti-
ties in the last column, representing the inches of rainfall perco-
lating into the ground, or otherwise unaccounted for. These
figures show that the rainfall causing the flood of 1902 is all
accounted for excepting about 5 per cent., which is within
the limits of error of thc measurements, showing that there was
practieally no percolation, as is to be expected from the fact
that this flood followed a rather wet period, and the ground was
fully saturated at the beginning.  In 1896, the flood followed
a dry January, so that there was considerably more pereolation.
In September, 1882, the flood followed a very dry summer, so
that a large percentage of the rain disappeared into the ground.

We may summarize our conclusions as to the Passaic flood of
1902 as follows:

1. Its cause was a heavy, warm rainfall upon accumulated
snow antl ice, setting suddenly free a large quantitv of water.
This water was precipitated less suddenly and in a less con-
centrated manner than in 1896, couscquently none of the branches
of the Pessaic reached so high a stage as in 1896, although
they remained high longer and discharged a larger total run-off
i 1902, '

2. The main stream reached a maximum of 22,677 cubic feet
per sccond at Dundee, exceeding the flood of 1896 by 30 per
cent., and that of 1882 by 24 per cent,, and was higher than
any other freshet since 1510.
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G0 The run ot disclurged over Dundee damn during eight days
gmonnted o 585 dnehes of rainfall upon the catchment, ex-
cecding by 14 per cent. the volume discharged in 1882, and by
T por eent, that ot 1=,

4. The seciing paradox of a mueh higher maximem on the
Autin ~trean than in 1896, while the branches were lower, 1s
J1o to the modifyving action of the flood storage on the flats above
[Fweo Liridge-, which was sutheient to absorh and equalize 2 sndden,
violent Hood of mederate volume like that of 1896, but which was
insuflicient to similarly medifv a flood so long continued, and
sf such unu-ual yvoluue, s that of 1902, .

5. The ron-off was s per eent. of the total amount of rain
and welted snow which eaused the flood, and ordinary evaporation
v sufiicient to aeeonnt for the balance, from which we conclude
that pereolation was very slight, not because the ground was
frozen, for it Lad thawed out during this period, but because it
was ulready saturated with water at the beginning of the stormn.

EFEFECT OF TUE PROPOSED DRAINAGE WORKS ABOVE LITTLE TATIS
ON THE HEIGHT OF PASSAIC FLOODS,

Considerable apprehension has been publicly expressed that
in casc the plans of the Passaie Drainage Commission are car-
ried out at and above Little Falls, the height of such great floods
as that of 1902 will be inereased to a dangerous extent. This
work was hegun more than ten years ago, and was suspended for
fack of [owds in 1803, A number of persons invested in the
bowd< of the Drainage Commission appointed torcarry out this
work under the laws of the State, and the work was begun with
due notice to all interests. The faith of the State may possibly
be in souw measure pledged to a reasonuble prosecution of this
drainage work, which Las been beset with difficulties. As a
sanitary and ceononie megsare it is important to the futnre of the
ocntral valley, and no obstacle should be placed in its path unless
there i~ a real, substantial foundation for the alarm expressed.
This whole guestion of effeet on floods had been carefully con-
sidered by several engineers of high standing, before the work
was undertaken.  In 1893 and 1894, however, the Committee
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. on Drainage of the Board of Managers of the Geological Survey,
.of which the late Lebbeus B. Ward, C.E.; was Chairman, under-
took a thorough investigation of all the plans of the Drainage
Commission with a view to determining their sufficiency to ac-
complish the drainage of the flat lands, their effect on the floods
of the lower river, their cost, &e. The writer served as con-
sulting engincer to this Committee, and, after making surveys
and an examination, reported very fully on these questions to the
Committee. The reports were not published, but on the data
then obtained the conclusion was reached that the improvements
proposed by the Commissioners of Passaic Drainage would not
increase, but, on the contrary, would tend to diminish the height
of floods. This conclusion has since been fully supported by the
additional data obtained during our investigations of the flood of
1896 and 1902, and it seems proper at this time to illustrate
from these floods the reasoning on which it is based.

In the agreement made by the Commissioners with “the
Beattie Manufacturing Co., the following points are fixed as to
the extent of the proposed improvements at Beattie’s dam and in
the channel up to Two Bridges. The dam is to be lowered
twenty inches, the channel of the river above the dam to be
excavated to a depth of not less than five feet below the lowered
dam, and to a width of not less than 200 feet. The bar at Two
Bridges is to be excavated to a depth of not less than four feet
below the crest of the lowered dam, and to a width of not less
than 200 feet below and 100 feet above the mouth of the Pe-
quannock or Pompton river. It is also agreed to remove such
obstructions in the Passaic, between said dam and the reef at
Two Bridges, as shall insure a clear waterway of a width of not
less than 200 feet, and a depth conformable to a grade line which
at said dam shall not be less than 5 feet, and at Two Bridges not
less than 4 feet below the level of the crest of the lowered dam.
Flood gates are also to be inserted at the dam.

It will be noted that this agreement merely fixes a minimum
improvement. The extent of the improvement, however, cannot
very much exceed this, owing to the cost. The report of 1894,
to the Committee on Drainage, pointed out that the most that
could be done, keeping within the limits of a practicable cost,
would be to increase the channel width to 250 feet and make its
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depth 4 fect below the crest of the dam at Two Bridges, and 6
feet below the crest just above the dam, thereby giving a grade
or slope to the channel of .12 in 1,000, which we found to be de-
sirable. The side slopes of this rectified channel we made one
perpendicular to one and onc-half base. There is little doubt
that even this scale of improvement very materially exceeds in
cost the funds which will ever be available for the work, but for
the purpose of this discussion we assume that the work may be
completed to this extent in order to show the maximum possible
effect on the height of floods. The proposed improvements of the
channel are shown in profile on Plate V., and by cross-sections
on Plate VL.

The result of such improvements would be a slightly in-
creased cross-section of the river, and what is more important,
a lower value of the coefficient of roughness, giving a higher
velocity for a given slope. Our surveys and investigations show
that the present obstructed channel has a coefficient of roughness,
“n” in the Kutter formula, of .032, and it may be safely as-
sumed that the improved channel would reduce this to .025. A
lower value than this could not reasonably be expected during
flood discharge, owing to the crooked course of the river. A
computation based on the data furnished by our surveys shows
that the effect of the improvements above indicated would be to
reduce the height of the water at Two Bridges, for given stages
of the river, to the extent shown in the following table:

TABLE L.

Stream discharge, Elevation of surface of water
in cubic feet, at Two Bridges.
per second. Present channel. Improved channel.
4,000, ... ..., 161.50. ...coivin ... 158.75
8000. ... ... ... ... ... 164.80. ................. 161.50
12,000, ... o 167.80. ..o ... 164.90
16,000, ... L. 169.75. . oo, 166.75
20,000, ... e 17070 ... L 168.70
220000 .. 17110, ..o, 169.50

The present bank-full stage at Two Bridges is 4,000 cubic feet
per second, and the table shows that for this discharge the ele-
vation of the water will be reduced by the improvement of the
channel from its present height of 161.50 to 158.75, or nearly
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3 feet. With the improved channel, when the water reaches
elevation 161.50 it will be discharging 8,000 cubic feet per
second, or just double what it now discharges at that height.
For all stages of the river up to 16,000 cubic feet per second, tha
height at Two Bridges would bo reduced by the improvement
about 3 feet, whercas at the maximwm flood discharge the reduc-
tion would be only the difference between 171.10 and 169.50, or
1.6 feet.

It may be well to urge in this connection that the real henetits
of the proposed drainage improvement do not depend on entirely
preventing the overflow of the flat lands in time of great freshets.
Such prevention would be not enly financially impracticable and
dangerous to Paterson, but it may be doubted if it would bhe
entirely desirable for the lands. They are considerably enriched
by the sediment doposited at such times. A lowering of the
water surfaco at Two Bridges 3 feet during stages between 3,000
and 8,000 cubic feet per second would be of very much greator
benefit than the prevention of overflow by oceasional high
freshets.  Data recorded in the Report on Water-Supply show
that the stream is between these stages, on the average, over six
weeks of cach year, while it exceeds 8,000 cubic fect per second
less than four and one-half days each year. Tor wecks and
months these lands arc now saturated, not by extrenie floods, hut
when the stream is slightly swollen, or during the tardy discharge
of the waters at the end of a freshet, and it is this condition
which causes sourness, prevents the raising of useful crops, and
produces malarial or miasmatic discases. The lowering of the
river 3 feet during such times would almost entirely remove
these serious blights from the Central Passaic Valley.

The profile of the river, Plate V., shows plainly thai at the
higher flood stages Beattie’s dam is not a controlling point. It
will be noted that the steep flood slope extends a distance of
4,000 feet above the dam, and the obscrved height, together with
a computation at the cross-sections, made by means of the Kutter
formula, show that this control rests with the entire channol,
from the dam up to Two Bridges, but is especially affected by the
reefs and constricted channel between Singac and the dam.  In-
deed, for tho higher flood stages, Beattie’s dam could be entirely
removed without causing any appreciable difference in the height,
of the floods or the maximum discharge of the river.
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1t was intenided by the Drainage Commissioners to put flood-
gates in the duw, and one of the questions investigated by the
Coumittee on Drainage of the Geologieal Survey was the proper
cize of these gates and their effeet. The result of careful com-
putation showed that a capacity of flood-gates in excess of 4,000
cubie feet per seenm] would be useless, and that even with the
iproved channel the height of floods at Two Bridges would not be
affected to any practicable extent by the existence of such gates.
At the Ligler tlvod stages the discharge would be controlled en-
tirely, even after improvement, by the capacity of the channel
fronit Two Bridges to Little Falls. The effect of such gates,
however, would be very beneficial at lower stages of the river,
keeping the water level at Two Bridges lower at times when the
meadows are now sourced by deficient drainage, although not
actually submerged by floods.

Ninee the rate of discharge of the main stream depends on-
tirely npon the height at Two Bridges, whether the channel be
improved or not, the gquestion whether the proposed improvement
will inercase the floud discharge will be determined by ascer-
taining if, after improvement, the waters at Two Bridges will
rise high cnough to produce a discharge greater than the
present maximum. By referring to Plates II. and III., which
show the movement of the floods of 1896 and 1902, the reader will
be enabled to follow the reasening on which we base our con-
clusions thiat no such inecreased flood discharge can occur. We
have seen in our analyses of the several floods that the maximum
dischurge of the Pompton, at Two Bridges, is reached usually
about 33 hours earlier than the maximum of the main stream
below Twe DBridges, and that the channel below Two Bridges
is at present insaflicient to carry off the Pompton waters as fast
as they come down to Two Bridges, so that these waters are held
back und driven up stream into Great Piece meadow to augment
the flood wuters coming down from the southerly branches. The
improved channel, becanse of its greater capacity, will carry off
a larger volume of these Pompton waters during the early hours
of the flood, and therchy deerease the accumulation of water on
Great Picee meadow, making 1t Impossible for the water to
rise as high at Two Bridges after, as it does before improvement.

Take for illustration the flond of 1806, Plate TII. On this
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diagram we have shown by line “*d” the curve of estimated dis-
charge of the Passaic after improvement, in accordance with the
assumed maximum possible improvement of the river, This
curve shows that by midnight of February 7th the improved dis-
charge would have exceeded the discharge of the old channel by
589,000,000 cubic feet, which represents nearly onethird of the
entire volume of waters accnmulated on the flats during that
flood. By midnight of February 6th, the discharge of tho old
channel had reached 10,600 cubic feet per second. Weo may
assume that after improvement the waters at Two Bridges would
reach the same elevation as before, owing to the rapid influx of
Pompton water, because at this stage the river would then spread
but little beyond its banks. The discharge of the now channel
would then be 15,500 cubic feot per second.  Now, the measured
discharge of the present channel (line “a,” Plato II1.) shows
that when it had reached this stage of 10,600 cubic feet per
second, corresponding to elevation 166.9 of water swrface
at Two Bridges, the main stream began to subside, continuing to
do so for seven hours. This subsidence was clearly due to the
fact that the waters from the southerly branches could not got
down across Great Plece meadow fast enough to maintain a
flow of 10,600 cubic feet per second on the lower stream; and
conscquently, to maintain the improved discharge of 15,500 cubic
feet per second, a very considerable improvement of the river
channels above Two Bridges will be necessary.  We have assunied
in our estimates that the improvement will be carried out w a
sufficient extent to maintain this discharge. Now, this line “d”
shows that by midnight of February 7th the new channel would
have discharged 589,000,000 cubic feet more than the old channel.
Consequently, as the total accumulation during that flood did not
exceed 1,880,000,000 cubic feet, it would have been diminished
over 30 per cent. | This would have so reduced the height of tho
water above Two Bridges as to make it impossible for the stream
to exceed a maximum of 13,500 cubic feet per second, and we
estimate that by 4 a. ar. of the Sth it would have begun to decline,
as shown by line “d” of Plate ITI. A reference to line “o,”
showing the estimated discharge of the Upper Passaic at the
samo time, indicates that under the new conditions of improved
channel these waters will come down a little more promptly at
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first, us they are not held back to the samo extent by the rush of
waters from the Pompton, which are now carried down stream,
but they restch their maximum discharge at about the same time
as before.

The bank-fult stage before improvement was 4,000 cubic feet
per <econd, but after improvement this is increased to 8,000 cubie
fert per sevond, so that the period during which the stream is out of
its bunks ut Two Bridges will be reduced for such a flood as this
from 150 hours to only 90 hours. Not only will this period of
overtlow be thus shortened by 60 hours, but the stream will
prowptly subside still lower und the flats will dry up.

Taking the diagram of the flood of 1902, Plate I1., we estimato
that the rize of tho strcam after improvement will not differ
materially from that observed for the present channel, as shown
by line “a,” until the discharge has reached 12,000 cubic feet
per second, Ieeause during that period the rise of the Passaic was
upiforti and controlled by the steady swelling of the several
branehes, which had not yet begun to rise in a violent manner;
but from that time forward the discharge by tho new channel,
shown by line *d,” would have been accelerated more rapidly
than with the old channel, because of the rapid rise of the
Pompton, und, by 6 a. s, of Marelh 1st, we estimate that it would
have reached 21,000 cubie feet per second.  Continuing at ihis
rute nntil noon of the 2d of March, it would have disposed of
ni, 180,000 cubic feet of the waters accumulated on the flais,
o abony onethind of the whole; consequently, it would have
Iwen fmpossible for the stream to rise at Two Bridges as high as
it did betore improvement. We estimate that it would not have
inerensed abuve 21,000 cubie feet per second, but with adequate
improsenicnt of the upper channel it would have been main-
taiw-d at ahout this rate until 10 A, a. of the 3d, after which it
would steadily deeline. It will be noted that during this floed,
atter hnprovement, the flow of the Pompton is taken care of as
fast a~ it comes down, uwml that the waters from the southerly
branelic -, or the Upper Passaie, the discharge of which is shown
by line ¢, will conscquently come down more rapidly at the
start, but are ostiinated to reach a maximum discharge almost
as great and ut about the same time that it actually occurred
witl the existing channel, as shown by line “e,” after which
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there will be a steady decline as the waters are discharged from
the flats.

Tt may be thought that the fact that the water at Two Bridges
wounld be maintained at a lower level after improvement, shonld
cause a groater slope of the water surface through Great Piece
meadow, and consequently an accelerated discharge of the waters
of the Upper Passaic; but it will be found that the reduction of
depth over the flat, and consequent veduetion of tho hydraulio
wean radivs, will effectually prevent any such acceleration, and
that consequently a very considerable improvement of the upper
channels will be absolutely essential to maintain the flow at even
as high a stage as wo have estimated.

The result of our carlier studies, confirmed by the history of the
floods of 1896 and 1902, indicate clearly, therefore, that anv
drainage of the wet lands which is financially practicable, or
which is necessary and desirable, can be carried out without jn-
creasing, but actually decreasing the rute of discharge of floods
on the lower river. In order to emphasize the impracticability
of any scale of improvement which would imperil the lower
river, it may be well to point out that the cost of an improvement
on a scale which we have assumed in the abovo studies would be,
for the work helow Two Bridges alone, $192,500, while in order
to make this improvement effective above Two Bridges it would
lie necessary to spend at least enough more to bring the total up
to $250,000, a sum which is far more than the Drainage Com-
mission has ever contemplated. While an improvement to this
oxtent would ho entirely safe and desirable, & more moderato
seale of works could nevertheless be mude effoctive and useful.

CONTROL OF PASSAIC FLOODS BY STORAGE.

A plan for controlling the floods of the Passaje by storage
might be worked out in such a manncr that it woyld at the same
time confer other marked benefits, such as, first, converting the
unhealthy flat lands of the valley into lakes, therehy eliminating
the drainage question entirely; second, providing a larger sum-
mer flow of the main stream through Paterson and Newark, and
a means of thoroughly flushing the same by artificial freshets,
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thereby reioving the <ewawe nuisanee; and third, maintaining
and improving the valnable water powers at Little Ifalls, Paterson
and Dnadee, thereby adding (o the prosperity of those places, 1f
large reservoirs <honld he eveated, flooding the 20,000 aeres of
wet lands which it lus ween proposed to drain, they might he
rendered os inmeenons as if drained, and the picturesquencss
and desirability of the valley greatly enhanced.  With properly
desigmed spilhsays anl flood-gates, all floods, even so great a
one as that of 1902, could bu kept down to the very harmless
discliarge of 12,000 cubie feet per sceond, a diminution of over
10 per cent., and sucl tlood control need not cause a variation
in the level of snel reservoirs exceeding 3 feet. Finally, a
draught of > feet on such reservoirs would maintain the summer
flow of the river, at all times, at 440,000,000 gallons daily, or
four times the present sunmmer discharge.  Such a flow as this,
aided by an oecasional flushing by a higher rato of discharge for
24 or 45 hours, wonlid unquestionably greatly mitigate tho present
evils arising from the discharge of sewage into the lower stream,
and might postpone for many years the necessity of expending
a large amount of noney, estimated at much over $7,000,000,
in the construetion of tho trunk sewer which is now proposed.
In proof of this proposition we have only to cite the absence
of any scrious nuirance during wet seasons, when the stream
does not run low.

Sueli an ineresse of the summer stage of the river would,
moreover, afford addittonal water-power at Little Falls, Passate
and Dundee, amounting in atl to 10,240 gross horse-power day
and night, or over 20,000 horse-power for 12 hours daily, which
would be worth, at the rates obtained for water-power at those
places, R600,000 annually, which, capitalized at 6 per cent.,
woull indicate a value of $10,000,000 for these reservoirs for this
purpose alime,

Such a system of reservoirs might be so planned that they would
in nowise interfere with, but would add to the value of the
stream for municipal water-supply.

To sum np the advantages of such a system of reservoirs,
therefore, we should substitute for 20,000 acres of malaria-
breeding wet lands an cqual area of water-surface, which would
greatly enhance the beauty and attractivencss of the Passaie
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Valley; we would control such great floods as that of 1902 to
an extent which would do away with all damage along the lower
stream; wo would indefinitely postpone an expenditure of
probably not less than $10,000,000 for the construction of a
trunk sewer and sewage disposal works on the lower strcam:
and finally, we would ereate additional water-power, worth
$10,000,000, for use in manufacturing or for other purposes,
thereby giving a fresh impetus to the growth and industrial pros-
perity of ’aterson and Passaic and greatly adding to the wealth
of the State.

T'o be sure, the interests affected, public and private, are varied,
and the plan could not be made practicable and effective withont
giving proper consideration to all, but the advantages to all these
interests certainly seem to be sufficiently great to make it worth
while to give it the careful consideration and to bring about the
broad co-operation which will be neeessary to its success.

RARITAN CATCHMEXNT.

At the Delaware and Raritan canal dam, below Bound Brook,
1t was impossible to compare the flood-heights of 1902 with those
of previous freshets, owing to the fact that the dam was washed
out early in the year, before the occurrence of this flood, but from
notes obtained on the upper stream it is clear that while the
total run-off during the flood was very great in volume, the
maximum discharge of the stream was less than in 1896. None
of the branches of the Raritan reached so high a stage as in 1896,
excepting the upper Millstone river. This, being a stream of
low maximum, coming from a flat country, appears to agreo with
other streams of this class, such as the lower Passaic and Pequest,
in having reached a greater height than in 1896.

At Rocky Hill the flood is said to have been the highest since
1882. At Griggstown it was 514 feet lower than in 1882, but
about 5 inches higher than in 1896. At Blackwell’s Mills the
present flood was 2 feet 2 inches lower than in 1896, and 6 feet
2 inches lower than in 1882,
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On the south branch of the Raritan, at South Branch village,
the height was the same as in 1896, The following table shows
the relative height above sea level of several freshets since 1830,
as indieated by flood-marks in the mill at South Branch:

Relative height of floods Elevations
at South Braneh, above sea level,
July 29th, 1897, . i e i et 5T7.23
March 19th, IR, . . it it arrrarrrrcnennn 058.89
August 4th, 18R . ..o i, 58.96
July 23d, 1887, .. i it s 50,43
July 3Lst, 188Y. L.ttt e 59,62
Fehruary 11th, 1886.............. P feeenieaes 59.66
September 23d, 1882, ..o i e 50.96
Neptember 2d, 18350, ... 0 i i e 60.54
July 1Tth, 1860, ... . it 60.54
February 6th, I8, ... ... i i e 62.27
March 1st, T . o i e ettt catarenaan e nra 62.27

The ordinary summer level of the river is at elevation 49.0.

It should be noted that the height of the freshet at South
Braneh does not necessarily represent the relative rate of dis-
charge at the maximum, but may be due to the aceumulation of
the waters of the north and south branches more rapidly than
they can be discharged by the main stream below the confluence.

At Neshanic the freshet was 3 feet 2 inches lower than in
1836. Marks in the wmill give the following heights of the
several floods:

February 6th, 1896, ... . i it aa T6.7T9
September 23d, I8EZ. L e 74.94
L5 UG 74.58
S 1 74.04

At High Bridge the water was about 2 feet lower in the dam
than in 15896, which makes the rate of discharge not much more
than one-half that of 1896,

DELAWARE CATCHMENT.
At Stockton, the Delaware began to rise on February 28th, at

7 a. 1., and continued rising quite uniformly until 6:30 . ». of
Mareh 1st, when it reached a discharge of about 213,000 cubic
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feet per second. After this it remained nearly stationary for
two hours and then subsided gradually until after 6 ». M of the
1st, when it again began to rise, reaching a maximum of about
950,000 cubic feet per second at noon of March 2d, after which
it declined quite steadily, until on the evening of the 6th inst. it
reached about the same height as when it began to rise. Af its
highest it was 4 inches lower at Centre Bridge than the flood of
1841, and at Lambertville bridge it was 9 inches lower. On the
upper Delaware, at XKaston, the freshet of 1862 was also a little
higher than that of 1902, bui it was two feet lower at Centre
Bridge. The height of the flood of 1902 above ordinary low-
water at Trenton was 16.6 feet, at Lambertville it was 19.2
feet, at Centre Bridge, or Stockton, 25 feet, at Easton 32 feet,
and at Belvidere 22 feet. The accompanying diagram, Plate
VII., shows the approximaie curves of discharge of the Delaware
at Stockton, the Delaware above Easion, and the Lehigh, re-
spectively. It will be seen that the first maximum of the lower
Delaware was due to the rush of water from the Lehigh and other
lower branches, while the second maximum was caused by the
waters of the upper Delaware.

While the Delaware did not reach the height of the great
flood of 1841, the volume of the run-off during the flood of the
present year was very great, as it was on other streams. An
approximate computation shows that during eight days the river
discharged at Centre Bridge a total of 77,930,600,000 cubie
feet, which equals 4.91 inches of rainfall on the catchment. We
have seen that during the same period the Passaic discharged a
quantity equal to 5.35 inches of rainfall.

An interesting record of heights of Delaware floods was fur-
nished by Mr. B. M. Youell, who lives near the bridge at
Phillipsburg and Easton. This record was kept at Snyder’s
tannery, at the foot of North Third street, in Easton, from
1777 to 1814. From 1814 to 1841 there is a break, and then,
beginning with the great flood of 1841, the record has been kept at
Delaware bridge. Combining this record with the records pub-
lished in the Report on Water-Supply of 1894, we have the
following exhibit:
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FLOODS ON THE DELAWARE.
~—=—Height in feet.——
Name, Date. Lambertville. Eastoti,
October 27th, 1777, ..... .. ...... Ve 3.2
May Oth, 178L............ntt C 25.5
I'ebroary 20th, 1783............ e 24 4
Marceh 17th, 1780........ ... .o, Cee 26,90
I"umpkin Fresh.. .October 4th-6th, 1786, .......... 16 25.2
1798, .......... less than 'S¢
Jefferson Fresh.. . 1801, ........ .. 14 e
April 1st, 1814 ... ot 14 24.5
March, 1832 ..., . i, 12
April, 1836 .. ... . i, 14.5 v
tireat Flood. . ... January Sthe 1841 ..., o0 $2.2
October 13th, 1843............. 14 e
October 13th, 1840, ............ 2207
March 15th-1Gth, 1846.......... 17.5 27.7
March 3d, 1857..........cvve e 24.3
July 20th, 1860 ... ... L, R 4.7
June Fresh...... June 3d-8th, 1862 .......... ..., 18 32.1
October Fresh....Qctober 15th, 1869 ............. . 28.7
December 11th, 1878, ... ........ s 287
October 21st, 1879, .. o 0 v v v e 22.8
March 24, 1882 ....... ... .00t s 23.5
April 14th, I1885. ... ... il N 21
February 14th, 1886..,......... e 23.2
April Ist, 1886, ..., ... oal e 21.2
June 6th, 1886, ................ Cens 20.2
September 18th, 1888 ........... e 221
March 12th, 1893.............. Can 2]
April Oth, 1893.. ... vt e 27.5
Febrnary 6th, 1896............. i 28.7a
March 1st, 1896, ............... e 20
March 2d, 1900, ............... 18
Mareh 1st-3d, 1902............. 19.2 32

a IPebruary 6th, 1804, freshet about the same at Belvidere as 1869, Assume
game at Easton. No record.

It is interesting to note that the record from 1777 to 1786
shows five freshets exceeding 23 feet rise at Easton during a
period of ten vears, whereas there is no later period of ten years
which shows so many of equal height.  Although the record
is not complete, this fact appears to throw some doubt on an
oft-repeated assertion, to which we have given some credence,
viz.: that great floods on the Delaware are more frequent than
they were formerly.
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Tho Musconeteong did not reach as great a height as in 1896,
At the Warren Paper Mills the maximwn was 3,300 cubic feet
per second on March 1st, 1902, whereas on February 6th, 1896,
it was 4,410 cubic feet per sccond. At Saxton Falls the
maximum was 2,094 cubic feet per second, while in 1896 it was
2,205 cubic feet per second. At Lake Iopatecong the total
volume of water discharged into the lake from the catchment
amounted to 3.99 inches in 60 hours.

On the Pequest, at Belvidere, a much greater height was
reached than during any previous flood during the last 30 years,
and the discharge amounted to 2,959 cubic feet per second. This
is said to be the highest for this stream since 1862, 1857 having
been still higher.

On the Paulinskill, at Paulina, the discharge during the
present year amounted to 2,230 cubic feet per second, being
much lower than in 1896. Conditions on this stream are some-
what similar to those on the lower Passaic, the streams being
hordered by extensive flats.

The Crosswicks creek, near Crosswicks, did not reach an un-
usual height. In fact, of the Southern New Jersey streams,
none equaled the record of 1882. These streams do not usually
reach their greatest height during the winter and spring floods,
as the snow does not accumulate on the ground to the same
extent that it does in Northern New Jersey.

General Conclusions.

Our records of this flood, together with additional data col-
lected for the previous floods, lead to, or confirm the following
conclusions:

1. The data do not indicate cither increased height or in-
creasing frequency of high freshets during recent years.

2. Since such great floods as those of 1896 and 1902 are
largely due to the presence of accumulated ice and snow, and
since forests tend to increase such accumulations by shading the
carth, sueh freshets cannot be prevented by forestation. That
greater or less amounts of forest cover upon the catchments did
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not appreciably affect the flood-discharge of the several streams
of similar topography, was shown in the report upon the flood
of 1896, ‘

3. Topography and soil, the degree of saturation of the s0il,
and the rate of precipitation are the principal and probably the
only factor~ in determining the rate of flood-discharge. The
rate of precipitation must be determined by including melting
snow and ice.

4. The maximum rate of discharge and the volume of run-off
have no necessarv relation to cack other on precipitous cateh-
ments, but upon streams bordered by flats thoy inerease or de-
crease together.

5. Having in the flood of 1882 a summer freshet of a high
rate of discharge, with moderate suddenness and ordinary
volume of run-off ; in the flood of 1896 one of extreme suddenness
and high rate of discharge, with small volume of run-off; and
in that of 1902 a flood of comparative slowness of rise, with
moderate rate of discharge, but very great volume of run-off, our
experience embraces a wide range of conditions from which much
may be learned as to the regimen of the rivers. The flood-marks of
the past indicate that equally great floods have occurred, and on
the Passaic even greater ones. There will be no good reasons
for surprise if they occur again. Encroachments upon the
water-way of the streams, made without regard to these flood-
marks, must inevitably result in loss of property if not of life.

REVISION OF RECORDED MAXIMA.

Since the highest floods of which we had record, at the date of
preparation of the Report on Water-Supply of 1894, have been
excoeded on most of the streams either in 1896 or 1902, it be-
comes necessary to tevise our figures of maximum discharge
given on page 103 of that report. This we have done in the
following table:
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MAXIAMUM FLOOD DISCHARGE.

Area of Maximum discharge
Place of catchment. in cu. ft. per
Stream. observation. Square miles. incu, ft.  $q. mile, Date and remarks.
Ramapo ....... Pompton ...... 159.5 10,540 66.1 Sept. 22d, 1882,
Wanaque ... .. Pompton...... T3 7,203 90 Feb. 6th, 1806,
Pequannock - .. .Pompton...... 48 3,500 115 Feb. Gth, 1896,
Rockaway...... Pt, Oram ..... 20.9 1,007 67 Mar. 1st, 1902,
Rockaway...... Dover v..vvu-- 52.2 2,250 43 Sept., 1882,
Roekaway...... Boonton ...... 118.9 53,445 40 Feb. 6th, 1894,
Whippany. ... .. Whippany..... 38 3,200 54 Feb. 6th, 1890.
Pompton....cooveeeiaivianans 285 ..., 76 Feb, 6th, 1806.
Pagsaic........ Little IF'alls.... 7729 21,207 274 Mar. 2d, 1902,
Passaic ........ Dundee . ...... 822 22677 27.6  Mar. 24, 1902,
Passaic........ Little Falls. ... 772.9 25,500 38 Estimated for
flood of 1510.
Raritan........ Bound Brook.. 879 59,500 68 Feb. Gth, 1806.
Raritan, South
Branch ...... South Branch.. 276  ...... 100 listimated for
Feb. Gth, 1896.
Raritan, South
Branch ...... High Bridge... 67 7,008 113 ¥eb. 6th, 1896,
Raritan, North
Branch ...... Milltown ...... 192 ... 100 Estimated for
Feb, 6th, 1896.
Raritan, North
Branch ...... Pottersville. ... 4 80 Iistimated for
Feb. 6th, 1890.
Dumont's Brook, North Branch. . 105 ... 140 mstimated for
Feb. 6th, 189G,
Delaware ...... Stockton ... ... 6,790 254,643 375 1841
Delawnre ...... Easton ....... 4,880 215,000 4 Estimated for
Mar. 24, 1902,
Lehigh......... Easton ....... 1,332 ... s} Estimated max.
Musconetcong . . Riegelsville. ... 1322 5,602 43 Feb, 6th, 1806.
Museconetcong . . Saxton Falls .. 31 2,295 64 Feb. 6th, 1890,
Lopatcong. ... .. Lower Harmony, [ S 133
Pequest..,..... Belvidere. .. ... 158 2,959 18.7 Ieb. 6th, 1896G.
Pequest ........ Tranquility. ... 348 650 187
Paunlinskill ..... Paulina........ 126 6,734 04 F'eb, Gih, 1896.
Swartsweod
Lake ..o vvuenraneenerusans 16 1,070 63.8
Great Egr Har-
177 May's Landing, 2158 4,706 293 Maximum,
The above drainage arcas are corrected by deducting areas

tributary to reservoirs which retained the flood-flow.
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There are several formule given for computing the maximun
discharge of streams, which are used to greater or less extent
by engineers, .\ number of these are quite complicated. Tt
secms desirable to reduce them to the simplest possible terms,
from the faet that giod judgment and experience in applying
sieh formule to a given water-shed are extremely important,
and this may be lost sight of in the application of elaborate
formula.  Such u thing as mathematical accuracy is impossible,
owing to the infinite variety of conditions presented by different
water-sheds,  The formula given by Fanning for flood-discharge
which may be anticipated upon the average New England and
AMiddle States baxing, is as follows: Q=200 M4, in which Q—=
discharge in cubie feet per second, and M==area of catclment
in square miles.  Given a certain type of catchments, this
formula seems to express very well the law of variation in dis-
charge Jdue to varying size of catchment. It is a good basic
formuls, but needs the addition of a coefficient varying with
the topography of the catchment. Tt gives quite accurate re-
sults, without correction, for the following New Jersey streams:
Drumont’s broek, Lopatcong creck, Wanaque, Pompton, Delaware
at Stoekton, Delaware above Easton, and Lehigh, these water-
sheds ranging in size from 3 to 6,790 square miles. For the
other streams of which we have record the results of this formula
must be multiplied by the following coefficients: 1.25 for the
North and South Branches of the Raritan at their confluence;
1.10 for the Pegnannock, the main stream of the Raritan and
the South Branch above Iligh Bridge; .8 for the Whippany,
Ramapo and North Branch of the Raritan above Pottersville;
.+ for the Rockaway above Port Oram, Upper Musconetcong
and the Paulinskill; .6 for the Rockaway at Boonton, and the
Passaie at Little Falls and Dundee; .5 for the Museonetcong
at Riegelsville, and the Rockaway at Dover; .3 for tho Great
Egir Harbor and othier streams of Southern New Jersey with flat,
sandy water-sheds; .2 for the Pequest. It will be observed that
there is 2 wide range of coeflicients.  The higher ones apply to
stremns where there s but a small amount of flat lands along the
banks and where the slope of the stream is rapid, while the
lower coefticients apply to streams having broad bordering flats
and a fow rate of slope along the axis of thg stream. Rivers
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like the Raritan, having a number of important branches con-
verging to nearly the same point, have high coefficients as com-
pared with streams having only small branches evenly dis-
tributed along its course, such as the Paulinskill or Musconetcong.
The choice of a coefficient can be most judiciously made by com-
paring the catchment with those above named, being sure to
seleet a value high enough. '
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OUTLINE.

INTRODUCTION.

WELLS IN S8OUTHERN NEW JERSEY.

At Waretown,

At Island Beach.
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At Chadwick,
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Long Branch.
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Matawan,

At Philadelphia, Pa.
At Asyla.

Near Gibbstown,

Nortl: Spring Lake.
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Clarksboro.
Swedesboro.
I'ennsgrove.
Hammonton,
Clayville,
Millville.
Bivalve,
1)ividing Creek.
I'ort Norris.
Woodbine.
Cape May.
Ocoan City.
South Atlantie City.
Leed’s Point.
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‘Report on Artesian Wells.

By LEWIS WOOLMAN.
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INTRODUCTIOXN.

The writer presents this year data respecting such wells in the
Coastal plain portion of New Jersey as time from other im-
portant duties has permitted him to collect and study. The
records, thongh mnot so numerous as in past years, include wells
at two localities, viz., Hammonton and Cape May, where ac-
curate and reliable information has been most needed in
order to work out satisfactorily the undergropnd structure of
Southern New Jersey.

The borings at Hammonton, while they have given much in-
formation down to the depth of about 300 feet, were, unfortunately
for the geologist, not sufficiently deep to reveal entirely the struc-
tural relations of these beds with those of districts both to the
east and the west at lower elevations. Had one of the borings
at this point been continued from 50 to 150 feet further we
should probably have had the data which would permit tho con-
struction of a vertical section southwest across the State from
the Delaware river to the Atlantic ocean. Such a section would
be approximately near the line of the railroads from Philadelphia
to Atlantic City. Its constrnetion, however, will have to be de-
ferred for the present.

At Millville, where one deep well and a few shallower ones
were reported last year, a considerable number of additional wells,
to depths ranging from 66 to 191 feet, have been put down. From
these wo have gained information as to the probable relations of
tho upper series of beds here and at other points in Southern
New Jersey. The probable correlation of the various beds pene-
trated is noted in the records of the wells at Millville and
Hammonton.

The wells are arranged on the following pages in geographical
rather than in geological order.

(63)
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WELLS IN SOUTHERN NEW JERSEY.
ARTESIAN WELL AT WARETOWX.

Elevation, S fect: diameter, ¢ inches: depth, 100 feet.
Water rises 12 feet gbove the surface and overflows Y gallons per minute,

Drilled and reported by Thomas Roberts.

This well was put down about five years ago. The water-
supply was found in a “‘white eravel” at 100 feet from the
surface.  Hard elay, light in color, is reported between the
depths of 33 and 45 feet, below which were “soft, black sands and
clays” The location, we are informed, is about three-fourths
of a mile west of a well recorded in the Annual Report for
1892, pawe 293, as having been sunk to the depth of 280 feet.
Water was then reported as having been found and passed in
the process of drilling at the depths of 70 and of 137 feet.

Tn the clays procured at that time by the writer from the dump
around the mouth of this earlier well, marine diatoms character-
istic of the great diatomuceous clay-bed of the Miocene period
were found. '

WELT, AT ISLAND BEACH, SOUTH 01 SEASIDE I'ARK.
Flevation, 10 feet -~ ; dinmeter, 2 inches; depth, 73 feet,

Thomas Reberts, who dritled this well, furnishes the following
facts respecting it:

Mud bed 8 inches thick between the depths of ... ovvnnent 12 and 13 feet.
Mud bed 18 inches thick between the depths Of . o e 21 0 23 0«
Oyster-shell hed 1 foot thick between the depths of. ... .ot 34 ¢ 35 “
Mud bed I8 inches thick between the depths of . .....covivnnns 35 0+ 37 ¢
Reddish sand was entered Gl oo ooeverinraennniannens 60
Coarse white water-bearing sand was found at. ..o vvieamaan T3

ARTEFSIAN WELL AT BARNEGAT TPIER.

Elevation, 1 foot 4= diameter, 2 inches; depth, 58 feet.
Overflows 1 foot above the surface.

Drilled and reported by Thomas Roberts.
This is a flowing well and was sunk at I Suiten’s on the
meadows on the south side of Toms river, near whero that stream
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enters Barnegat bay. The water-horizon opened by this well
i8 thought by the driller, Thomas Roberts, to be the same as that
developed by the well at Tsland Beach at the depth there of 73
feet (see the preceding record).

SHALLOW ARTESIAN WELL AT CHADWICK.

Elevation, 10 feet &= ; diameter, 2 inches; depth, 79 feet
Water rises § incles above the surface.

Well drilled and data furnished by Thomas Roberts.

This locality is on the strip of beach land between Barnegai
bay and the ocean. The well is about six wiles north of Sea-
side Park, and also about six miles northeast from Tsland Heights,
which place and Chadwick are nearly upon the line of strike of
the underlying Miocene and Cretaceous formations. )

By request of the owner, Theodore W. Stemler, a series of the
borings were courteously furnished the Survey by the contractor.
From an examination of the same, both microscopically and
otherwise, we present the following record:

Soil and meadow muek. ... v surface to 5 feet
Beach sand somewhat muddy........................... O feet to 22 feet.
Sand L 22 v -~ 23 -«
Mollusks, viz., Mytilus edulus and Peeten irradians, at. . ... 25 0~

Dark sandy clay, contains sponge spicules and diatoms of
species the same as those now living along the coast... 23 = + 27 +«

Mixture of coarse sand and medium coarse gravel......... b A
Clay, dark in color and somewhat micaceous............. 31 0 v 35 =
Mollusks, 4. e. Pecten, ut. ... ... 0. a0 -
Clay, containing no micro-orgamisms..................... 35 = = 45 =
Al L e e 45 40

Clay with no micro-organisms. . ... ...ovvervnrrren.... 4 * * B4 -
7 1T L . T
Gravel mixed with sand. .......... it e i i, B8« g0
Coarse white gravel. . ... ... .. iiiiviin i 60 gy ¢
Coarse gand with Water. ... vu i ien v arennrnn... 68 ¢+ v 74
Sandy clay, no micro-organisms. ................... .00, 74 ¢+ Y79 ¢

This well, though drilled to the depth of 79 feet, was finished
at 74 feet, the depth at which water was found.

5
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aRTESIAN WELL AT BAYHEAD.

Flevation, 10 feet; diameter, 6 inches; depth, 870 feet.
Water overflowed 100 gallens n minute.

Kisuee & Dennett, who drilled this well, furnish the above
data and the following record which weo quote nearly verbatim, in-
<orting, however, two intervals they did not describe, and adding
sur interpretation of the geology on the right:

Fand surface tiwvessinsivens 126 feet. } Recent and
Kotten snne. . eerns rreennis 125 feet to 200 Miocene clay.... .. Miacene.
Ha;’l;ln' r;nme ﬁs in Island s ¢ o 925 Age?

eights wellivwies sranne Probably
Mirliccosenssmeesroarsns sencanes 225 % ¢ 326 ¢ { Eocene in
Yery whilte rarl, came out y Ppart.

with the (wash-out) waler
just like milk.... .coorerr 825 ¢ ¢ 400 © Ash marl..........

Greensand marls 400 ¢ % 659 4 Middleandlower

marl beds.......

Yellowish rand, flowed o Band at the top of
nice stream of water, the L the clay marls. | Cretaceous.

same as st 400 feel at ! Marlton water-

Arbury Park..oocovi e 659 " “ 690 “ ] horizob..eeen

Clay marls coevas e - 890 * 780 * Clay marl ........

Sandy iu the middle of the Cropwell water-
(ay moarls, veter boaring, T80 ¢ 870 ¢ Rorizon. oo r |

This i~ the third well that has been sunk at or near Bayhead.
The two former ones had depths of 885 and 813 feet and wore
revorded in the Annual Report for 1896, pages 151 and 152.
This well hus a six-inch easing to the depth of 225 feet to the top
of the marl serics, and was continued below this with a four-and-a-
half-inch casing to the depth of 780 feet. The drilling was
continued below the easing in water-bearing sands to tho total
depth named above of 870 feot. The horizon developed is the
equivalent of that at about 550 feet at Asbury Park.
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THREE SHALLUOW ARTESIAN WELLS AT FARMINGDALE.

Depth of one well, about 40 feet below the bottom of the marl-pit. Depths of 1wo
wells, 68 and 87 feet below the surface of the ground.

Among our herctofore unpublished data we find notes, made at
an interview some years ago with Uriah White, that a well about
40 feet deep had been sunk from a level near the lowest part of
the cartway sloping to the Dbottom of one of the marl-pits at
Farmingdale, and that this well passed at its base through 4
or 5 feet of material which he deseribed as “coral,”*

Uriah White alse at the smwme time informed us that at a
powder factory, abont one mile northeast of the above well, there
had been sunk two wellg to the depth respectively of 68 and 87
feet.

All three of these wells probably reached the same water-
horizon. .

ANTESIAN WELL AT SEA GIRT.

Elevation, 15 feet: dinmeter, 6 inches: depth, 750 feet.
Water overflows at the swrface 28 gallons per minute.

Drilled and daia furnished by Kisner & Bennett.

The above well is on the campground at Sea Girt. The
water-horizon corresponds with that at the depth of 350 feot at
Asbury Park, and is probably the equivalent of that which we
have named in Burlington county, the Cropwell water-horizon.
Tt occurs about 175 feet beneath the top of the Clay Marls and
is situated well within that formation.

In the Annual Report for 1895, page 75, we recorded a well
put down at Sea Girt to the depth of 755 feot, the water-bearing
stratum oceupying the interval between the depths of 735 and
755 feet. This well doubiless draws from the same water-
horizon. For a detailed record of the various beds penetrated
the reader is referred to the Annual Report for 1895,

* These are probably the Bryozoan-bearing beds of the limesand.-~H, B. K.
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ARTESIAN WELL AT KEY EAST.

Elevation 10 feet; diameter, 3 inches; depth, 430 feet.

Drilied by Kisner & Bennett, at Hotel Avon.

This well was very briefly reported in the Annual Report for
1885, page 130, but without any stratigraphical notes. More
recently the contractors have furnished the following record of
beds penetrated:

Sand and coarse gravel ........ccccemerennncrnuees veens 2feet = 2 feet.
“ Rotten stone,” BIOWN. rcvveevienicremminianvicorsirennee 86 "¢ = 87 4
Fine light sand ..cc.ocuneieiicnnnenn. et stbeerrrs envarene b % = 42 4
Whitish clag....ccoerinisrninn.n corsrrtisernermsseiean e 10 ¥ = 52 #
Quicksand, Bray...ccuiiien cereieenerernne 40 ¢ = g2 «
“ Rotten stone,” brown.....c.evereeee e 20 0% =112 ¢
Coarse BaNd .....ivcvevimsereosicinnissresssssnrsnsennenens, 8 % =120 ¥
Marl... cvinrersnssrneseineens SO0 % =2 420 &
“Oyater " shells probably at. about 400 or 420 feet

Yellowish sand ....cveeee ceneeeee rornias o errereesrernanate 10 « 430 «

This locality is on the beach north of the mouth of Shark river.
On a test this well gave 52 gallons a minute. By comparison of
the above record with other wells along the coast and in the in-
terior to the southwest, we conclude that this well reaches the
Marlton water-horizon, and corrasponds with the depth of 380
feot at Asbury Park.

THREE SHALLOW BORED WELLS AT NORTH SPRING LAKE.

Depth, 47 feet.
These wells were put down in 1891 and are east of the rail-
road. Kisner & Bennett, who drilled them, furnish the fol-

lowing record:

8oil and white sand, then blue clay to the depth of . .. ......ooooevt... 27 feet.
Yellow sand. . ... .ottt it e e ieane s from 27 feet to 47 *
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ARTESIAN WELL AT LONG BRANCH.

Elevation, 10 feet; depth, 371 feet.

Among our heretofore unpublished data we find a note that
a well was drilled in 1894 by Uriah White, at Long Branch, to
tho depth of 371 feet. This well is supplied by the same water-
horizon as that at the depth of 550 feet at Asbury Park.

ARTESIAN WELL AT DEAL.

Klevation, 20 feet 4- ; diameter, 6 inches: depth, 112 feet.
Overflows at the surface 300 gallons per minute.

Drilled and reported by Kisner & Bennett.

This well was put down on the shore of Whale Pond brook,
about two miles inland from the ocear and near the old town of
Deal proper. The location is also about two miles northwest of
Deal Beach and one mile west of Elberon,

Kisner & Bennett regard tho finding of a strong water-bearing
sand in this region, at the comparatively shallow depth of 112
feet, as remarkable. The yicld also is certainly phencmenal,
This well i probably supplied from the “Yollow Sands” or the
underlying limesands.

ARTESIAN WELL AT MATAWAN,

Elevation, 10 feet 4-; depth, 205 feet.

Kisner & Bennett report sinking a well for the town supply
at Matawan. They found a water-bearing sand between the
depths of 185 and 205 feet. This water-horizon oceurs well
within the Raritan group of sands and clays.
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TWO ARTESIAN BORINGS IN PHILADELPHIA AT TUHE FIDELITY
BUILDING, BROAD STREET, NORTIT OF ARCIH STRERT.

Elesation of street, 40 feet.
Well No. 1 Diameter, § inches; depth, 44 feet below street level.
Well No. . Diameter, 10 inches; depth, 42 feet below street level.

A few yeurs since, at tho time of the erection of Fidelity
Building, in Philadelphia, two wells were sunk from the floor
of the subreellar, which floor is about 17 feet below the curb-level
of the street.  The record for these wells is as follows:

Thickness2s, Depths.

Depth to cellar 00T, . irversereaienenn canseerevenes covrneens 17 feet =17 feet.
Coarse loamy sand, reddish in color...c.c.covvereens L1208 =29 ¢
Heavy gravel...ococnaes reravesreeransrnsserranraesennieens 18 0 =46 Y
Coarse white sand.......ovvcciinniene betesnarraesaninaraarante 1 foot = 48 *

These wells together yield by pumping 300 gallons per minute.
'Tha natural level of the water is sald to be about 3 feet below
the cellar floor, or about 20 feet below the street level.

ARTESIAN WELL AT ASYLA.

Flevation, 23 feet; total depth, 457 feet:; diameter, 8 inches to 190 feet;
diameter, 6 inches to 475 feet.
Water rises within 23 feet of the surface.

This well was put down to supply water to the Camden County
Asylum,

The sinking of this well was strongly advocated by Charles F.
(“urrie, the Superintendent of the Asylum.  With intelligent ap-
prociation of the work of the Survey, he in advance asked our
opinion us to the number of water-horizons likely to be met with
and their depth.  These horizons we predicted and he has since
informed ws that they were all found, three in number, and near
e diepths we hiad named.

The driiling of the same was done by Thomas B. Harper,
throneh whose eooperation with C. F. Currie we have been
furnishid with a full series of the borings and also with some
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deseriptive data respecting the same.

71

After a careful study of

these borings, both macroscopically and microscopieally, we pre-
sont the following record:

Sorface =oil, contains oceca-
sional fragments of limesand
FOCK weiirvmanrarrsanreeserarrarsn

Greensand marl with frag-
ments of Terebratula, prob-
ably harlani M. and other
shells; also numerous for-
eminifera.. .. certeienaaa

Similar greensand marl m:xed
with quartzose sand, contains
heavier fragments of shells
but no Terebrafula and very
few foraminiferte .ooerre crsses

Nearly pure greensand marl
without quartz grains, Con-
tains numerous feramini-
Jera. s

Band- mlxtnre ofgreensand and
white quartz grains. Water
bearing between 80 and 90
feet. Water riging 14 feet
above the surface .....eivvaren

Black clay marl with green-
BB . e e e

Sand-....oovens

Wnter between 175 and 190
feet that also rose 14 feet
above the surface.

Indurated rock seam 4 feet
thick that prevented sink-
ing the 8-inch casing below
190 feetoviinirecvisnnrarsensnires

Clay marl with greensand*.....

Band¥ ... corveeveeciicrs vrenne siree

Bilnck clay marl*...............

Band....ccorieriiirer e

Coarse gravel with water that
supplies the well.......ceuvees

LI LI LTI T

atdakssbedssianaansn

Burface to 5 feet.
5feet ¥ 10 ¢
]0 11 i 20 {3
o0 “ u 49 o
40 [14 o 90 “®
90 £ 113 140 114
140 [1] & 190 119
lgb « uo1g4
194 % % 220 ¢
220 23 it 312 1}
312 % o 40p «
400 “ Y437 ¢
437 ¢ 4 457 “

Middle and
| Lower
Marl beds,

)

1

{ Band.

1 Marlton

Water-
Horizon.

} Clay.

-

Sand.
Cropwell

i' Water-
Horizon, -

J
Clay.
Sand.
Clay.

} Raritan.

Clay Marls.

T
Cretaceous,

2/

*The combined thickness (208 feet) of these beds i3 much greater than that of the two lower

nombers of the elay mar! group, to which they reem to belong, This may be due to 1he inter-
calation of a sand bed between the two elay beds, ns seems Lo be the case from the rocard es
given, or it may he that the lower black clay bed of the section belongs In part to the Rail-

tan group.—H. B, K.
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We are informed that water rose from below 440 feet to
“exuetly 25 feet from the surface,” that is, to about tide level.
This is in keeping with our information clsewhere, as at Cam-
den, Gloneester, &e., where the water from wells sunk to the top of
the Naritan beds, and indeed still deeper within them, gcueri]ly
rises oniy to about the level of tidewater. TIn this connection,
it should e obeerved that, as stated in the above record, the water
from the two higler orizons, viz., the Cropwell and the Marlton
water-horizons, rises some 14 feet abore the snrfuee, or about 40
feet higher than that from the Raritan beds. -

C. F. Currie wrote that “with a 4-inch pump worked by the
driller’s engine the well produced 100 gallons a wminute.” e
abso stated that the water is soft and apparently satisfactory,
although no analvsis had then been made,

NMINF ARTESIAN WELLS NEAR GIBLHSTOWN AT THE POWDELR WORKS
OF TIIF REPAUNO CHEMICAL (O,

Seven wells drilled and reported by Andrew Flemstrom.

Elevation, 5 feet 43 dametor of each well, 3 inches: average depth, 78 feet.
Water rives to tide level and varies in height with the rise and {all of the tide.
Overflows at the surfaee with high tides.

Two wells drilled and reported by Haines Bros.

No, 1. Elevation, i feet + ; diameter, 3 inches; drilled to 114 feet und fin-
ished at 46 feet.

No. 2L Bievation, 3 feet -+ ; diameter, ¢ inches; depth, 90 feet,

Water ci-i~ in bath wells within about 8 feet of the surface.

The wronp of seven wells above noted are located on land
adjacent to the nmrgin of the marsh between Gibbstown and the
Delaware river.

Andrew Flemstrons, who has vecently furnished us with the above
datn, further staies that threee of these wells were put down in 1899,
while tlee other four were sunk the present year. The group
sumk in 1809 are about 1,500 feet west of the group sunk this
vear. [l states that on testing, the three wells of 1899 yielded
300 gallons a minnte, while the four of this year yielded 460 gal-
fons o minute.  The top of the water-bearing sand was found at
the average depth of 75 feet, and the wells were prospected threo
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feet deeper and finished with strainers at the baso 6 feet in
longth. Yellow clay was encountered at the depth of 45 feet,
and lignite and “iron,” probably pyrite, at about G0 feet. The
water is supplied from within the Raritan beds,

Respecting the gronp of two wells, Haines Bros. state that they
were drilled late in 1902, and that tho materials penetrated wero
sunds with a few thin interbedded yvellow clay seams to the depth
of 80 feet—then coarse gravel to the depth of 96 feet, where de-
composcd micacecous gneiss rock was encountered, which, at the
depth of 114 feot, became hard, solid rock.

The wells are at Thompson’s Point, on the Delaware river, a
mnile north of Gibbstown.

ARTESIAN WELL AT CLARKSBORO,

Elevation, 70 feet; diameter, 3 inches; depth, 173 feet,
Wator rises within 40 feet of the surface.

Well drilled and data furnished by 1laines Bros.
This well was drilled for Charles Stewart.

Boil cireiirin i sen rsrenr e e veemvens seneene 15 feet = 15 feet.
Gravel, with Water.......ccvivirnvnrein oo B = 20 8
Black, loose clayey sand....cvveisrverescnencisnssenereens, 40 % = 60 ¢
Brownish sand, with Water....ccorerivivsivnrerensininen 20 ¢ = 80 #

.8 ¢ =165 ¥
13 ¢ =178 ¢

Marly clays..ccoiciinininirnninniiis ciee .
White sand, with water....... covicreiies cvisiraniann,

This well has a strainer at the bottom four feet long.  The white
sand earrying water is at the top of the Raritan group.

TWO ARTESIAN WELLS AT SWEDESBORO,

Elevation, 10 feet 2= dismmeter of cach, G inclies ) depth of each, L feer,

Water overflows at the surface about 19 gallons a minute,

Woolwich Water Co.  Drilled and data furnished by Haines
RBros.

These wells are additional to one put down last year at the
same water works plant and to the same depth, and reported in
last year’s Annual Report, page 78. They pass from the base
of the Clay Marls into the Raritan formation and obtain their
supply from the water-horizon at the top of the Raritan formation.
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The Joeation i« upon the east bank of Raccoon creek. The
record, with o slight revision, is the same as that published last
vear.  As revieed, it 1soas follows

Made ground, metdew Loy o ronnine

snd in suee~<lon. . . L... ..., 0 feet to 10 feet. 1
Black cluy marl. . . ... e L L L (_,I.ly Marl, ! 2
Fine block sand. . ... .. .. .. ... Lo T hoo ' b §
Iiry black clay......... ..., ot 1o €
Coarse sand with water, 000 L L0 0 1100 0t 133  Raritan. J (‘5

The water Lorizon i~ wlso 'l sumie as that supplying a well
at Muiliea Hill 41, miles castward, which well has a depth of
265 feet, the elevation of the surface at the two wells being
abount the same,

TWO »1AalLoeyw WELLE AT PENNSGROVE.

Kievation, D feat 2 0 dismeter of each, 3 inches: depth of each, 30 feet.
Wator rices within 63 feet of the surface.

I the Mumual Report for 1901, page 92, there is noted an un-
stweeessful boring at this locality to the depth of 334 feet, the
tower 50 feet being in the micaceous pmeiss rock, which is charae-
teristic of Sontheustern Pennsvivania, and outerops in the hills
to the westward across the Delaware river. At t.hat time some
water, not then noted in onr report, was found in a “coarse gravel
with laree pebbles and bowlders™ between the depths of .42 and
30 feet,  The two more shallow wells now noted were sunk to this
water-horizon, which i~ praetieally a surface one. A lead-colored
elay was noted in these shallaw Dorings at their base.

FOUH ANTESIAN WHLLS AT HAMMOXNTON.
Flevation, 120 feet.

Well No, 1 --Digmeter, & inche~: depth, 182 feet: length of strainer at the
bottom, 20 feet.

Well No. 2 -Dinmeter. 8 inches; dopth, 200 feet; length of strainer at the
bottom, 40 feet,

Well No, & Diavaeie s 0 dnches: deptin 3 feet ) length of strainer at the
bottom, 60 feet.

Well No, 4 Diameter, G inches: depth, 316 feet: length of strainer at the
bottom, GO feet,

Water from Well No. 1 risrs within 26 fret of the wurface.

Water from Wells Nos, &, 3 and 4 rises within 30 feet of the surfuce.
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'Fhesy wells are located adjacent to the Reading Railroad Com-
pany’s station, and were sunk to supply the town with water.
They were drilled by Kisner & Bennett, who kindly furnished
full series of the borings and verbally supplied much information.
From an examination of these borings, in the light of the informa-
tion thus supplied, we present the subjoined record. We are also
indebted to the borough authorities and to T. Chalkley Hatton,
C.E., for courtesies in this connection:

RECORD.
Yellow gravel with iron-stone conglomerate |
crusts near the top.........couenenn Surface to G feet. |
Stiff yellow clay. .o vvn e iiiinrreeanas 6 feot ™ 16 * Mainly
Yellow sand, varying from fine to very lSund.
eoarse (water-bearing, from 25 to 120 U344 feet.
Y & w120 i
Darker yellow clayey sand, .............. 120 ¢ 148 }
Stiff black, somewhat sandy elay.......... ) ETE I {1 Clays,
Black, very sandy clay....... ... ... b 151 [ Ol } 16 fewt.
Orange yellow sand, with water, supplies Sand
Well No. 1o w2 182 } 20 feel.
Stiff black clay. ... ..o et 18 -~ 196 Clays
Dark, very sandy clay............oo0enns 19 = 230 } 48 feot
Brownish sand .......... .00 hieneninians 230+ 238 ]
Sand, very peculiar red {in Well No, % ‘Sund
onl¥) it e e e e 238 ¢ ¢ 244 { 85 feet
Coarse, somewhat yellowish sand.......... 244 ¢ 315 j

Water-bearing from 230 to 310 feet, sup-
plies Wells Nos. 2, 3 and 4..........

4
Tenacious, black elay...................815 = “ 316 = {L’“‘"

1 foot, -

After comparing this record with that of a well at Winslow as
furnished by Hon. A. K. Hay and recorded by Professor G. H.
Cook in Kitchell’'s* Second Annual Report of the Geologieal Snr-
vey of the State, 1855, page 60, we find a similarity in the suceecs-
sion of the beds down to the depth of 205 feet at Winslow and 230
feot at ¥lammonton, the elevation of the surface at both localities
being the same, or about 120 feet above tide.

# Prof. Cook published a later report of this well in the Geology of New Jersey
1868, in which he described 107 feet of micaceous sand between 150 feet anid 257
feet. This interval in his 1855 record was given a threefold subdivision as follows:
“Quicksand, 28 feet; hlack rand, 27 feet; brown sand, 44 feet” It is this earlier

record that agrees with this Hammonton section. \
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In each well at these respeetive depths the top of a brown
suml was entered; this brown sand is stated to be 44 feet thick
at Winslow, where, if we may rely upon the record, it rests at the
depthe of about 248 fect upon a dark-colored or black clay. At
Hiummnonton this brown sand changes to a somewhat yellowish
aundl towurds the base, the two together being 85 feet thick. At
the depth of 315 fert these likewise rest upon a black eclay, which
belongs probubly to the same bed as the Winslow clay.

At Hammionton this black clay was not passed through, being
penctrated only to the extent of about one foot. At Winslow it was
found to be 43 feet thick and to rest at the depth of about 300
feot upon a greensand marl.  This depth of 300 feet at Winslow
prolably indicates the point at which the beds that contain no
greonsand eliango to these that do contain it in greater or less
quantity. A similar change occurs at Atlantie City, at the depth
of 110 feet. A line drawn so as to connect these depths at the
two places probably indicates the average dip of the upper part
of tho greensand beds, i. e., the top probably of the Focene. The
distance between wells at Winslow and Atlantic City is about 31
miles, which, allowing 120 feet for difference in elevation, indi-
cntes an average dip along this line of about 26 feet per mile for
the base of the Miocene and the top of the Eocene.

The records at Winslow and Hammonton both show that be
neath a surface-vencer, not over 15 to 25 feet thick, sands yellowish
in color are encomutercd, and also that the beds are mainly
vellow sands, with au exceptional thin black clay-bed to be noted
in the next puragraph to about 180 feet.  The beds below that
depth are none of them yvellow,

Two beds of black elay higher than the one already noted as
oeenrring at 245 feet at Winslow and at 315 feet at Hammonton,
were found at Thunmonton,  The higher of these two occupies
the interval Detween 146 and 162 feet, and is a short distance
ahove the base of the wellowish beds of the upper part of the well
seetion, while the lower one oceurs between 182 and 230 feet, and
marks the division between these upper or yellow beds, and those
below that are not yellow,

A wimilar sueeession of beds with similar characters has been
demonstrated by the wells put down the present year at Millville,
ag can be scen by comparing this record with the one at Millville,
which appears on page 80, At Millville a black clay at 76 to 82
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feet, oceurs in the vellow beds near their base, while another black
clay, the top of which cecurs at 92 feet, separates the upper beds
which are prevailingly yellowish, from the beds below, which
are not at all of that color.

While wo do not consider the data so far collected by the Survey
as entirely conclusive, we are, nevertheless, inclined to regard the
85 feet of water-bearing sands between 230 and 315 feet, cither
in their entirety or in part, as probably the equivalent of tho great
Atlantic City water-horizon that has there a similar thickness
and occurs between the depths of 780 and 860 feet. This we
have herctofore called the 800-foot Atlantic City water-horizon,
from tho fact that most of the wells there are prospected to that
depth and oceasionally somewhat lower.

It will be seen by the record that there are at Hammonton
three water-bearing sand and gravel-heds, separated by two clay-
beds, while the lowest of the three sand-beds rests upon still
another clay-bed. The driller, George BB. Kisner, at our requaost,
continued the drilling of the fourth well about one foot into this
lowest bed and obtained for the Survey a specimen thereof. From
the handling of the drill in the process of the boring he says
“the clay in this lowest bed differs from that on tho two higher
ones in that it is sticky and tenacious, while the two clays above
were stiff and sandy.” We are inclined to think this lowest bed
represents the non- gl:mcomtlc. Miocene clay, beneath which,
elsewherc in the Stat.e there is a sand-bed, sometimes clayey, and
always containing more or less truc greeusand Careful micro-
scopic examination of all three of these clays fails to reveal any
micro-organisms, such as diatoms or foraminifera.

The great 300-foot diatomaccous clay-bed of the Atlantic
Coastal plain, which at Atlantic City oceupies the interval be-
tween tho depths of about 400 and 700 feet, is wanting in these
borings, although the lower 120 feet of it was met with in woll-
borings at Egg Harbor, ten miles castward. The base of this
diatom bed probably rises toward tidelevel and feathers out
midway between these two places, say near DaCosta, and is there
overlain by the yellow sands, and perhaps also by the accom-
panying black clays revealed in the Flammonton borings.
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ARTESIAN WELL AT (LAYVILLE, BETWEEN SOUTH VINELAND
AND MILLVILLE.

Elevation, about 80 feot; diameter, 134 inches; depth, Y7 feet

This well was drilled in 1893 by Leach Bros.,, who then in-
formed us that the materials penetrated wero yellowish sands
and quicksands al! the way down, excepting about 8 feet of dark
clay at the depth of about 80 feet. The same firm alse put down
a second well at the same place, of the exact depth of which we
have not been informesd, though it was probably finished at about
the same depth.

TWENTY ARTHESIAN WELLS AT MILLVILLE ¥OR THE MILLYILLE
WATER CUOMPANY.

Wells. Diameter, Depth.

No. A, ... inches, 685 feet................ Test boring.
"o, L1 WL e Water overflows.
" R, 1l " b+ O " -
s Iy, FETR BT " -

. N 4L, ¢ 172 0 e -
ALY 41, “ T8 " i e
R 41, - 90 " e
4, 41 126 o i
5, 415 128 ... e
: t, 41, 21> S RPN
7 8 - 174 0" e
h% ] " B
9, 4i, - 108 o e
-1 1 . B9 " e
“ o, 5 - L T,
12, 41 - 66 " e
~ 13, 6 - 0T % e,
" 14, 41, * WL
* o 1h, 11, - 190 " e
“ 1, 12 " T e

Elevation, about 3 feet above high tide.

Water-horizon at 06 feet to T4 fect, Upper zrou
" < U 1L s R } pper group. !

Water frem this group ri<re from 10 to 14 feet above tide.

Water-horizon at 150 feet to 191 fret.

o4 v w212 }Luwer group.

Water from this group rises 22 feet above tide. K
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The Millville Water Company have for many years supplied
that town from the mill-pond there. This water becomes at times
slightly colored, and is then what is commonly known as cedar
water. Inorder to ascertain if a perfeetly clear and colorless liquid
could bo had at all times the company, in 1901 ; put down a teut-
horing to the depth of 685 feet. This demonstrated the existence
of two satisfactory groups of water-horizons above the depth of
about 212 feet, but showed no water-supply of satisfactory quality
below that depth. They, therefore, sunk the same year three
other more shallow wells, two to the upper and one to the lower
of these, and the present year they have put down sixteen others,
some to the upper and some to the lower water-horizons. The
entire series of wells are arranged along the two arms of an .
and are 100 feet apart. The deep well (655 feet) and two of the
more shallow wells were noted in last year's report, but for com-
pleteness of the record at this time we include these (with one other
drilled last year) with the wells drilled this year in the above
tabulated exhibit. The wells are located on the flats of the
Mavurice river, just below the breast of the dmm and at the head
of tide-water, theso flats being about threo feet above high tide.

Wa have designated the wells as they have been designated by
tho water company. Those of last year are lettered, while those
of this year are numbered, the numbers being in the regular
order of their occurrence along the two arms of the T, and nol
in the order of time in which they were put down.

The 685-feet boring was not used for water-supply,  Iourteen
of the wells range in depth from 66 to 128 feet, while the r-
maining five are between 172 and 204 fect deep.

Through the courtesy of the company and of its engincer we
have been furnished with a completo series of the borings from one
of the doeper wells of the present year, and a3 this series is more
representative than a similar series reccived last year, we now pre-
sent a somewhat revised record, which includes, however, infor-
mation obtained last year as well as this. Below the depth of 185

feot the record is reproduced with some slight amendment from
last year.
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Yollow sand from near the surface to the depth of. ... .. 56 fect.
Yellow sand and conrse pravel with a good
supply of water. oo oo 56 feet to TG
Black elay «.vvvrvirentrnrriiantrneaas (LS -
Yellow clay . ov e in i e e ans 82 0 v 85
Yellow gravel ..ot 83 0o 920
Black €lay «ocvevriiaranieriiiie e g2 o+ 098 “ Y DI’robably
Alternations of dark elay scams with sands | in part,
COMEAIRING WITET Lo a8 v 135 ¢ '} if not
Black clay with casts of marine bivalves.... ms o« v 150 ¢ l wholly,
Coarse brownish gray rafer-bearing sands.. 150 =" 185 | Miocene.
Clay and coarse gravel, some diatoms and 1
also iron Pyrite. .. coiiiieieiia 185 204
Gravel with “a good flow of wrater™. o.ov. . Dot 2120
Dark brown clay, po digtoms, hut first ap-
pearance of fossil mollusks in which the
shell itself is preserved, ool U2 e w221 ¢
Gravel, with rome shelba oo e w233 0 .
Dark clay, no diatoms. ...ovvei i mppoeo 241 0 + Miocene.
Clay, gravel and some sheils..ooonn Lo eo25h
Clay, sandy at the top. ..o ety SR 11 | B
Clay, with comminuted shells. . ooavoennne 300 v % 310 ¢
Dark brown eli¥. oo e ieacrenararaansns =3 (U - 110
Greenish ¢lay .o orini i 360 < ¢ 370 ¢
Brownish sandy clay.....ocvoeiiiiana 370 ¢ ¢4 37 ¢ j
("
Greenish mixture of quartz and green sand..375 < " 8%5 )
Dark olive-green sandy marl, with abundance | Upper
of greensand prains. ..o 05 ¢ ¢ 438 ¢ Layer
Similar dark olive-green sandy marl, but . Upper
somewhnat more clayey.. ... o 438 ¢ bB26 ¢ Marl
Greenish mixture of guartz and greensand, Bed.
with some fossil shells. ... oovars 550 T 3137 Sy
(7
Greenish sandy clay, with some green sand 1 Lower
and some fossil shells. ... ..o oiinves 5H2 ¢ " 630 ¢ Layers
Similar greenish sandy clay, but with much . Upper
more greel SAnd. . ..oereiaaaiai et 630 ¢ 675 ¢ Marl
Dark olive-green clayey marl............0o 675 * * 680 ] Bed.
Hard rock, slightly cafcarveous. .. ......oot G80 “ * 68 “ { E:':r):betsgu

In one of the wells put down this year, at the depth of 135
feet, at the top of the black clay in which occurred casts of
marine shells, we found one small flat laminated and indurated
pebble about the size and thickness of a dime, which, on being
split, unmistakably showed on tho inner faces the microscopie
remains of marine diatoms. No other diatoms, however, were
diseovered by a microscopic examination of the clays until the
depth of 200 feet was reached.
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As already noted, these wells demonstrate the existenco at this
locality of two groups of water-horizons. The upper of these
was developed by the wells whose depths range between 66 and
128 feet. This horizon has also been developed by other wells
put down at Millville, ‘at both the upper and the lower glase
manufactories of Whitall, Tatum & Co., and also at the pland
of the People’s Water Company. All of these wells are on the
meadows adjacent to the Maurice river, and all of them lower
down along the course of that stream. We also regard this
horizon as the equivalent of that supplying six wells put down at
Vineland for the public water-supply there, which range in depth
between 125 and 150 feet, the clevation of the surface being 84
feet. Tt is also probably the same as that which supplics wells
at Bridgeton, whose depths vary from about 80 to 115 feet, ac-
cording to tho elevation. We would further tentatively snggest
that it may be the same horizon as has been developed at llam-
monton between the depths of 162 feet and 182 feet, and which
supplies Well No. 1 at that place (page 74). The lower group
of horizons at Millville supplies the wells whose depths range
from 172 to 204 feet. Weo tentatively suggest that this may
bo the equivalent of the horizon developed by three wells al
FTammonton, whose depths range from 290 to 315 feet, the horizon
seeming to have a maximum thickness of about 60 to 65 feet
The elevation at Ilammonton is about 120 feet above tide,

We are not yet able to correlate” with certainty this horizon
with any of the water-horizons at Atlantic City, but we suspect
that these lower water-bearing sands at Iammonton and at Miil-
ville are the same as the great 800-foot Atlantic City water-horizon.

TWO ARTESIAN WELLS AT BIVALVE.

No. 1 sunk for John Yates. Diameter, 2 inches; depth, 108 feet,

No. 2 sunk for Campbell & Bateman, Diameter, 2 inches; depth, 201 feet.

Elevation of each well about 1 foot above ordinary high -tide,

Water at 120 to 150 feet that rises 214 feet above the surface.

Water at 187 to 201 feet that rises from 10 to 11 feet above the surface. vary-
ing in height with the tides.

Both wells drilled and reported by George D. Fagan & Son.
Theso wells were put down in the year 1897 at the oyster-ship-
ping village of Bivalve, which is situated on the marshy flata
6
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near the mouth of Maurice river and about one mile due south
of Port Norris. George 1. Fagan & Son have kindly furnished
the following record.  Except for unimportant differences in the
first two members, it will be noticed that the beds penctrated aro
the same and of the same thickness in each:

Campbell
Johmo Yates’ & Batcman,
Ko 1 well, No. 2 well. T.tal deptha.
Klarsh mad ... oo caa 20 feet. 40 feet.
Beach sand ..o iiee i neenans 30 10 = 00 feet.
Bluck quicksaud .......... .o 20 20 ¢ o
“Irark mud™ or Clay. oo 20 20 & oy v
Quicksand . ... 3¢ - Ho oo~ 120 -
Alternations of clays and eunds, water-
bearing . ...t i e 30 - 30 - 150
Dk stiff havd dry olay. .o inien e 15 * 15 ¢ 163
Light-colored quitksaml ... .. ... ... 13 v 13 " 178
Rock, described ws “ porous and like
LYY 1% 9 " 9 * 187
("garse white saond, watee-bearing. ... .. 11 - b3 108
Same continued in Well No. 2,00, 0., 3" 201

The greater depth of marsh deposit in Well No. 2 (40 feet)
than in Well No. 1 (20 feet) was because Well No. 2 was nearer
the channel of Maurice river than Well No. 1. The depth of 40
feet for these deposits agrees with the maximum depth of the
mar<h Dbeneath Leagme Island, at the mouth of the Schuyikill
(36 feet), and also with the maximum depth of the marsh (40
feet ) at the mouth of the Pensauken.

In drilling these wells, water, which, however, was not utilized,
was found between the depths of 120 and 150 feet. This water
rosa about 214 feet above the surface. This is doubtless the same
horizon as that which supplies the well in the town of Port
Norris (page 83).

The water from the lower horizon, between the depth of 187
to 201 feet, rises and falls with the tides in the adjacent river.
At a height above the surface of 10 or 11 feet the amount of
variation is 15 inches,

It is probable also thut the water from the higher horizon
(viz.,, 120 to 150 fect), would also have shown a similar tidal
variation had a2 test been made. It will be observed, however,
the water from this horizon did not head as high above the sur-
face as does that from the lower one.
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ARTEBIAN WELIL TWO AND ONE-HALF MILES S0U'TH OF
NIVIDING CREEK

Sunk for Stultz & Berry.

Hlevation, level of tide marsh; diameter, 2 inches; depth, 198 fect.

Water overflows at the surface and rises about 10 feet above it. The guantity
overflowing varies from a bucketful, in 17 seconds at high tide, to one in 27
saconds ot Tow tide.

Well drilled and data furnished by George I). I'agan & Son.

This well was put down in 1899. It is located midway in the
broad salt marshes that stretch between the town of Dividing
Creck and Maurice river cove, Delaware bay. George D). Fagan
atates that the beds penetrated were the same in succession and in
thickness as were found in John Yates’ well (No. 1) at Bivalve,
four miles to the east. (Sce preceding record.)

ARTESIAN WELL AT PORT NORRIS,

Sunk for L. M, Lee.
Blevation, 5 feet; diameter, 2 inches; depth, 126 feet.
Water rises 214 feet above the surface.

Drilled and reported by George D. Fagan & Son.

This well was put down in 1901 and is located on the main
street of Port Norris, near tho head of a small stream that emptics
into Maurice river at Bivalve. The water supplying this well
is the same as that found below the depth of 120 feet in the two
wells at Bivalve (page 81), where, however, it was not utilized.
The record furnished by George D. Fagan & Son is as follows:

Total depths.
Marsh mud...ceeeveierannraveininns trererraasnrainens . . Gfeet= 6 feet.
Yellow gravel.... w 9% =15 ¢
Lead-colored quicksand ........cvvevrieiviinvenanonee. 200 ¥ = 35 &
Coarge dark sand. .voececiinins v i s 88 € =100
Alternating layers of clay and sand .......... o oraraens 6 ¢ =115 ¢

Dark gunicksand.......ccoiviiieer cimninvnivcnnnne., 8 0% =123 4
Samequicksand continued, wu.h war.er that over-
Aowed .covvemriernnns corsientsetiiiseniinn e e 8 90 =126 %

NEW JERSEY GEOLOGICAL SURVEY



&4 ANNUAL REPORT OF

ARTES$IAN WELL AT WOODBINE.

Elevation, 40 feet; diameter, 6 inches; depth, 120 feet.
Water rises within 13 feet of the surface.

Drilled and reported by Thomas B. Harper.

This locality is at the head of the Cape May peninsula, and
is midway between Great Egg Harbor bay and Maurice river cove.

The well was put down for the Woodbine Machine and Tool
(‘ompany, at their factory near the railroad station.

From a series of the borings furnished the Survey we are able to
present the record below:

Surface beds . ... .ot e i 0 feet to O feet.
8and and gravel with fossiliferous (Siurian) pebbles.... 9 * * 11 ¥
Tellow aand . ...iiiiiiii i iie e e e 1m «“ “ 33 ¢
COrange-colored coarse sand. .. .. ..................... 3 =+ ¢+ 40
Fine sandy clay, yellow. .. ... ... oot iinin e, 40 < “ 50 =
Coarse clayey sand (deeper yellow)y.................., 50 ¢« =« 60 =
Medium yellow sand........... ottt 60 ¢ ¢ 70 *+
Coarse, sandy clay..... e e ey 70 0% ¢ 90 ¢
Finer sandy . .. v v ivr vt i ta e 90 ¢ ¢ 100
Darker clayey Sand....ovvecr i e W ¢ “ 110 ¢
Cozrse yellow sand water-beaving..................... 110 = = 120 *

It will be noticed that the beds are prevailingly yellow all
the way to the base of the well. Microscopic examination of
the elays fails to reveal any micro-organisms.

ARTESIAN WELLS AT CAPE MAY.
Flevation of surface, 10 feet 4=,

Diameterr,
{ 10 inches to 85 feet. )
8 " [ 420 11 ‘
6 (1} i 677 i ! R
Oune test well, 41, « o« 812 o« } Total depth, 1,313 feet.
21'§! “ » 1'120 " 1
Prospected with l
the drill to 1,313 * |

depth of DBT feet. ..ot vininninnnrnesaninaniarnnn . }+ Water-

This well was afterward finished to draw water from below the 3 Wildwood
Water tises within about 4 feet of the surface. } Hotigon.
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Six more s_hallow wells.

No. I........... diameter, 8 inches.......... depth, 124 feet.

No. 2........... “ 8§ * L “o125 N X
No. 3.oiiiinnn, “B M L 122~ t;‘:t‘e:“‘"
No. 4........... “ 8 “ .. R b2 Horizon
No. 5., 00vennen b 8 M .. ' 121 )
No. 6....: PN . g8 Y o N b U

Water stands at about 14 feet from the surface, with the pumps working.

Early -the present year the city authorities of Cape May de-
termined to seek a supply of water by means of deep-well borings,
very properly expecting to find at about 900 feet the same water-
horizon as occurs at Atlantic City between 780 and 860 feet.
This was the more to be expected sinee its cxistenco beneath the
beaches from Harvey Cedars southward to Wildwood had pre-
viously been demonstrated.

Aeccordingly, a contract was made with Thomas B. Harper,
who had already successfully put down wells to this horizon at
Atlantic City and Ocean City. Contrary to expectation, how-
ever, water was not found at 900 feet, although beds somewhat
similar to the Atlantic City horizon, both in texture, color and
thickness, were found at about the proper stratigraphical position.
The first well was therefore continned as a test-boring to the depth
of 1,318 feet, but without finding an available supply of water
at these depths.

Water-yielding strata were, however, observed between the
depths of 90 and 130 feet, of 285 and 300 feet, and of 585 and 600
feet. Consequently this well was finally finiched at the depth
of 58T feet, so as to draw from the lowest of these three water-
horizons, and six other wells were sunk to depths between 120 and
125 feet, to the upper of the three horizons. These more shaliow
wells are provided with strainers at the base 30 feet long. No
well was sunk to, nor test made of the second of these horizons.
viz., that at 285 to 300 feet.

Full series of the borings, carefully taken at everyv ten feet,
have been courteously furnished the Survey through the co-
operation of Thomas B. Harper, T. Chalkley Hatton, C.E., and of
the engineer at the pwmnping-station, James Rice. We are also
indebted to members of the City Couneil and to Franklin B.
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Speace, of the Fire Department, for aid in our investigations and,
to all of the parties referred to for verbal information from time
to time during the progress of the drilling,

From our study of the speeimens and of the data thus obtained
we are enabled fo present the subjoined strafigraphical record:

CAFPE MAY,

Bands and gravels of varlous shudis of

yellow, gray. buff and orunpe...  HUTfaCe to 32 feet
Black clay. with rceeit merine dintoms 1 Diatoms Trisera-

and sponge spicules containing also

tium favus, &o.,

marne moiluscks, viz, Gemma man- and Northern

hatlenensis Prime avd Phofas cusialn, Mollusks

Linnm...... 52 fect ¢ 62 ™ .
vreenfsh very sandy clay, containing )

{probably at the base) the lollowing

mollosks. viz.. Rangic cuncete, Gray,

and Pholas costalts, LiNNu v sesrnee 62 % 080 0 L
Bponge spicules at 72 and 82 fect, ' Mollusks.
Heavy whitish gravels, with larre

pebbles and cobbles, one of the

latter showing well marked £ eofiths

lincaris, & Cambrlsn fussll, ... ... S A
Mixture of coarse gray sard and ilne Cape May

gravel, water bearing, supplying the r Water-

£1X more shallow Weillu.w e oenes gp v o140 ¢ Horlzon.
White, very fine elayey saRdu e, 120 160
Dark gray sand very clayey at the

base, no micro o' gunismsinthe clay, 160 = 180 -
Whito sand and gravel mixed .. ........ 80 ' o180 o
Darker gray. very clayey saud, con-

talning no micro-orgavi*Mo. v, 160 % 0 212 4
A few fragmeuts of much comminuted

mollska apparently bivalvesat,..... az
Lighter celored sund still quite ¢layey

and withont Miero Onganism b ., 211 ¢ % 240 *
Darker, slightly brownish-gray ~ands,

rapnging from fne to coarse, and

sometimes quite clayey, no mlicro-

organism=.. ...u.eeee
Liguite plentiful a4.....
Lighter colorvd gray sand.
Counrser gray rund water bi:aring,

not uiilized for water supply ..
Brownih yellow sand. ... .....

Roceant.

’

Age?

240 » ¢ 200
wno
970 v % 985

Holly Beach
955 v 4 geg Water-Horlzon,
m i u 310 i
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Dark clays and sandy clays, withnnt
diatoma or sther micro-organisms.....
Commionted shells at ...
Dark very clayvey sands...
Coarse sand and fue gravel....
Dark mixziwure of sand, gravel and
clay enntaluing throughout eponge
aplcuies and Miocene maring dialomy,
Miocene mollusks at 870 to 885 feet, at
400 feet and at 420 10 410 feet. '
BANA ..cciiinesisrsormr ennsassnt ans semems seonssmer susaes
Dark colored. fine. very clayey sand
with sponge Mpicules and diat
throughout .. eeesienrennes
Comminuted shell at 510 to 520 feet,
Rock seam 11 fect Lthick, probably in-
Aurated SADA . ciervieissenm mmassrn rirmn
Fine and coarse gray gravels with
black barnscles and white mollus-
BN Bhells, . e rresisastasrarareners
Bome shei] at 650 feet,
Lignite at ...... eeeberire: SeaEntet bEL ORI s R it
Grayish coarse sapds and fine gravels,
Water bearing. supplies the deep
well aa finally finlshed. This bed
includes a rock seam one foot thick
between 81 f et aud b8d feet. Lig-
nite orcurred at B feed .miissinns
Brown samily micaceous clay with
sponge kpicules and abundauce of
diatoma amnung the latter notably
Actinocyelus chrenbergit, Ralfs ..
GIRY BANec. esemnascmstises sirrm saesmcneas
Rock stratum 17 feet thick, probably
indurated sand ...
Gray 8and.. e rnerass
Some ¢ mominuted shells at 700 feet.
Rock seam 5 feet thiek i
very fiue dark gray sand somewhat
CIAFEY..cauvurer rorermees sevsamsarassrasans Jp—
81411 durker (somewhat greenish) and
sHghtly coarser gray sand, with mol-
lusks ut 18 to 19 feet. e s .
Mixztare ot coarse pray sand and fine
and coarse mravel, with plenty of
moliusran FOSSIE s isssmantienes
Rock seam 6 feet thicK....c.iuenmmseimarmems
Conrge gray sand and gravel e,
Brownivh mixture of clay, sand and
gravel with comminuted shells, but
no micro-organi-ms ...
Rock seam nas [0t thick,
Very fine clayey 8and.. i e
Fine sandy brownish clay. enntaining
throughout an sbundance of spouge
spicnles and a coasiderab’e number
of distoma nolebly amongthe Intter,
great numbers of 4ctinoptychus heli-
OpEIa GrUNOW.. .o smrs maseres snsane
Mixiure 1 dintom eclay, sand, gravel
and molluscan Shells o it ssenenn

810 feet to

810
260

857

440

450

672

533

650

600

677

694

712

7

775

790
812
818

8%
810

880

980

“

840 feet.
840 ¢
860
867 “

440 *

RS

522

&6y

660 '
érr

604 o
ne ¢

7

8 "

812 *

818

849

50

98y

Upper Part
of the

' Great Diatom
Clay Bed.

Wildwood
} Water-
Horlzon.

Lower Part
of the Great
uviatom Bed.
Actinoeyelus &o.

Non-diatemaceous,
b == A.davtie City,
89,780 leat.

Supposed
Equivalont of
Allantle Clity
80 -fout Water-
Horizon.,

——

Lesser Diatom
Bed. .

i Actinoptyehus
hellopelta, &e.
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The Great Diatom Bed, 810 feet thick.
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Diatom Bed,

110 leet thick,

—

Axd
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The becds above this depth (390 fed)
eontain no plaveonile or greensand,
hut below this depth alt the beds pene-
{rafed eontain morc or leen greensand,

Park gray saud somew hat micaceous,
contains conaiderable greensand......
Park greeuish sand, with & large pro-
portlos of greensand, with some
eomminuted small shellaat the base,
Park gray rand rimllar to that at 990
0 1,020 feet, bot with more clay In
the matrlx, also somewhat mica-
COOUS 1eeene vessas samusass =
Dark greenssud similar to that at 1,009
to 1,040 feet, but with less commi-
nnted shell...........
Greenish-gray, coarse sand and fine
gravel mixed, consisting mostly of
white quartz gratrs with a smoall
admixture of greensand........ « 1,080
Pragments of an echinus al..ain.. .
Bimilar greenish-gray sand, but with-
out gravel
Somewhat clayey sand brownish-gray
in coler the grains mosily quartzose,
eontainiog, however, a few green-
mand grafns. “A very lutle water
Just triekled over the top of the weil
at 1,120 feet™........ R,
Clayey rsand, consisting largely of
RBreenBand., .. sscesms o .
Black or darx green grecnsand. some-
what clayey, very L. tle gray sand in
L ORI 2L140
Olive green, nearly pure greensand,
somewhat clayey... .o eunre nanee e 1,160
Some moilusks at.......
Olive green greensand,
elayey
Bome fuoraninifera at 1,800 feet.. .

1,020

1,040

1,099

1110

. 1,280

A notable feature in the ahove seetion

a“

990 feet to 1,020 feet,

" l.m

" 1,0M

' 1,080

" 1,000
1,090

1,110

1,180

“ L1140

* L160

" 1,280
1,280

1,818
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B
! Moderately l
b Glauconitic
Beds.
“ g P
l ? g
5] o
HiL
“ g | =
. g2
E &
. d 12
“ | o ta
[l ]
. =1 g
Bomewhat :’
Quartzose -
and slightly .':.;
Glauconitic 3
Sands, I )
a f |
| 1 a
“ I g
“ Highly £
} Glauconitic lv (T:_
" Beds, I A
o
I P

15 the accurrence of six

mdurated seams, or rock-beds, two of which are respectively 11

and 17 foet thick.

At Atlantie City one

such bed, and one only,

about one foot thick, usually occurs at the depth of 690 feet. The
well records show that these rock-seams inerease in number and
in thickness southvard, until the maximum. both in number
and in thickness, ha- been obtained at Cape May.  The two diate-
maceous elay-beds i the Miocene are also interesting features,
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Correlations.

The following water-horizons are known to exist at Cape May:

Surface wells.—These are dug to depths of 5 to 12 feet.

Driven wells—These extend to depths of 25 to 30 feet. (An-
nual Report for 1900, p. 126.)

The Cape May waler-horizon.—This horizon occupies the in-
terval between the depths of 87 and 125 feet, and supplies the six
shallow wells put down the present year to depths varying from
120 to 125 fect, and also nineteen other wells put down a fow
years sinece to depths varying from 79 to 106 feet. (Annual Re-
port for 1900, p. 126.)

The Holly Beach weter-horizon.—This occurs between the
depths of 285 and 300 feet. It was noticed in drilling the deep
well but was not utilized. We predicted this horizon at Cape
May in the Annual Report for 1900, page 122, though at a

slightly greater depth. Tt is known also at the following places:

Interval of depth.

At Sea Isle City ....................... 2061 to 278 feet, not utilized.

At Avalon ..., e 270 « 280 “ ‘“

At Anglesea ...t i 284 “ 331 *  supplies one well.
At Holly Beach ........... ... ... ... .. 310 * 320 “ " * -

The Wildwood waler-horizon.—This oecurs at Cape May, he-
tween the depths of 585 and 600 feet and supplies the one deep well
at the water-works. It is belicved to be the equivalent of that at
Bivalve at the depth of 200 feet, at Atlantic City at 525 to 5530
feet, and at Wildwood at 620 to 648 feet. Tt occurs midway in
the great 300-foot diatom bed.

All the above horizons are stratigraphically higher than the
great 800-foot Atlantic City water-horizon, which seems to be
wanting at Cape May, although non-water bearing beds, probably
its equivalent stratigraphieally, occur hetween the depths of 775
and 860 feet.

At 1,120 feet.—This scanty water-bearing horizon probably
corresponds with that at Wildwood at 1,185 feet.* It may also
be the equivalent of that at Atlantic City at 1,135 feet, in the

* Annual Report for 1894, p 178. On page 159 of that report it is wrongly
printed as at 1,085 feet,
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gag-works well, put down in 1885-89, and still Howing. The
supply of water is abundant and the quality satisfactory at At~
lantic City. At Wildwood the flow was copious, but the water
was salty. Further northward, along the beaches, as well as in
the interior of Southern. New Jersey, this horizon, if found, may
perhaps vield, at least in some loealities, water satisfactory both
a8 to quality and quantity.®

Fossils,

AE 32 te 62 feel: a cold waler form.—The black clay at this
horizon contains revent diatoms— one characteristic form, Tré-
ceralivm foros, Ehren, being found in the muds now being de-
positedd slomer the bavs and rivers of the eoast. It has also been
found in the mud of the Delaware viver as far up as Philadelphia.
Associatedd with the black elay are also fragments of Pholas
costaln, Linue, anid perfeet shells of Gemma Manhatiensis, Prime,
both recent furins, and the latter a minute clam typical of the
colder waters of the New England coast, but now not known
sonth of Long Island.

At 85 {o 40 feel: @ warm wafter form.—Beneath the black
clay -perhaps ax muel as thirty feet——numerous specimens of a
larrer cluw, Rangia cuneata, Gray, were found along with frag-
ments of [holos costeto.  The former is now abundant in the
warmer witers of the Gulf States, and oceurs very sparingly on
the Atluntic coast, but not, se far as known, north of Cape Ilatteras.

At gt to 560 feel: Miocene Fogsils—IFinely comminnted
but unrecngnizable shells were obtained from this horizon, but
from a well at Cape May Point (Annnal Report for 1894, p.
158) at the same horizon, Miocene fossils have been found (see
above report for listy,  Alicroscopie examination failed to reveal
any microormanisins such as diatoms or foraminifera.

Mioccw dinlow bods at 367 lo 677 feel.—This is the great
Miocene diatom bed of the caustal plain, frequently referved to in
these reports and deserilud fully in the Annual Report for 1894,
pp. 165-1689, At 625 feet at Atlantic City and at 600-640 feet
ot Cape May, numerons speeimens of the diatom Aclinoeyelus
chrenbergii. Ralfs, have heen found.

* For a resumt: of well data at Cape May and vicinity previous to the present time,
thoge especially interested are referred to the Annual Report for 1900, pp. 120-131,
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Comminuted fragments of Miocene molluscan shells also oe-
ourred at various depths within this diatom clay-bed.  The fossils
were usually ground to picees in the process of drilling, but
occasionally unbroken forms were obtuined.

At 895 feet.—Good specimens of .1starte arala, Conrad, were
obtained from this depth,

At 480 to 500 feet.—Considerable numbers of whole shells, to-
gether with larger fragments, were obtained from a depth re
ported as 480 to 500 fect.® Of these Mr. C. W. Johnson has
identified tho following:

Peclen madisonius, Say.
Nucula proxima, Say.
Corbula inwquale, Say.
Mytilus incrassatus, Conr.

t Venus mercenaria, Linn (young).
Ecphora quadricostata, Say.
Crucibulm constrictum, Conr.
Polinices perspectiva, Rogers (young)
Polinices duplicata, Say.
Calyptree perarmala; Conr,

{ Melanopsts, sp. ?
Serpulorbis gramifera, Say.
Turritella cumberlandia, Conr.
Turritella ®quistriata, Conr.
Turritella plebeia, Say.
Cancellaria biplicifera, Conr.
Cancellaria, sp. ?

Nassa Didentate, Emmons,
Nassa peralta, Conr.

Crepidula convexa, Say.

Olive, sp. ?
YT erebra inornata, Whitf.
tTerebra, sp. ¢

* For certain reasons connected wilh the process employed in drilling this well, it
may be that some and perhaps many of the shells thus obiained and marked may
have enme from a somewhat higher horizon, namely, that of 385 to 890 feet; while
others may have been distributed beiween that depth and the lower depth (480 to
500 feet).

t Forms marked t were also found among the foesils at the Cape May Point well,
from a higher horizon {320 to 360 feet). An. Rep, 1894, p. 168, =
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Astyris communis, Conr.
("alliostomae, sp. ¢

Acteon, sp. ¢

Semele carinata, Conr. (young).
Cerithiopsis bisulcata, Conr.
Mulinea, sp. ¢

Urosalpinz cinerea.

Seila adamsu, H. C. Lea.
Balanus proteus, Conr.

At 575 feet.—C. W. Johnson was able to 1dent1fy the following
fosrile from this horizon:

Astarte concentrica, Conr.
Polinices perspectiva, Conr.

Neptunea, sp.?
Nurula, sp. ¢
Venus, sp.?
Merelrmz, sp. f

Balanus proteus, Conr.

At Beach Haven and Egg Harbor City this diatom bed rests
directly upon the 800-foot Atlantic City water-horizon, while at
Smith’s Landing, Brigantine, Atlantic City, Ventnor, Longport,
Ocean City, Sea Isle City, Avalon and Wildwood there intervene
between the diatom bed and the water-yielding sand, non-diato-
maceous strata consisting mostly of clay. At Cape May, also,
non-diatomaceous clay-beds occur betwoen the great diatom bed,
and the non-water vielding sandy strata which are supposed to be
the equivalent of the 800-foot Atlantic City water-horizon.

Mioeene diatom beds at 880 to 980 feet.—This diatom bed has
a thickness of about 100 feet. It is characterized by the oc-
currence of the diatom Actinoptychus heliopelte, Grunow,* whieh
is not found in the great diatom bed above.

This form hus been found in clays outeropping at Asbury Park
and near Shiloh, N. J., also near Nottingham and Marlboro,
Md., and also in borings at Clayton, Del. (100 to 150 feet);
Lewes, Del. (910-990 feet) ; at Crisfield, Md. (730 feet), and
at Wildwood, N. J. (1,040 feet). Excepting at Shiloh, these
‘clays rest directly upon beds containing more or less greensand

* This diatom is figured on Plate VI, p. 172, Annual Report for 1804,
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marl, while at Shiloh the interval cannot be great. A clay
very similar in color and in composition occurs at Atlantic City
(860-990 feet), but here we have not been able, after repeated
microscopic examinations of specimens from two deep borings,
to find any diatoms. This bed is apparently richly diatomaceous to
the southwest and very sparingly or at times not at all diato-
maceous to the northeast.

At 990 feet.—Here greensand marl becomes a noticeable con-
stituent, there being no greensand grains in any beds higher up.
This change has been noted in wells at other localities, as follows:

At Crisfield, Md. ...... ... ... ... ... .......... 70 feet.
At Lewes, Del. ... ... ... . i 990
At Wildwood ... .. . . i 1,104 =

! At Atlantic City ... ... .. g490

‘ At Island Heights . ...... ... . .c.iiiiiiiinnnunn, 285 *©
At Asbury Park ............ ... ... .., about 80 *

| This line is supposed to mark the base of the Miocene and the
top of the Eoeene.
A shell-bed #pparently occurs just above this line at Cape
May, but the fragmentary condition of the specimens renders
| identification difficult. Mr. C. W. Johnson has recognized the
\

following :
Mactra, sp. ?
Odostomia, sp. ¢
Nucule, sp. ?

Yoldia levis, Say,

Turbonalla interrupta, Totten (2)
Cadulus thallus, Cour.

Balanus proteus, Conr,

A foraminifera, genus Biloculing, was also observed. A similar
shell-bed occurs at Wildwood at the corresponding depth
(1,100 feet).

At 990 to 1,318 feet.~—These greensand beds have been TeCOg-
nized elsewhere as follows:

At Island Ieights ............... between 285 and 504 feet.
At Atlantic City ................ “ 980 ¢ 1,240 ¢

At Millville .................... 5 870 ¢ 552 ¢

At Wildwood ................... “ 1,14 1244 ¢+ 4
At Lewes, Del. ..........._..... = St 1080 .
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ARTESIAN WELLS AT OCEAN CITY.

()ne well at water works pumping station, Tenth street, south
of the Reading railroad station.

Flevation, 5 feet: diameter, 6 inches; depth, 816 feet,
Water overflowr at the surface about 40 gallons a minute, and yields, by
pumping, about 175 gallons a minute.

One will at Hotel Aema,

Elevation, 10 feet; diameter, 4% inches; depth, 812 feet.
Water did not overflow but yielded, by pumping, about 150 gallons a minute.

Both wells were drilled and reported by Thomas B. Harper.

Both these wells were finished with strainers at the bottom,
euch 50 feet in length.  In drilling the water works well a hard
streak, as of stone or rock one foot thick, was encountered at the
depth of 632 feet. The great 300-foot diatom clay-bed was
passed hetween the depth of about 390 and 690 feet. A brown
sand was aleo noted in the same boring midway in this diatom
bed or between the depth of 550 to 565 feet. The well at the
Aetna was on higher ground than thé one at the water works, and
henee did not overflow. Both wells are supplied from the $00-
foot Atlantic City water-horizon.

ARTESIAN WELL AT SOUTH ATLANTIC CITY.

¥levation, § feet 4-; diameter, 8 inches; depth, 810 feet.
Water overflows 40 gallons per minute,

Drilled and reported by Thomas B. Harper.

This well is situated on the meadows west of the railroad and,
about three blocks south of the gigantic figure of the olephant
that adorns the beach at this loeality. The well was finished at
the base with a screen fifty feet in length. The water-horizon
reached is that which we have designated as the Atlantic City
water-horizon, which occurs in a sand-bed some 50 or 60 feet in
thickness, the average depth thereto from Atlantic City to Long-
port is abont 800 feet.
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The strata penctrated by this boring agree very closely, dopth
for depth, with the numerous records that have already beon
published in past annual reports of wells at Atlantic City, and
include, hetwien the depths of about 400 and 700 feet, the great
800-foot Miocene diatom clay-bed.

ARTESIAN WELL AT LEED'S POINT,

HElevation, 55 feet; disnmeter, 6 inches: depth, 160 feat.
Waler rises within 40 feet of the surface.

Drilled and reported by Thomas B. Harper.

This well was put down for Robert Scott.  From a specimen
of sand reccived from the bottom of this well we judge that
the water comes from a brownish sand-bed that overlies the great
diatom clay-bed.  This brown sand oceurs in the Atlantic City
wells between the depths of 270 and 390 feet. This well is
located about nine miles nearly due north of the wells at At
lantic City, while the wells at both loealities are nearly upon
longitude line 74° 26°. The one, however, at Leed’s Point is
about five miles further back on the dip of the beds than those
ar Atlantic City,

NEW JERSEY GEOLOGICAL SURVEY




Lo

Annnar Report of the State Geolgyast, Plate VIiL,

:::::

.'J’
' ntfc City

£
()

MAP SHOWING THE EXTENT OF THE FOREST FIRES IN NEW JERSEY
DURING 1802.
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PART III.

Forest Fires in New Jersey During 1902,
Notes on Basket-Willow Culture,

By F. R. MEIER.
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IForest Fires in New Jersey During 1goz.

BY F. k. MEIER.

During the past season fires have continued to devastate large
areas of timber-land, particularly in Atlantie, Burlington, Cape
May and Ocean counties. The northern half of the State, how-
ever, has not oscaped, as is shown by the record given helow of
fires in Morris, Passaiec, Somersei and Sussex counties,

In order to determine aceurately the areas traversed by these
fires and the damage done, cach burncd tract was visited and
the character of the timber examined. It is believed that the
damage has been conservatively estimated. and that the figures
are too low rather than too high.. For convenience the lisi is
arranged by eounties.

ATLANTIC COUVNTY,

1. April 25th, 1902, TI'ire started in the viiluge of Elwood
from a burning house, and burned on both sides of the road
from Elwood to Pleasant Mills, over a section four miles long,
one und one-half miles wide; comprising 3,500 acres, covered
with young timber from ten to thirty years old, some of which
was partienlarly good. The fire was very severe, killing all
trees, pitch pine, yellow pine, white, red and black oak, cedar
and chestnut, including two chestnut plantations. Soveral build-
ings and one church were also destroyed, which are not included
in the estimated damages. Tire lasted eight hours; average
loss, $2 per acre; total loss, $7,000.

2. June 6th, 1902. A fire occurred along the railroad tracks
between Elwood and Hammonton, caused by a locomotive. It
covered twenty-seven acres of young pitch pine twenty yoars old,
which was partly burned. Average loss, $4 per acre; total, $108.

(99)
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3.0 April, 1902, Southwest of DaCosta, a farmer burning
brush, started a fire which swept over cighty acres of pine and
oak timber ripe for cordwood, which was partly killed, partly
injured. Average loss, $+.50 per acre; total loss, $360.

4, 5, 8, 7. April 25th or 27th, 1902. At the so-called Lee
Crossing, south of Ridley station, four fires were set by loco-
motives,  They burned from the railroad to the Great Xgg
Harbor river. The burned areas comprised {a) 200 acres of oak
and pine fifteen vears old, killed; average loss, $3 per acre; total
lose, &G00; (#) 160 acres oak and pine ten years old, injured;
averago loxs. §3 per acre; total loss, $320; (¢) 1,200 acres oak
and pine, ten to forty vears old, killed; average loss, $5 per acre;
total loss, $6,000; (d) 130 acres oak and pine twenty years old,
killedd: average loss, $4 per aere; total, $600.

8. May 2d, 1902, Near Millway, a firé caused by a loco-
motive swept over 150 acres of oak and pine, twenty years old,
and of good growth, which was entirely killed. Average loss, $4
per acre; total, $600.

9. April 26th, 1902. One mile west of Millway, a locomo-
tive started a fire which burned 5,000 acres of pitch pine, white
vak, black and red oak, and two small cedar swamps of four
and five acres, respectively. Kight hundred acres were of fine
oak and pine, thirly years old, the rest from ten to fifteen years
old.  Average loss, $3 per acre; total, $15,000.

10. May, 1902,  Ono mile west of Richland, a fire was caused
by Italians clearing land.  Fifty acres of fine oak and pine
timber, forty vears old, were burned, causing an average loss of
86 per acre; total, 8300,

11, Muy, 1902, Between Richland and Weymouth, another
fire was ulso started by Italians clearing land. It injured, but
did not kill, 900 acres of pine, ten to thirty years old. Average
loss, $1.75 per acre; total, $1,575.

BURLINGTON COUNTY.
12, May, 1902. Near Atsion, eight acres of pine, ecighteen

years old, were killed by a fire started by a locomotive. Average
loss, 35 per acre; total, $40.
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13, 14, May, 1902. At Brown’s Mills, charcoal-burners set
two fires which swept over 100 acres, but owing to repeated
burnings of this tract the damage was inconsiderable.

15. May 9th, 1902. Locomotive sparks started a fire near
Woodmansie, which burned 75,000 acres, one-third in Burlington,
two-thirds in Ocean county. This fire swept in a southeasterly
direction to the coast, lasting threo days on one wing, and ten
days on the other, and burning over a tract twenty miles long
and from one to cight miles wide. The little village of Jungs
Neck was in great danger of being destroved. The fire was
finally extinguished by rain, after burning some fine pine and
cedar timber.  No effort was made to extingnish this fire except
where it threatened the village of Jungs Neck. Average loss, $1
per acre; total, $75,000.

16. July, 1002, Three miles north of Atsion, smokers started
fires which burned twenty acres of pine, eighteen vears old.  The
timber was killed.  Average loss, $3 per acre; total, $60.

CAPE MAY COUNTY.

17. May 21st. Two miles south of Tuckahoe, a fire started
by a locomotive entively killed thirty acres of oak and pine of
poor quality, thirty years old. Average loss, $2 per acre: fotal,
$60. It also burned fifty-three acres of seasoned cordwood worth
$2 per cord, $106.

18. June 5th, 1902. In Tuckahoe, ten cords of oak cordwood,
worth $2 per cord, were burned by a fire started by a locomotive.

19. August 20th, 1902. East of Steelmantown, a locomotive
set fire to cleven cords of seasoned oak cordwood valued at $2
per cord; total, $22.

20. August 20th, 1902. East of Steclmantown, a locomotive
set fire to 500 acres of oak and pine timber of fine quality,
fifteen years old. Tt was partly killed and partly stunted,
Average loss, $3 per acre; total, $1,500.

21. August 21st, 1902. Another fire, also east of Steclman-
town, due to a locomotive, burned 150 acres of oak and pine of
fine guality, fifteen vears old. The timber was killed. Average
loss, 5 per acre: total, $750.
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22, August 21st, 1902. The same day a second fire, east vf
Steelmantown, also due to a locomotive, burned 250 acres of
second-class oak timber, fifteen years old. Timber was injured,
but not killed. Average loss, $2 per acre; total, $500.

23, May 16th, 1902. At Palermo, a fire, cause unknown,
traversed sixty-five acres of oak and some pine of poor quality,
five to twenty vears old. Timber was partly killed. Average
loss, $0.50 per acre; total, $32.

24, May, 1902. A fire, due to a locomotive, swept from Den-
nisville to Goshen, burning 800 acres of scattered pine with
some good oaks, from ten to twenty-five years old. It was finally
extinguished by an organized party of eight men, employed by
the owner of the property. Average loss, $1.50 per acre; total,
$1,200.

25. August 12th, 1902. At Woodbine, a fire, set by a loco-
motive, was extinguished by section men and citizens of Wood-
bine before damage was done.

26. August 19th, 1902, A second fire at Woodbine, a week
later, also due to a locomotive, was extinguished by section men
and citizens of Woodbine, without damage. These two instances
show what can be accomplished by prompt action.

27. August, 1902, At Petersburg, a farmer, in clearing land,
caused a fire whicli burned ninety acres of poor woodland. Owing
to repeated burning the tract was of little value. Average loss,
$0.50 per acre; total, $45.

28. May, 1902, Near Anglesea JJunction, an incendiary tire
destroyed forty-five acres of fine pine and oak, of forty years’
arowth, Average loss, $10 per acre; total, $450.

29. April, 1902, Near Rio Grande, fire set by smokers
burned and killed twenty acres of pine sprouts, twelve years old.
Average loss, 81 per acre; total, $20.

CUMBERLAND COUNTY.

30. May, 1902, About two and one-half miles cast of Dividing
Creck, locomotive sparks set fire to 125 acres, mainly of oak,
with some pine, ten to twenty years old. Trees were injured
and =ome killed.  Average loss, $1.73 per acre; total, $218.
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31. May 8th. At Fairton, a farmer burning brush burned
and killed 300 acres of very thrifty oak and pine timber, fiftecn
years old. Average loss, $6 per acre; total, $1,800.

32. April, 1902. A mile east of Bridgeton, a farmer burned
off a small lot on a windy day. The fire spread to 800 acres of
excellent oak and pine timber, thirty years old, which was killed
for the greater part. Average loss, $20 per acre; total, $16,000.

38, 34, 35, 36. April, 1902. Four fires in the interior of
Landis township were all caused by men clearing land. Ae-
cording to information from reliable persons in Vineland, 2,000
acres of young pines and oak were destroyed. The damage is
estimated at an average of $5 per acre; total, $10,000.

CAMDEN COUNTY.

37. April, 1902. Near Winslow Junetion, locomotive sparks
or coals set fire to 400 acres of pine timber, fifty years old.
Average loss, $15 per acre; total, $6,000.

GLOUCESTER COUNTY.

38. April, 1902. One mile east of Clayton, a fire was started
by burning brush. It burned and killed 275 acres of thrifty oak,
with some seattered pine, nineteen years’ growth. Average loss,
$3 per acre; total, $825.
39. May, 1902. Near Downer, at Willow Grove, from burn-
ing brush, a fire spread to 400 acres of oak timber, thirty-five years
old, which was killed. Average loss, $3.50 per acre; total,
$1,400.
40. May, 1902. One mile southwest of Almonesson, on the
““parsonage grounds,” burning brush set fire to seventy-five acres, |
chiefly of thrifty oak, forty years old; mostly killed. Average |
loss, $9 per acre; total, $676. |
41. May, 1902. Near Prosser’s Mills, at “New Brooklyn,” |
fire from burning brush, swept over sixty acres, chiefly of thrifty |
oak, forty years old. The timber was mostly killed. Average
loss, $8 per acre; total, $480.
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42, June, 1902. A little cast of Franklinville, a fire set by a
fechleminded person, who desired to see the woods burm, do-
vastated 120 acres of oak and some chestnut and scattered pine.
This tract had been protected from fire for a long period and
was from twenty to forty years old. The greater part was killed.
Average loss, $7 per acre; total, $840.

MERCER COUNTY.

43. Juue, 1902. At Princeton Junction, burning brush set
fire to fifteen acres of oak of thirty years’ growth. The trees
were killed.  Average loss, $10 per acre; total, $150,

MONMOUTH COUGNTY.

44, April, 1902. A fire started from some unknown cause
near Prospect, near tho road leading from Smithwood to Lake-
wood. It burned and killed 220 acres of oak with some pine.
Averago loss, §5 per acre; total, $1,100.

45. May, 1902. Near Ireehold, a fire, cause unknown, swept
over 400 acres of fine chestnut timber, forty yoars old.  Average
loes, $12 per acre; total, $4.800.

MORRIS COUNTY.

46, June, 1002, West of Denmark, hunters set fire to 350 acres
of oak and chestnut on Green Pond mountain.  The timber was
thirty years old, and was killed in part. Average loss, $2 per
acre; total. #700,

OCEAN COUNTY.¥
47. April, 1902. Near Whitings, a fire, duo to locomotive

sparks, burned 1,000 acres of pine, partly seedlings, thirty-five
vears old, of good quality, partly scattered pine of poorer quality,

* See, also, record for Burlington county.
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of five to twenty-five years' growth. The seedlings were killed,
the scattered pine more or less injured. Average loss, $2 per
acre; total, $2,000.

48. May 8th, 1902. Near Manchester, fire was set by smokers
to 300 acres of pine of poor guality, mostly sprouts, ten to forty
vyears old. The trees were killed. Average loss, $2 per acre;
total, $600.

49. May, 1902, Northwest of Cassville, a fire was set ma-
liciously to destroy cordwood. It burned 1,280 acres of poor
quality of pine timber, fifteen years old, and 350 cords of pine
cordwood. Loss on cordwood, $1.75 per cord. Average loss to
standing pine, $0.75 per acre; total, $1,572.

50. May, 1902. Northeast of Cassville charcoal burners set
fire to 500 acres of poor, scruby pine of little value. Average
loss, $0.25 per acre; total, $125.

PASSAIC COUNTY.

531. April, 1902. At Charlotteburg, fire, set by smokers,
hurned and killed twenty-five acres of oak and chestnut, forty
vears old. Average loss, $4 per acre; total, $100.

52. April, 1902. Near Negro pond, a fire, set by hunters,
burned 1,100 acres of oak and chestnut, forty to fifty years old.
The trees were partly killed and partly very badly injured.
Average loss, $4 per acre; total, $4,400.

SALEM COUNTY.

53, May, 1902, Near Elmer, a fire, set by burning brush,
burned and killed 400 acres of oak and chestnut, thirty years old,
and 120 cords of wood worth $2 per cord. The damage to the
standing timber is estitnated at $5 per acre; total, $2,240.

54, 5. May, 1902. Near Alloway, two small fires were caused
by burning brush, but were cxtinguished without damage.

56. May, 1902. One-half mile west of Woodstown, a fire was
set, probably by a tramp. Eighty acres of oak sprouts were
badly damaged. Average loss, $3 per acre; total loss, $240.
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SOMERSET COUNTY.

5%, 08, 59, 80. Four small fires were started by burning brush
at Far Hills, Mendham and Chester, but were observed in time
and extinguished before any damage was done,

61. May, 1902, A fire at Martinsville, canse unknown, hurned
100 aceres of oak und chestnut timber, twenty to forty years’
growth, which was partly injured. Average loss, $4 per acre:
total, $400,

SUSSEX COUNTY,

62, Julv, 1902, THunters started a fivre near Milton which
burned and killed 100 acres of oak and chestnut sprouts of ten
vears' growth. Average loss, $3 per acre; total, $300.

63, 64, 65. July, 1902. A fire near Colesville, caused by
hunters, burned and killed thirty acres of oak and chestnut
sprouts ten yveurs’ growth,  Average loss, $3 per acre; total, $90.
Hunter~ also cau~cd two fires near Waterloo, but these were ex-
tinguished in time with very little damage.

SUMMARY.

The above statement shows that between April and September
sixty-five fires oceurred in fourteen counties; that 98,850 acres
of timher land were burned over, with a total damage con-
servatively estimated at $168,323.  With very few exceptions,
which have been noted, absolutely no attempts were made to ex-
tingnish these fires, which were allowed to hurn themselves out.
The eanses were as follows:  Set by locomotives, 21; farmers
burning Lirusli and clearing land, 22; hunters, 6; smokers, 4;
unknown, 4: chareoal burners, 3; incendiary, 2; tramp, 1;
feehle-minded person, 1; aceidental, 1.
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A summary by counties is as follows:

Atlentie ................ 11 fires, 11,417 acres burned, damage, $32,463 00
Barlington .............. B * 25128 * “ “ 25,100 00
Cape May .............. 13 1,950 - " 4,705 00
Cuomberland ............. T 3225 - - - 28,018 00
Cemden ................. 1 0« 400 ¢ - " 8,000 00
Gloncester ............... 3 0% 830 - " 4,220 00
Mercer ... ... ....... 1 - 15 ¢ " - 150 00
Monmouth .............. 2 g20 * " " 3,900 00
Ocesn .................. 5o 53,080 ¢ " - 54,297 00
Passait ........c.ieinnn 2 1,126 - * " 4,500 00
Morris .......c.iiniiian 1 = 30 ¢ b " 700 00
Salem .................. 4 480 * “ 2,480 00
Somerset .............0.- 5 0+ w - # “ 400 00
Susser . .....iiiiae e 4 ¢ 130 - - " 390 00

6g* 98,850 $169,32% 09

* One fire pounted in both Burlington and Ocean counties
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Notes on Basket-Willow Culture.

BY F.. R. MEIER.

The cultivation of the basket willow has received most atten-
tion in Germany, France, Italy, Belgium and South Russia, but
up to the present time little attention has been given it in this
country, and by far the largest part of the willows used in
basket manufacture is imported. In France and Germany, where
the eultivation of the willow has reached the greatest perfection,
it has proved so profitable that farmers do not hesitate to plant the
best of their wheat land in willows. Experiments have fully
demonstrated that basket willows, of the same kind and quality
as the imported varicties, can be grown and marketed in this
country at a great profit. There are many thousands of acres in
the State, particularly in the southern portion, unfit for agri-
culture on which the basket willow could be grown at a hand-
some profit.

The Soil.—The most suitable soil for its growth is a deep, rich
moist, alluvial soil, but any good clayey soil will do well, if it
is sufficiently moist. Sand and gravel soils are unsuitable, how-
ever. A moist soil is essential, but they will not thrive in
stagnant water. Before planting, the soil should be thoroughly
worked or plowed to a depth of fourteen inches or more. This
is best done in the fall, the planting being done in either the fall
or early spring. The more thoroughly this preliminary working
is done, tho better the growth after planting,

Kinds of Willow.—In order to sccure good results, only the
right sort of willow should be planted. This is of more im-
portance since there are many varieties not all equally good for
basket work. A good basket willow must be a quick grower,
tough and pliable, and must have no side branches. The fol-

(109)
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lowing varieties are recommended: Saliz amygdalina, Salix
purpurca, Saliz viminalis.  All of these are in demand by basket-
makers, as they are all pliable, tough and durable.

The Salix emygdalina is a quick grower with heavy, strong
yeurly roots, The color, when peeled, is very white (a good
quality). The wood is in demand for heavy and very fine
basket work,

The Salix purpurca has many thin, long, pliable shoots, without
side brauches and 1s used for fine basket work only.

The Salir viminalis is a good grower, even on the poorest soil,
bt it is not wanted for fine basket work on account of the great
thickness of the shoots. It is nsed for rough basket work and
ix seldom pecled. These three varieties will satisfy the demand
of any busket maker.

Phi g, - Planting is done in the fall or early spring, of cui-
tings 1 ken from willows of one or two years’ growth. The
cuttings <hould cach be twelve inches long and the whole should
be planied vertieally, the top even with the surface.

While there is soine difference of opinion as to distance be-
twern sovws, in geaeral the beést results are secured by close
plintine The rows should be seventeen inches apart and the
distonee of plants in the rows five inches.  Since basket willows
do v aeh trecsize, cud the stump in the ground hardly
ro. s cthe thivhnes of a4 man’s arm, this distance leaves suffi-
clev spnee befween the vows, In some cases they arve set as

el we danrton hiwhes, or as far apart as twenty-four. If
plocca o reecmnendisdl above, 73,000 plants per acre are
TL(AT';'\'t :.

Whilo " is T o muke the enttings only a few days before
pinntine, vof wlore this is not practicable, the cuttings may be
kopt foson bov nore without harm to the sprouting power of

the plani, provided they are kept under shelter and protected
from execssive dryness or moisture. They should not be Lept
i walcor,

Cullivation.—After planting, the rows should be kept free from
weeds during the spring and early summer, but no cultivation
should be done after the middle of June, since after this date the
tender bark of the young shoots is easily injured and the value
of the sprouts greatly impaired. By the middle of September
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the shoots will have attained their full growth—from five to
ten feet.

Cutting.—A willow culture set out in the spring can be cut for
the first time the following fall or winter. They are cut every
vear from November until March, the essential poiut being to
tinish entting before the sap rises in the spring. If this is
not done, ihe stock bleeds at the cut, and the new growth is less
vigorous. Cutting is done with a sharp hook, somewhat like a
reaping hook, in a clean manner, close to the ground and without
splitting the stock.

Preparing for Markel —Willows are sold both peeled and un-
peeled.  In the latter case the cutting is best done during De-
cember and Jannary. Tf, however, they ure to be peeled before
going to market, February is the best month in which to cut.
After cutting, the shoots are gathered into bunches, and placed,
butts down, in water four or five inches deep. If the water is
deeper than five inches they are liable to take root and are then
hard to pecl.

By about the first of May the sap will begin to rise and the
hark will get lovse.  Wlhen this ocenrs, the tiine for pecling ha-
arrived.  This should be finished by the first of June, ~inco by
that time the bark will get dry again and eling to the wood.
Various instruments are used in peeling willows, the se-called
“jam” or “spring tong” being probably the most simple and
practicable,

After peeling, the shoots are placed on racks and dried in the
open air, a proeess which takes only a few hours and which
should be accomplished as rapidly as possible, sinee long exposure
to the sunlight causes them to lose their white color.  This must
be preserved in order to get the best marker prices.  Bnt peeled
and dried willows may be kept safely for years in a dry, darkened
reom.

Life—Under fairly favorable conditions a willow enlture will
last twenty-five to thirty yecars, but this depends largely upon
tho nature of the soil. The writer has seen a willow culture in
France which was forty-three years old and still in excellent
condition; and again he has seen one in tho same locality, on
unsuitable ground, which had given out in twelve vears.
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Cost and Returns.—The first cost per acre of a willow culture
i3 estimated as follows:

Planting, 15 days’ labor, at $1.50 per day.............. $22.50
73,000 cuttines, at nn average cost of T0 cents per 1,000.. 61.10
§74 60

To this must be added the cost of preparing the ground.  Owing
to the extremely varied conditions prevailing, it is impossible to
oive any definite figures. The cost may range from $3 to $60
OT eVeN INOre Per acTe,

The production of a willow enlture, under favorable conditions,
may be extimated as follows:

Yearly yield per acre, 3,400 pounds of willows, valued from
4 to 7 cents per pound; average, 5 cents per pound.. $170.00

(ost of cutting per AeTe. ... iie i $18.00
Cost of peeling per acre. .o oo i oi e innns 67.00
85.00
PProfit Per BeTe ... e $85.00

These figmres are from actual results attained in New Jersey
during the past eight vears.
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The Iron and Zinc Mines.

By HENRY B. KUMMEL..

Copper Deposits of New Jersey.

By WALTER HARVEY WEED,

3 (118)
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The Mining Industry.

THE IRON MINES,

BY HENRY B. KUMMEL.

The iron-mining industry in New J ersey during the year 1902
kas shown a gratifying increase in production over the figures for
1901. This result is the more satisfactory since the shortage of
anthracite during the closing months of the year tended to retard
the work of blast furnaces, as well as to hindor the working of the
mines themselves. Inasmuch as the greater part of the ore mined
in the State goes at once to furnaces under the same management
a8 the mines, any falling off in their product is immediately felt
at the mines,

Apart from the increased production for 1302, a noteworthy
feature of the year’s work is the favorable development at the
Basic Iron Ore Company’s mine near Oxford Furnace, where a
large body of soft magnetite, carrying about 5 per cent. of
manganese, has been found, The largely increased production of
the Hibernia mines, due chiefly to the extensive series of improve-
ments instituted several years ago and still in progress, is also
worthy of mention. The work of the magnetic sorter or cobber
at No. 11 shaft, Hibernia, has proven so satisfactory 'and eco-
nomical that a similar plant is being established at No. 9 shaft,

During the year the following mines were in operation, but
not all of them continuously: At Oxford Furnace, Slope No. 3
(now known as the McKinley), Washington and the Basic Iron
Ore Co.; at Stanhope, the Hude; at Hurdtown, the Hurd; at
Weldon, the Weldon; at Port Oram, the Trondale group; at Mt,
Pleasant, the Richard; at Mount Hope, the Washington, Eliza-

~ beth and Teabo; at Hibernia, the Andover, De Camp, Upper

Wood, Wharton and Beach Glen; at Ringwood, the Ringwood
group.
(115)
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THE BAslte IRON ORFE COMPANY MINE,

The Basic Iron Ore Co., operators; R. J. Ahlis, President;
Erskine Hewitt, Secrctary, 17 Burling Slip, New York.

This is the mine referred to in the Report for 1901 as the
Osmun-Robeson mine, located near Oxford Furnace. .

During the year the new shaft was sunk to a depth of 18&
feet, the first T0 feet being through glacial drift. Below this it
penotrated soft “clayey” material (so-called), which contained
some hard masses of rock. This material is apparently disinte-
grated gneiss in sifu or the result of pre-glacial mixing of materials
along a depression.  Firm rock was not reached in the ghaft. At
75 feet and 128 fect drifts were Tun to the ore body, 30 feet to the
southwest.

The ore body, where eut by the upper level, had a thickness of
about 40 feet from the foot wall on the east to a “horse” of coarse
pegmatitic granite. Two eross-cuts made through this, at an in-
terval of about 50 foet showed its thickness to be two and a-half
feet and 30 fect, respectively. Beyond the “horse” the ore-body.
was found to have a thickness of about 24 feet to the hanging-wall .
on the west. The ore on this level has already been blocked out,
preparatory to removal by the “caving” system of mining.

On tho 128-foot level a main drift has been run from the
shaft to the ore-hody, through it and some distance into the granite
“horse.”” Dranching drifts have also been run from the main
drift to the orebody to assist in drainage. Tunmuels have been
run both ways from the main drift along the foot-wall and along
tho “horse,” and one or two cross-cuts made through the ore.

The ore-hody was also drifted on from an old shaft, 300 feet
or more southeast of the main shaft, at the 75-foot level, and
reached in about 130 feet.

Both drifts from the main shaft to the ore-body through the foot-
wull rock were in thoroughly soft and decomposed gneiss, largely,
if not entirely, in sifu. In the longer drift from the old shaft
some firm layers of rock wero penetrated, but for most of the way
the rock was also decomposed. At the upper level the granite
“horse” was extremely soft and clayey, the large crystals of
feldspar being almost completely kaolinized. At the Jower level
(128 feet) the rock is somewhat harder, although yot much
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decayed. The rock of the hanging-wall, where reached on the
upper levels, was likewise completely deecomposed, but at the lower
level it has not yet been exposed. The great thickness (70 feet)
of the glacial drift, together with its unweathered character, in-
dicates that the very decp weathering and complete decomposition
of the underlying rock is due to preglacial disintegration. This
locality is very near the oxtreme southern limit of the later
glacial drift where the eroding power of the ice was not sufficient
to remove the soft disintegrated material.

The ore-body is harder than the enclosing couniry rocks, but
nevertheless it has been somewhat altered, and is a rather soft
mixture of magnetite and limonite, averaging 45 to 50 per cent.
of metallie iron, and from 4 to 7 per cent. of manganese, It Tuns
100 high in phosphorus for Bessemer steel.

Owing to the soft condition of the ore as well as of the walls *
and the very considerable amount of water, it is nccessary to
timber earefully all drifts as fast as eut.  The ore is being blocked
out by tunnels along the foot and hanging-walls with frequent
crosscuts from which ‘“raises” will be made and higher drifts
and crosscuts run.  After the ore is thus blocked out it will be re-
moved by the “caving” process, beginning with the higher tiers.

All of the work during the year has been along the line of
development, and the ore mined was incidental to this. Some-
thing over 8,000 gross tons were shipped to the Pequest Furnace
of Mesars, Cooper & Hewitt.

THE OXFORD MINES, OXFORED FURNACE.

Empire Steel and Tron Ce., Catasauqua, Pa., owners and
operators.  Mr. J. M. Fitzgerald, Secretary of the company, has
kindly furnished the following data concerning these mines:

A central power plant has been erceted during the past year
to operate these mines—the Washington and MeKinley (formerly
known as Slope 3). The new plant consists of 750-horse power
Sterling boilers, a Rand and an Tngersoll-Sergeant compressor,
each of -modern design and capable of compressing 2,000 feet of
free air per minute to 90 pounds pressure, and the necessary inter-
coolers, after-coolers, condensers, pumps, reecivers, &e. The air is
eonveved to the Washingron mine by a 10-inch pipe nearly 4,000
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feet in length, and to the Melinley mine by a 6-inch branch
about 1,000 feet in length.

A new shaft is being sunk at the Washington mine to give an
additional exit and to improve the ventilation. The new shaft
at the McKinley mine, noted in the Report for 1901, is nearly
completed and it is expected that the output will soon be much
increased.

Tho ore producton during the vear at the Washington and
McKirley mines amounted to 36,758 gross tons,

HUDE MINES, STANHOPE,

Musconetecong Tron Works, Philadelphia, lessecs, John S.
Kennedy, Stanhope, Manager.

Mr. Kennedy reports that thess mines, which were reopened
in October, 1901, after a period of idleness of several years, have
been worked during 1902 upon the same basis and under the same
manggement as in 1901, The ore mined, about 8,700 tous, was
all hauled to the company furnace at Stanhope.

HURD MINE, HURDTOWN.

New Jersecy Ore Company, Thiladelphia, lesseces; T. M.
Williams, Mine Hill, Manager.

During the past year mining has been restricted to two work-
ings on the southern side of the great offset, where there are at
least four shoots of ore on the northwestern limb of a synelinal
fold. The hottom of the fourth shoot, mentioned in the Report
for 1901, was reached at about 175 feet, and it is now being
followed northeastward toward the offset. The other working has
also becn sonth of the offset and on the hanging-wall side of ihe
old turnpike openings. Ilere a horizontal body of ore, located by
earlier prospects, has been found to change gradually to a nearly
vertical dip, as it has been opened up. About 14,000 tons of ore
have been taken fromn these two workings during the year, and it
is certainly a matter for congratulation that this old mine, from
which so muany hundred thousands of tons of ore have been taken,
should continue to be steady, even though a small producer.
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THE WELDON MINE,

Berkshire Iron Co., New York, owners. L. Lea Clark, Presi-
dent and General Manager; Frederick Schlueter, Secretary and
‘Treasurer. '

During the year the Weldon mine was purchased by the above
company, who have operated it since March. They have also pur-
chased the Dodge mines at Ford, N. J., two miles northward.
Numerous improvements have been made on the property, both
above and under ground, and more are in contemplation. Owing
to a temporary shutdown caused by the coal strike and necessary
development work, the production of the mine for the year has
been restricted to about 4,000 tons.

IRONDALE MINES, PORT ORAM.

New Jersey Iron Mining Company, owners.

The company reports that during the past ycar these mines
have produced over 20,000 tons, in part from the New Sterling
Slope, but chiefly through the Hurd slope which now has a depth
on the incline of 1,100 feet. The new “sink” on the Storling
slope has been continued a depth of 90 feet, and a leader of ore
has been followed all the way.

THE RICHARD MINE, MT, TLEABANT.

Thomas Iron Company; B. I. Fackenthal, Jr., President,
Easton, Pa.; Mr. James Arthur, Superintendent, Port Oram,
N.J ’ -

This mine, by its production of 102,649 gross tons, continues
to hold first rank among the iron mines of the State, although
during the past year the production of the Wharton mine, at
Hiberia, did not fall far short of the above figures. Owing, how-
ever, to the scarcity of anthracite during the latter six months of
the year the work at the Richard was considerably curtailed, so
that its production fell somewhat short of its star record of 1901.
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MOUNT ILOPE MINES, MOUNT HOPE.

Empire Steel and Iron Co., Catasauqua, Pa,, owners and
oprTatoTs,

Mr. J. M. Fitzgerald, Secretary of the company, has furnished
the following facts concerning these mines:

‘The Brown slope, started in 1901 to relieve the congestion in the
Tuaylor mine, has been deepened and will soon be in such shape
as will permit the opening of several levels from it. This will
increase greatly the production from the Taylor vein.

Mining was also continued in the Taylor and Elizabeth mines
during the year. The production from all these mines, including
a small amount from old workings on this property, amounted to
20,454 gross tons,

THABO MINE, MOUNT HOPE.

Joseph Wharton, owner; Edward Kelly, Manager.

Mr. Kelly reports that this old mine is now being developed
by Mr. Wharton. A new shaft has been sunk to a depth of 240
feet, and about 1,000 tous of ore mined during the year. In the
bottom of tho shaft is a vein of ore about six feet wide, which
contains G0 per cent. metallie iron.

JITBERNIA MINES, HIBERNIA, N. J.

JToseph Wharton, owner and operator; Edward Kelly, Manager,
Wharton, N. .J.

The effcet of the many permanent improvements, both on the
surface and wnderground, which have been mado during 1900 and
1001 on this valuable line of mines, has been shown in their largely
increased production during the past year. This is the more
striking in that the searcity and high price of coal during the
latter part of the year had a tendency to restriet the output of
muny of the mine« of the State,

Mr. Kelly has kindly furnished the following details regarding
the workings durine the yvear 1902
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The Andover Mine (formerly the Lower Wood & Crane).—
The development during the year consisted in mining out the ore
in stope 23 northeast to the De Camp line and southwest to the
barrven ground or so-called ‘“‘bed-rock” and in sinking 50 fect to
a new stope, No. 24, which was started. Stope 23 was also driven
60 feet southwest through this lean ground and there opened up
a hody of ore from seven to nine feet t}uck It is expected to con-
tinue this stope still farther to the southwest to a point directly
under the main skip-road, which is about 1,000 feet distant.
When this is done all the water will flow by gravity to the main
pump-shaft and relieve the congested condition of No. 16 and No.
19 inclines.

De Camp Mine.—The work on this property has been princi-
pally that of sinking the new skip-way, and is now about 510 feet
below tunnel level. A considerable amount of ore, however, was
mined during the year through No. 4 shaft. It is intended to in-
stall on this property during the coming year one 24 by 42-inch
double cylinder, direct-conneccted hoister, by which the output
will be largely increased.

The Upper Wood Mine.—The skip-road in this property has
been extended from level No. 5 to level No. S, thus increasing its
depth 190 feet, and the new level No. 8 has been opened up, the
vein in the bottom of the mine having a widih of six feet.

A 24 by 43-inch, double cylinder, dircet-connected hoister and
a battery of 250-horse power of B, & W. boilers has been installed.

Wharton Mine.—No. & shaft has been sunk about 90 feet during
the past year and has been a steady produecer of ore. Tleretofore
this ore has been hand-cobbed, but the results obtained by the use
of the magnetic cobber at No. 11 shaft have been so satisfactory
that a similar cobbing plant is now being erected for use at No. 9.
In the mine the development work has been such as will result in
a largely inercased output next year,

No. 11 shaft has been sunk about 60 feot and considerable
mining done on the different levels. The magnetic cobbing-plant
at this shaft has been a decided success, enabling the operator to
preparo his ore at a remarkably low cost, and with very uniform
resulta,

No. 12, or prospecting shaft, has been sunk to a depth of 560
feet. A cross-cut 80 feet long has been driven at a depth of about
380 feet, aud a vein about 7 feet wide of lean ore discovered. No
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mining was done at this level, but another eross-cut is being driven
at 560 feet, and at date of writing has progressed 10 feet! No
marketahle oro has been mined out of this shaft.

The Magnetie Separafor.—This mill has been idle since No-
veruber 1st, 1902, and is now being remodeled with a view of
largely inercasing the output at a lower cost of operation. During
1902 there were shipped from this mill 6,955 tons of concentrates
and 30,100 fons of sand.

Thao total smount of ore mined and shipped from the various
operations on the Hibernia vein in 1902 was 218,433 tons, in-
eluding the product of the Separator.

THY. BEACH GLEN MINES, BEACH GLEN.

Mr. Wharton surrendered his lease on this property early in
the year. We are informed that later the mine was operated by
the Beach Glen Mining Company, but we have not becn able to
obtain any further information concerning it.

RINGWOOD MINES, RINGWOOD, N. J.

Cooper, Hewitt & Co., owners.

Mr. Edward R. Hewitt reports that the Ringwood mines were
operated during the past yecar and that 9,214 tons of ore were
produced and shipped. This is a considerable falling off over the
production of the previous vear.

!
TEE ZINC MINES.

Mr. Jumes B. Tonking, the Superintendent, reports the fol-
lowing operations during the year 1902 at the zine mines at
Franklin Furnace, owned by the New Jersey Zine Company.

At the northern end, or IParker mine, the work has consisted
in extending the several levels in a southerly direction, as noted
in former reports.

At the Taylor mine (commonly called the Buckwheat) the
open work, which has consisted in removing the rock from the
fold down to the tunnel level, was carried on continuwously until
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about November 1st, since which time little has been done. There
is not now a large quantity of rock to be removed, the southwest
face of the dike being exposed for two-thirds of its length on o
cross-section from east to west. Only a small portion of the ore
exposod by this stripping on the west leg has been removed, ” The
slope sunk from the trap-dike on the strike of the lens on the east
leg was continued to the 700-foot level, when a diagonal drift was
driven so as to intersect the west leg. After continuing the same
for about 200 feet in a northerly direction, a winze was sunk
through to the 750-foot level, intersecting the hanging-wall of the
south drift from the Parker mine. This connection between
the two mines makes ventilation perfect through all of the
workings,

The Trotter mine was inactive throughout the ycar.

The amount of ore mined during the year, most of which was
sent to the mill for separation, was 209,386.18 gross tons.

The Stirling Hill mines at Ogdensburg were inactive during
the entire year.
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Copper Deposits of New Jersey.”

BY WALTEE HARVEY WEED, GEOLOGIST, U. % G. 8.

Introduction.—The existence of copper deposits in New Jersey
has been known since the earliest settlement of the country, but
the record of their later working shows a disheartening succession
of failures. Recent development at one locality has, however,
shown a very favorable change in the mineralogical conditions
of the ore-body, a change of great import not only for this par-
ticular property, but also for the many similar properties of the
State. It is the object of this paper to present these facts, and to
discuss their bearing not only upon the genesis of these deposits
and their alterations, but to show the commercial importance of
testing the truth of the conclusions by actual exploitation.

History.—The copper deposits of New Jersey were worked to
a limited extent in colonial days, chiefly by short tunnels or by
mere quarrying out the bunches of rich surface ores. During
the New Jersey campaign, Washington and the Revolutionary
army made’ their winter camp on Watchung mountain, near
Bound Brook, and the copper seam outcropping at this locality
furnished ore enough for the manufacture of a brass cannon,
which was afterwards used in the siege of Yorktown. Early in
the nineteenth century the Griggstown, Somerville, Plainfield and
Arlington localities were known and worked. In 1824 an expert
smelterman was brought over from Germany and installed and
worked a smelter near Bound Brook, A few years later he
operated a small furnace near Belleville, N. J., the ore com-
ing from the Schuyler mine, which was worked at intervals
for the remainder of the century. Small furnaces were built
in at least a dozen different places, and were, for those days,
sucoessful. Along Watchung mountain, from Plainfield west and

* Published by permission of the Director of the United States Geolcgica.lﬂu:y_a;,
(125) .
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north to the Raritan river, the ore-bed was opened by tunnels and
open cuts, whose dump-heaps and pits, now more or less over-
grown by vegetation, are clearly recognizable I have myself
counted twenty-one of these old workings in a distance of four and
one-half miles along the mountain from Chimney Rock (Bound
Brook) westward, and have also seen the ruins of three smelting
furnaces. The period of greatest sctivity in this region was
from 1825 to 1850, For the thirty years succeeding, the Arling-
ton (Belleville) was the only one worked in a commercial way.
About 1880 the American Copper Company was organized and
acquired various small holdings, the various woodlots of the
neighborhood farmers, scattered along the front of Watchung
mountain, back of Somerville and Bound Brook, and embracing
the old workings mentioned sbove. This property was worked
until 1882, when operations were suspended, as the optimistic
reports of ils promoters were not realized. In 1889 exploratory
work was resumed upon this property and continued for several
years, but it was not until ten years later that the high price of
copper led to a general renewal of interest in copper properties,
and this property, with others at several different localities, was
reopened and work of exploration and development resumed.

The gradual passage of the carbonate and oxide ores into
native copper in sicking on the ore-bed of the Somerville, N. J o
mine, occurring not merely as sheets, but disseminated through
the rock, is new in the history of New Jersey, If, as scems likely,
this change is a permanent one, as at Lake Superior dnd Bolivia,
it is significant of a possible new and prosperous era for tho New
Jersey deposits. . _

Distribution and Occurrence of the Copper Ores.—Copper
minerals oceur at many localities in New Jersey, in the crystalline
rocks and throughont the red sandstone areas. In the red sand-
stone areas copper ores are almost universally found associated
with the trap-rocks, and the deposits of past or prospective com-
mereial importance occur only in conmection with these rocks.
Thus the distribution of the ores is confined to that of the Triassic
rocks,* and still further limited by the oceurrences of the trap
intrusions and cxtrusions of this series.

* Copper ores alsoeoccur in the Medina red sandstone in Pahaquarry township,
Warren connty, where they were mined in a small way in the seventeenth century
by the early Dutch settlers.—H. B, K.
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The red sandstone series of New Jersey consists essentially of
red shales and sandstones, with associated white and gray sand-
stones and shales. The series is known as the Newark formation,
and it extends from Connecticut southward to Virginia. The
rocks contain fossil remains, which determine its age as Triassic,
and it is furthermore characterized by gigantic foot-prints of
great reptiles, The rocks were deposited in shallow estuarine
areas, likened to that of the bays of our coast, an origin indicated
by mud cracks, raindrop impressions, and the reptilian tracks
already mentioned, as well as by the character and color of the
rocks themselves. Where these rocks alone occur the country
is devoid of all but slight elevation.

The trap-rocks are basic igﬁeous rocks, of very uniform chemical
composition, but varying physical texture, so that they vary from

" the basalts of Orange (Watchung) mountain, and dolerites to

diabases, The trap-rocks of the Watchung mountains have been
proven to be lava-flows, contemporancous with the sandstones.
The other trap-rocks of the State, whose most familiar example
is seen in tho Palisades of the Hudson river, are intrusive sheets.
The smaller intrusions commonly follow shaly bands and often
persistently adhere to a singlo horizon. The rocks adjacent to
such sheets show the effects of heat and steam in the baking and
alteration of the sediments, but such contact metamorphism is
confined to a narrow band. Both sandstones and trap-sheets are
tilted at generally gentle angles and are folded in syneclines and
anticlines. The trap-rocks form the ridges and mountains of this
part of the State, their superior hardness enabling them to resist
the erosion that has carried away so large a part of the shale
and sandstone areas.

The traprock is dark bluish gray when freshly fractured, but
turns greenish on exposure. 1t has an even-grained compact
texture and consists of abundant pyroxene (probably malacolith,
an iron-lime-magnesia pyroxepe low in alumina), and of plagio-
clase feldspar (labradorite) in part altered to prehmite. The
pyroxene and an original olivine has altered to chlorite. It is
this which gives the dried rock its greenish tinge. There is also
somo magnetite present. The analyses VII. and VIIL of the
table show the Orange mountain basalt and the New ITaven
diabase to bo rocks of essentially the same chemical composition.
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Structural Conditions.—As has been frequently pointed out in
the previous reports of the State Geologist, the copper ores all oc-
cur either dircetly under or directly over the trap-sheets. The trap-
sheets ure very regular and the ore bodies are equally so. The
regularity of this orebed is shown by the fact that it is proven to
underlie the trap for u distance of at least eight miles. Above the
trap-rock tho sandstones are impregnated, but less regularly. Thus
at the Arlington property the ore does not oceur in a well-defined
bed or vein, though it is confined to the sandstones for fifteen or
twenty foet abovo the trap-sheet, occurring “in pockets or bunches
and seams which ramify through two thick layers of sandstone
and a thin bed of shale.  There are numerous (slight) faults in
tho deposit, and it is at these points and in connection with small
trap-dikes that some of the richest ore is found.” Near the con-
tact the sandstone is very gemerally though slightly impregnated
with copper.  The arayizh sandstone above the traps of Watchung
mountain is similarly impregnated. The structural conditions
at Grigastown and tho many other localitics in the State where
copper is found are similar. A fow true veins also exist, but so
far as known they are fractures later than the ore-beds, and their
filling is the result of secondary processes.

Prescnt Condition of the Mines.—At most of the deposits the
old workings are inaceessible. Yong tunnels are caved in and
filled with water; shafts are blocked up and filled, but the
extent of the workings early in the nineteenth century is known
from the records and can bo inferred from the great dump-heaps
of waste and low-grade ore. At present the only underground
workings accessible are those of the Griggstown, Arlington and
Somerville propertics.

At Arlington the old Schuyler minc is now the property of
the Arlington Copper Mining Company. An expenditure of
nearly $250,000 has been mado here since 1900, mostly in the
erection of an expensive reduction plant. This money was ex-
pended under the direction of an “expert” in the installation of
a plant of unique design, with good machinery, but no local
metallurgical value. It is designed to treat 125 tons a day, but
when run on the ore it was found that the tanks would not hold
the solution and the copper would not precipitate. The present
manager, Mr. Wm. McKensie, is, however, conducting experi-
mental runs which have thns far been very suceessful.
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The property comprises 150 acres, in part honeycombed by
old workings, comprising forty-two shafts, all but one now filled,
and three drain tunnels, one of which drains the mine to the 100-
foot level. Two inclines have been run in from the face of the
sandstone bluff overlooking the Newark meadows. One inclino
is 220 feat long and connects through old workings with an old
shaft. The second drift is but S0 feot long.*®

The American Copper Mine Company own land underlain by
tha ore-bed outeropping for several miles along the escarpment of
Watchung mountain. Their main working is, however, threo
miles from Somerville, at tho site of the old Bridgewater ming,
where an incline shaft 1,300 feet deep on the dip has been sunk
on the ore-bed, with 1,800 feet or so of drifting. The drifts aro
thirty feet apart, alternating on each side, thus blocking out tho
ground in the same manner as in coal mining. No timbor is
used save for a few yards near the surface, and no shattering of
rock has as yet oceurred, the great trap-sheet, 600 feet thick,
forming a perfect roof, so that using ore pillars and a cribbing of
waste for support in stoping mo timber is necessary., The de-
velopment work is done with power drills, tho softer fissile shalo
beds beneath the ore being first undercut and extracted as in coal
mining, leaving a breast of ore casily shot down and freo from
waste. The development work thus far done has blocked out 2
large amount of ore, but as shown later, it is low-grade, and it is
ouly below 600 or 700 feet wherg the change to native copper
oceurs that an ore averaging 114 per cent. can be profitably cx-
tracted. Tt should be stated, however, that systematic sampling
by the Mine Superintendent, shows, I am told, over 2 per cent.
of copper.

The surface plant consists of a 5-drill Rand compressor with
80-horse power boiler, now running two drills and the pumps, and
a hoist with 12-horse power Lidgerwood engine. The 50-ton
mill is equipped with 60-horse power boiler and engine, crusher,
two sets roughing rolls, drying screens, sizer and two Wilfrey
tables. Experiments in leaching the oxidized ores were made, but,
28 the ore has changed to native eopper in depth and this chango
appears likely to be permanent, the treatnent is greatly simplified.

* Annuel Report of the State Geologist for 1900, pp. 209-212.
tt
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The shotlike particles of copper in the concentrate from the
Willey tables carry 60 per cent. copper. ,
Nature of {he Orcs—The copper ores of New Jersey are com- .
monly the oxides, carbonates and silicate of copper, of which
cuprite, malachite and chrysocolla are the most common, the black .
oxide, tenorite, and the blue carbonaté, azurite, being rare. As-
woeiated with these ores there are sheets and masses of native cop- .
per, in joints and erevices, of both trap-rock and ore-bed. Glance
fehaleocite,) commonly associated with caleite, is also found.
‘The other sulplides are rare, bornite occurring as a secondary
product in the houlders of decomposed rock of the subsoil at.
(*himney Rock, and chaleopyrite at Arlington and other localities .
as o secondary mineral filling fractures. Native silver ocgurs at
various localities associated with chrysocolla at Arlington, Somer-
ville and Raritan river. )
The workings carly in the century, sometimes several hundred '
feet long, wero abandoned because the hand-pumps would mnot
handlo the water. So far as known, the Somerville property,
known as the American mine, is the only one that has penetrated
below the water level and bevond the zone of surface oxidation
and alteration. For this reason the discussion of mineralogical
changes, permanency of ore and its genesis, i8 in large part
hased upon the facts observed and the specimens collected at this
mine. This change is of great significance inasmuch as the com-
mercial value of these low-grade deposits depend entirely upon it.
fn studying the oceurrence and distribution of the ore minerals
it is necessary to distinguish the normal ore content of the vein
{cither unaltered or in its decomposition products) from the ore
of sceondary fractures extending down to considerable depths.
The latter carry surface-waters and carbonate ores far below their
normal level, and such ores are not a normal constituent of the
depesit.  The ores of the upper parts of tho Semerville deposit
are mainly red oxide of copper in nodules and hunches in the
ore-bed, with films of native copper in joint cracks. The cuprite
varics considerably in luster and color; bunches of several pounds’
weight occur near the surface, where it is commonly surrounded
by a erust of malachito and chrysocolla often grading into a.
rell or green jasperoid. In passing downward along the dip
the carhonates disappear and red oxide is more abundant. This,
in turn, changes to an earthy orange-powder or an aggregate of
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minuteneedles of eopper oxide, associated with native copper, the
latter becoming more and more abundant in depth uritil no oxide
is seen.

As shown by Dr. Cook* many years ago, the New Jersev
copper deposits are not veins, but beds, either of sandstone abovo -
the traprocks, or altered shale bencath the trap-sheets. Where °
the trap is intrusive, as at Arlington, New Brunswick, Griggstown,
&e., the adjacent rocks are more or less baked, altered by the heat
of the igneous magma to contact metamorphie rocks, hornstones,
&e. At Rocky Hill glance and hematite ocenr under conditions -
that suggest a hydrothermal origin, and at Arlington also tho
conditions indicate a reimpregnation of the overlying rocks, with
subsequént slight alterations and migrations of the copper.

Occutrence of Ore at Somerville Minc.~~The Watehung moun-
tain deposits are by far the most extensive deposits of the State,
and as the conditions throughout are apparently uniform, the
oceurrence at the American mine, near Somerville, is typical for
the whole area. At Somerville the ore-bed is a dense and firm,
nearly uniform, purple rock, having a texture like that of a brick
on cross-fracture, and differing markedly in its massivencss
and wniformity of texture from the underlying shales. This
ore-bed varies from 8 inches to 214 feet in thickness. The rock
also differs markedly from the shale in color, being purplish in
“color, while the shale is red. This purple tint is characteristic,
and even after a half century of weathering on dump-heaps is
readily recognized. The carlier geologists recognized the changed
appearance of the shale and assumed it to be due to contaet meta-
morphism. It is quite possible that there has boen a slight baking,
for, although the evidence is conclusive that the Watchung sheets
originated as lava flows, spreading out over the tidal flats or shal-
low reaches of a great estuary, yet the alteration which I have
observed under lava-flows in the Yellowstone Park and elsewhere,
is sufficient to produce the changes seen here. That this alteration
is not wholly due to mere baklng is shown by experiments with
tha underlying shale, and it is believed that later alteration has
taken place. Especially interesting is the porous condition of the
rock. It is permeated by a great number of gashes whose lentie-
ular cross-sections and length have the appearance of gashes made
by stlckmg the point of a penknife into a soft substance Besides

'Geology of New Jersey, 1868, p. 676.
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these open spaces there are many small irregular cavities. This
porous texture is characteristic of both the purple rock and the
white spots in it down to 1,300 feet from the outcrop. .

The copper minerals are not uniformnly disseminated through
the ore-bed, but occur only in white spots or blotches irregularly
scattered through the purple rock. In depth these spots, whose
white or gray tint is in marked contrast to the purple rock, in-
variably carry ore, at first as oxide-dust, lining minute cavatics.
later as small nuggets and pellets of native copper, disseminated
through the light colored rock.

As a rule the copper partly or wholly fills these pores in the
white blotches of the beds. In large part the rock of the ore-bed
at 1,300 feet and below is solid, these pores being filled by
calcite, the significanco of which and the association of calcite
and native copper, will be discussed later. Throughout most of
the workings, however, not only of the Americar mine, but the
adjacent propertics, the rock of the ore-bed is distinguished by
the above-mentioned pores.

The shale beneath the orebed is, where exposed by weathering,
friable and soft. In the mine workings it is compact and hard,
composed of different layers, which thin out abruptly, are
often separated by micaceous partings and streaks, and vary in
grain. Immediately beneath the ore the shale is very fine grained
and dense, but shows calcite specks, and when treated with dilute
acid the rock shows an abundance of pores, often irregularly round
and branching, of the same shape as many of the smaller particles
of native copper in the ore.

The base of the trap-rock is frequently amygdaloidal at the
contact, the smaller cavities being filled by calcite, the larper
sometimes with quartz, caleite, lamnontite and inanganocaleite.

The trap-rock at and for several inches from the contaet shows
considerable alteration.  The rock eontains many small shot amye-
dules of caleite the =ize and shape of fino birdshot. Six inches
from the contact it is a nearly normal dark-gray color, greenish
from chloritic staining when moist, but to the eye quite fresh and
unaltered. At three inches from the contact the rock is slightly
lighter, increasing gradually to a well-marked brownish line one
millimetre thick at one and onehalf inches from the contact. A
second chocolate-colored line onceighth of an inch from the first,
with a third onesixteenth of an inch, inside of which the-lines
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becoine indistinet and morged in a general brown staining of tho
rock for half an inch, with more abundant calcite amygdules.
The trap for an inch from the contact is much lighter colored and
shows a great abundance of ealeito amygdules, mostly of irregular
shapo and bordered or encrusted with shells of native eopper.

An examination of thin sections of the ore under the micro-
scopo shows that the purple rock, although in reality an alfered
shate, has the appearance of an altered igneous rock.  In fact, from
the slide alone, Professor Joseph Barrell, who has kindly examined
it for ne, concluded that the rock is a vitrophyric andesite, show-
ing small broken feldspar erystals, and shreds of muscovite in a
glass base stained deep red by ferric oxide The sharp feldspar
cerystals in marked distinction to the isotropic groundmass soem
to indieate that this rock is a chilled margin of the diabase, but
comparison with thin sections of the red shales shows that this
distinction is not a sure one. Morcover, the ore-bed shows mica-
ceous partings and streaks of compact very fine grained shale,
and sometimes has fossil mud cracks. Despite its physical
texture, therefore, these evidences show that it is merely an altered
shala.  This conclnsion is, moreover, sustained by a comparison
of the chemical analyses of the orcrock with those of the under-
lying normal shales, as shown in the table below,

The analyses given below were made by the chemist of the
American Copper Company, and furnished me by the courtesy
of Mr. Josiah Bond, General Manager. The first column repre-
sents the trap-rock, the fourth the ore. It will be noted that the
large percentage of alumina and very slight amount of alkalios
present in No. IV, shows the rock to be a normal sediment. The
oro proper, that is, the white copper-bearing spots in the purple
gangue, evidently result from the reducing action that produced
the native copper und changed the red ferric oxido to the protoxide.
Tests made in the Survey laboratory by Dr. Stokes, npon samples

of these rocks, showed the presence of ferric oxide in the red and

the presenco of ferrous iron in the white rock, a conclusion con-
tirmrd by an examination of thin seetions under the microscope.
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TABLE OF CHEMICAL ANALYSES OF BOCKS, AMERICAN COPTER. MINE, .
S8O0MERYILLE, N. J.

| '
& g 218
. s ' 02 § rl a
& — . -
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el P [ i [ =] .
; m_ i ) | . 3. - - E
- 5 | = 2 5 s & e
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e O] 6.81 9.61 X3 A I % Y 3.59
Al Qg 1768 | 2119 | 19080 | 2081 | 19.07 6.85 | 16.25 12.79
‘ MnO. 0.09
MEO..ooim | B.90 0.8 0.78 ) 1.7 7.974 |Ni0. 0.08
1.38 0.63 0.75 voroeemse | 1.0B 0.39
1.50 0.2 0,19 e 154 2,14
10.70 4.00 6.78 L5 1070
8.20 .12 4.0 1.7 18 | 8
i os 17) Trace, | ‘Trace. - e
Copper.. (H, T,
ppe { vevsesrersn | insnammesmnens [sersrsseranees | 99,84 .93{ ey
. RO A

. Iron as Fo,(),
+ BMlver 1.9 onnce per ton.

I. Trap-rock from sbeve ore-bed, American copper mme
II. First shale layer below ore-bed, *
III. Second * “ “ “ * “ .
IV. Purple rock of ore-bed, *
¥. White epots in .
VI, Ore,
YII. Basalt—normal rock of Watchung mountain, Orange, N. J
Bull. 148, U. 8. G. 8., p. 80.
YILI. Diabase, West Rock, New Haven, Conn.

Analysis I. shows, in the high percentago of water and ignition
and the low silicu, that the rock is much altered, compared with
VII., which is the normal rock at Orange. The ana]yms 1. shows
normal alumina, alkalies and lime; the iron has largely altered
to the higher oxide. There is a loss of 50 per cent. of magnesia
as compared with the Orange rock, and a decided loss of silica
These changes indicate a leaching of the rock by alkaline waters,
and the unchanged alkalies show that there was no available
chlorine or sulphur to ecombine with and remove them.

The shale analvses are unusual in showing no alkalies. It is
normal for n slightly ealeareous clay shale.

Analysis IV. represents the normal rock of the ore-hed. It
thows a xilica content cxaetly like that of the underlying shale
and unlike the traprock. It differs from the underlying shale
in having much less iron, more alumina, with considerably more
magnesis, It reseinbles the shale in having no alkalics.
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"The alteration of the trap is evidently the result of normal
hydrometamorphism.

Occurrence of Copper in the Ore-bed.—Copper glance (chaleo-
cite,) occurs in small quantitics at numerous places in tho mine,
mainly as a sccondary product in fractures. Below the zone of
oxidized ores it oceurs in and with caleite in joint fractures, often
nssociated with sheels of native eopper.

The masses of white ore-bearing rock of the lower drifts (1,300
feet and 1,330 feet) also carry glance. In the purple rock sur-
rounding the white ore the glance occurs as tiny bunches of

- glistening crystals, attached to the walls of the gash-like cavitics.
In the white ore the glance oceurs in solid nucleal masses, dull on
existing fracturo surfaces and surrounded by scoty glance (an
alteration product), a substance which has also in many instances
migrated and impregnated the porous rock about the cavity. Tho
most significant feature is, however, the presence of native copper
about this altered glance, usually bordering it, and whose ex-
tremely finely divided stato and manner of occurrence show it to
be reduced from the glance in sifu. In several instances these

. spots of native copper or of glance and copper are surrounded by
a halo of bleached rock, whoso width is one-half the diameter of
the cavity, clearly indicating an alteration due to the product of
the reactions involved in reducing glance to native copper. Tho
glance just deseribed is not associated with ealeite, but oceurs in
cavities,

Glance also occurs in drusy masses and along joint fractures
as & crystalline mass of caleite enclosing a mesh of very minute
. mossy hairs of glance. This association indicates the synchronous

deposition of both materials. At present it appears as if this
glance was an instance of reversible reaction, 1. e., native copper
and caleite attacked, calcite removed, glance deposited. Latar
solutions attack glance, in fhe white rock and reduce it. It is
cspecially significant that no native copper occurs in the red rock
(1. e., in presence of ferric oxide) but that it is confined to and
being reduced in white rock (no ferric oxide, but ferrous iron).
If this is so the cause is purely local.

Association of Native Copper and Calcife.—Native copper oc-
curs encrusting and sheathing calcite amygdules in the trap and
the similar calcite masses in the white ore. I also saw native
copper psendomorphie after erystals of caleite in the collection at
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the minw  This occurrence of native copper in white bleached
spots in the ore-bed is & marked characteristic of the great copper
deposits of tho red sandstones of Corocoro, Bolivia,* and similar
features were noted in 1902 by Kmmons.t  Native copper pseudo-
morplic after caleite also oceurs at Corocoro and Lake Superior.

Kemp] notes that the comparison drawn by early investigators
hetween the Lake Superior and New Jersoy doposils is quite
significant, although there is a very great difference of age. The
Lake Superior deposits do not pass into sulphides in depth, excopt
lowally, 4. ¢., at the Huron mine, copper arsenide oceurred, and
nitive copper changes to glance ninety feet down in the Mamaisne
mine near Sault Ste. Murie. At Corocoro, cited above, similar
OIS oecur,

Origin of the Coppcr.—The copper is believed to come from
the trap-rocks, and not the shales, a theory suggested by Kemp.
The ovidenee of this is, first, 200 assays of the basalt of the
Watchung mountain sheet, made for Josiah Bond, by the most
refined chemical methods, gave one-fortieth of one per cent. as the
average copper contents of the basalt. Second, the nucleal con-
tents of large trap prisms, showing no alteration, were crushed,
the heavier mineral concentrated by “horning,” and the result,
tested for me by Dr. Hillebrand, showed an appreciable amount
of eopper.

Even if the New Jersey trap did not contain copper its asso-
ciation with the deposits is a genetic one, if the ferrous salts of
the altered rock acted as the precipitating and reducing agent for
the native copper, in accordanco with the aceepted theory for Lake
Superior deposits.  Van Ilise, following Pumpelly and Irving,
wuys of the oceurrence of native copper about magnetite grains in
the Lake Superior rocks: It scoms perfectly (p. 344, Princi-
ples, &), elear that the protoxide of iron in the magnetite was
the redueing agent which precipitated the metallic copper.  The
metallie copper hetween the particles was doubtless precipitatod
by ferrous solutions furnished by the wall-rocks which in many
cages are haxie voleanies.”

* David Forbes, Quarterly Journ, Geol Soc., Nov., 1560, p. 41.
t Verbal ¢ommunication,
1 Ore deposits, p. 168, 2d ed.
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RECAPITULATION.

Summarizing the observed facts that bear upon the discussion
of origin of the Somerville deposit, we have:

The basalt is chloritized as a result of ordinary hydrometamor-
phism, It is vesicular in places, the cavities now filled with
caleite amygdules. Native copper occurs sheathing these amyg
dules, in the leached and green rock an inch or two thick, next the
contact, but only where the underlying rock of the ore-bed is
drnse; when it is porous the copper is absent in the basalt, but
seeurs in the altered shale.

The orc-bed is an altered shale beneath the basalt. It has a
purple color, contains a large amount of ferric iren, and is dis-
tinguished by cavitics whose shape, size, abundance and inner
surface closely resemble the pores of an ordinary red brick, sug-
gesting a slight baking of a wet silt of mud. These pores are
oither open or partly or wholly filled by native copper below the
zone of surface alteration; filled by a loose powder of orange
eolored oxide at the transition line and by normal oxides en-
crusted by carbonates above. This native copper and most of the
oxide ore is confired to patches of white bleached parts of the
ore-bed, irregularly distributed. In depth the cavities of the
white ore are filled by calcite sheathed by native copper, but other
parts of bed show fresh glance erystals in cavitics in the purple
ore and altered glance and native copper reduced from it, in cavi-
tes in the white ore. The latter are surrounded by a halo of
whitened gangue. The sheet copper of these hottom workings
oceurs in joints parallel to bedding and near the trap contaes; the
native copper lics alongside of layers of black caleite, consisting of
caleite shot through with minute spicules and mossy fibers of
zlance.

These facts are believed to show that the copper comes from
the basalt; that the solutions carrying it contained alkaline car-
bonates, and precipitated copper and glance with calcite. If the
copper eame from decomposing chalcopyrite of cither the shale or
hasalt the solution would be acid and calcito attacked. Where
organic matter, such as plant remains, occurred the copper sul-
phide would be reduced to native copper.

The glance and caleite associated together in joints and frac-
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tures arc regarded as sccondary because they appear to be con-
nected with a fault fracture permitting access of surface waters
to the deeper workings along this fracture, and the deposits are
-confined {o this fault and its proximity. They are regarded due
to secondary enrichment. Concerning the glance in the pores of
the orebed, I am uncertain, but believe it is primary. It is hard
to see how any singlo chemical sequence can account for facts ap-
parently so contradictory, and it may be like Vogt's Norwegian
cases, an cxample of reversed conditions. The following appears
to be the sequence of events:

(a) The basalt is chioritized and the iron reduced from silicaie
to ferrous oxide; (b) calcite amygdules formed in the basalt and
pores of the altered shale bed; (¢) copper is dissolved out by
percolating waters and migrates toward the porous oro stratum
beneath; (d) copper and calcite are deposited in the pores of the
ore; {(c) glance is reduced and ferrie oxide is reduced in white
patches.

The readiest reagent at hand to reduce the glance to native
copper is humic acid in waters containing oxygen.

CugS + €+ HgO + 50 = 2Cu 4 HoS04 4 COs.

There is no doubt that in some cases carbonaceous matter has
produced a direet reduction of the sulphide to the native metal.-

From the complete absence of iron oxide with the copper ore,
and from the fact that the native copper oceurs only in those por-
tions of the orebed in which the ferric oxide has been reduced.
& phenomenon common to Bolivian and European deposits as well
as these, it is evident that the commonly accepted explanation is
not only not adequate, but contrary to the observed facts. If it
wore the protoxide of iron or of magnetite ferrous solutions that
caused the reductions we should have red spots and ferric oxide,
one of tho most insoluble and stable of substances, associated with
the native copper.  Moreover, the very common association of
culcite quartz, chlorite and epidote observed in Appalachian® de-
posits, Lake Suncriort and Oregon show a genetie relation, which
in econneection with the fact of occurrence, show that carbonated
meteoric waters traversing basic igneous rocks, carry silica, car-
Lonate of lime and ferrous salts in solution, together with eopper

* Weed, Types Sonthern Copper Deposits, Tran. A. L M. E., 1800,
+ Pawpelly, A. J. Sci,, 1871, i
1 Lindgren, Geol, Blue Mtns,, Oregon. Ann. Rept. Geol. Survey, 1901.
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present as CuO. This is redueed by waters holding humie acid
and free oxygen, producing the mineral mentioned.

Conclusions.—The commercial importance of these New Jersey
deposits depends upon the cost of mining and extraction. The
labor conditions and cost of supplies are considerably more favor-
able than in the Lake Superior region and the ore is more easily
crushed. The metal occurs native in the lower workings, but
the existing work does not furnish conclusive proof that this will
not change to glance in depth. If it does not so change, and the
average tenor of the ore proves over 13/ per cent. and the copper
native and concentrating readily on Wilfrey tables, there is a
bright future for the properties when worked on a very large
scale. Before erecting large reduction works it is absolutely
necessary to explore and open up sufficient ground to permit of
the steady extraction of a large quantity of ore daily. This under-
ground work will also test the character of the ore and solve any
doubt as to the continuance of the disseminated native copper
in depth.
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Mineral Statistics

For the Year 1902

IRON ORE.

The total production of the mines, as reported by the several
mining companies, was 443,728 tons.*

The total shipments from mines in the State, as reported by
the railway companies, to the office of the Geological Survey, plus
a small amount hauled by wagons to furnaces, amounted to
399,984 tons.

The table of statisties is reprinted, with the total amount for

1902 added. )
TABLE OF STATISTICS. .

Year. Iron Ore. Authority.
1790...... 10,000 tons. ..... Morse's estimate,
1830...... 20,000 tons. ..... Gordon's Gazetteer,
1855...... 100,000 toms...... Dr. Kitchell’'s estimate.
1860. ..... 164,900 tons. .,.... U. 8. census
1864. ..... 226,000 tons...... Annual Report State Geologlst
1867...... 275,067 toms...... “ u "
1870...... 362,636 toms...... U. 8. census,
1871...... 450,000 tons...... Annual Report State Geologist.
1872...... 600,000 tons. ..... i “ “
1873...... 865,000 tons...... “ i "
1874...... 525,000 tons...... + “ u
1875...... 390,000 tons...... ’ i “
1876....., 285,000 tonst..... " “ “
1877......315,000 tonst..... u + “
1878...... 409,674 tons...... “ “ “
1879...... 488,028 tons...... " o “
1880...... 745,000 tons...... “ “ “
1881...... 737,052 toms...... " “ woo
1882...... 932,762 tons...... " “ “
1883...... 521,416 tons...... * “ u
1884. ... .. 393,710 tons...... * “ “

*A =small amount mined at the Beach Glen and one or two other mines I8 not included, aw
reporta have not been received,
1 From staustics collected later,
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Year. I'ron Ore., Authorily.

1885...... 330,000 tons...... Annual Report State (eologist.
1886...... 500,501 toms...... '

1887......D047,889 tons...... * L "

1888...... 447,728 toms. ..... ‘ nl “

1889...... 482,109 touns...... “ “ “

1890...... 352,996 tons...... o “ “

1891...... 551,358 tens...... “ “ -

1892...... 465,455 tons...... “ " i
1893......356,150 tons...... “ “ “

18%4...... 277,483 tons...... “ " "

1895...... 282,433 tons. ... .. " " “

1896...... 264,999 tons. ... .. “ “ *

1897...... 257,235 tons. ..... * ‘“ “A Ca i
1898...... 275,378 toms. ... .. . “ “ ,
1899...... 300,757 toms...... . “ b “

1900...... 342,390 tons*..... “ " “

1901...... 401,151 tons. ... .. “ “ " .
1902...... 443,728 tons. . “ " b

*The figures, 407,596 tons, glven in the report for 1900, incinded 75,206 tons of crude waterlal,’ .
which should have beea reduced to its equivalent in concentrates.

ZINC ORE. |

The production of the New Jersey Zinc Company’s mines is
reported by Mr. James B. Tonking, Superintendent, to be 209,386
gross tons of zinc and franklinite ore. It was chiefly separated
at the company’s mills,. The amount of separates and ore shipped
by the railroad is reported to be 192,192 gross tons. Both reports
show a gain in production over 1901,

The statisties for a period of years are reprinted from the last
annual report.

ZINQ ORE.

Year. Zine Ore. Authority. :
18G8...... 25,000 tonmsf..... Annua! Report State Geologist.
187L...... 22,000 tomst..... " "
1873...... 17,500 toms...... “ 4 “
1874...... 13,600 tons...... @ “ Py
1878. ..... 14,407 toms...... “ " “
1879...... 21,937 tons...... o " u“
1880...... 28,311 tons...... “ “ “
1881...... 49,178 tons...... “ “ “
1882...... 40,138 tops...... “ “ .

+ Estimated for 1868 and 1871, Btatlsticl for 1878-1890, lncluslve. arg for shipmenu b1 nqur
oompanies, The later reports are from zinc-wining companies.
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N Year. Zing Orc. Authority.
1883...... 56,085 tons. ... ., Annual Report State Geologist.
1884. ..., 40,004 tons., ., ..., " - =
1885.,.... 38520 tons...... "
1886. ..... 43,877 tons...... * :
1887, ..... 50,220 tons...... * -
1888, ..... 46,377 tons. ... .. - v -
1889...... 96,154 tons. ... .. " “ b
18940. ..... 49,618 tomns...... " “ “
1891...... 76,032 tons...... - - o
1802...... 77,208 tons. ..... " o v
893, ..... 05,852 tons. ... .. " - "
1894, ..... 09,382 tons...... “ “ “
1RO5*
1896, ..... 78,080 tons...... " “
IRIT...... 76,973 tons...... " o
1808, ..... 99,419 tons...... - -
1899...... 104,447 tona,..... '
1900. ... .. 104,881 tons. ... .. . .
1001, ... .. 191,221 tons, ... ..

1002. .,...209,38G tons......

* No statistics were published in the Annnal Report for 1895,
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Publications.

The demand for the publications of the Survey is continunous
and active.  So far as possible requests for the reports are granted.

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 Annual 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 Survey is a
board of publication, with power to issue and disiribute the pub-
lieations as they may be authorized. The Annunal Reperts of the
State Geologist are printed by order of the legslature as a
part of the legislative documents. They are distributed by the
State Geologist to libraries and public institutions, and, as far as
possible, to any who may be interested in the subjects of which
they treat.

Five volumes of the Final Report series have been issued.
Volume L. published in 1888, has been very scarce for several
years, but all the valuable tables were reprinted in an appendix
of Volume IV., which can still be supplied.

The appended list makes brief mention of all the publications of
the present Survey since its inception in 1864, with a statement of
the editions now out of print. The reports of the Survey are dis-
tributed without further expense than that of transportation.
Single reports can usually be sent more cheaply by mail than
otherwise, and requests should be accompanied by the proper post-
age as indicated in the list. Otherwise they are sent express
collect.

The maps are distributed only by sale, at a price, 25 cents per
sheet, to cover cost of paper, printing and transportation. In
order to secure promnpt attention requests for both reports and
maps should be addressed simply “State Geologist,” Trenton,
N. J.

10 (146}
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CATALOGUE OF PUBLICATIONE.

GEOLOGY OF NEW JrmseY. Newark, 1868, Svo., xxiv{-809 pp. Out of print,

PorTroLIo oF MAPs accompanying the same, as follows:

1. Azoic gml paleozoie formations, including the iron-ore and limestone dis-
tricts; colored. Reale, 2 miles to an inch.

2. Trinssic formation, including the red sandstone and trap-rocks of Central
New Jersey; colored.  Senle, £ miles to an inch.

3. Cretaceous formation. including the greensand-marl beds; colored. Scale,
2 miles to an inch.

4. Tertinry and recent formations of Southern New Jersey; colored. Secale,
2 miles to an inch.

3. Map of a group of iron mines in Morris county; printed in two colors.
Secale, 3 inches to 1 mile,

6. Map of the Ringwood iron mines; printed in two colors. Scale 8 inches
to 1 mile,

7. Map of Oxford Turnace iron-ore veins; colored. Scale, 8 inches to 1 mile,

8. Map of the zine mipes, Sussex county; colored. Scale, 8 inches to 1 mile.

A few copies are undistributed.

REPORT 0N TUHE ('LAY DEPOsITS of Woodbridge, South Amboy and other places
in New Jersey, together with their uses for fire-brick, pottery, &e. Trenton,
1878, 8vo., viii.+381 np., with map.

A PRELIMINARY CATALOGUE of the Flora of New Jersey, compiled by N. L.

Britton, Ph,D. New Brunswick, 1881, 8vo., xi-+233 pp. Qut of print.
FixaL Rrrort or THE STATE GEoLoGIST. Vol. I. Topography. Magnetism.
Climate. Trenton, 1838, 8vo., 4439 pp. Yery scarce,

'ixaL RePORT Ov THE STATE GEeEOLOGIST. Vol. II. Part I. Mineralogy.
Botany, Trenton, 1859, 8vo., x4-642 pp. (Postage, 25 cents).

FivaL ReporT or Tar STATE GEoLogisT. Vol II. Part TI. Zoology.
Trenton, 1840, 8vo., x+824 pp. (Postage, 30 cents).

Report 0N WaTke-SrprLy. Vol IIL. of the Final Reports of the State
Geologist. Trenton, 18%, 8vo., xvi-352 and 96 pp. (Postage, 21 cents).

REPORT ON THE PHYsICAL (GEOGRAPTIY of New Jersey. Vol IV. of the Final
Reports of the State Geologist, Trenten, 1838, S8vo., xvi41704-200 pp.
{Postage, 24 cents).

REPORT 0N THE GLACIAL Georogy of New Jersey. VYol. V. of the Final Re-
ports of the State Geologist. Trenton, 1902, Svo.. xxvii-802 pp. (Sent by
express, 30 cents if prepaid, or charges collect).

BRACIITOPODA AND LAMFELLIBANCHIATA of the Raritan Clays and Greensand
Marls of New Jersey, Trenton, 188G, quarto, pp. 338, plates XXXV, and Map.
(Paleontology, Yol. I.). (By express).

(JASTEROPODA AND Crprarorcpa of the Raritan Clays and Greensand Maris
of New Jersey. Trentom, 1802, guarto, pp. 402, plates L. (Paleontology, Vol.
I1.). (By express),

ATLAS OF NEw JeRsrY. The complete work is made up of twenty sheets,
each 27 by 37 inches, including margip, intended to fold once across, making
the leaves of the Atlas 1814 by 27 inches. The location and number of each
map are given below, Those from 1 to 17 are on the scale of one mile to
an inch.
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No. 1. Kittatinny Valley and Mountain, from Hope to the State line.
No. 2. Southwestern [ighlands, with the southwest part of Kittatinny valley.
Out of print at present.
No. 3. Central Iighlands, including all of Morris county west of Boonton, and
Sussex south and east of Newton.
No. 4. Northeestern Highlands, including the country lying between Decker-

town, Dover, Paterson and Suffern. QOut of print at present.
No. 5. Vicinity of Flemington, from Somerville and Princeton westward to the
Delaware, Qut of print at present.

No. G. The Valley of the Passaic, with the country eastward to Newark and
southward to the Raritan river,

No. 7. The Counties of Bergen, Hudson and Esser, with parts of Passaic and
Union. A revised edition is being prepared,

No. 8. Vicinity of Trenton, from New Brunswick to Bordentown.

No. 9. Monmouth Shore, with the interior from Metuchen toe Lakewood.

No, 10. Vicinity of Salem, from Swedesboro and Bridgeton westward to the

Delaware,

No, 11. Vicinity of Camden, to Burlington, Winslow, IXlmer and Swedesboro.

No, 12, Vicinity of Mount Holly, from Bordentown southward to Winslow and
Woodmansie,

No. 13. Vicinity of Barnegat Bay, with the greater part of Ocean county.

No. 14 Vicinity of Bridgeton, from Allowaystown and Vineland southward to
the Delaware bay shore.

No. 13. Bouthern Interior, the country lying between Atco, Millville and Egg
Harbor City.

No. 16. Egg Harbor and Vicinity, including the Atlantic shore from Barnegat
to Great Egg Harbor.

No. I7. Cape May, with the country westward to Maurice river.

No. 18. New Jersey State Map. Scale, 5 miles to an inch. Geographie.

No. 19. Now Jersey Relief Map. Scale, 5 miles to the inch. Hypsometric.

No. 20. New Jersey Geological Map. Scale, 5 miles to the inch.

At present out of atock.

The maps comprising Tne Atvas or New Jersey are sold at
the cost of paper and printing, for the uniform price of 25 cents
per shect, either singly or in lots. Payment, invariably n
adrance.

TOPOGRAPHIC MAPS, NEW SERIES,

The new series topographic maps of the Survey, on a scale of
one inch to 2,000 feet, are sold at 25 cents per sheet. The fol-
lowing sheets are ready: Haoxewsack, Patersow, JERsEY
Crry, Newarx, Morristown, ELizapeTi, PLaiNFiELD, CAMDEN,
Mouxr Houry, Woobsury, Tausrtox, AwmBoy, NAVESINK,
Loxe Braxcn, Arraxtic City and Trextor, East. The New
Yorg Bay and Snarx River sheets will be issued shortly. They
may be had by addressing the State Geologist, Trenton, N. J.,
with remittance for amount of order.
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ANNTUAMAL REPORTS.

Reronrt or 'reressor Grorgk I Coog upen the Geological Survey of New
Jersey und its progress during the year 1863, 'Prenton, 18G4, Svo., 13 pp.
Out of print.
THE Axsural Revorre of Prof. Geo, 110 Cook. State Geologist, to his Iox-
cellency Jorl D'avker, President of the Board of Managers of the Geological
Survey of New Jerzey, for the year 1864, Trenton, 1863, Svo., 24 pp.
Out of print.
Axxvan Report of I'rof. Geo, 11 (Cook. State Geologist, to his Excellency
Joel Parker, 'eesident of the Board of Managers of the Geological Survey of
New Jersey, for the year 1865, Trenton, 1866, Svo., 12 pp. Out of print.
Axxvar RErort of IProf. Geo. II. Cook, State Geologist, on the Geological
Survey of New Jersey, for the year 1866, Trenton, 1867, 8vo., 28 pp.
Out of print.
Repont oF die 8Sra1i GroLocisTt, I'rof. Geo. H. Cook, for the year of 1867,

Trenton, 1865, Moo, U5 Out of print,
AxxuaL Herourr of the State Geologist of New Jersey for 1869. Trenton,
A8TO, Svoo, 0T pp., with maps, Out of print.
AxNUAL Ihepout of the Btote Geologist of New Jersey for 1870, New Bruns-
wick, 1871, Nvo., To pp., with maps. Very scarce.
ANnUAL Report of the State (leologist of New Jersey for 1871, New Bruns-
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