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To His Fxcellency Hon. Leon Abbelt, Governor of the State of Neur
Jersey and ex-officio President of the Board of Managers of the
Geological Survey of New Jersey :

Sir—T beg leave to present herewith the Annual Report of the
Geological Survey for the year 1890.

Respectfully submitted,

JOHN C. SMOCK,
State Geologist.

TreNTON, N. J., December 16th, 1890.
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REPORT.

*

In the organization of the Geological’ Survey subsequent to the
death of the late State Geologist, Dr. George H. Cook, September
22d, 1889, Irving 8. Upson was appointed Assistant-in-charge of the
office. The business management and general direction of the work
were retained by him until the 1st of October, 1890, when I assumed
charge of the Survey and entered upon the duties of the office as State
Geologist. Mr. Upson has remained in charge of the office at New
Brunswick, has done much of the clerical work and had the care and
supervision of the distribution of the maps, reports and other publi-
cations. This annual report covers the work done under his direction
and that under the present administration during the year 1890,

Frank L. Nason, Assistant Geologist, in the service of the Survey
since 1888, has been engaged in the study of the crystalline rocks of
the Highlands and of the magnetic iron ores of that district, and has
prepared reports on his observations in the field.

C. W. Coman was hired as an assistant geologist in September
and began work in Monmouth county, He has continued his field
investigations throughout the season and has prepared a short sum-
mary of the results of his work.

George C. Bullock, Alfred A. Cannon and Burton 8. Philbrook
have given efficient service to the work of distribution in the office at
New Brunswick.

Hatfield Smith has been retained as general assistant and he has
given some time to the preparation of rock sections for microscopic
stady.

C. C. Vermeule, Topographer of the Geological Survey for the
years 1880-1887, has been engaged in a special work on the Water-
Supply and Water-Power of the State. He has revised the new edi-
tions of the atlas sheets which have been issued during the year. The
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10 ANNUAL REPORT OF

results of the field-work done under his direction make up a large
part of this report.

The office of the Survey has been removed to the State House in
Trenton, The distribution is attended to by Mr, Upson, at New
Brunswick, for the present.

GEOLOGICAL WORK IN THE NORTHERN PART OF THE STATE.

Frank L. Nason, Assistant Geelogist in the service of the Geologi-
cal Survey, has been at work in the northern part of the State through-
out the field season. From April to the middle of June he was
engaged in the survey of the outerops of slaty rocks (hydromica
slate) and the associated schistose rocks and crystalline limestones
which crop out in small isolated areas along the southeast border of
the Highlands. Several new localities have been found and noted by
him, and the range of the outcrops has been traced and the bound-
aries defined from Montville, in Morris county, to Stony Point and
Tompkins Cove, on the Hudson river, in New York. The areas of
these outcrops have been outlined on the geological map, and the
structural relations of the rocks to the adjacent formations have been
determined. Further study, and particularly in the direction of
lithological work, is necessary to supplement the field observations
before publishing the detailed results of this Survey. More than one
hundred typical rock specimens have been collected for the State
Museum, for exhibition and for future studies.

Duoring the summer and a part of the autumn he was at work in
the limestone valleys, on the northwest border of the Highlands, and
made 2 detailed purvey of these rocks in the Vernon valley, in Sus-
sex county. The * white limestones,” “ crystalline limestones,” or
“ metamorphic limestones,” as they are variously designated, in this
valley, have been described in the reports of the Geological Survey
gince 1864, as members of the series of crystalline rocks of the Azoic
or Archean age. Mr. Nason’s careful examination of the outerops
has resulted in the discovery of organic remains in these limestones
which give a clue to their age and determine their relative horizon.
The fossils discovered have been referred by Prof. Charles E. Beecher,
of Yale University, to the Cambrian and below the Potsdam sand-
stone formation, the oldest fossiliferous horizon hitherto known in
the State. This discovery is of importance in the solution of the

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 11

problem of the age of these limestones, which has been so long time dis-
cussed. It bears indirectly upon the question of the age of the asso-
ciated crystalline sohists of the Highlands also. As a contribution to
our knowledge of the fossils occurring in the State, it is noteworthy.

The study of the outcrops has brought out clearly the intimate
relations of the white limestones and the common blue limestones, and
that of both of these formations to the sandstones and quartzites
of the valley. The gradation from the white to the blue limestone
within short distances and their conformity, indicate that they are
parts of one series; metamorphic or altered structure is apparently to
be assigned to diverse conditions. The so-called “gneisses” of pre-
vious reports are proven to be eruptive rocks—granites, diabases and
scapolite rocks principally—and not interstratified beds or members
with the limestones. The metamorphic condition of the limestones in
the vicinity of these eruptive rocks is noteworthy, and suggestive of
the cause of the altered condition of the former class. Inasmuch as
the apparent interbedding of the * gneisses” and the white limestones
was the ground for the contemporaneous age of these rocks, this de-
termination of the true nature of these crystalline rocks associated
with the limestones, upsets that hypothesis and eliminates the latter
from the Archean series, The several sections made across the
Vernon valley, between Franklin Furnace and McAfee, illustrate
these statements, as also the full detailed notes of Mr, Nason’s report.
A small geological map shows their location and the areas of the
several rocks described in his report.

A large number of specimens have been collected from the valley
for exhibition and for future studies in the laboratory.

Additional detailed surveys of the other limestone areas on the
western border of the Highlands, and in fact of all of the country of
the crystalline rocks, are necessary to an accurate knowledge of the
relative position and true nature of these formations, hitherto grouped
under the generic title of Archean, and for their correct representa-
tion on the new geological map of the State. The valuable zinc-ore
deposits, and magnetic and hematite iron ores on this side of the
Highlands, in and near these crystalline limestone outerops, show the
importance of more information and of an accurate survey of these
outcrops and of the adjacent territory, in order to a thorough acquaint-
ance with the modes of occurrence and other data, which may become
available in the exploration and searching for other deposits of extent
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12 ANNUAL REPORT OF

and value. And it is hoped that further geological investigations
may have a practical bearing upon the modes of searching for ore
deposits in all of the Highlands,

In obedience to my instructions, given on assuming direction of the
Survey, Mr. Nason began in October the work of visiting the iron mines
and collecting notes upon their extent of opening, geological structure,
statistics of working and output, markets and use of ore, ownership
and leaseholds and other data of general interest, preparatory to a
report on the iron mines of the State. The last report on them was
in 1886. It was incomplete and wanting in detail. The demard for
information about the iron ores and their location, and the condition
of the iron-mining industry, led to the preparation of the report.
The instructions were to make the inquiries as full as possible, and to
collect as much material as the length of time left for field-work would
permit to be done. The activity in the iron trade during the year,
and the demand for ores, although at low rates, suggest the present
as opportune for the presentation of this report. The possibilities of
an enlarged ountput next year and the uncertainties of the more dis-
tant future put upon mine-owners and lessees the necessity of an
increased production during this time of steady demand, and upon
the Survey the desirability of publishing available data which can be
of service to the mine manager and to the prospector and help in guid-
ing him to new fields of enterprise. Such a report is of value to the
capitalist outside of the State who may be seeking information con-
cerning locations, leases, quality of ore, date of working, &e.

The need of representative specimens for exhibition in the rooms
of the museum in the State House has made it desirable to use this
apportune time to select the same when the mines were active, The
making of such a collection of the ores, as well as the associated
rocks which may accompany and mark the occurrence of these ores,
has been an important part of Mr. Nason’s work. And he has
already collected 161 wpecimens of ores, of cabinet size, and 287
specimens of rocks illustrative of their occurrence. This collection
will make an interesting part of the economics in a State museam.
It may be added that the work has been helped by lists furnished
from the office of the special department of the United States Census
charged with the statistics of iron ore, under the direction of John
Birkinbine, of hiladelphia, and David T. Day, Chief of the Depart-
ment of Mining Statistics in the United States Geological Survey.
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The resnlts of the census inguiry will be awaited with interest, in the
commparative showing for the decennial period 1880-1890.

The report on the iron mines contains a list of all of the openings
and mioes of magnetic iron ore which have produced ore to a com-
mercial extent, and with references to all of the published notes
thereon in the “Geology of New Jersey,” 1868, and in the annual
reports issued since that time. These references will enable those
in search of information about any particular locality or mine to
learn all that hasappeared in print in the Survey reports. Although
scanty in detail in the case of many of the mines, the notes taken
together throw considerable light upon the history, time of working,
extent of ore-body, quality of ore and advantages of location and enable
one to form a more nearly correct and safe judgment as to the value
of a mine, or of a mining district. The uninterrupted working and
constant production of some of the best and most noted mines, the
increasing development of others, and on the other side the chequered
history with its brilliant prospects and sad disappointments, and the
failures and long periods of inactivity which have marked certain
others—these facts can all be read in these notes. That in all cases
the history is in accord with the true value or capacity of a mine
cannot be safely affirmed. There are no doubt idle mines which
were abandoned, or closed for working, on aceount of disadvantages
of location—thin beds of ore, pinching out so as not to be worked
economieally, or ores unsuitable on account of leauness, or because
of the presence of foreign minerals, making the smelting difficult
and costly. It is also highly probable that some of these abandoned
mines await the coming of capital to open them and develop their
deposits of ore, or of more persevering and intelligent management,
To assume that in all of these apparent failures the cause is in the
nature of the deposit, would be to accept the dogma of infallibility in
man’s direction. Hence, the suggestion is made here that this list
may be studied with profit by those seeking investment in iron ores,
or the direction of mining operations in new fields, Particular
attention is called to the notes on the rocks found with the ores in
the mines—mine rock—and on the country rock, in which ores are
found to occur generally in this Highlands region, as useful hints to
prospectors, both in the further development of old mine localities
and in the discovery of new disposits of extent. The use of the
miner’s compass is also referred to, with some practical rules for the
correct interpretation of its readings in the presence of ores.
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GEOLOGICAL WORK IN THE SQUTHERN PART OF THE BTATE.

In the southern part of the State preparation has been made for a
detailed geological map, showing the limits and areas of the various
superficial formations of sands, gravels, clays, peats, tidal marshes
and other recent deposits. For this exhibition, the topographieal
maps of the Geological Survey are to be the basis on which these more
recent geological terranes are to be laid down, C. W. Coman, who
was hired in September as Assistant Geologist, began work in Mon-
mouth and Middlesex counties and in the survey of the terraces along
the coast and the lower stream valleys of the coast belt. These ter-
races were described briefly and their further extension indicated in
part in the Annual Reports of the Survey for the years 1880 and
1885, and their heights and probable extent were shown on the topo-
graphic maps, but no systematic study of them had ever been made
by the Survey. The results of Mr. Coman’s observations on the
terrace formations point to the occurrence of three well-marked ter-
reces, one at the beight of ten feet, a second about forty feet and a
third sixty feet above the line of mean tide. They are evidently the
old lines and marks of former water levels on this part of our coast,
and mark some of the stages in the upraising of the land. The land
is now relatively higher than it was in the terrace epoch. The broad-
bottomed or U-shaped valleys in which the streams of the coast belt
now flow are also marks of changes here and indicate the greater
volume and size of the rivers which flowed therein during a subse-
quent period, The survey is, however, too incomplete to discuss the
question of geological age and desoribe the succession of changes
which all of these phenomena appear to indicate. The subject belongs
to the geological history of the continent and is related to pure science,
rather thap to economic geology, although, inasmuch as these terraces
are generally sandy or gravelly, they differ materially from the adja-
cent outcropping beds of clays, marls and sands of the underlying
cretaceous formation and are distinctive features of the surface viewed
from the standpoint of agriculture.

Some attention was given in this work along the coast to the beds
lying upon the greensand marls, but the observations are over so lim-
ited a district as to forbid generalization.

In December Mr. Coman was transferred to the Delaware valley
and he began the study of the gravels about Trenton. The work has
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been done so recently that it would be premature to announce
results. It is safe to say that the area of the formation which may be
termed the “ Trenton Gravel,” and which represents the estuary into
which the old Delaware poured its flood of waters at the end of the
Glacial Period, has been ascertained and its limits determined. The
work rests so largely upon the topographic map that it is a forceful
argument for accurate maps upon which to delineate the lines of geo-
logical formations, and also of their invaluable assistance in tracing
such lines in the field. The relation of this Trenton gravel to the
yellow gravels of South Jersey is yet to be made out, as also that
of the brick clays to the latter gravel. The geological history prom-
ises to be an interesting one when it shall have been deciphered in
these various gravels, sands, clays and other alluvial and diluvial de-
posits. So much stress has been put upon certain finds of rude im-
plements in this Trenton gravel that it seems desirable for the Survey
to decide upon its age by a most careful study.

WATER-SUPPLY AND WATER-POWER.

In accordance with the plans of Dr. Cook for the publication of the
results of the work of the Geological Survey, the studies and field ob-
servations for the volume on Water-Supply and Water-Power have
been carried on throughout a part of the year under the immediate
direction of C. C. Vermeule, late Topographer of the Survey.
The report is made on the observations of stream-flow and rainfall up
to date. The census of the water-powers of the State is still in pro-
gress, and is, therefore, incomplete. These lines of investigation are
concurrent and related intimately; the application of the facts ob-
tained in these inquiries is quite diverse. That of water-supply is of
the most vital importance to the city population. Comfort and health
are both ministered to by an abundant supply of wholesome water
for domestic and household use. And this statement applies to the
masses of the people, since comparatively few are so situated as to
be independent of a public water-supply. Good water is a powerful
factor in our environment, and tends to our highest development.
The earliest reports of Dr. Cook indicating the existence of streams
of pure water and of natural reservoirs, and his later surveys, which
showed clearly their location and accessibility to our city populations,
are a part of the history of the Geological Survey, The questions of
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water-supply for nearly all of the cities in the northeastern part of the
State are still unsettled. New sources are wanted by some of them ;
others are looking for an increased supply. Although full co-oper-
ation in a comprehensive plan, which should inclade all of these
cities, is, perhaps, barred by their existing arrangements, some
general control of the water rights by the State is far from being a
utopian scheme or undemocratic. And the traditions of the Survey
are in the line of indicating such a comprehensive system of supply
as will tend to the highest development of these towns and cities,
without prejudicing the rights of communities or existing companies,
and at the same time maintain for the State its proper jurisdiction in
its natural waters, These are as much a part of its economic resources
as the soil and the mineral wealth beneath the surface.

In the southern and central parts of the State the supply of water
by means of artesian wells is in much favor, both for villages and
towns and for manufactaring purposes. They meet the wants of the
smaller towns, and particnlarly at points on the Atlantic coast, where
many have been sunk and abundant flows of good water have been
secured. The possible limit to the volume of water which is obtain-
ahle from water-bearing beds at any given point, is not shown by
any results thus far had, but for larger centers of population the
recourse to streams will no doubt be necessary, even where artesian
wells exist.  And the growth of the cities in the southern part of the
State will call attention to a report on the available sources of supply
in the streams in that part of the State, or, possibly, to some general
State system, drawing from the superabundance of good water flowing
out of the forested hills of the Highlands. For many places in the
southern interior and on the Atlantic coast belt, the artesian well is
eminently satisfactory for a supply of water for domestic use. Their
success is suggestive for other than household supply, viz., for flow-
ing cranberry bogs and for the irrigation of crops on lands not other-
wise tillable or adapted to cultivation.

The other line of inquiry, that of water-power, is a new one in the
history of the Survey work. The first question asked is, What are
the streams which may furnish power? And the complete answer to
it gives the hydrography of the State, The topographic maps show
the sources and courses of the streams, and their relation to the cities
and towns and lines of transportation, or sites where their power can
be utilized. Then follow the questions on the fall and volume of
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water at all seasons, and the sites, occupied or not, where this power
is to be had or where it can be improved, Hence the great practical
importance of a census of these water-power sites and their available
horse-power, as ascertained by means of accurate gauging. This
work of gauging is of necessity slow, and requires time for periods of
observation long enough to eliminate exceptional features and to reach
a safe and fair average estimate for the use of the engineer. The
field-work was begun in February, and a system of weir-gauging was
undertaken by reliable observers who were found willing and capable
for this work, Several of these observers volunteered to keep records
at their mill sites, thiis aiding materially and reducing the cost of this
part of the work. The Beattie Manufacturing Company, at Little Falls,
kindly furnished a record from June, 1888, a valuable contribution,
giving statistics of flow on one of our most important streams and at a
valuable site. This census will give data of power in use and its work,
notes of freshets, amount of fall, ownership and some statements about
abandoned mill sites. It is believed that this report will be useful in
attracting attention to the unused water-power of the State. Our sit-
uation so near the great Eastern markets, the many railway and canal
lines, following the courses of the streams, and the healthy and beau-
tiful sites for manufacturing towns, are all in favor of its develop-
ment. The need of closer attention to economy of production must
seek out such available sources of cheaper power. One disadvantage
noted and urged agaiust the use of water-power of the smaller streams
is their varyiong stage of water and low condition in dry seasons. A
remedy is suggested in the construction of reservoirs on these streams,
for which there are in all cases natural advantages to aid in their con-
gtruction. And these reservoirs on the tributaries of the Passaie,
Raritan and Delaware are capable of being made attractive features
in the landscape of the hills, thereby enhancing the value of the land
for residential purposes, and for equalizing the How for the purposes
of city water-supply. In the thorough utilization of available natural
water-power the State is far behind Massachusetts and Connecticut ;
and there does not appear to be any good reason for this difference.
Attention is asked to this report of Mr. Vermeule, as a valuable state-
ment of facts relating to water-power, with a full discussion of the
flow of streams and its relation to rainfall, and of statistics of water-
powers available and in use, and of sites not now at work. The full
report on Water-Supply and Water-Power is to form the subject of the

)
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rext volume in the serics known as the Final Report, and it is expected
that it may De ready for publication some time during the coming
year.

ARTEBIAN WELLS,

In apswer to my request, Mr. Lewis Woolman has prepared a
paper describing the recently-bored wells in the southeastern, coast
belts of the State, and added notes on some of the older artesian
wells. He has collected valuable data on the depth and thick-
ness of the strata passed through in these borings, and specimens
representative of these various beds, which make interesting
suites for exhibition in a State collection. His observations confirm
the existence of a sontheastward dip of the beds, as stated in the
Annual Reports of the State Geologist and in the Geology of New
Jersey, pu'lished in 1868. This dip or desceni in the upper and
newer beds is shown by his sections to be at a lesser rate than that of
the lower beds, and particularly less than in the greensand marl and
amociated beds. In these latter the dip, as stated in the reports on
the marls, in 1868, is at the rate of 25 to 37 feet per mile;* the
sections from these wells on the coast indicate a dip at the rate of
24 to 26 feet per mile. The greater thickness of some of the beds
as they extend southeast, under the newer formations, is apparently
confirmed.t  The evidence of this greater thickness is strengthened by
the configuration of the bottom of the ocean off the coast of the south-
eastern part of the Statc. As was pointed out in the report for
1884, the descent of the bottom for the first 100 miles is at the rate
of three feet to a mile, whereas beyond 150 and 250 miles the rate
of descent corresponds almost exactly to the dip of the cretaceous
strata.

The existence of the diatomaceous carth in other locslities and its
place in the series as a bed of considerable thickness and persistence,
are also pointed out in these notes of Mr. Woolman. Jts correlation
with the green, miocene marls of Shiloh, in Cumberland county,
referred to in last year’s report, is again noted with further evidence,
The study of the surface in detail will, doubtless, result in the dis-

* Geology of New Jemey, 1868, p. 245.
TAnnual Report State (revlogist, for 1883, pp, 14-20; Aunual Report State Geolo-
gist, for 1884, p. 127.

NEW JERSEY GEOLOGICAL SURVEY



. THE STATE GEOLOGIST, 19

covery of other outerops, and of its relations to the associated beds,
as met with in well-borings and on the surface,

The important practical generalization of the paper is in the exist-
ence of three well-marked, water-bearing beds of sand at the depths of
554, 700 and 1,100 feet in the Atlantic City well, and at lesser depths
in the country to the northwest, corresponding to the distance there-
from. Having this standard of reference at the east or southeast, and
the well-known structure of the greensand marl formation at the
west, and knowing the rate at which the beds descend in a general
southeast direction, it is possible to indicate the probable depth below
the surface at any given point, at which the water-bearing beds can
be reached. The abundant supply of good water which is practically
within reach at almost every locality in the southeastern part of the
State, with the high degree of probability of obtaining a flowing stream
of water, are advantages which invite and attract people to it. Thus
the study of geological siructure and the scientific examination of
specimens from these well-borings are proving to be rich in practical
benefits,

DRAINAGE.

The report on the drainage-work inaugurated by the Survey and
carried on with so much success and such beneficial results, thereby
adding to our available resources, is written by George W, Howell, of
Morristown, and one of the Commissioners of the Drainage of the
_ Passaic Wet Meadows.

On the Passaic the work of removing the obstructions in the river
at Little Falls has progressed slowly, but steadily. The large area of
country and the value of the lands affected, as well as the sanitary
improvement which this drainage appears to promise to the resident
population of the Upper Passaic valley, combine to urge the neces-
sity of its speedy completion. The long history and varied results
which attended the earlier efforts to drain these lands, and the promise
of success of the latest plan, elaborated and begun by the late Dr.
Cook, a native of the valley and attached so ardently to this work of
improving the country of his early home, seem to call upon us to do
all that can be done to make this drainage-work a substaniial monu-
ment to his unfiring perseverance, and add to the wealth of acreage in
the State. ,
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PUBLICATION,

The publication of the series of volumes constituting the final
report has progressed as far as Volume L1, which was issued in two
parts. Part L pp. x, -+ 642, appeared in 1889. It contsins a Cata- .
logue of the Minerals found in the State, by Frederick A, Caufield,
AM,, EAL, of Dover, Morris county ; a Catalogue of Plants found
in New Jersey, by N. L. Britton, Ph.D., of Columbia College, New
York. Part II. pp. x. 4+ 824, contains a Catalogue of Insects found in
New Jersey, by John B. Smith, Entomologist of the New Jersey State
Agricultural Experiment Station, and a Catalogue of Vertebrates of
New JJersey (a revision of Dr, C. C. Abbott’s catalogue of 1868), pre-
pared by Prof. Julins Nelson, Ph.D,, of Rutgers College. These twu
parts of Velunte I1. have been distributed to about 2,500 individuals,
public oftices and libraries in the State and scientists in other States,
following the list as used for the distribution of the first volume of
the series. The interest shown by the people in the requests for these
catalogues of natural history is gratifying and evidence of a growing
desire on their part to learn more of the State and its minerals, its
vegetation and its animal life. -

DPISTRIBUTION OF PUBLICATIONS.

The distribution of the publications of the Geological Survey, in-
cluding the volumes of the final report, the annual reports and the
map+ of the topugraphic atlas, is time-consuming and expeusive, and .
it has been necessary to retain the help employed at New Brunswick
in continuing it on the increasing scale which the consiant call for
reports demands. This work has been in charge of Mr. Upson, who
remains 45 Assistant-in-charge of the office. The continuauce of the
oftice at New Brunswick is rendered a necessity on account of want of
room at the State House, The transfer of the collectivns, as well
as the stock of reports and maps, to the State House, is to be made
as soon as the rooms for the new office and the museurn are ready
for vocupancy,

MUSEUM.

A museum, to he known as “The Museum of the Geological Sur-
vey,” was established by law passed at the last session of the Liegis-
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lature, and the rooms for it were ordered to be provided for by the
proper authorities. The collections belonging to the State are those
which formed a part of the old State Musenm, and which were sent
to the exposition at New Orleans, and the materials collected during
the progress of the Survey since that time and stored at New Bruns-
wick. They are mostly good representative specimens of ores, rocks,
minerals, clays, marls and woods of the State, and are nearly all
suitable for a new museum. In view of the establishment of a
museum, I have had collections of our iron ores made which are full
and typical of their occurrence. This will make an important and
large addition to the material now stored in the State House. A
State Museum which may contain representatives of the economic
wealth of the State, is much wanted for their proper exhibition and
for distributing information to the people. These collestions, aided
by maps and, particularly, by models (or relief maps), will be valu-
able object lessons, and illustrate the reports and catalogues of the
natural history of the State.

The work for the coming year is to be directed mainly to the prepa-
ration of a detailed geological map of the State, on a scale of one mile
to an inch, and on the topographical sheets of the Atlas of New Jer-
sey as a base, It will be divided into two parts and appear in two series
of maps. One of them will give the study of the structural geology
and the maps will be on the plan and according to the usual style of
‘geological maps. The underlying rock formations, irrespective of the
surface, will be shown thereon. For this series a large part of the
data of the Survey will be available and of the greatest service in
completing the work. The study of the surface or superficial deposits
or formations will be the other line of inquiry, and the maps will
exhibit the nature of the surface and the actual outerops, It will be
more properly an agricultural map and show the distribution of the
soils. For it very little useful material is on hand and the whole
State must be traversed. The work is a great one, although not as
laborious as that of the topographical survey. The proper diserimina-
tion between the varieties of surface deposits will demand much care
and conscientious and faithful observation.

In order to accomplish this result, the assistance of the United
States Geological Survey has been sought and aid has been promised
the State.' According to the plan proposed and accepted by the
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Board, its help will be in the study of the crystalline rocks of the
northern part of the State and the associated Paleozoic rocks and the
adjacent red-sandstone belt. A detailed geological map of these
formations, embracing about three-sevenths of the State, is thus to be
done by the National Survey, leaving the rest of the State to our
Survey. With this substantial assistance it is believed that the map,
as proposed, can be completed within the current five-year period.

The United States Coast and Geodetic Survey, through its Superin-
tendent, promises the continuance of the appropriation asked for by
Prof. E. A. Bowser, in charge of the triangulation work, and is de-
sirous of aiding more particularly in surveys and levelings to ascer-
tain what are the changes now in progress on our Atlantic coast, and
the amount of subsidence, as well as the wear of the coast. The
fuestion is one of importance to property-owners and others interested
in lands on our sea-shore. The alterations in the shore line, as re-
ported from time to time, and the subsidence of the land or rise of the
water on the land, are questions which need to be answered by figures
drawn from surveys and levelings, referable to accurately-located
datum lines. The co-operation of the United States Coast and Geo-
detic Survey will be given toward the establishment of a few monu-
ments and a survey of the shore with reference to them. Professor
Bowser is to act with the State Geologist in the locating of these
hench-marks and monuments, and in making the needful surveys. Of
conrse the results from work of this kind are not to be expected at
once. They must await the action of great forces which operate:
slowly, but curely and irresistibly.
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UNITED STATES COAST AND GEODETIC
SURVEY OF NEW JERSEY.

BY EDWARD A. BOWSER.

During the present season no work has been done on the United
States Geodetic Survey of New Jersey., The next stations to be
occupied are Colson and Taylor. These two stations will determine
the old coast survey station, Lippincott, the monument at which is, I
believe, lost.

An observing-tower, sixty-four feet high, should be built at Col-
son during the present fiscal year, and a reconnoissance should he
made in April, before the leaves are on the trees, for opening vistas
ihrough the tree-tops from Colson to Taylor, Bridgeton, Burden
and Lippinoott, so that we may begin the measurements of the hori-
vontal angles at Colson immediately after July 1st, 1891. As there
is much tall timber on these lines, towers at least sixty-four feet high
will be necessary also at both Taylor and Bridgeton. These towers
will cost nearly $300 apiece, without the reconnoissance.

If New Jersey receives an allotment of about $400 for the present
fiscal year, the observing tower at Colson can be built and the recon-
noissance, or a part of it, can be made before June 30th, 1891, Then
July 1st, 1891, we can begin the measurements of the horizontal angles
at Colson and complete the above reconnoissance, and after these
angles have been measured, if we receive a fair allotment (say $1,600),
the tower at Taylor can be built and the measurement of the angles
at that station can be begun and perhaps completed. It is very desir-
able that the old coast survey stations, Lippincott, Burden and Pine
Mount, be recovered and re-marked.

(23)
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THE POST-ARCHEAN AGE OF THE WHITE
LIMESTONES OF SUSSEX COUNTY, N. ].

FRANK L, NASON,

GEOGRAPHY AND TOPOGRAPHY,

The white limestone belt of the northwest begins at Mounts Adam
and Eve, in Orange county, N. Y., about four miles northwest of
Warwick. A narrow tongue lies along the southeast flank of Mount
Eve, and another tongue lies between the two hills.

From this point south the belt widens, till at Amity, N. Y., it
attains a width of two miles. From Amity the belt again narrows as
it approaches the New Jersey line. Near the New York State line
the limestone lies against the eastern foot of Pochuck Mountain, and
continues to a point about one mile and a half below the village of
McAfee. At McAfee the white limestone seems to fill the entire
valley between Pochuck and Hamburg Mountains, crossing the valley
at nearly right angles. From here it follows the foot of Hamburg
Mountain to Franklin Furnace. At Franklin Furnace the belt again
crosses the valley and thence folloys the eastern foot of the Pimpte
Hills to a little below the zinc mines at Sterling Hill.

Between the two points, Mounts Adam and Eve and the terminus
below Sterling Hill, a distance of thirty-one miles, the belt of lime-
stone appears to be continuous, but from this point to the Delaware
river the line-is indicated by isolated patches of limited area.

Between the terminus of the line at Sterling Hill and the Sussex
railroad, still further south, there are between eighteen and twenty-
five outerops, varying in extent from one-fourth of an acre up to two
or ten acres in extent.

The next largest outcrop lies along the eastern foot of Jenny Jump

“Mountain, in Warren county. The line here is not continuous, but is
hroken up into seven or more patches within a distance of five miles,
(25)
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the largest of which is near Southtown, at the extreme northeast
point of Jenny Jump Mountain,

Tt is to be noted that here, as usual, the white limestone is flanked
hy the blue and is intimately associated with it.

A very limited outcrop is exposed in the Delaware, Lackawanua
and Western railroad cut at Pequest Furnace.

The last exposure lies in a narrow valley about two miles in length,
and running nearly east and west, between the Belvidere mines, north-
west of Oxford, and Hazen Post Office.

Beginning at Mounts Adam and Eve, it will be noticed that the
white limestone is flanked on either side by the blue or magnesian
limestone. On the northwest border the blue limestone is cut out
near the New Jersey line by the Pochuck Mountain on one side and
the white limestone on the other.

On the southeast side the blue limestone follows along the border
of the white, till it is cut out by the white limestone on the eastern
slope of a small, precipitous hill one~fourth of a mile directly east of
the hotel at McAfee, Between Mounts Adam and Eve and McAfee
there are several places that will be mentioned more particularly later
on, where the unchanged blue and the full erystalline, white limestone
lie close together or grade into each other.

From McAfee to Franklin Furnace the blue limestone lies on the
northwest flank of the white till it ends at Franklin Furnace, on the
northeast poiot of the Pimple Hills,*

In order to get an exact idea of the boundary line bhetween the
white and blue limestone at McAfee, please have in mind the
Tetter % M ;" the two angles at the top of the letter pointing north will
then represent two tongues of the unchanged blue limestone, while the
angular depression in the middle of the letter will represent a tongue
of highly-crystalline white limestone lying between the blue and
pointing south. The right-hand side of the letter will then be fanked
by the white limestone which lies along the western foot of Hambury
Mountain,

East of Furnace pond, Franklin Furnace, the biue limestone is A-
shaped. Either flank of the A (the apex lying to the north) is white

# [t should be nutived that the blue limestones do not reslly end here, but that they
pass arouml to the left amd then contine along the northwest border of the gneisges to
the Delaware tiver. In several places along this border, white limestone in smanll
knobs appears hetween the blue lintestime and the gneiss,
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limestone. From here the blue limestone runs due southwest and cuts
out the continuous belt of white limestone at a point on the Pimple
Hills, about one-eighth of a mile north of New York, Susquehanna
and Western railroad. The blue limestone continues in a narrow
tongue to a point a little more than five miles southwest of Sparta
village. On the northwest border of this belt there are four isolated
patches of the white limestone lying close to the gneisses of the
Pimple Hills.

At the southwestern terminus of this belt of blue limestone there is
a low water-shed which turns the course of the water to the southwest,
where it finds its way to the Delaware through the Musconetcong
river.

In this water-shed there are two small streams, one known as
Lubbers run. In the narrow valleys occupied by these streams there
are several patches of blue limestone, underlain by sandstone, as well
ag several patches or knobs of white limestone, The blue or magne-
sian limestone, with the exception of some slaty rock, fills the entire
Musconetcong valley from Waterloo to Phillipsburg.

In the Pequest valley, bounded on the northwest by Jenny Jump
Mountain, the blue and the white limestones bear about the same
relations to each other as the ones already described.

The points to be borne in mind from this description are: First,
the intimate association of the white and the blue limestones ; second,
that this same intimate relationship probably existed between the
now-isolated patches of blue and white limestone in the water-shed
just mentioned, before erosion or solution swept away the bulk of the
formation. The probability that this relationship existed is reduced
to almost a certainty by finding patches of limestone where the lime-
stone, sandstone and white limestone grade into each other.

TOPOGRAPHY.

In the study of the topography of these limestone belts (the white
and the intimately-associated blue) in their relation to the gneissic
mountains on either side of them, threc very striking features are
observed which serve to point to their being a geological unit on the one
hand, and to their being distinctly separated from the gneisses on the
other hand. These features are as follows :

First. The strike of the axial ridges of the flanking mountains,
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Pochuck, Hamburg, Pimple Hills, Wawayanda and Sparta, is very
nearly due northeast. The strike of the white limestone ridges and of
the blue as well, when these ridges are both flanks white limestone, or
one Hlank white and the other blue, iz north, 5° to 15° east.

The exception to this rule is between McAfee and Hamburg, and
on the north side of the I.high and Hudson River railroad. Here
the ridges of white limestone and of blue and white mixed, have their
axes nearly parallel to the axes of the gneisses. :

Second. The highest point of the limestones in this valley is at the
lowest point of the flanking gneisses. That is, from Franklin Fur-
nace to McAfee, the average altitude of the limestones is a little over
700 feet. This altitude declines to the northeast to an average of less
than 500 feet. To the southwest the average is less than 600 feet.

From Hamburg the Pochuck Mountain (gneiss) rises to the north-
east from an altitude of 600 feet to 1,100 feet. From Franklin Fur-
nace the Pimple Hills rise from an altitude of about 600 feet to 1,000
feet at the southwest. The same is true, though in a less marked
degree, of the Wawayanda and Sparta Mountains,

The relations may be briefly expressed by comparing the slopes of
these two formations to two wide angles. The sides of the angle
representing the limestone, slope downward to the northeast and to the
southwest. The sides of the angle, representing the gneisses, slope up
in the same directions along the strike.

Third. The gneisses, almost without exception, are monoclinal, or
overthrown anticlines with an almost universal dip to the sountheast.
The limestones are for the greater part marked anticlines, or if mono-
clinal the dips are about equally divided between the northwest and
the southeast quadrants,

AXES OF DISTURBANCE,

To one who is at all familiar with the geography and geology of
New Jersey, it will at once become apparent that the white limestone
is distributed along axes of great disturbance. This disturbance is
indicated—F'irst, by violent and sudden changes in the dip and strike;
second, by the presence, in great abundance, of eruptive rocks of various
kinds; third, by the shattered condition of the rocks. In the white
limestones this disturbance is marked, in addition to the shattering, by
what in other rocks would be called slickensides. The limestones, in
addition to the polished surfaces, have numerous bands of graphite
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from one-eighth of an inch to an inch in width, and occasionally two
feet in length. Thiz banding is not confined to the polished surfaces,
but extends sometimes to the distance of a foot or more within the
rock, where the bands disappear and the brilliant scales of graphite
and the crystallive faces of the limestone take their places. The
banding in every case is parallel to the sinuosities of the surface, and
the bands show a distinct parallelism to each other. The graphite of
the bands has not the brilliant natural surface of the graphite scales
" in the rock proper, but even when flaky has a dull appearance, as if
having been rubbed. These markings are present in every quarry of
the white limestones, and they have been found in many other places.

As would paturally be expected, the blue limestones have not this
shattering in the same marked degree. Yet, when in close connec-
tion with the white limestone, it is observed, but with the absence of
the bands of graphite,

Graphite in this case, however, is invariably present, but usually
in fine dull scales, and only abundant in proportion as the change
from blue to white has taken place. The sandstone which accom-
panies the blue and white limestone in such cases, when exposed,
is broken but not polished, and the scdles of graphite are then
bright.

ROCKS ASBSOCIATED WITH THE WHITE LIMESTONES,

The rocks associated with the limestones are as follows: Granites,
seapolite rock (“geflecter gabbro”), boulder-like masses of various
kinds, gneiss (?), pyroxene mica rock, sandstones and quartzites
(fossiliferous), and mica diabase.

The granites are by far the most abundant of the foreign rocks of
. the limestone series. They occur in great dykes and Bosses, and they
are also interlaminated with the white limestones. At Franklin
Furnace there is a great dyke running nearly due northeast across
the limestones, which here strike about north, 5° east. The dyke
shows itself in the quarry just across the railroad from the furnace,
and it has been beautifully exposed by quarrying the limestone from
either side of it. This dyke again appears on Mine Hill, and can be
traced almost continuously for the whole distance,

In the Trotter zinc mine, on Mine Hill, great horses of granite
are often encountered. In the public road along the north side of
Furnace pond, a great exposure of granite appears, flanked on either
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side by white limestone, It is also the foot-wall rock of the front
vein of zinc ore from the southwest opening to the northeast opening
near Greenspot. The hills between Hamburg Mountain and the white
limestone due east of Furnace pond, are also granite. In fact, these
foot-hills of granite, with apophyses reaching into the limestone, occur
along the Hamburg Mountain to a point nearly due east of McAfee.
At this point the blue limestone begins, and the granite ends.
A great medial line of granite, mentioned as occurring in the .
road north of Furnace pond, runs parallel to the strike of
the white limestone and terminates in two precipitous hills,
one north and one south of the road leading east from McA fee, and
distant one-fourth of a mile from that place.® Another line of
granite in the northwest border of the limestones first appears in the
New York, Susquehanna and Western railroad cut, one-half of u
mile northwest of Hamburg, The granite in this cut is in contact
with the samdstone, and appears to be fused to it. At least the union
between the two rocks is so close that a specimen may be broken off,
part of granite, part of xandstone,

This live of granite runs nearly due northeast, and again appears
in contact with the sandstone just south of the Pochuck mine road,
one mile northeast of Hamburg. The same phenomenon is here
repeated, und the sandstone is here overlaid by a slightly-changed
lue limestone.

From this point towards McAfee, the dyke, or series of bosses, is
enormously developed, and the greater part of the two hills lying to
the east of Pochuck mine is composed of it. The hill just back of the
school-house at McAfee is especially to be noticed as consisting of
granite. DBetween the White Rock Lime Company’s quarries at
McAfee and the high hill east of them, this same dyke is again -
enormously developed. Without specifying further, the foot-hills at
the southeast flank of Pochuck Mountain are largely made up of
granite, and in une or two places quarries have been opened.

My wpeciul studies have not included the belt north of Sand Hills,
but from a drive over the country, after a long study of the belt he-
tween Sterling Hill and Sand Hills, I observed the same succession of
granite to a point a little above Amity, N. Y. I have by no means

* Thix yranite dyke does not hegin at Franklin Furnace quarry. It is an extension
of the grest dykes and hosses which oceur in the “Wild Cat" southwest of the
quarry, and which extend almost the whole length of Pimple Hills and even farther,
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exhausted the localities at which granite occurs, but have simply iu-
dicated the lines along which are the greatest outerops. So far as I
kuow, there is not a single outcrop of white limestone which is not
intimately associated with granite.

Lithologically, the granite is extremely simple. The two principal
minerals are quartz and orthoclase feldspar. The other minerals in
the granite appear to be accessory rather than essential constituents.
[t a personal letter from Dr. Geo. H. Williams, in which he describes
a section of this granite from McAfee, he says: *Granite, with
quartz in rounded grains, feldspar (orthoclase), with fine microper-
thitic structure, and a very little brown mica.” This particular
specimen (No, 1767), is from the limestone quarry by the roadside at
McAfee, but microscopieally it is not to be distinguished from the
other outcrops save as they vary in coarseness,

In many places this granite has distinct traces of foliation, and may
on this account have heen mistaken for a gneiss. The proofs of its
eruptive origin are abundant. Aside from its general appearance,
which indicates its igneous origin, its relationship to its associated
rocks is such as to settle the question beyond dispute,

First. 1t cuts obliquely across the line of the strike of the white
limestone at Franklin Furnace.

Second. It has been proved by means of a diamond drill core at
Franklin Furnace to be interlaminated irregularly with the lime-
stones.

Third. At its contact with the sandstone near Hamburg the granite
is not only knit closely to the sandstone, but at the Pochuck mine
road it has fragments of sandstone and other rock imbedded in it.

Fourth, When sandstone and limestone of the blue limestone forma-
tion lie near the granite, graphite is more or less abundantly developed
in both, and, in the sandstone, feldspar and mica crystals are numerous.

At Hardistonville, Dr. Charles E. Beecher* found recognizable
species of trilobites in sandstone charged with graphite, and there
were also fossils found in the limestone overlying the sandstone.
Near Franklin Furnace, T was so fortunate as to find a fragment of a
trilobite in a sandstone containing graphite.

Another locality is the Roseville mines, near Roseville pond (form-

*In this paper, when mention is made of fossils being found in these rocks, the
statement is made on the authority of Dr. Charles E. Beecher, who made the neces-
sary field examinations at the instance of the writer.
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erly Lion pond), which is mentioned by Professor Rogers. In this
locality hoth the sandstone and the overlying limestone, in addition to
heing changed, have much graphite present in them.

Fifth. The contact phenomena are unmistakable, In the dyke at
Fraoklin Furnace, there is a2 great abundance of fluorite, of a beau-
tiful purple color, in the limestone, in contact with the granite, and
near by, ur within a few feet of it, it contains irregular blotches of
chondrodite and crystals of green and brown tourmaline.

Sixth. There has already been a partial reference to the changes
which are induced upon rocks of proved Devonian age, or older, hy
the presence of granite in dykes or bosses,* The fact is, in this field,
when a blue liniestone lies near a granite dyke, it becomés materially
changed, and passes, by a steady but rapid gradation, into a white
crystalline limestone at the dyke. The localities at which this may
be observed are Franklin Furnaee, in the woods .one-eighth of a mile
southwest of hill 737; at Hardistonville, on the banks of 2 brook in
froot of Carpenter’s hotel. There is also a locality near Sand Hills,
east of MeAtve, und near Wright's or Lion pond, at Roseville.

In these plaves the evidence that the granite has changed the blue
limestone to a graphitic white limestone, is most convincing, The
question naturally arises, then, as to whether a hidden dyke of granite
may not have occasioned the change from blue to white where there
is no granite visible on the surface. Favorable evidence in support
of this is found in the Pochuck mine tunnel, near McAfee, N. J.
Here a tunnel i« driven 250 feet, as an adit to the Pochuck hematite
mine. In this tunnel granite is found abundantly in the white lime-
stone, but it does not appear on the surface. It thus appears that
whatever may he the age of the white limestone, the granite is
younger than the limestone,

Scapolite rack or “geflecter gabbro,” next to the granite, is the
most abundant rock of igneous origin in the white limestone. In
Norway, where first noted and deseribed, it is known as an “apatite
bringer.” In Canada, where it was recently found, it has been
deseribed by Lawson and Adams.

In this region apatite, though present, is not abundant.

See Dr., Georgre H, Williams: “Contact metamorphism produced in the adjoining
mira schi-ts awl limestones hy the masive rocks of the Cortland series near Pecks-
kil Aw. Jonr Sel, 1L sertes, vol. 345, p. 234, Prof. B. K. Emerson: ' Descrip-
tion of the serie~ of metamorphic Tpper Devonian rocks.”  Am, Jour. Sei., Oct, and
Nov., 1890.
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To show that this is undoubtedly the same as the Norwegian rock,
I will again quote from a personal letter from Dr. Williams, ¢ No.
1791, York State Quarry, Rudeville: ¢ Beautiful and typical scapo-
lite rock ; white scapolite; green pleochroic hornblende; green non-
pleochroic pyrozene ; red sphene.’”

“No. 1792, same locality, same as No. 1791, but contains, in addi-
tion, a little plagioclase (anorthite?).” “Also Nos. 1772 and 1773.”
These last two numbers are from a quarry at McAfee.

In the “York State Quarry,” at Rudeville, these scapolite dykes
are most perfectly exposed. The scapolite rock in this quarry, in the
south end, lies in three distinct dykes, and is almost perfectly con-
formable to the dip and strike of the limestone. The dykes are rather
narrow, not exceeding four to six feet in width. If nothing else sug-
gested their igneous origin, the fact that these three dykes unite into
one great dyke, in the north end of the quarry, would suggest this
idea most forcibly. In appearance the scapolite rock looks much like
a hornblende feldspar rock, which i3 very common in the gneissic
rocks of the Highlands. This resemblance is heightened by the per-
fect foliation of the dykes and their apparent conformability to their
host. This foliation is strikingly characteristic of these rocks, even
when they occur as boulder-like masses included in the limestone,
These facts are probably responsible for the frequently-repeated state-
ment, “The white limestones are everywhere 1nterstrahﬁed with the
gneisses and are conformable to them.”

There seems to be little doubt of the eruptive origin of these rocks,
in part at least, and facts tending to prove this are easy to find, These
rocks, though apparently conformable to their host, are not always so.
As has already been stated, dykes of this rock coalesce in the “ York
State Quarry,” The contact phenomena, while not as well marked as
in the case of the granites, are yet very prominent. The dykes, and
especially the isolated boulder-like masses, are accompanied by & great
quantity of fluorite.

On the underside of the dykes at Rudeville large cavities are
frequently filled with scapolite crystals of varioussizes. These crystals
appear to have been formed originally in the limestone which has sub-
sequently been removed by solution. These same scapolite rocks
occur in boulder-like masses as well as in dykes, a fact which has
already been alluded to. If one were not acquainted with their nature
they would unhesitatingly be called water-worn boulders. The only

3
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thing which first suggests their having originated in sitw is the dis-
tinet reaction rim which surrounds them. This rim or shell is made
up largely of scales of dark mica (species not determined), hornblende
and pyroxene,

The rim is often marked by a segregation of graphite, which
extends to a considerable depth in the mass. The masses are per-
fectly rounded in form; their mineral composition is identical with
that of the dykes. They usually have, when coarse-textured, a dis-
tinct foliation, and they invariably oceur in the neighborhood of the
dykes or of some other igneous rocks.

The localities where fluorite is most intimately associated with the
boulders and dykes, is at the “York State” quarries, at Rudeville,
and the limestone quarries at McAfee.

There are other boulder-like masses which occur in the limestone,
more often of the nature of granite, and they consist largely of quartz
and feldspar. These, however, are comparatively rare.

There are numerous bunches in the limestone which are made up
of an ill-defined variety of minerals, usually of a pale-green color,
containing much calcite, and having no sharp, well-defined boun-
daries. These are probably, as suggested to me by Dr. Williams,
aggregations or segregations from impurities originally contained
in the limestones themselves, These latter are very abundant. They
can be very easily accounted for by supposing that the numerous
cherty nodules in the blue limestones have, during the process of
metamorphism, taken lime and magnesia from the body of the rock,
and the lime-magnesia silicates are the results,

That there is a difference in origin of these boulder-like masses,
there can be no doubt. The scapolite masses with, their fluorine
minerals, suggest fumarole action, just as the others suggest a
metamorphiec product from mixtures originally present in the lime-
stone,

There is yet another rock occurring, which is, no doubt, of
igneous origin. It has not, that I know, any specific name. The
rock consists almost wholly of pyroxene (diopside probably), and a
dark mica which may be phlogopite.

In three localities, widely separated, one on Mine Mountain near
Mendham, one on Jenny Jump Mountain, and one on Scott’s Moun-
tain, the crystals of mica have been large enough to suggest a possi-
ble economic value, while the crystals of pyroxene have been found
eight inches long. In the localities at MecAfee, one east and one
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west of the railroad, the mica consists in the main of fine scales
closely bunched, while the pyroxene or diopside is in crystalline
magses, having a perfect resemblance to *‘ shot ore,” save, of course,
as to color and specific gravity. The proofs of the eruptive origin
of these rocks is about the same as those of the other rocks, with
this difference. The contact mineral in the limestones near this rock
is almost wholly chondrodite *

The most striking illustration of this is found one mile from
MecAfee, towards Hamburg, and on the west side of the road. The
other locality is one mile due northeast of Franklin Furnace, in some
old openings made in search of zine. In this latter place, the bright-
reddish chondrodite was mistaken for zincite. The chondrodite
«oceurs here in large masses, while at McAfee it is in the limestone in
globular masses the size of a pea.

MICA DIABASE,

This rock, so common in the white limestones, was described by
Prof. B. K. Emerson under the name of kersantite. The dyke
described by Prof. Emerson was the large one in the zinc mine at
Franklin Furnace. This dyke cuts across the zine and limestone at
right angles to the strike, Its westward extension is found in the
blue limestones and sandstones west of the mines; the eastward, is
found about a mile eastward, near the foot of Hamburg Mountain.

Another dyke of this same rock, and at least equal in size, is found
in the quarries at Rudeville. It is thirteen feet wide, has been
exposed for one hundred and seventy-five feet in length and fifty to
seventy-five feet in height. It appears to have many branching
dykes, though these may be independent ones. Beautiful, thin, ribbon-
like tongues are forced through the limestone in every direction in the
vicinity of the dyke.

Dr. Williams’ note on this is as follows: “No. 1795, great dyke
at Rudeville; mica diabase; beautiful rock, but no longer quite
fresh ; idiomorphie; yellow and reddish pyroxene; biotite ; abundant
sphene; apatite ; magnetite ; plagioclase considerably altered and filled
with secondary chloritic matters.”

This rock is found in considerable abundance in the lime quarries

* This mineral was examined and pronounced chondrodite by Prof. 8. L. Penfield,
of the Sheffield Scientific School, Yale University.
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at McAfee. A great mass of the same coarse rock occurs about one
mile south of McAfee, toward Hamburg. It is now more like granite
in its nature and is probably a great dyke.

The contact phenomena in the case of these rocks are not 8o prom-
inent as in the case of the granites, gabbros and mica-pyroxene rock.
Yet, at Rudeville, the course of the dyke is marked by an abundance
of chondrodite, brown, black and green tourmaline. Fluorite, though
present, is not as abundant as near the scapolite rocks. Where it
breaks through the sandstones at Franklin Furnace, and east and
west of MecAfee, the sandstones are graphitic. In the two prominent
localities at MecAfee the blue limestones are brecciated ; the interstices
are filled with crystalline limestone, which is graphitic, and graphite
is occasionally found in the blue limestone forming the breccia, It is
thus seen that the various igneous rocks have a decided influence on
the sandstone and limestone, and, in the matter of mineral alteration,
on the white limestones,

GNEISSES.

As has already been intimated, goeisses are not certainly known in
connection with white limestones. The gneisses reported to have been
interstratified with the limestones have proved to be, so far as I have
been able to identify localities cited, either ¢ geflecter gabbro” or
foliated granite,

SANDSTONES AND QUARTZITES,

Both of these rocks are found intimately associated with the white
limestones, and in a few places in actual contact with them. In every
instance the white limestone covers the sandstone. The harder quartz-
ites are usually either under the sandstones or are near the granite or
other dykes, and they are certainly one and the same bed.

In texture and mineral composition the sandstone of the white
limestone is exactly the same as that found under the blue limestone.
They are graphitic invariably when in contact with the white lime-
stone, and often when under the blue, They have crystals of fresh-
looking feldspar, probably orthoclase, and scales of white mica,
They are often quite hard to distinguish from the granite. They
are highly charged with pyrites, They are sometimes conglom-
eratic, with large, irregular-shaped, but rounded pebbles of milky
quartz. Hematite and limonite are found intimstely associated with
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the sandstones and the limestones in places. The most noteworthy place
is in front of the hotel at McAfee. The place is an exceedingly inter-
esting one from a geological standpoint, and will be referred to again,

Near by, but east from McAfee, is the Simpson mine, also inti-
mately connected with the sandstone aund limestone,

THE BLUE AND WHITE LIMESTONES OF THIS BELT.

Only a few words will be needed to point out the salient features of
these rocks with reference to each other, The white limestones are not
everywhere white, highly crystalline or “sparry,” and, on the other
hand, the blue limestones are not everywhere non-crystalline and blue,

The white limestones are not exclusively graphitic, for the blue

limestones carry graphite as well, and, in addition, fossils.
+ The white limestones range from a highly-crystalline form to a reck
which is nothing more than a fine-grained, clonded blue marble, while
the blue limestones range from an earthy non-crystalline to white or
cream-colored marble, carrying graphite. White, slightly-changed
limestones have bleached nodules of a flinty nature, nearly or quite
<hanged to crystalline quartz.

In the undoubted blue limestones there are characteristically large
nodules of flint, and often these flint nodules, apparently not changed,
have scales of graphite enclosed in them.

The white limestones have fine-grained, banded, boulder-like masses
of limestone included in masses of coarsely-crystalline rock. The
blue limestones are often brecciated, the breceia of all shades, accord-
ing to location ; and the interstices are filled with crystalline limestone,
and both breccia and interstitial matter carry graphite.

The degree of crystallization in the white limestones depends upon
proximity to an igneous rock, and this is carried to such an extent
that a highly-crystalline white limestone changes to an undoubted
blue at a distance from the igneous rock. The presence of graphite
in fossiliferous sandstones and in the blue limestones likewise depends
upon proximity to an igneous rock.

From thiy brief but by no means exhaustive statement of facts, it
will be seen that there is but one positively distinguishing fact that
separates the white from the blue limestone, and that is the presence
of eruptive rocks. That is, as the blue limestones approach the line
of igneous activity, they drop their distinguishing characteristics and
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assume by degrees those of the white, and vice versa. It follows, then,
that a comprehensive description of the white limestones will not and
cannot exclude the blue or magnesian rock.

ARRANGEMENT OF THE WHITE AND OF THE BLUE LIMESTONES
AND ACCOMPANYING SANDSTONES WITH REGARD TO
DIPS AND STRIKES.

In order to bring the relations to these rocks to a point of more
easy comprehension, fifteen sections have been prepared from the
more critical places where there is slight possibility of mistaking
facts. These sections have not been drawn to scale vertlcally The
horizontal distance is six inches equal one mile.

Section L. is drawn due southeast through hill 750, one-half of a
mile south of Pochuck mine, and one-third of a mile south of Simp-
son’s mine, on hill 722.*

The extreme northwest end of this section  is made up of a series of
slaty limestones, gritty limestones, moderately thick beds of lime-
stone, and all underlaid by sandstone. This sandstone appears to be
continuous to & point where it becomes more or less graphitic, when it
is found in the form of angular bloeks and mingled with blocks of
white limestone, also graphitic. Farther to the east the white lime-
stones are seen dipping to the southeast, The rocks are here so
shattered and punctured by granite that it is difficult to make out the
dip definitely, but it is southeast. Crossing the Lehigh and Hudson
railroad and the swamps, we come to the northwest slope of hill 722.
Here the series of blue limestones and grits is repeated and beauti-
fully exposed, dipping in the same direction—northwest. The white
limestone lies to the east at a considerable distance from the sand-
stone, which here is a hard quartzite. The white limestone comes
next towards the east, and dips southeast.

It will here be seen that two hills with nearly parallel axes, and
with their extreme flanks only one mile apart, are anticlinal in form
and with the northwest flank of each of blue limestone, the southeast
flank of white limstone and the axial ridges of graphitic sandstone.

Section II. is taken one-half of a mile northeast of Section I, and

¥ Thexe ﬁwuren are the altitudes of hills as given on the topographical maps of the-
Survey. They constitute the readiest and most accurate points of reference, and they
can easily be found in the field with a map even without a barometer.

+ See plate of sections and mop facing page 50 of this report.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 3%

is parallel toit. Hill 750 is the same as in Section I. Especial
attention is directed to hill 722. It will be seen by referring to
Section L., that the northwest slope of this hill in that section was of
blue limestone. In Section IIL. it is white. If the sandstones in
Section I. are continuous to this point, then the limestones are also
continuous, and the blue limestone has gone over to a white, unques-
tionably.

Section IIL. is taken about one-eighth of a mile northeast of Sec-
tion II.

“The shape of this hill is continuous on the northwest, but the blue
limestone which is noticed on this slope in Sections I. and II. is in
this section replaced by white limestone, in which granite and “ geflecter
gabbro” are very prominent.

1t is hardly possible to determine the dip with any degree of satis-
faction at this place, as the dips, owing to the extremely-disturbed
nature of the rock, are nowhere constant. The prevailing dip is nerth-
west, and about one-balf of a mile to the northeast of this place there
is an old mine-hole in which the dip is unmistakably to the northwest.

Here, again, the outcrop is not continuous from the blue to the
white. This much, however, is to be noticed : the usual dip of the
blue limestone in Sections I. and II. is 30 to 45°, strike northeast.
The last outerop before the white is reached is turned on its strike
and the dip is nearly 80°. The rock is also much shattered. I will
leave these facts without comment, as their obvious tendency is quite
plain.

On the axial crest the sandstone is not present in beds, but is in
angular blocks and is graphitic.

On the southeast slope of this hill blue limestone is found for the
first time on the southeast slope of 2 hill in this locality. It is not in
regularly-formed beds, but lies in irregular blocks on the slope of the
hill. It is underlaid by the sandstone before mentioned. The lime-
stone is in places brecciated with white interstitial matter.

The pebbles are somewhat rounded and look as if molecular re-
arrangement had been checked before a complete change from blue to
white had been effected.

The comparatively slight depression between hill 750 and the hill
east of it, is filled with granite and white limestone. The hill to the
east consists very largely of granite, with an apparent axial crest of
sandstone.
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Section IV, The principal point to be noticed in this section is
that the fact is here demonstrated that the sandstone underlies the
limestone. It will be recalled that mention has been made of numerous
angular blocks of sandstone on the crests of the limestone ridges, and
that they were suggestive of a bed of broken sandstone rather than
of transported blocks. At the summit of the hill, just west of the
valley, a large open cut has been made in the east side of the hill in
the search for jron ore. The opening is about fifty feet in depth and
has been carried into the side of the hill for about the same distance.
The cut on the east face of the hill is first in white limestone dip-
ping southeast. Dipping under this conformably is a coarse pyritif-
erous conglomerate with beds of a fine-grained sandstone, The whole
exposure is exceedingly hard and flinty.

Along the crest of this hill, towards the south, there are scattered
blocks of graphitic sandstone, and there is one locality where there is
a huge mass of fresh-looking quartzite. It may be only a boulder,
though. However that may be, there s sandstone underlying the
white limestone on the steep eastern face of the hill.

This hill is less than one-fourth of a mile south of the old ore dock
of the Pochuck mine road, and less than one-half of a mile south of
the ent just described.

One-fourth of a mile east of this place is a precipitous hill, alluded
to before as lying east of the hotel at McAfee. This hill is very
precipitous on its western face, but slopes more gently to the east.
On the north side of the road is another hill of a less altitude by two
hundred feet. Its general characteristics are the same as those of the
hill in Section IV, '

The western slope of the hill east of McAfee consists principally
of a fine-grained granite, Angular blocks of this, mingled with
blocks of white limestone, lie at the foot of the hill. The limestone
is generally very coarsely crystalline, graphitic, and, in places, chon-
drodite is abundantly present. Near the north end of the hill, how-
ever, in the face of the cliff, and wholly surrounded by coarsely-
crystalline and graphitic limestone, are masses of brecciated limestone,
which, although not blue in color, are yet but slightly changed as to
texture and color. - It is a true breccia, however, and their angular
boundaries are readily distinguished. It contains only scattering
flakes of graphite. .

Going to a point immediately above the cliff (about seventy-five
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feet vertically), and a little below the erest of the hill, on the eastern
slope, there is found a very striking exposure of rocks. At the
northern point of the hill the ground is well covered with large,
angular fragments of a rather fine-grained, rotten sandstone. The
blocks, if of moderate size, are stained to the depth of three inches
by decomposing pyrites. Graphite is present in the sandstone. No
fossils were found here. In fact, but little time was spent searching
for them, but there is little doubt but that they may be found here
by an expert paleontologist.

Lying on top of this sandstone is a graphitic, gritty limestone,
It iz brecciated, and the interstices are filled with crystalline
limestone, as is usual. Among these blocks are larger blocks of
almost pure limestone, save for the presence of large nodules of
chert or flint. Some of the flint and the enclosing limestone is
graphitic. Some of the flint seems to be slightly bleached by the
driving off of organic matter, but the change has not gone far
enough to crystallize it to any extent.

Tracing this breccia along the line of strike, it invariaBly fades into
a white limestone and with granite not far from the line of change.
The line cannot be traced continuously, on account of a thick under-
brush. West of this line of breccia is white limestone and granite, to
the east is blue limestone slightly changed, and a gritty limestone and
sandstone beneath all. On the eastern face of this hill, the place, in
fact, that I have been describing, is the point where the blue lime-
stones are cut out by the white, and the white limestone south of this
fills the entire valley between Pochuck and Hamburg Mountains.

In writing of this brecciated limestone, and of this most interest-
ing locality, I find great difficulty in describing facts, that they may
appeal to the ear in a measure as strongly as they do to the eye. On
this account I have collected a snite of these transition rocks, as I
have called them, from this locality, as well as from several others,
so that my observations may be verified without the trouble and
expense of seeking them in the field.* But, however strongly these
facts, thus stated, appeal to one, when seen in the field they appeal with
double force. And it seems to me that no one vigiting this place
with an unprejudiced mind, could go away doubting but that the
sandstone which underlies the blue limestone, underlies the white
also, and that here we see the Pal®ozoic blue limestone actually pass-

*These specimens are now in the laboratory of the Survey.
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ing into the so-called Archean white limestones, When we reflect
that this locality can be duplicated a dozen times, the probability
seems to grade into abeolute certainty. This hill 622 seems to be
anticlinal in structure. In this light let us examine more minutely
hill 750, noted in Sections I,, IT., III.

Section V. shows the southern point of this hill as a section
through its summit. The middle elevation of this section is a part
of a ridge of sandstone which rises to the south to a considerable
height. To the west of it is a hollow and still farther west is a
gritty limestone with a layer of sandstone, and the crest of the hill
is & slaty limestone with a bed of pure limestone. The dip of these
rocks i3 unmistakably northwest. The sandstone also has a north-
west dip.

No more than fifty feet to the east of this sandstone is a large out-
crop of white limestone and granite, which enlarges to the north,
The limestone on either slope of this hill is traced to corresponding
points in Section V. Here a sandstone dipping northwest is near by.

Towards the summit of the hill the bedded sandstone is replaced by
angular blocks, and on the crest of the hill is a small exposure of a
flat-lying limestone. To the west of this are angular blocks of
graphitic sandstone. Passing still farther down the eastern slope of
the hill, the bedded sandstone is found, still graphitie, but the dip
cannot be determined. A little below this the brecciated blue lime-
stone appears in great blocks, covering a greater part of the eastern
slope, and then, farther down, these rocks are replaced by white lime-
stone and granite. Section VI. is through a hill just south of the
Pochuck mine road. It is made to show the relations of the lime-
stone, sandstone and the underlying granite, The facts are unmis-
takable, and they are duplicated in the railroad ctit north of Ham-
burg. It is one-half of a mile south of the point where Section V. is
taken and is evidently closely related to 1t.

Sectious VII. and VIII. represent either slope of hill 698, one and
one-fourth miles north-northeast of Hardistonville. It is really the
south end of hill 722, shown in Sections L. and II., the north end of
which is white limestone. On the northwest slope of this hill is a
series of limestones and grits exactly similar to those noted in Section
V. and just as beautifully exposed as are those in hill 750 in Sections
L, IL, IIL,, IV. and V.

Passing to the eastward, towards the crest of this hill, the same
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angular blocks of graphitic sandstone, mingled with blocks of white
limestone, are again found. Farther yet down the slope the white
limestone is found in solid masses cut up by great dykes and bosses of
granite and ¢ geflecter gabbro.” The granite has much fluorite in
places, especially when in contact with the white limestone.*

Section IX. shows the relation of this hill (698) to the hill just
east of it (722), in the east side of which are the Rudeville quarries.

Leaving now the white limestones, which lie at the east foot of
Pochuck Mountain, the next section, X., is taken at Hardistonville
across the brook in front of Carpenter’s hotel. The white limestones
now lie along the west foot of Hamburg Mountain, It will be
noticed that in this section, on the northwest end, Dr. Beecher found
fossils in the unchanged blue limestone. Under this limestone is a
fine-grained sandstone, which is filled with the remains of trilobites.
There is also a noticeable amount of graphite present. In several
specimens graphite is found near the head of a trilobite, within one-
eighth of an inch. In the same specimen there are two places that
look very much as if graphite had partially replaced the shell of a
trilobite. A large granite dyke is near this sandstone, though no
line of contact was found. There is present, however, a seam of
almost pure graphite one to two inches thick, Dykes of mica-dinbase
as well as “ geflecter gabbro ” are also present.

There are also present confused masses of brecciated sandstone,
blue limestone with white interstitial matter, and all very highly
graphitic. The blue breccia is observed very abundantly on the north
side of the brook.

If it is borne in mind that this brook is here the dividing line
between the white and blue limestone, the significance of the breccia
will become apparent. The blue limestone brecciz bas thus far been
characteristic of the boundary between the two white limestones,
though there are exceptions to the rule.

On the north side of the brook white limestone comes out again in
close proximity to the blue, and it is, as usual, mingled with granite
and gabbro. In places near by, also, are limestones slightly changed,
which are filled with grains of sand, and with more or less graphite.
This is also north of the brook, toward Rudeville. The line of

*If this ridge is followed north to the “ York State Quarry,” a brecciated blue
limestone is found, lying on the crest of the hill and on the west edge of the quarry.
Blocks of graphitic snndstone are traced almost continuously between these points.
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contact in this section, north and south, between the blue limestones
and the white, or when they come close together, reaches from Frank-
lin Furnace to McAfee, a distance of six miles.* Again referring to
the section, we observe that the sandstone appears in unmistakable
beds, dipping under the white limestone,

Onmitting for the present Section X1, attention is asked to Section
XII. This section is taken three-fourths of a mile south of Car-
penter’s hotel, at Hardistonville, and it passes through hill 720 near
its soutbern point, It will be noticed that at the extreme northwest
there is blue limestone underlaid by sandstone. This is the same out-
crop noticed in Section X., and it can be traced almost continuously
from that point to this, It is on the west side of the road, and is in
line with the outerops of sandstone and blue limestone at Franklin
Furnace, so often referred to in New Jersey geological reports.

Just across the road to the east there is a cultivated field. In this
field there are numerous exposures of granite and white limestone.
Leaving this field and entering the underbrush which covers the west
slope of the hill, the same rocks crop out continuously. Near thesum-
mit of the hill the graphitic sandstone so often referred to crops out
and dips unmistakably under the white limestone, This sandstone is
exposed for a distance of twenty-five to fifty feet to the north, and
then disappears under the limestone. As it also appears under the
same white limestone at the summit of the hill, fifty feet above, it
would seem as if the sandstone was bent into an anticlinal fold. Cer-
tainly it pitches under the limestone and dips to the southeast. Follow-
ing this outerop into the cleared field at the south end of the hill, the
whole of the southeast point of the hill is seen to consist largely of a
hard, flinty quartzite. A few rods to the north of this section line
nearly the whole hill is made up of granite. This granite is in places
well folinted, so well foliated that it resembles a gneiss, but on account
of its mineral composition and field relations I cannot but believe it
to be a true foliated granite. “Geflector gabbro” and mica-pyroxene
rock are also abundantly found.

Hill 724 has but few exposures, and these are of the usual kind.

In the bed of the brook at the foot of hill 720 there is an outcrop
of unchanged blue limestone. A few rods south of this there is white

* The same breceia is observed in several places in the rond, going from this brook
to Hambury Mountain. One place is at the corner of the roads at Hardistonrille,
the other is about one-hall a mile east, in front of o small house.
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limestone, and yet a little farther, by the roadside, a boss of granite,
Following the outerop of sandstone and blue limestone along the west
side of the road to Franklin Furnace, Section X1II. is taken across a
triangular lot between two roads one mile north of Franklin Furnace
station. There are two very strong points to be noticed in this sec-
tion. First, there is the blue limestone on the northwest, underlaid by
a fossiliferous and graphitic sandstone. A short distance to the east is
granite and white limestone. This is succeeded by low,swampy grouund,
when no rocks are visible, Then comes the south end of hill 737,
Here i3 the second point to which attention is directed. The western
face is principally granite. In contact with this granite on the eastern
face is a graphitic, highly-crystalline white limestqne, Passing still
to the east, within a distance of seventy-five feet, this white limestone
has changed to an unmistakable blue, also dipping southeast. The
change is gradual but rapid.

This is the northern point of the “A” (of blue limestone) before
referred to, and it can be followed in an almost unbroken line to the
fossil locality, north of Furnace pond.*

On the zame section line and still farther east, is the southern spur
of hill 724, This consists of white limestone intermingled with
granite and “ geflecter gabbro,” Yet farther east are the gneisses of
Hamburg Mountain.

Section XIV. is an especially important one. On the northwest
are the usual limestones and sandstones, here resting on the upturned
edges of the Franklin gneiss. Across this gneiss to the east is white
limestone, and a thin bed of magnetite, which rests on granite and
not on gnoeiss, This is shown in openings in the magnetite veins and
in the tunnel which leads into the zin¢ mine, White limestone suc-
ceeds this, and then the well-known zinc-bed, here thirty-five feet
thick. On top of this is a heavy bed of white limestone dipping
southeast.

A little east of this, and by the roadside, is a large outcrop of
sandstone having large flakes of mica and crystals of feldspar
developed in it near the point of contact with a trap-dyke. There is
also much fiuorite present. Through the kindness of Mr. W. W,
Pierce, superintendent of the works at Franklin Furnace, this sand-

*See nccompanying Geological map facing page 50. Though the boundary line is
sharply drawn on the map, from this point to Furnace pond the blue and the white
limestone grade into each other.

NEW JERSEY GEOLOGICAL SURVEY



46 ANNUAL REPORT OF

stone was uncovered, thus showing its relations to the limestone.
This excavating showed the sandstone going under the limestone with
a northwest dip, This shows conclusively that the limestone is here
bent into a synclinal fold, and is probably independent of the fold in
the zinc mine.

Passing up the slope of this hill and to the east, white limestone
and granite are found either on the section line or at no great distance
from it. In the road across the north end of Furnace pond the white
limestone dips sontheast.

The next slope to the east of this is in the old furnace quarry, and
is in the blue limestone, In this quarry fossils belonging to the
Obolella fauna are found in a limestone which also carries graphite.*

This limestone dips northwest, and a little farther to the east dips
southeast, thus showing an undoubted anticlinal fold. Following
east across the strike of this outcrop, white limestone with granite
and “geflecter gabbro” lies in a foot-hill next to Hamburg Mountain,
Returning to the furnace quarry, where the fossils were found, and
following along the line of strike for one-fourth of a mile in the
back road (so-called) to Ogdensburg, is a point where within thirty
to fifty feet the extreme phases of the two limestones are found ; the
crystalline white on the one side and the unchanged blue on the other.
Between the two extremes is a perfect series of grading.t

This line followed along leads to a similar gradation series men-
tioned in Section XIII.

Section XIV, proves beyond all reasonable doubt three strong
points : First, the eandstone here is associated with the limestone and
probably underlies it. It is, no doubt, the same as the sandstone in
hill 720 (Section XIL.}, but in Section XII. the dip is southeast, while
in this section it is northwest. Second, there is a gradual passage from
the highly-crystalline white to the uncrystalline fossiliferous blue,
Third, the white limestones are proved to lie in anticlinals and the
blue limestones, bounded on either flank by white, lie also in an
anticlinal fold, the northwest dip passing along its line of strike from
blue into a white limestone.

As to the dip of these blue limestones, hardly any of the older

* Graphite is neither abundant in this formation nor is it easily eeen. Thestrong point
is made, howavar, that the graphite proves the limestone to be highly metamorphie,
and the presence of fossils proves its palmozoic age. The probability of a greater
metamorphic action is thus greatly strengthened.

+ This point convinced Dr, Beecher that the two limestones are the same.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. A7

geologists agree, judging by their sections. The reason is assumed to
be that the jointing, which is here perfectly developed, makes it
exceedingly difficult to get the true dip without great care.

Section X'V. is drawn one mile south of the last, and passes through
hill 689, just east of the Wallkill river. .

The whole of the eastern slope of hill 743, along the foot of which
runs the New York, Susquehanna and Western railroad, consists of
white limestone, granite, “ geflecter gabbro” in dykes and in boulder-
like masses in the limestone.

The white limestone ceases suddenly at the Wallkill river, where
there is a great outcrop of granite. On the east side of the river, and
near its bank, is a slaty blue limestone dipping steeply northwest. In
Munson’s grove, a little east of this, and on the eastern slope of the
hill, the blue limestone dips southeast against the foot of Hamburg
Mountain.

It will thus be seen that the anticlinal of blue limestone in hill 689,
though not continuous with the one in Seetion XIV.,, is probably the
same, and that on the northwest slope the blue limestone in Section
XIV. is replaced by white.

This makes the fifth locality where this fact is plainly observed,
and it seems unreasonable to assume any other explanation than that
the white limestone is the metamorphosed blue. This is the laat sec-
tion that I have studied in the Franklin belt. The reason is lack of
time during this season and the fact that the exposures in other locali-
ties were more meager and not so striking as in the belt between Sand
Hills and Sterling Hill. To the westward of hill 743, Section XV,
lie the Pimple Hills, upon the west flank of which lie the blue lime-
stones, with underlying sandstone occasionally exposed. Along this
flank are several isolated patches of white limestone, in one of which
are the well-known Andover mines of magnetite and hematite mixed
with ores of lead and zine. In the valleys or gorges of these hills are
isolated patches of white limestone, always accompanied by great out-
pours of granite and other eruptive rocks. The same is true of the
white limestone on the bordering blue limestone, There are also great
and violent disturbances in the gneisses, and scattered about in places
are abundance of angular blocks of sandstone, in every instance highly
graphitic, .

There is one more section (XI,) about one mile north of McAfee to
which I wish to direct attention.

In this section the gneisses of Pochuck Mountain lie to the extreme
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northwest. Resting against the eastern flank is hill 748, It consists,
a8 usual, of granite, ¢ geflecter gabbro” and trap, White limestone is
also present, but not abundantly, The dip of the white limestone is
here west, 30° north, Going eastward, after crossing the road to
McA fee, there is a remarkable hill of granite with very little white
limestone. Following the breok which crosses the road at this point
toward Black creek, we note that it passes the greater part of the
distance over white limestone and granite. One-fourth of a mile
from Black creek it cuts across the strike of the steep hills north and
south of it and falls over a ledge of white limestone to the level of
the swamp. South of the brook is a hill which consists largely of
white limestone. It may be said here that this is close to the bound-
ary line between the white and the blue limestone, as indicated on the
geological map.

The hill north of the brook is far different. Beginning at the level
of the brook is a ledge of highly-crystalline white limestone charged
with graphite. Going up to the hill to the northeast we note the fol-
lowing changes :—First, the white limestone ; second, a white lime-
stone not so highly crystalline and with the graphite in occasional
scales, but generally in blackish or dark-gray clots ; third, a marble-like
rock with no graphite scales, but dark-clouded, irregular bands ; fourth,
a limestone with slight traces of altération ; fifth, a wholly-unchanged,
blue, slaty limestone. These changes take place within a distance
measured on the slope of less than one hundred feet. On the summit
and on the eastern slope of the hill to the marsh level is the unchanged,
blue, slaty limestone dipping north, 30° east.

This remarkable series of gradations can be traced for a long dis-
tance at the foot of the western slope of the hill.

About five hundred feet to the west of the foot of the hill are
numerous angular blocks of graphitic sandstone. - No dip or strike
can be made out.

The dip of the white limestone is the same as that of the overlying
blue limestone. In short, the white limestone, while grading into the
blue limestone above, passes conformably under it. The probability
is that the sandstone before referred to is the broken edges of a bed
that passes under the limestones. Across Black creek the blue lime-
stones underlaid by sandstone dip in the northwest quadrant,

This finishes the belt to which special study has been directed the
past summer, but I wish to call attention briefly to two other locali-
ties of white limestone—one at Cranberry reservoir, on the Sussex
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railroad, and the other near Oxford Furnace. The white limestones
near Cranberry reservoir are accompanied, as usual, by granite and
“ geflecter gabbro.” The gabbro here has been mistaken for gneiss.
There is so much of this rock injected into the limestone that the Fur-
nace company at Stanhope gave up working it for flux at their far-
nace. No sandstone is seen here in connection with the limestone.

The locality at Oxford Furnace is especially interesting for several
reasons.

At the iron mines to the east are numerous dykes of granite and
mica-pyroxene rock. Here the limestone is highly erystallized ; con-
tains manganese, graphite and ecales of mica. This passes to the west
into a less crystalline limestone, gray in color, and jointed like a blue
limestone. No eruptive rocks, save trap, are visible, and there is a
small bed of zinc sulphide in the limestone. This sulphide has, how-
ever, numerous small scales of mica and a green mineral resembling
willemite. This comes in such small and poorly-formed crystals that
they cannot with certainty be determined. The whole aspect of the
place points to the supposition that here we have the beginning of the
metamorphism of a zine sulphide and that Franklin Furnace is the
final stage of metamorphic action.*

CONCLUSIONS.

The conclusions at which I have arrived from the study of the
localities which I have deseribed, and from other localities as well,
are as followa: First, the white limestones of Sussex and Warren
counties are of Post-Archean age. Second, the white and the blue
limestones belong to a synchronous horizon. Third, that this horizon
is the horizon of the Olenellus fauna. This last conclusion is based
on the authority of Dr. Charles E, Beecher. Though I was convinced
that the limestones and sandstones of this group would prove to be
fossiliferous, I supposed that, should fossils be found, they would con-
firm the opinion of other geologists that these rocks were of Potsdam
and Lower Silurian age respectively.

The extent of these conclusions is more far-reaching than is at first
sight apparent. First, it demands that a careful search be made for
fossils in the whole belt, or rather belts of lirhestones, sandstones,

*The presence of manganese was proved by a chemical test.
4
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slates and shales hitherto called and regarded as Potsdam, Trenton
and Hudson river. The result may prove the existence of a great
horizon of rocks in New Jersey, New York and Pennsylvania hitherto
unsuspected and may also throw much light on the question as to the
position of the Greer Pond Mountain rocks. Second, and this point
possesses for me a far greater interest than the first, in this belt are
rocks, limestones, sandstones, slates and iron and zine ores in every
degree of metamorphism, The belt is penetrated by various kinds
of igneous rocks, and the petrography and chemistry of rocks and
minerals in every stage of metamorphism, induced by pressure and
heat, can be traced out and its history deciphered to its minutest
details. It is rare to find rocks of known geological age in which
such favorable conditions exist. The histories thus elaborated can be
used most advantageously in deciphering other localities whose history
is written in less legible characters.
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IRON MINES.

NOTES ON THE ACTIVE IRON MINES.

FRANK L. NASON.

No special work on the iron mines has been done since 1886. In
view of the fact that the iron industry seemed to be looking up, it
was thought that a survey of the mining resources of the State
would prove useful. Accordingly the work was begun in October.
The objects of the survey were as follows:

First. Collecting mining statistics relative to the status of the
mining industry.

Second. Collecting snites of specimens of ores and rocks ; and—

Third. The study of the mine rocks, the country rocks and the
relations of these to each other, and to the iron ore proper.

To the first two no special attention need be directed, as a study of
the appended notes will amply explain them.

With regard to the third, special attention is directed, since it is
believed that on the caref'ut study of this topic hangs the future
of successful iron-mining in this State.

The important facts to be noted in this connection in the appended
report are, firat, the fact that the mine rock, so-called, is actually distinet
and easily distinguishable from the country rock.

This point being carefully borne in mind, it may be well to ask if
it is not possible that some of the mines in the State considered
“exhausted” may not be capableof further development. Especially
should this question be considered when the ore has pinched out,
whether by rolls in foot or hanging-walls, or by the coming down of
the cap rock.

Second, It has become firmly established in my mind that the
country rock of the great iron mines of our State is constant, and
can be properly classified as the iron-ore carrier. It is also firmly

(51}
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believed that this country rock is sharply divided from the ¢ vein”
matter of mines, the term “ vein ” including the ore and associated mine
rock. This statement was made in the Annual Report for 1889, and
it has been confirmed by closer study during the current year,

The extent of the country rock proper is described in that report,
p- 30, under the head “Type I., Mount Hope.” For a deseription
of the geograpical position and extent of these rocks, see ‘Annual
Report State Geologist, for 1889, p. 35, et seq.

It is believed that a careful study and comparison of these mine
rocks with the country rock, will result in much practical good.

Ancther thing of great importanece is careful surveys and records
of mines. These, if preserved, often give much valuable informa-
tion, which the abandoning of a mine cuts off.

I bave here to tender my cordial thanks to mine-owners and superin-
tendents, for information and for personal courtesies in being allowed to
inspect the practical working of their respective mines. Without
this kind assistance, much of the data herein given would have been
impossible to obtain.

SHOEMAKER MINING AND MANUFACITURING COMPANY.
Office : Belvidere, N. I.

The mine is two miles south of Belvidere, on Buckhorn creek. This
mine is owned by Edward Shoemaker, and is leased -of him by the
above company.

The ore produced is known to the trade as brown hematite, It is
non-bessemer ard runs about 45 per cent. metallic iron.

In mining, very,little powder is used, the ore being soft enough to
be removed by pick and shtovel. Occasionally large lumps of ore
have to be broken by powder. As the ore occurs in such a soft form
it has to be mined 'in galleries that are closed on the sides, top and
bottom. It is drained by a tunnel three hundred and fifty feet long
to its present depth of sixty feet. The dip of the ore-body is southeast,
with a strike to the northeast. The width of the vein varies from four
to twelve feet.

The ore is washed_by a log washer, as it is taken from the mines, to
free it from the clay, sand and other dirt which occur with it.

Some very interesting geological features are disclosed by the
tunnel. Unfortunately it was not possible to enter the tupnel in
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October (1890),’and the following notes were gained from Mr. James

Arthur and from the debris thrown from the tunnel. As was before

stated, the tunnel is three hundred and fifty feet long. The first

thirty-five feet consist of a dark-green talcose slate, three hundred

feet of a light, buff-colored clay slate; a flinty mass, probably quartzite, |
three to twelve feet ; then the ore-body proper. A body of very white |
clay forms the hanging-wall. The mine was opened in 1888.

FRYTTS MINE, .
Owned by George Fritts.

This mine adjoins the Shoemaker mine on the northeast. There
was very little being done at the mine (October, 1890). There is no
apparent reason why it should not be as profitable as the Shoemaker.

ROSEBERRY MINE

Is about one mile northeast of the two mines,and i3 on the same
line of strike. It is not worked at the present time, though much
money has been spent in exploration.

LINCOLN BESSEMER ORE COMPANY,

Mr. Kaiser, Hazen . O., Owner.
T. P, Marshall, Secretary and Treasurer, Trenton,

This mine is not in operation at the present time (October, 1890),
but it is intended to start in about three weeks from the given date.
The body of ore in the mine is eleven feet thick from foot to bang-
ing-wall. About five feet of this is pure ore. The remainder of
the vein being too lean to work profitably, a separating plant is to
be put up for the purpose of concentrating the ores. For this pur-
pose they will use a Carter ore separator and concentrator. This
machine uses horse-shoe magnets instead of the more common electro-
magnets, It is proposed to concentrate to a 65 per cent. ore.

They expect to employ about forty men. With this force it is
caleulated that they will be able to put out three hundred and fifty
tons the first month, and to gradually increase the output.
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SHARON ORE COMPANY.
P. C. Queen, Owner.

This is one of three mines located on the same deposit, and one
and one-half miles northwest of Oxford Furnace.

The Queen mine i3 operated by the Sharon Ore Company. A
one hundred and ten horse-power boiler furnishes steam for two
hoisting engines, pumps and two large log washers. The ore aver-
ages 57.65 per cent. metallic iron. It is non-bessemer, and is used at
the Durham Furnaces, Rieglesville, Pa.

The ore is a strong mixture of hematite, red and Lrown, and of
magnetite (7).

The mine was re-opened July 17th, 1889,

FELLOWE MINE,

R. C. Fellows, Owner and Operator.

This mine adjoins the QQueen mine and is a part of the same
deposit of ore.

A eixty horse-power boiler furnishes steam for a hoisting engine
and pumps,

The ore is shipped to Pequest Furnace, and is said to run as high
as 60 per cent. metallic iron. This mine was also re-opened in 1889.

CHAMPION BTEEL ORE COMPANY.
G. Riddle, Ownenr.
This mine is situated on the same outerop as above, probably, and
i3 located just east of the Queen and Fellows mines.

The company is at present engaged in sinking a shaft. Work was
begun in Oectober, 1890,

RAUEB MINE.
American Zine and Iron Compauny, Operators,

No ore has yet been raised. The company is now sinking a shaft
near the old mine. There are only three men at work at present.
The ore is to be concentrated. It is expected to get a bessemer ore.
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OXFORD IRON AND NAIL COMPANY,
Qwners and Operators of the Oxford Mines.

There are two mines on this property, which are now active, the
Washington mine and Slope No. 3. The greater part of the ore
mined is used at the company’s furnaces. Some of the Washington
ore, though, is sold to the Thomas Iron Company. The ores of both
mines are non-bessemer. The ore from the Washington mine has
sulphur in addition, and has to be roasted. This roasting is done in
a Taylor gas roaster, one set near the mines and another near the
furnace. A Blake crusher is used to break the ore for the roasters.
Both of these mines have been worked almost continuously for one
bundred years. Slope No. 3 is five hundred and sixty-five feet deep;
Washington mine, four hundred and ninety.

The Washington mine and Slopes 1, 2, 3 and 4 are all parallel to
each other, and lie nearly east and west. The dip is towards the
south, about 45°, with a pitch to the east. In this respect there
mines are almost unique, for the general direction of the dip and pitch
of the magnetite ore deposits is southwest and northeast respectively.

The foot and banging-walls of the Washington mine seem to con-
sist mainly of a coarse feldspar and quartz rock, which has crystals of
allanite enclosed. Hornblende or pyroxene is also present in small
masses, and scales of biotite. The rock is very ooarse. In places,
magnetite is so much mingled with the rock, with quartz especially,
that there has been some talk of concentrating by a magnetic separator.

The “spar” rock, as it is called, also comes into the ore-body
proper. At times these horses completely fill the vein. At the
extreme east end of the mine there is so much of the rock present
that the vein is no more than three feet in width, although not one
handred feet to the west, the vein is twenty-seven feet wide from foot
to hanging-wall. The rock is very treacherous, as it seems to decom-
pose readily. : T

Slope No. 3 has comparatively little of this rock and its ores are
far less sulphurous.

From the nature of the rock itself, as well as from its occurrence,
there is little doubt but that it is an injected mass, and really has
nothing to do with the country rock in general. The country rock of
this mine is the Mount Hope type of rock, described in the Geological
Report for 1889. The Mount Hope rock is found in the other mines,
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and from the close relationship of these mines (Washington and Slope
No. 3) it is safe to assume that their general characteristics are the
same.

KISHPAUGH MINE.

Ario Pardee, Owner and Operator.

After lying idle for a number of years, this mine is to be re-opened.
Work was begun in January, 1890, The plan is to sink a vertical
shaft about four hundred feet, and then drive to the vein, The shaft
in October, 1890, was down two hundred and forty feet,

There are employed twenty-five men. They have one hoisting and
one pumping engine. One Rand air-drill and compressor is used.

HUDE MINE.

Dickerson and Succasunna Mining Co, Owners.
Leased by A. Pardee.

Started in April, 1890, after being idle since 1883. The ore, mag-
netite, is low in phosphorus and sulphur, It is used at the Stanhope
Furnace,

The metallic iron runs from 45 per cent. up; this is about the
dverage, however,

There i+ an eighty horse-power engine for the purpose of supply-
ing condensed air for the drills, The mine is very dry, as it is wholly
above water level. An adit is driven in about two hundred feet,
and has intersected three shoots of ore thus far. The mine is known
as a saddle-back among miners. In reality it is an anticline. The
strike i4 nearly north and south; the dips lie in the northeast and
the northwest quadrants. The ore comes in short, irregular shoots or
bunches, and is often faulted in a succession of short steps downward.
The country rock of the mine is Mount Hope rock, or magnetite
goeiss, hyit there are other rocks in the mine. One rock is of a
coarse, ryenitic nature, and is probably eruptive. Near this rock, in
one of the ore shoots, is a great quantity of molybdenite. This min-
eral is nsually confined to the hornblendic rock, but it sometimes
impregnates the ore, The ore in one shoot carries as high as 1 per
cent, of molybdenite. Molybdic acid is also presect. The mineral is
found chiefly in one shoot and close to the syenitic rock. Iron pyrites
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occur with the molybdenite, and also with the ores. In the workable
ores, sulphur varies from 1.5 to 2.5 per cent.

HURDTOWN OR HURD MINES,

Hurd Heirs, Owners.
Glendon Iron Company, Operators.

This mine was idle for about six weeks during the present summer
{1890), on account of the expiration of the old lease. The mine is
at present down 3,625 feet on the slope. At this depth it had reached
the old line of the Hurd estate, and it is now being worked under a
new lease on an adjoining property, Work was resumed November
<tth, 1890,

The ore is shipped to the Glendon Iron Company’s furnaces, near
Easton, Pa. Rand drills are used. Two compressors furnish air for
the drills and for the mine pumps. Two boilers, a one hundred and
twenty and a sixty horse-power, furnish steam.

The mine is 3,625 feet, on the northeast slope; and a pitch of about
30°. The vein stands nearly vertical, but has a slight underlay
to the southeast. The country rock of this mine is Mount
Hope. The walls are very hard and solid usually, and so need very
little timbering, in spite of the size of the vein. There are very few
offsets, and these are of slight extent save where the mine was first
broken in two by the vertical fault noticed in the “ Geology of New
Jersey,” 1868.

The long, straight pitch of this ore shoot could almost have been
predicted from the centour of the country, and if the vein does not
become exhausted, it will probably run at least half as far again before
it will be seriously disturbed by a fault. The average width of the-
mine i3 twenty feet from foot to hanging-wall, and it is thirty-six
feet from cap to bottom rock.

The ores of this mine are of rare purity and beauty. They have
very little sulphur, but unfortunately they run too high in phosphorus
for a bessemer ore. They are very free from rock, In fact, there is
comparatively little mine rock. The mine has been worked more or
less for eighty years, The lease which just expired began in 1875,
since which time the mine has been worked continuously.
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LOWER WELDON MINE.

Weldon Mining Company, Owners,
Coplay Iron Company, Operators.

The ore is magnetic, non-bessemer and carries about 1 per cent. of
sulphur. It is used entirely by the Coplay furnaces, at Coplay, Pa.
The mine is at present 360 feet deep. The shoot is very regular;
pitches to the northeast, and dips southeast at an angle of 50°,
The ore is beautifully interbanded with a rock. This rock is differ-
ent from the country rock, and is foliated with thin micaceous part-
ings. The bed proper is about six or eight feet thick, and carries
about three feet of clean ore. The ore is generally shotty, but is-
occasionally compact. Much of the ore is too lean to work, but on
aceount of its friable nature it conld be very easily concentrated. Two-
hoisting engines and one Rand compressor (for the Rand drills) are
used. A three-inch pipe is sufficient to drain the mine. Even this
is mot run all of the time, as the mine is very dry. The country
rock, which is of the Mount Hope type, has a little more biotite and
hornblende than is usual, and it seems to be very firm, so that the
mines are safe.

UPPER WELDON MINE.

Leonard Elliott, Owner.
Richard Heckacher & Sons, Operators.

The ore, which is magnetite and non-bessemer, is consumed at the-
Swede Furnace, near Philadelphia, Pennsylvania. The mine, after
being closed for some time, was re-opened in January, 1888, The ore
shoots, as usual, pitch to the northeast and dip to the southeast 50°.
The average width from foot to hanging-wall is about five feet of solid
ore. The ore is banded and occurs in the same manner as in the
Lower Weldon. The country rock and the mine rock are also the
same as at the Lower Weldon.

There are at the mine three sixty horse-power boilers, which drive
Ingersoll drills and compressor; one Welling pumping engine, one:
pumping engine and hoisting machine. The companyis at present
engaged in putting up concentrating works. The object is to remove
the phosphorus from the rich ores and to concentrate the lean ores.
The object is to make the whole output a bessemer ore, For this
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purpose they will employ Lovett, Tinny & Company’s electro-magnetic
separators. They use the wet process, The capacity is estimated at
one hundred tons per day concentrates,

DICKERSON MINE, FERRO MONTE.

Dickerson and Suceasunna Mining Company, Owners.
A. Pardee, Operator.

The ores are maguetic and non-bessemer. A great deal of the ore
from this mine is highly magnetipolar. The ores which possess this
property are very fine-grained and compact, and are usually very pure.
The ores are used at the Musconetcong Iron Works, 75 per cent.; the
balance goes to Pennsylvania furnaces. They run from 56 to 61 per
cent. metallic iron. This percentage is based on ores from the main
shoot of the mine. In what is known as the “Cow-belly” vein,
which lies in the foot-wall, the ores are much leaner on the one hand
and much higher in phosphorus on the other, the phosphorus here
running as high as 2 per cent.

The width of the shoot of ore in this mine varies from ten to
eighteen feet, with an average of sixteen. The distance from cap to
bottom ranges from one hundred to three hundred feet. Thestrike of
the vein is due northeast ; dips southeast at an angle of 55° and up-
wards ; pitches to the northeast at an angle of 63°. The miue is now
one thousand two hundred feet deep, or three hundred and forty feet
below sea level, reckoning by the contours on the topographical sheets.
At this depth the body of ore does not seem to be as large as at first ;
the ores contain more rock and are more difficult to cob. The mine
rock is a banded, foliated rock, consisting principally of feldspar,
mica (biotite) and hornblende. It is usually fine-grained. It is very
free from quartz. In the foot-wall, rock and ore are interbanded.
In the hanging-wall the ore clings tightly to the wall rock, and the
blasts tear out rock and ore, leaving a rough wall.

The country rock, both foot and hanging, is very firm, and so tim-
bering is not so great a task as it would otherwise be. The great
width and depth of the vein, however, make the use of large-sized
timbers necessary, and it requires no little skill in placing them to the
best advantage,

The adit to the mine at the present time is through a large vertical
shaft eight hundred feet deep. This shaft is divided into two compart-~
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ments. In one is a cage, with safety grips, capable of lowering ten
men at a time. In this compartment, also, is the pump-rod. The
adjoining compartment is used exclusively for the hoisting of ores
and the lowering of timber and other materials, There are numerous
offsets in the mine which throw the body of ore into the hanging-
wall.  There are also numerous rolls and pinches where the ore-body
is much reduced.

HURD, HARVEY AND KEW STERLING.

New Jersey Iron Mining Company, Owners and Operators.

The Hurd and Harvey mines are at opposite ends of the same
ore thoot.  The strike is northeast-southwest. The two mines open
into each other. The ores are magnetic and uon-bessemer, but they
are almost wholly free from sulphar,

The slope of the mines is 42° to 45° to the sontheast. From cap
to hattom rock the distance varies from one hundred to oune hundred
and thirty feet. The width from foot to hanging-wall is eighteen
to twenty-five feet, This is the width of the shoot, but it is not all
ore; there is considerable of a banded foliated rock, which occurs
interbanded with the ore. This rock is wholly different from the
country rock, which is of the Mount Hope type. The pitch of the
rack is to the northeast, There are offsets noticed in these mines
also, as well as in the Dickerson, Baker, New Sterling, &c., and the
ore i thrown in the hanging-wall. The New Sterling is supposed
to be opened on the old Irondale shoot, where the Old Sterling
mine was located. The New Sterling was opened in February,
IK90. It is six hundred feet on the slope. The Hurd and Harvey
are about five hundred. The ores are shipped to Pennsylvania
furnaces,

ORCHARD MINE.

J. Couper Lord Estate, Owners and Operators.

This mine has heen worked contim'musly for forty years. It pro-
duces a magnetic, non-bessemer ore, and gives about 58.70
metallic iron. The ores are sold to various Pennsylvania furnaces.

Boilers of two hundred and fifty horse-power furnish steam for the
pumps and hoisting engines, and for the compressors for the power-
-drills (Ingersoll), The mine is at present seven hundred feet deep
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on the slope, and is about one thousand feet long. The dip is south-
east, and pitch portheast,as usual. The mine rock is the same as.
other veins. The country rock is Mount Hope also.

MOUNT PLEABANT MINE.

J. Couper Lord Estate, Owners.
Operated by the Mount Pleasant Mining Co.

This is o magnetic, non-bessemer ore, though the percentage of
phosphorus is very low. The shipments of ores average 64 per cent,
metallic iron, The ores are shipped largely to Pennsylvania furnaces.
This mine has been worked almost continuously for nearly one hun-
dred years. It is now seven hundred feet deep, and is three thousand
feet in length. It pitches to the northeast, with a southeast dip. The
ore-body is much disturbed by offsets, which are not at all regular.
These offsets show a disturbance of the country rock as well. The-
mine rock is as usual, and the country, rock is Mount Hope.

BAKER MINE.
Joseph Wharton, Owner and Operator.

The ore is magnetic and non-bessemer. It gives, on an average;,
60 per cent. metallic iron.

Its markets are Pennsylvania furnaces. :

The mine is at present (1890) four hundred and ten feet deep and
six hundred feet long. The pitch of the ore shoot is northeast, but -
at a much lower angle than at the Dickerson mine. It has a south-
east dip. '

The mine was re-opened in 1884, and has been worled continuously
since, '

The country rock and the mine rock are the same as those at the
Dickerson.

RICHARD MINE.

Theomas Iron Company, Ownera and Operalors.

The horse-power of the boilers which supply steam for the pumps,
ecompressors and hoisting engines is 760, Rand drills are used.
The Thomas Iron Compapy consumes the entire output of ore
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from these mines. The ores are magnetic and non-bessemer., They
average, as shipped, 65 per eent. metallic iron,

The pitch of the ore-body is northeast, and it dips to the southeast.
There are several minor offsets in the mines, but the largest is between
Shafts No. 1 and No. 2. The slope in No. 1 is at present about five
hundred and fifty feet deep. The width of the vein from foot to
hanging-wall ranges from ten to twenty feet. The mine rock is here,
as usual, handed, but the lean ores are mixed with hornblende and
mica.

The country rock is Mount Hope,

TEABO MINES.

Glendon Iron Company, Owners,
Henry Richards, Contractor.

The ore is magnetic and non-bessemer, with 2 little sulphur, The
Glendon Iron Company use the greater part of the ore, though some
is sold to other furnaces. The dip of the ore is southeast, with =
northeast pitch. There are no offsets in the mine. The mine is at
present eight hundred feet deep on the slope. The ore comes in two
shoots, one above the other. The thickness of the shoot varies from
six to fifteen feet, and is about sixty feet from cap to bottom rock.
The rock between the two shoots varies between forty and sixty feet.
The mine rock and country rock of this mine are as usual.

MOUNT HOPE MINES.
Mount Hope Mining Company, Owners and Operators,

The ore is magnetic and non-bessemer, and contains no sulphur.
The entire output of the mines is used at the Thomas Iron Company’s
turnaces, in the Lehigh valley.

This mine has been continuously operated since it was opened.

In the old reports, the Mount Hope mines included the old Hickory
Hill workings, as well as the Mount Hope mines proper, The
Hickory Hill mines have long since been abandoned. Of the Mount
Hope mines proper, the Jugular vein is the only one now working,
While some of the old shoots have been abandoned, new ones have
been opened, The mines now in operation are the J ugular, Side Hill
vein and the Elizabeth drift. The Elizabeth drift is the last one
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opened, and a standard-gauge railroad track has been laid from it to
the Mount Hope Mine railroad. It is suppqsed that this mine is on
the Teabo vein. It is within fifty feet of the Teabo and Mount Hope
line,

The pitch of the ore shoots is about 65° to 70° to the northeast, with
a dip to the southeast. The height of shoot between cap and bottom
is one hundred to one hundred and forty feet, with a width of ore
from foot to hanging-wall of three to twenty-five feet.

The boilers are rated at six hundred horse-power, and supply steam
for the hoisting, pumping and compressing engines. Sargent drils
are used.

HIBERKIA MINES.

Under this head are the Lower Wood, Glendon, Scott, De Camp,
Upper Wood and Willis (now Wharton) mines,

All of these mines are located on the same outerop, and so are the
same great ore-body. The length of this ore-body, which is now in
active operation, and has been for a hundred years, is over one mile.
Its greatest depth yet reached is 800 feet. The width of the deposit
from foot to hanging-wall is from three to twelve feet solid ore. The
total output per month for this deposit, leaving out the De Camp
mine, which is now idle, is 10,043 tons, or at the rate 120,516 tons
for the year. This is by far the largest and most wonderful deposit
in New Jersey, and, in fact, of this eniire iron-producing belt in
Pennsylvania, New Jersey and New York. It is only exceeded by
the Essex county mines in New York, and in the Lake Superior
region. From the Willis (or Wharton) mine to the Lower Wood,
the mine is remarkably free from offsets or faults. There seems to
be a tendency among miners to regard this deposit as a true fissure
vein—that is, & deep rent in the earth’s crust of indefinite depth,
which has subsequently been filled with the iron ore. There are
many facts which can be observed which would nullify this hypothe-
sis, The country rock of this mine is the same as that of all the
great mines of this State, as well as in New York State west of the
Hudson river. The mines of Essex county, New York, are no excep-
tion to this rule. The mine rock is the same as that of the other
wmines. The accompanying minerals are the same. The strike
and dip, or underlay of the ore-body, are the same, It has been
arged against the theory of aqueous deposit, that this mine has
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o cap rock; but it is true that at the Willis (or Wharton) mine
the ore is pitching to the northeast. In other words, a cap rock
is coming in over the ore, and this cap is going underground to
the northeast, at about the usual angle. No bottom rock has thus
far been struck. It will thus be seen that there is really no differ-
ence between this deposit and others of the State, except its great
extent, and whatever is true of other deposits must be true of this
one also.

The companies operating the mines of this tract are as follows:
Glendon Iron Company operate and lease the Upper Wood mine:
Scott mine, owned by the North Reformed Church of Newark ; and
own and operate the Glendon mine, formerly known as the Crane
property. The cre is & magnetic, non-bessemer one, and the Glendon
Iron Company use the entire output of the mines.

The mining plant consists of two one hundred horse-power boilers
and four sixty horse-power boilers; these drive hoisting engines,
pumps and compressors. Morris County Machine Company’s com-
pressors are used to supply air to the Rand drills.

The depth of the mines are as follows: Upper Wood, 750 feet ;
Scott, 760 feet; Crane, or Glendon, 700 feet. Width of vein, three
and one-half to twelve feet in very solid ore. _

No cap or bottom rock has been found. The ore is raised to the
level of the Hibernia Underground railroad, four hundred and fifty to
five hundred feet above bottom of mine, and run out to the stock
piles, where the ore is cobbed and loaded on trains for shipment.

The De Camp mine is now idle on account of some disagreement or
misunderstandirg. Tt would, no doubt, prove as productive as ever,
if worked.

WHARTON (WILLIS) MINE.
Owned and Operated by Joseph Wharton,

The mine produces a magnetic, non-bessemer ore. The ore goes in
part to the Wharton Furnace, at Port Oram, and in part to Reading,
Pennsylvania. They have a nest of boilers generating two hundred
and twenty-five horse-power. This supplies steam for hoisting, pump-
ing and compressing. Rand drills and -Morris County compressors
are used.

The mine is worked continuously. It has reached a depth of seven
handred feet. The ore dips 60° to 75° southeast. There is little or
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no rock in the ore, which is here about five feet from foot to hanging.
Tn squeezes, hornblende and micaceous rock are thrown ont. This mine
is especially interesting from the fact that it is the only one on this
property which ever gave any signs of a cap rock. Here, however,
the cap is closing over the ore, sending it underground at an angle
of 43° or more.

Mr. Cook, the superintendent, tells me, however, that in the cap
the two walls are really parted by a thin vein of ore. . The workable
deposit, though, seems to be following the general rule thus far mani-
fested in the mines of the State.

It will be interesting to watch further developments.

LOWER WOOD MINE.

New Jersey Iron Mining Company, Owners.
Andover Iron Company, Operators.

The ore averages 58 per cent. metallic iron. The ore is magnetic,
non-bessemer and is used at the Andover Iron Company’s furnaces,
at Phillipsbarg, and by the Reading Iron Company, Allentown Iron
Company, and by the Lehigh Iron Company, The depth of the
mine is at present five hundred and fifty-four feet, and it is one thou-
sand nine hundred feet long The width of the vein proper is
about nine feet, though much of it is rock. It probably runs
the rame as the other mines of the Hibernia tract.

This mine is reported as being worked prior to the Revolutionary
war, and has been worked rather steadily since.

Near Chester many of the mines have been abandoned. There is
some prospecting for new locations. The Blauvelt, Dickerson and
Hacklebarney mines have been worked a part of the year.

DICKERSON MINE, CHESTER.
Col. Dickerson, Owner.
Seals & Thomas, Operators.

Messrs, Seals & Thomas are opening a new mine on Col, Dicker-
son’s farm. A line of attraction three hundred feet long runs north-
5
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edst-southwest across the lot. The deepest working is twenty-five
feet, The vein is ahout four feet from foot to hanging-wall. They
employ four men, including their own work, and ship about two
hundred and fifty tons per moath to the Crane Iron Company. The
ure iy magoetic aind pon-bessemer. Like most of the ores in this
region, they are very red and ochreous for magnetite ores. This is
uwing to the unglaciated surface of the country. The rocks have not
been scored as deeply as those farther north, and organic agencies
have had time to operate on the ores, The same or a similar ffect
iv noticed on the rocks, which are rotted to a greater depth.

BLAUVELT MINE,
Wiggins & Henderson, Operators.

This i 2 pew opening on an old prospect vein. Six men, includ-
in: the operators, put ont two hundred tons a month.

The ore is bought by Sampson George, who sells to Pennsylvania
furpaces, The ore is magnetic and non-bessemer.

Both thix mine and the Dickerson employ no steam pumping or
boisting. So far, the mines are perfectly dry, and the hoisting is done
by means of a horse whim.

HACKLEBARNEY MINES,

Chestor Iron Company, Owners and Operators.

These mines are now in active operation. At present a water-
wheel i being put in at the mines, which will work the mine pumps,
The comtpany is now working sixty men on the vein above the roaster.
Thiy needs no pumping. The ore runs high in sulphur, and on this
account it has to be roasted. A Taylor roaster is used, In this
roaster the coal does not come in contaet with the ore, but is used to
generate gas, which is led into the roaster and burned. The ore is
fed in from the top, and is drawn from the bottom, so no stop is made
except for repairs,

The ore is magnetic, and some of it is bessemer, while other parts
of the same shoot run too high in phosphorus. The top of the shoot
is the usual place to lovk for the bessemer ore, while the bottom runs
too high in phosphorus.

Furnaces in Pennsylvania use the entire output.
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The deposits of ore here are rather peculiar. Instead of coming
in one large body, the ore seems to come in numerous and irregular
shoots. The deepest mine is one hundred feet. The shoots vary in
depth from fifteen to two hundred feet, The width of the veins from
foot to hanging-wall is one to twelve feet. From twelve to fifteen
bunches or shoots of ore are worked.

The ores from this mine are peculiar in being very compact, almost
flinty in texture, and in their banding. The bands, which are plainly
discernible when broken right, are parted by thin layers made up of
mica scales. Hornblende and mica rock, containing small grains and
bunches of ore, are common in these mines, as well as in other mines.
‘Owing to the unglaciated country, the country rock, save that which
is in immediate contact with the ore, is not to be seen without much
search. It is probably Mount Hope type. -

The mine has been idle for a‘year and a half, but it started again
in August, 1890,

AUBLE MINE, NEAR PEAPACK,

John Auble, Owner.
W. Slap, Operator.

This mine has been re-opened during the present summer. It has
never produced any ore to speal of, being nothing but a prospect
hole. '

The present operator now has a shaft on the slope fifty feet deep,
and the length of the mine is about one hundred feet.

The ore seems to be of good quality, but is non-bessemer. It is
two miles from the railroad.

RINGWOOD MINES.

Cooper & Hewitt, OQwners and Operators,

Dr. Cook, in his ©“ Geology of New Jersey,” 1868, mentions twelve
mines at Ringwood, and they are as follows: Blue, Hard, Mule,
Little Blue, Bush, Cannon, 8t. George, Miller, Keeler, Cooper, Peters
and Hope. These were probably not all in operation at o time, but
they were known. For that matter, they are all mentioned by Prof.
Rogers in his report, which was published in 1836. At Ringwood
and Hibernia there were, according to him, magnetic separators em-
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ployed fur dressing ore for forges. They were called magnetic sepa-
rator. (See Prof. Rogers’ Report on the Geology of New Jersey, 1836,
p. 143.) These mines were all mentioned by Rogers as being well
known, and most of them were opened. It is supposed that they
were worked by a London company as early as 1760, At least this -
date is cut on a foundation stone of their furnace.

Of the twelve mines mentioned, only two are now in operation—
the Peters and the Cannon mines.

PETERS MINE,

The ore i+ magnetic and non-bessemer, aud is used by Cooper &
Hewitt’s furnaces, :

The mine lies in three shoots, known as No. 1, No. 2 and No. 3.
Nos, 2 and 3 lie directly over each vther; No. 1 lies in the hanging-
wall apparently, but is probably a shoot belonging to the same de-
posit, but bent out of its course. The ore pitches away to the north-
east, and dips to the southeast. The end of the Peters mine has been
reached a little more than six hundred feet down the slope. The ore
has not pinched out; it has simply been broken off, and probably by
a fault. This fault has probably thrown the ore up, and it is quite
possible that the Hope series of mines may be the broken outerop of
the Peters mine. However that may be, the Peters mine is worked
out, and the mine will be abandoned as soon as the pillars can be
wholly or partially recovered. To recover these pillars the mine is
being uncovered. The depth to which the cap rock is now removed,
November 28th, 1890, is about ninety feet. The underlay to the
southeast makes it necessary to remove only the hanging-wall. The
country rock of the Peters mine is of the Mount Hope type, and it
shows very plainly to within a few feet of the ore vein proper. The
rock in immediate contact with the ore is quite different. Tt consists
of a white, glassy feldspar, and pyroxene and horoblende. It is very
well foliated and splits easily. Near the surface this rock goes com-
pletely to pieces, and appears as a brick-red sand. Even where not so
far gone, it is a very treacherous rock to mine through, as it has to be
very carefully timbered. This decomposition is caused by the rapid
rotting of the feldspar, while the hornblende and pyroxene decomposing
mare slowly, only change the color of the material to red. A coarse
pegmatitic rock, which seems to be cruptive, is also common in the
mine. This rock comes in the ore-body proper.
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CANNON MINE,

Cooper & Hewitt, Owners and Operators,

This mine was opened at the same time as the Peters and by the
same company. The dip and strike of the mine are as usual.

In the vicinity of this mine are numerous other shoots of ore, side
by side and parallel. They do not seem to be of great depth and are
very much disturbed. They are in general line with mines which
extend to the Peters mine, more than a mile distant. The line is
broken, though, at several points and shoved to the northwest.

The rocks in the immediate vicinity of the mine are much the
same a3 those at the Peters mine. In this mine, as well as in the
numerous mine openings near by, there is a great amount of eruptive
granite of a very coarse nature. It consists of large crystals of
bright-red feldspar, quartz and pyroxene or hornblende. This granite
oceurs in the country rock and in the ore-body, often enclosing masses
of ore of various sizes. The quartz contains large crystalline nodules
and sometimes crystals of rutile. Zeolites of different kinds also
occur. “Berg kork” is also common in the seams formed by the
slip of the rocks.

These mines are the only ones worked north of the Pequannock
river and across the entire belt of the Highlands. In the early
spring of 1888, a shaft was sunk on the Rutherford estate, near
Buckabear pond. The shaft was sunk one hundred feet, but failed
to strike any great body of ore. In the spring of 1890, the Kanouse
mine was pumped out and re-examined, but it did not appear to
promise enough to warrant its being worked for ore.

Although not yet in active operation, mention should be made of
an extensive plant which is being erected at the old Ogden mines
by Thomas A. Edison. It is proposed to mine the lean ore of this
extensive deposit and to concentrate it to & 66 per cent. bessemer ore.
The capacity of the mill (1,000 horse-power) is 2,000 tons in 24
hours. The Edison separator is to be used.

The above is a complete list of the mines now working in the State,
as well as of the ones of which there is a prospect of re-opening. The
number of men employed, the total output per month, and the number
of mines are given below :

Number of minés working or preparing to work, 30. Number of
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men reported as employed, 2,164. Total number of tons of ore raised
per month, 46,083. On this basis the total yearly output for 1890
was 552,06 tons.  As this estimate is based on an average of nine
months, it is probably nearly correct.

The average yearly output of the mwines for the last nineteen years,
according to the annual reports, has been 533,083 tons.

Although this is a good showing for the capacity of the New Jersey
mines, it must be rermembered that almost the entire output is from
mines that have been known and worked for the last hundred years.
Two rather promicent exceptions to this statement are the Kishpaugh,
opened in 1871, and the Belvidere mines, opened about 1873.

It is, as yet, an open question as to whether the Belvidere mines
belong properly to the Archean division of rocks and ores. From
certain facts obtained from a study of the mines, it seems to be advisa-
ble to class them with such mines as the Andover, Tar Hill, Roseville,
Pochuck and other mines which belong to the Cambrian or Taconie
systern of rocks,* The fact that the Belvidere and other mines are
magnetic may be explained by metamorphism. In fact, in many
rucks of an age as late as the Devonian small beds of magnetite occur.

If the surmise is correct, a new and comparatively unexplored field
awaits the prospector, for search for iron ores, and especially for mag-
netic iron ores, have been confined almost exclusively to the Archean
rocks,

Looking at the-e facts in one way, the capacity of the mines
appears to be equal to any demand that way be made upon them.
At the same time it must be remembered that the mines are continu-
ally growing deeper, and that at a rapid rate.

The Hurd mine, at Hurdtown, is now dowa 3,625 feet, on a slope
of 30° average. This gives the mine a depth of 1,850 feet, or a
depth of 850 feet (about) below the level of the sea. The Dickerson
mine, the next deepest mine, is now down 1,200 feet, a depth of abont
400 feet helow pea level. The Mount Pleasant mines are next, with
a depth of 900 feet, and they reach between 200 and 300 feet below
sea level. The Hibernia mices are 800 feet in depth, but on account
of their elevated position they are not at sea level. Other mines
range in depth from 200 to 700 feet.

“The term * Cambrian or Taconic” is here used, since the priority of use has not
vet been rettled ncceptably by geologists. As used here it refers to a system of rocks
younger than the Archean and older than the Silurian, (See in this report “ The
Post-Archean Age of the White Limestones of Sussex and Warren Counties,” page 25,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 71

Tn 1873 the Dickerson mine was 600 feet deep; ten years later it
reached a depth of 700 feet, and in the last seven years it has deep-
ened 500 feet. This later rapid increase in depth is owing to the
fact that only the main shoot of ore iz worked.

The Hurdtown mine, in 1883, was 2,000 feet on the slope, and, as
stated above, is, in 1890, 3,625 feet, an increase in vertical depth of
over 100 feet per year.

Tn 1883 the depth of the Mount Pleasant mine was 500 feet. In
1890 the depth is 900 feet. Other mines have increased in depth at
about the same rate. The Byram mine, for instance, was 735 feet
deep, measured on the slope, in 1873 ; in 1882 it had reached a depth
of 1,100 feet, and was abandoned. The mine was not worked out,
* & byt the vein was narrow and the shoots short and irregular.” The
report (1873, p. 99) does not state whether the slope referred to the
dip or to the pitch.

In the sccompanying list of mincs, which is taken from the
Annual Report of the State Geologist, for 1883,* it will be seen that
the boom in the iron market stimulated prospecting for iron ore to a
great degree. "In this list are enumerated three hundred and twenty-
five openings. The mines which are starred (*) have never been
worked, and thus cannot properly be classed as mines, or at most,
have produced only a few hundred, or thousand, tons of ore. Of all
the mines in the list the Kishpaugh, opened in 1871, and the Queen
(one of the Belvidere mines), opened in 1882, are in operation to-day.
The prospecting of twenty years has thus failed to discover, with two
possible exceptions, a single mine of importance.

The thoroughness with which this prospecting seems to have been
done, becomes apparent when we consider that the iron-ore belt
‘proper consists of really less than 700 square miles, and that on an
average two openings in search of ore have been made on every square
mile in the belt. This certainly does not represent all that has been
done, for there is hardly a farm that has not © attraction,” and upon
which diggings of greater or less extent have been made.

Another rather remarkable fact is, according to report, and the
report appears to be capable of verification, all of the great mines of
the State were exposed to the air, or at least covered with only a few

h

feet of soil. This was certainly the case with the Hurdtown, Ring-

* This list has been, as stated, copied from the Annual Report of 1883, and has been
corrected to date.
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wuod, Hibernia, Dickerson, Mouns Hope, and with many other of
the historical mines of the State.

The prospecting noted above seems thoroughly to have demonstrated
the fact that there are no more great mines occurring under the condi-
tions stated above, namely, exposed to the air or covered slightly by
the soil.  Another fact which has been demonstrated is that, so far at
least, the great mines of the State lie in well-defined belts, and that
outside of these belts no great mines, with one exception, have been

eveloped. '

Two very vital questions thus present themselves to those interested
in mining in the State, First. Are there probably any other great
deposits of iron in the State® Second, Is there any way of determin-
ing the positions of such deposits ?

These questions will be discussed in the following pages.

ROCKS ASSOCIATED WITH THE IRON ORES.

The rocks associated with.the iron ores of this belt of New Jersey
may be roughly divided into two classes. These two classes are, first,
conntry rock, or rock forming the adjacent walls of the iron-ore
dleposits ; second, mine rock, or rock which is confined between walls
of the ore-hody proper, and is intimately associated with the ore,
Thin division excludes eruptive rocks of various kinds, as well as the
particular varieties of rock which may be found either in'the country
rock or in the ore-body itself. For in spite of the fact that there is
a great similarity in these rocks, comparing country with country, or
mine with mine, there is a wide variation in mineral composition and
in mineral proportion among the rocks.

The country rock of the mines of the great magnetite belt of New
Jersey was deseribed in the Annual Report of the Stato Geologist,
fur 1889, page 30, as Mount Hope type.

As was there stated, the rock is well foliated.* This rock was so

" The terns “foliation” among geologists is used to denote a strueture in erystalline
rocks, in virtue of which the rock will split 'more readily in one direction than in any
vther. The worl is deriveld from a Latin word meaning a leaf.

fuarrymen uiten speak uf this structure under the name of * the grain of a rock,”
aml a «killfel quarevmwan will tell by observation how the grain runs.

It the mine rock or wall rock from any of our mines be closely observed it will be
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named since it was observed that it was the country rock of the
Mount Hope mines. Its mineral composition is quartz, feldspar (two
kinds), and magnetite. At the Mount Hope mines a tunnel has been
driven into the side of a hill, which has intersected five shoots
of ore. Between each of these shoots of ore this peculiar rock is
found. Tt will thus be seen that, for this particular mine at least,
the rock is well named. In the other great mines of the State, by
actual trial, it is found that this same rock makes up the “country”
of the mines. As the belt of rocks passes from New Jersey into
New York, the same holds true for the magnetic iron mines of south-
eastern New York, west of the Hudson river., East of the Hudson
other conditions seem to prevail.

An extended study of the great iron-ore bearing rocks of the
Adirondack Mountains showed that there also this peculiar rock
euclosed the iron ore. In fact, on every side of the mountains, this
rock lies in the furm of an irregular circle around the core of eruptive
rocks, which form the bulk of the higher peaks. This is especially
true of the great ore deposits near Port Henry, Chateaugay and
Crown Point.

In New Jersey and in southeastern New York this rock extends
to a very great distance, even where no iron mines have yet been dis-
covered, Itsextent and position have been described in the report for
1889, already referred to.

As was then stated, the rock is found in the eut above Easton, Pa.,
on the Belvidere railroad. It forms the greater part of the rock of
Scott’s Mountain, and follows along northeast to Franklin Furnace.
There it disappears under the limestone, but re-appears on the axial
crests of Pochuck Mountain. Beginning again ou the Delaware at
Durham Furpace, Pa., this rock again reaches northeast through
Schooley’s Mountain, Mount Olive, Hurdtown, Ogden mines,
Wawayanda and ends pear Warwick, at the Parrot and Warwick

seen that the minerals are arranged in parailel lines, and by trial it will be found that
the rock will split along these lines verv regularly, but will not split in any other
direction. Crystalline rocks possessing this structure are called * foliated ™ rocks,
and are said to possess a “ gneissic” structure, and are called gneisses.

Rocks which do not possess this structure are called, in general, granites.

Sehista are rocks composed wholly of mica, sometimes, or have so much of mica or
graphite in parallel arrangement that they split very easily in this direction, In this
case foliation is cartied to a very high degree. In a slafy structure foliation is carried
to such a degree of perfection that a rock will split nearly as perfectly as a roofing
slate,
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mines, The next belt begins near High Bridge, runs through Ches-
ter, Mine Hill, Port Oram, Mount Hope, Hibernia and Ringwood,
includes the great mining belt in New York, including the Forest of
Dean mines, and ends on the Hudson river at Fort Montgomery and
Tona Island. It has not been noticed east of the Hudson.

It is also found on the crests of the Ramapo Mountains, and near
Pompton, Boonton, Morristown and Mendham. )

It thus appears that the great iron-ore deposits are connected with
rocks of Mount Hupe type, and that prospecting for iron must be
confined to thiz rock. This statement is strengthened by the fact
that outside of this rock no iron mine of importance has been
opened in the Archean formation. So well recognized is this among
miners, that a certain other rock, which is very abundant (see Oxford
type, 1889, Rep. p. 80), is known amoug them as “ bungry rock.”

The mine rock, or rock which is mixed or interstratified with the
iron ore, sometimes known among miners as “ horses” of rock, is, like
the country rock, well foliated, and it is often banded with horn-
blende and pyroxene, and sometimes mica. The hornblende and
pyrozene often form bands in the ore-body proper, to the exclusion of”
other minerals, with some scattering grains and bunches of magnetite
and sometimes sulphide of iron. A black mica often forms bands and
bunches in the ore, and often thin bands of ore, from one-half of an
inch to two or more inches in thickness, alternate with this. In fact,
where beds or “shoots” of iron ore give out, this is the manner of
giving out. The ore divides into strings, the mica and hornbleade
becoming more and more abundant, till it is no longer profitable to-
work the deposit. This is not true, of course, where the ore-body
ends by being ent out by a fault.

One thing i very noticeable in mine rock ; that is, its freedom from
quartz or silicic acid. This is rarely or never present except as in-
filtrating veins of secondary origin. It is thus evident that the mine
rock is basic, in contradistinction to the country rock, which is for the
most part acid.

The fact that the mine rock is basic, or at least quartz-free, is really
the only thing which serves sharply to separate the two rocks. The
mine rock is, as has already been mentioned, foliated or banded, and
this banding is parallel to the course of the bed or vein of ore, and
this, in turn, as has often been pointed out, is paralle] to the foliation
in the country rock. It is thus evident that the same cause which
produced the banding in one rock also produced it in the other.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. [

There is another rock, which was briefly hinted at under the term
eruptive, that is a kind of granite or pegmatite, which is of frequent
occurrence in the mine as well as in the country. This rock can be
readily determined in the mine by its quartz, which is absent in the
mine rock proper. In the country, it can usually be distinguished on
account of its coarseness and the absence of a distinct foliation. This
rock is, in addition, characterized by the titanic acid which it ususlly
carries. In some instances zircon is also present in considerable
abundance.

As near as can be found out from personal observation and from
inquiry, the “rolls” and ¢ pinches” so often met with in mines are not
due to the rolling in of the foot or the hanging-wall or to their ap-
proach to each other, but are in reality due to the thinning out of the
ore-body proper. That is, if in a mive a body of mine rock consist-
ing largely of pyroxene or hornblende or mica and feldspar rock
should appear either on the foot or banging-wall, and should develop
to such an extent as to reduce the ore-body to a thickness no longer
profitable to work, the eonntry rock would he eaid either to “roll in”
or to “pinch out the vein,” as the case might be. A carefu] exam-
ination of this rock shows it to be, instead of the true country rock,
the regular mine rock. In many cases where a mine bas been aban-
doned on account of the ores pinching out, examination shows that
the mine rock, for some reason or other, has developed in the place of
the ore.

A beantiful example of this is scen at the Lower Weldon mine, on
the Ogden Mine railroad. Here, at the south end of the mine, long,
narrow strings or ribbons of ore can be seen interbanded with broader
strings of mine rock. One specimen which was collected at this
mine and which is in the Jaboratory at Trenton, is six inches
in thickness and has two bands of pure magnetite three-fourths of an
inch thick, Two inches of mine rock consisting of feldspar, with
oceasional grains of magnetite, separate them. Had these bands of
ore been three or four feet in thickness and the rock in proportion,
they would have been spoken of as two parallel shoots of ore and
worked as such. As it is, the ore is said to pinch out.

Mr. Joseph Cook, superintendent of the Wharton mine, at Hibernia,
tells me that the cap rock of his mine consists largely of hornblende
and biotite, and other mine superintendents and foremen are authority
for the statement that the rolls in the mines are micaceous or horn-
blendic.
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Where un offset or fault occurs in a mine there is a different matter
entirely. The miner goes through the rock in spite of pinches, and
the foot-wall or the hanging-wall of the vein is then sharply distin-
guishable from the mine rock. Thus the mine rock at the Hurd
mine, at Port Oram, is the same as that already described, and from
au examination of the waste dump one would never suspect that the
country rock is the same as that at the Dickerson mines, At my
request, Mr. E. Mill, superintendent of the mine, kindly sent me a
piece of the rock taken from an offset in the foot-wall. This specimen
i~ of the Mount Hope type. The parting between the vein, including
the mine rock, is very sharp, and on one side of the parting is the acid
Mount Hope rock, and on the other the mine rock and jron ore. The
point of this and one or two of the preceding paragraphs is this: Iron
ores are not cut out or pinched out by the country rock as often as
they are reported ; but the ore is cut out by a development of mine
rock within well-defined walls of well-defined country rock of the
Muount Hope type.

In this place it may be well to call attention to certain rock-beds,
or strata, referred to by Dr. Britton in his reports for 1885 and 1886
as diorite, The same rock is also referred to in the report for 1889,
and under the same name. This diorite rock consists of hornblende
and feldspar, with no quartz, and with oceasional grains of magnetite.
It is sharply separated from the adjoining Mount Hope rock, although
clusely welded to it. These bands are more highly impregnated with
iron in some places than in others, and shafts have been sunk on
them in hopes of finding workable deposits of iron ore. A shafs
sunk on the Rutherford tract in the spring of 1888 by Colonel W.
H. Scranton, is an example in hand. Tnasmuch as there is this sim-
ilarity, it may be well to study these rocks with the idea that these
bauls of diorite rock are but the remains, or signs, of a deposit of
irou.  Whether such signs are capable of closer interpretation,
further study may reveal. In the ore shoot, or bed, the wall rock is
well defined. There is no gradual thinning out of the ore till it
becomes too lean to work, but there is an abrupt transition from the
vein-matter to the country rock. This must not be taken as implying
that the ore is rich enough to work the full width of the vein, for
oftentimes this is not so, as has been explained under “rolls” and
“ pinches.” It simply meaps that a bed of ore, whether rich or leao,
is a well-defined body, and is sharply separated from the country
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rock, If the ore grows lean as it approaches either the foot or hang-
ing-wall, the rock which takes the place of the ore is still mine rock,
and as such is easily distinguishable from the country rock. In many
mines a smooth, greasy surface separates the vein-matter from the
country rock. For mines of this kind the Hurd, Harvey and New
Sterling, at Port Oram, are good examples. In other mines, as, for
example, the Dickerson, the ore clings to the wall so firmly that a
blast tears off portions of the country rock with the ore, There is,
however, no thinning of the ore in this case. The principal points
to be carried from this paragraph are, first, that the vein, or bed, is a
well-defined body; second, that the conntry rock proper is never
mingled with the ore-body.

So far as I have been able to note from personal examination of
the mines of New Jersey, the “horses” or “horsers” of rock in
mines are either large masses of the mine rock, usually biotite feld-
spar or hornblende feldspar rocks (quartz being absent in both cases),
or of a granitic or pegmatitic nature. In this latter case the rock is
very coarse, is easily distinguishable on account of the abundance of
quartz, which i this case is clearly seen to be an original constituent
of the rock. The other and rarer minerals are allanite, sphene,.
rutile, and usually more or less zircon. Mines in which rocks of this
nature occur are Washington mine, Oxford Furnace; Hibernia mines
and at Ringwood. At this latter place, at the Peters mine, an irregular-
shaped dyke of pegmatite may be seen in the ore-body. At the Can-
non mine the rock is much coarser and the feldspar is of a bright
flesh-red color. There are many zeolite minerals found with it. It
is to be noted that when rocks of this nature occur (granites and
pegmatites), the country shows much disturbance and the ore-bodies
are more or less irregular. At the Cannon mine the eruptive granite
appears to have divided the ore-body into several short, irregular
“shoots,” Titanic acid in the form of rutile is found in this rock,
while analyses of the ore show it to be comparatively free from it.

From what has been said in the foregoing paragraphs, it may be
inferred, first, that no foliated, quartz-bearing rock occurs in the
mines ; second, that there are no “rolls” in the walls of country rock,
or that the ore is never “ pinched ” out. Neither of these statements
is true absolutely ; but they are meant to express a general rule.
One of these general rules is that the absence of granular quartz is
characteristic of the mine rock, just as its presence is characteristic of
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the conntry rock. Another of these rales is that by far the greater
number of rolls, pinches and squeezes are due to the replacement of
the ure by the mine rock, and not by the intrusion of the country
rock.

POSITION OF ORE-BODIES IN THE ROCK.

In the tormer reports of the Survey much has been said regarding
the piteh and the dip of ore-bodies proper. It has been pointed
out that these coincide with the position of the enclosing rocks,
as indicated by the foliation of the rocks. It has been assumed that
this foliation was produced by bedding or sedimentation in the same
way in which beds or layers of sand and clay are produced by water
to-day. 'This is supposed to be proved, since the deposits of iron ore,
which are regarded as of aqueous origin, are so conformable to the
po~ition of the rocks. On the assumption, however, that the foliation
in the gneissic rocks is evidence of sedimentary origin, there are sev-
eral very stubborn facts to be explained. In the first place the pitch
ot the ore shoots, while generally in a northeast direction, vary greatly
as to the amount. For instance, the pitch of the Dickerson mine is
about 60° to the northeast, with a dip of 55° to the southeast. The
(orwin and Sterling minpes, a little more than a mile to the northeast,
have a pitch of only 5° to 6°, and a southeast dip of from 30° to 45°.
The Hurd, Harvey and North River mines, at Port Oram, agree closely
with the last two mines. The Hurd mine, at Hurdtown, has a pitch
of 30° to 45°, while the dip is nearly 90°. Ia short, by comparing
the pitch of roek given in Annual Report State Geologist, for 1886,
page 96 (a few mines are included), with the pitch of the éron-ore de-
posits given in the Report for 1883, page 55, this diserepancy will be
observed, The pitch of the rocks varies from 5° to 40°, with an
average of about 22°, while the iron ores vary from 15° to 60°, with
an averge of 38°. It will thus be seen that the iron ores, on an
average, have a stecper pitch by 16° than do.the enclosing rocks.

If now the dip or underlay of the mines be compared with the
dip of the rocks, some very suggestive figures appear. The average
dip or underlay of one hundred and forty-eight mines or mine open-
ings is 60°; the average dip of the same number of observations on
rocks gives an average of 58°. 1t will thus be seen that in the matter
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of dip the rocks and the enclosed mines are far more intimately
related than in the matter of pitch. This similarity is more striking
when it is considered that the dip of the rocks is taken, for the most
part, at a distance from mines.

It is probable, however, that observations of a sufficient number
have not yet been made to warrant the assumption that the pitch of
the ore-beds differs essentially from that of the enclosing rock. The

.bottom or the cap rock of a mine from which the degree of the pitch

is obtained is never a certain factor, and the swelling downward or
the pinching upward of the ore-body would give an apparently flatter
or a steeper pitch, as the case might be, to the ore-body than to the
enclosing rock ; while, as a matter of fact, the pitch might be the same
in both. In order to establish a point of this kind the most carefitl
observations should be made, and the utmost caution should be ob-
served lest the mine rock be mistaken for the country rock.

In studying out the formation of the Archean rocks, it should be
‘borne in mind that dip and pitch are caused by forces acting at right
angles to each other, and that the force which produces the dip of the
strata tends to form long ranges or rolls in the rocks; the force which
«<auses the pitch breaks these long rolls up into longer or shorter hills,
and so brings to light strata which would otherwise have been deeply
buried. Thus, in New Jersey, the Archean Highlands have probably
been formed by a force acting from the southeast and thus the succes-
sive ranges of this belt have been formed. At the same time another
force, acting at right angles to this, has produced the succession of
hills with their gentler slopes falling away to the northeast. It is
thus that we can account for the fact that one end of an iron-ore bed
-or shoot appears at or near the surface of the earth, while the other is
deeply buried ; and in the same way we account for a long succession
of outcrops along the same line, each shoot “ heading out” agdinst a
rock and another shoot taking its place at a distance farther on. At
the same time each successive shoot may appear farther and farther to
the east, or, in the miners’ language, “ thrown into the hanging-wall.”

This may not at first sight appear plain, but if two blocks be placed
end to end and then given an inclination or “dip,” the raising of one
block vertically, or depressing in the same line, the blocks will appar-
ently be moved apart sideways. If the blocks are placed vertically
no side displacement will be made. Of course both side and vertical
movements may combine to thrust the ore-body to one side. It must
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be remembered that with a southeast dip, such as is generally charac-
teristic of the New Jersey ore-beds, an upward movement would
throw the ore into the hanging-wall, while a downward movement
would throw the ore into the foot-wall. This is supposing, of course,
that we are going to the northeast on a given ore-body. If we were
going to the southwest, the throw would apparently be just the
reverse.

As was before remarked, however, the probability is that both verti-
cal lift and side thrust have been active in forming the offsets in our
mines. Itisevident, then, that if the structural geology of the mining
Lelt be accurately worked out, the direction of the movement of any
given vre-body could be determined, and thus it could be found.
That is, the direction of the movement of the country rock, whether
up or down, to the right or to the left, can be determined in most
casey by a skillful geologist. It would follow, then, that the ore-
body, being enclosed in the rock, must take the eame direction. In
regard to the presence of other great ore-bodies, which are buried so.
deeply thatethey have not appeared on the surface, other factors sug-
gest themselves. Regarding the Archean rocks as sedimentary, let us
see what would follow.

Let the order of deposition be represented by a series of blocks,
letting gray blocks represent beds of rock and black ones beds of iron
ore, et the order of deposition be as follows: * First a gray block,
then black ; two.grays, one black ; four grays, one black ; two grays,
and then deposition ceases.

If pow the blocks were to remain horizontal, the iron {or black
blocks) would never appear on the surface. Let them be tilted, or
given an “ underlay,” and the tendency would be to expose  layer of
the black ; but if, in addition to the “ underlay,” the blocks be tilted
endways, or given a “ pitch,” one end of a black block would appear
on the surface, while the other would plunge deeper.

Further, only one black block might be exposed by the tilting, and
we might desire to know if there were others. If the blocks were
horizental, as in the beginning, the obvious plan would be to sink a
prrpendicular shaft and this would reveal the nature of the under-
lying blocks, with the least expenditure of work. If now we remem-
ber that whatever the angle may be at which the blocks be tilted, they
always maintain the same relative positions, it will be seen that, in
order to discover the nature of the underlying blocks, the direction
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of the shaft must always be at right angles to the surface of the
blocks.

What is true of our imaginary blocks is true of the rocks which
they represent. And if oneis puzzled to know in which way to go
to get under a given shoot of ore, a recourse to a device of this kind
may give very graphic assistance.

After all, it must be said that the study of rocks and their positions
or structure is one of exceeding difficulty, and it is a fair question as
to whether, in case it is contemplated to spend thousands of dollars
in the search for ore deposite, it would not be wise to call in the
assistance of one who is familiar with such studies.

The business of the miner is with the pursuit of certain substances,
their economical extraction, and with the devices of securing his mine ;
and it is only incidentally that a knowledge of geology and miner-
alogy becomes of importance to him. The business of the geologist,
on the other hand, has wholly to do with the rocks, their origin, posi-
tion and movements, and the mine has no interest to him save for
the light that it will incidentally throw on his subject. The mine is
in the rock, and must of necessity partake of the motion of the rock.
It must be remembered, however, that the miner’s knowledge is par-
ticular, and that of the geologist is general. The knowledge of the
two is thus supplemental.

Referring to the appended list of mines, a verification of the above
statements will be found. There are more than one huodred * pros-
pect” holes that have been opened at a cost of from one hundred
dollars or less up to a thousand or more dollars.

It is probably the fact that if the prospectors who have done the
exploring had called in the aid of men versed in rock structure to
supplement, not in any sense of the word to replace, their knowledge,
a great saving of time, labor and money would have been effected.
The conclusion of the whole matter is this: There are no new mines
in the State, and in the old ones exhaustion is only a matter of time.
Previous efforts have failed to locate new deposits. Will it not be
wise, then, to try one more method—that is, of combining the sound,
practical knowledge of the miner with the knowledge of the geolo-
gists, as published in the Survey Reports? So far as can be seen at

present this is a last resort,
6
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SEARCHING FOR MAGNETIC IRON ORES WITH A
MINER’S COMPASS,

The miner’s compass is now so familiar an instrument that it needs
no description. This caution, however, may be added, that in select-
ing an instrument the best is always the cheapest in the end. The
liability to error, even in the best of compasses, is so great that this
error ought to be eliminated, so far as is possible, by securing the
hest make.

Freedom of motion, and freedom from any causes that would tend to
impede the action of the needle, must be looked after carefully, for even
the slightest friction will causea great error in pointing out the degree
of attraction. This error is liable tostill graver results if it is intermit-
tent in its action, 50 as to impede the needle at one point and leave it
free at another. It would follow, as a matter of course, that such an
instrument must be handled with great care, or its more dellcate parts
would become injured and the instrument unrellable

Even the best instrument, with the best of care, especially if it be
new, needs to be constantly tried on neutral ground, or where no
attraction exists. This is rendered pecessary from the fact that the
needle is usually so constructed as to rest at zero on nentral ground,
These zero points are usually fixed on an immovable arc. It is a
well-known fact that a ncedle parts with its magnetism to a certain
degree.  As it loses it magnetism its equilibrium is disturbed, and
it is constantly recording a certain degree of negative attraction when
no attraction exists.

Suppose, for example, in using a peedle the following notes of
attraction should be made in going over a given line :

I. —20°, —15°, —5°, 0°, 45°, 420°, +30°, -+-60°,
I1. 0°, 45°, --15°, +20°, +-40°, 450°, +80°.

Line I. shows the notes entered. If now the behavior of the
instrument arouses suspicion, let it be taken where no attraction exists
(this point must be selected with great care), and it may be found that
the needle comes to rest indicating —20° attraction. Let the needle
be tested in other localities, and if all agree on —20° this error must
be eliminated from the notes in order to get at the correct indications,
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Line II. shows the notes thus corrected. It is evident that if the
compass has an error of —20°, and indicates this in the field, there
is no attraction. If there is an indicated attraction of —16° there
must be an attraction of +-5°, and so on.

Where a compass is thus discovered to be in error the needle should
be balanced. This balancing is done by removing one of the glass
covers and placing a weight on the lighter end of the needle. A bit
of shoemaker’s wax is a very convenient material, as it can be readily
applied and easily removed, This balancing should be done where
no attraction exists, and when balanced so as to swing at zero, it
should be tested at various points, to be certain of a correct reading.
An instrument should be tested every day at least, when in use.

In meking a survey with a needle its behavior is sometimes very
strange and hard to ioterpret. Suppose that the notes along a cer-
tain line were as follows, and taken twenty feet apart: 40°, —30°,
+25°, —50°, —25°, —5°, +60°,

If the behavior of a needle in the presence of a magnet be recalled,
the interpretation is comparatively easy, and one or both of two con-
ditions of an ore-body is indicated. First, +40° and ~—30° indi-
cate & break in the ore-body, and that it is acting as an independent
magnet; and the subsequent indications point to the conclusion that
an ore-body one hundred and twenty feet long has at least two breaks
or faults in it. Second, it is indicated by change from positive to
negative, and vice versa, that the ore, instead of lying in a continuous
body, lies in the form of large lenses, with rock between, It will be
readily understood that both of these conditions may be present,

To determine whether the ore is lenticular and in isolated bodies,
or whether a continuous body which has been broken, resort must
be had to the geological features of the country. If the hiils and
the outcropping rocks are long and regular in shape, the ore is prob-
ably in lenses, If the contrary be true, and the hills are short and
irregular and the rocks are much tumbled about, the probabilities are
in favor of a broken ore-body. It has already been remarked that
the great mines of New Jersey were found exposed on the surface, or
at most covered by but a few feet of soil. If these outeropping ore-
bodies had been passed over with a dipping-needle, their presence
would have been revealed by a strong attraction, probably as high as
90°.  As the line was followed northeast the attraction would grow
fainter and fainter, and finally disappear. It would be unoted, how-
ever, that the line of attraction was a long and steady one.
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Suppose now if instead of five to ten feet of covering there had
been fifty to one hundred feet, or even more. In this case the needle
would not be so strongly attracted, even when standing over the main
outerap, and along the northeast line the corresponding attraction would
be fainter, and would come to an end sooner. As a matter of fact, the
entire snrface of the mining belt of New Jersey, northeast of a line
passing through or near Buttzville, Budd’s Lake, Dover, Denville and
Morristown, is glaciated, and in many places glacial drift covers the
surface to the depth of several hundred feet. The summits of maoy
of the hills are bare rock, but the valleys or depressions between the
hills are deeply buried by drift and oftentimes these depressions have
been the bottom of lakes or ponds which have become filled with peat
or “black mud” mingled with soil washed in from the bills, This
state of affairs reaches out of New Jersey and into New York.

A little thought will show that were a greater deposit of iron ore
than has yet been found buried beneath this drift, it would give but
feeble signs of its existence to a needle, if, indeed, it gave any at all.
Whatever signs of attraction were observed over a drift-covered area,
though, would be strongly indicative of a large ore-body, especially
if the attraction extended for a moderately long distance.

Whether or not such bodies of ore exist remains yet to be demon-
strated. It is to be observed, however, that below the glacial line the
great ore deposits are more frequently found at or near the foot of
hills, or in depressions, rather than on the summit of the highest hills.
It is also to he observed that there are more productive mines in this
area than in the glaciated area. And, finally, it is to be observed that
all mines in the glaciated and drift-covered areas have been opened
through but a few feet, if any, of drift.

This brings us back to the original question: May there not be
large deposits of iron ore deeply buried by drift ?

In prospectiny on a property it is common for the prospector to go
over the property according to no definite rule, and consequently,
when the survey is finished, there is no clear idea of the relation of
the ditferent areas where attraction has been observed. There is an
impression that it will, or will not, be wise to open up the property,
and this decision is usually reached more by finding several points of
strong attraction rather tban by finding a line of sfeady attraction.
There is only one way to eliminate such an element of uncertainty,
and that is by making a map as one goes along, Take a piece of
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diagram paper, draw an outline of the property to be surveyed, and
then fix a northeast-southwest line. Start on this line, note the
attraction, mark it on the diagram paper, go ten feet or twenty feet
northwest, again note and mark down the attraction on the paper.
Continue in a northwest line till attraction ceases, then go ten, twenty
or more feet northeast, and then note attraction going southeast.
Cross the fixed line, observing every ten or twenty feet till attraction
ceases in that direction. When the whole property has thus been
traversed there is no trusting to the memory necessary; the exact
results of the survey are under the eye. This mapping can be done
as elaborately as the individual chooses. The property can be accu-
rately sarveyed, but all that is necessary is the fixing of a single line.
The distances can be paced off accurately enough for practical pur-
poses. If the results are favorable enough to warrant the sinking of
a shaft, the exact point can be determined by accurate measurements.

Three very good maps plotted in this way are to be seen in the
Annua! Report of the State Geologist for the year 1873, page 94.
Another great advantage of this method of map-making, however
rudimentary it may be, is that it shows conclusively whether the ore
deposit is a regular bed oris only an intruded or segregated mass of
limited extent. It also shows the direction of the line of attraction.
When the direction of the line is other than northeast-southwest it is
well to examine the property very carefully, since experience has
shown that in New Jersey the best mines lie in this direction. If,
therefore, there seems to be a deviation from this line the position of
the neighboring rocks ought to be very carefully studied. If the
rocks “strike” or ruan in the same direction as the line of attraction
the result is favorable; if not, the line of attraction is either an
eruptive mass or a segregation. Ia either case, no thought of further
development ought to be entertained.

There are many other points which could be suggested, but which
practice in the field will more readily and forcibly suggest. It will
hardly be necessary to point out that acute observation is necessary at
all times, and that the pature and position of the rocks, as well as the
topography of the country, must be taken into account, and that all

of these contribute quite a3 much to the success of the prospector as
the needle itself.
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LIST OF IRON MINES,

WITH REFERENCES TO NOTES IN REPORTS OF THE GEOLOGICAL
BURVEY. . *

L 2

NoTE~The order of arrangement in this list is nearly the same as that of the
Annual Report for 1888. The four belts are retained as convenient for reference.
They have no geological existence, but are geographical divisions. Small openings
which haye not been developed into producing mines, are marked with o star, thus, *.

RAMAPO BELT. ’
*BERNARDSVILLE OPENING, Bernards township, Somerset county.
Idle.
Annual Report, 1873, p. 24.
“ 1874, p. 41.
“ 1884, p. 73.

*JANES MINE, Bernards township, Somerset county. Never worked.
Geology of New Jersey, 1868, p. 544.
Annual Report, 1873, p. 24.
g 1884, p. 78.

CoxNET, or WATER STREET MIKE, Mendham township, Morris
county. Opened in 1868. Idle now.
Annual Report, 1878, pp. 24, 25.
«“ 1879, p. 41,
" 1884, p. 73.

*Beers OPENINGS, Hanover township, Morris county. Never
worked. Idle,
Annual Report, 1878, p. 99,

“ 1879, p. 41.
“ 1884, p. 73.

TAYLOR OPENINGS, Montville township, Morris county. Opened
about 1858. Idle now.

Annual Report, 1878, p. 25.
" 1884, p. 73. :
(87)
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“CoLe Fary, Montville township, Morris county. Idle, Never

worked.
Annual Report, 1574, p. 21, .
- 18749, . 41,
" 1s-4, p. 73

Kanarr Mix¥, Pequannock township, Morris county. Opened
previous to 1868, Idle.
Guology of New Jer-cy, 1868, p. 544,
Annual Report, 1873, pp. 25, 26,
" 1~%0, p. 101.
" 1=84, p. 73,

*De Bow PracE, Pequannock township, Morris county. Never
worked., Abandoned.
Annual Report, 1873, . 26.

g 1870, p. 42,
“ 180, p, 101,
“ 1854, p. 7.

L.aNAGAN MIXE, Pequanuock township, Morris county. Mine
abandoned.,
Annua! Report, 1573, p. 2u.
“ 1874, p. 42,
“ 1584, p. 75.

*JACKBOXN, or PoxproN MINE, Pequannock township, Morris county.
Mine abandoned.
Geology of New Jersoy, 1868, p. 544.
Annuux! Report, 1573, pp. 26, 27.
u 1879, . 42.
' 1844 1. 78,

Dr Bow Mixg, Pequannock township, Morris county. Abandoned.

Annuie! Report, 1873, p. 27.
" INT, . 42,
L Is~4, p. 7.

*Beay Lot, Pompton township, Morris county. Abandoned.

Annus! Report, 1879, p. 42,
4 In~d, p, T3,
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Kaxousk and BrowN MINEs, Pompton township, Passaic county.
Abandoned.
Geology of New Jersey, 186§, p. 545 (Kanouse mine).
Annual Report, 1873, p. 28 (Kanouse mine).
“ 1874, pp. 21, 22 (Brown mine).
B 1380, p. 102,
i 1584, p. 74.

*31.0AT FaRM, near Midvale, Pompton township, Passaic county.
Abandoned.
Annual Report, 1584, p. 74.

*BurLer Mixng, Hohokus township, Bergen county. Abandoned.

Geology of New Jersey, 1868, p. 544.
Annual Report, 1579, p. 42.
«“ 1384, p. 74.

PASSAIC BELT.

«L,areE OpPENINGS, Clinton township, Hunterdon county. Aban-

doned.
Annual Report, 1873, pp. 28, 20
« 1879, p. 43.
“ 1884, p. T

ANNANDALE, or SHARP SuaFT, High Bridge township, Hunterdon
county. Abandoned.

Annual Report, 1880, p. 102,
o 1884, p. 74.

HicH BripaE, or TavLor MINE, High Bridge, Hunterdon county.
Abandoned.

» Geology of New Jersey, 1868, pp. 5617, 618.
Annual Report, 1873, p. 20.
i 1879, pp. 43, 44.
i 1880, p. 102.
“ 1884, p. 74.
“ 1886, p. 143.

*SILVERTHORN, or KEaN Mixg, High Bridge township, Hunterdon
county. Abandoned.
Annusl Report, 1879, pp. 44, 4.
. 1580, p. 102.
e 1881, p. 87.
g 1854, p. 74.
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*EMory FarM, High Bridge township, Hunterdon county, Aban~
doned

Annual Report, 1879, p. 45.
" 1444, p. 75.

*Saare Faru, High Bridge township, Hunterdon county. Aban-
doned.

Annual Report, 1879, p. 43.
" 1384, p. 75.

CreEAGER Prace, High Bridge township, Hunterdon county.
Abandoned.

Annual Report, 1880, p. 102.
H 1855, p. 76.

Oup FurNace MINE, High Bridge township, Hunterdon county.
Abandoned.
Annual Repnrt 1873, p. 29.
1879, p. 45.
“ 1880, p. 102,
“ 1584, p. 75.

Coxessurar Ming, Tewksbury township, Hunterdon county.
Abandoned,

Annual Report, 1873, pp. 29, 30.
“ 1884, p. 75.

*BURRILL FaRrM, Tewksbury township, Hunterdon county. Opened
in 1878. Abandoned.

Annual Report, 1880, p. 102.
“ 1844, p. 75,

*SurroN FaryM, Tewksbury township, Hunterdon county. Aban-
doned.
Annuzl Report, 1573, p. 30.

5 1879, p. 46.
" 1884, p. 75.

*FIsHER, or Fox HiLn MiNE, Tewksbury township, Hunterdon
county. Abandoned.
Annual Report 1873, p. 30.
1874, p. 22, .
“ 1877, pp. 49, 50.
L 1879, p. 49.
# 1884, p. 75.
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*WeLcE Faru, Tewksbury township, Hunterdon county. Aban-
doned.
Annual Report, 1884, p. 75.

* POTTERSVILLE, or UPDIKE FARM, Tewksbury township, Hunter-
don county. Opened in 1872 and 1873, Abandoned.
Annual Report, 1884, p. 75.

*BARTLE SHAFT, Tewksbury township, Hunterdon county. Opened
in 1872 and 1873. Abandoned. !

Annual Report, 1884, p. 75.

*WorTMAN SHAFT, Chester township, Morris county. Abandoned.,
Annual Report, 1884, p. 75.

LaxapoN MINE, Chester township, Morris county. Abandoned.
L. W. Langdon & Son were the lessees,

Aunnual Report, 1879, p. 46,
i 1880, p. 103.
' 1884, p. 75.
“ " 1885, p. 9.
“ 1886, p. 146.

PrrNey MINE, Chester township, Morris county. Abandoned in
1881.
Annual Report, 1884, p. 75.

*RarIcK FaRy, Chester township, Morris county. Never worked.

Annnal Report, 1878, p. 3L
“ 1879, p. 46.
. 1884, p. 76.

HACKLEBARNEY MINES, Chester township, Morris county. Active.

Geology of New Jersey, 1868, p. 557.
Annual Report, 1873, pp. 35, 36.

' 1879, pp. 47-49.

“ 1880, p. 104.

“ 1884, p. 75.

. 1885, p. 95.

“ 1886, p. 142.
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Gorick Fary, Chester township, Morris county. Abandoned,
Annual Report, 1878, p. 36.
“ 1879, p. 49.
“ 1884, p. 76.
- 185, p. 98.
" 1886, p. 142,

CREAGER, or PEAci ORcHARD MINE, Chester township, Morris
county, Abandoned in 1873.
Annual Repart, 1578, pp. 36, 37.
“ 1884, p. 77.

Hepces MiNg, Chester township, Morris county. Idle in 1890,
Abandoned,
Annual Report, 1873, p. 37,
" 1874, p. 2.
“ 1879, p. 49.
s 1834, p. 77.

Dickersox Fary, Chester township, Morris county. This prop-

erty adjoins the Hedges on the northeast, The openings

are on the northwest range, and are reported as being 80

feet deep. The shoots are said to be short. No work

has been done since the panic of 1873. The engine and

pumps have not been removed. Worked on a small scale.
Resumed in 1890,

Annual Report, 1573, p, 37,

v 1894, p. 75.

Torpise Fary S8uarT, Chester township, Morris county. Aban-

doned.
JAnnual Report, 1873, pp. 32, 83,
" 1879, p. 46.
“ 1880, p. 103.
“ 1884, . 75.

SaMesox MiNg, Chester township, Morris county, Abandoned.
Geology of New Jersey, 1868, pp. 537, 538 (Skellenger).
Annual Report, 1873, p. 33 (Skellenger).
" 1580, p. 103.
" 18=4, p. 77.
“ 1885, p. 0%,
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CroMwELL MINE, Chester township, Morris county, known since-
as the CHESTER HicHLAND MINE. Abandoned.

Annual Report, 1886, p. 139.
(See references under Sampson mine.)

Hepces Faru, Chester, Morris county. Abandoned.
Annual Report, 1884, p. 78.

*OrREAMER FaRM, Chester, Morris county. Never worked.

Annual Report, 1873, pp. 31, 33.
b 1884, p. 78.

HoreL ProperTy, Chester, Morris county. Abandoned.

Annual Report, 1873, p. 33.
“ 1879, p. 46.
b 1884, p. 75.

CoLnis SHAFTS, Chester, Morris county. Abandoned.

Annnal Report, 1878, pp. 31, 33.
“ 1884, p. 75.

SwavzE MINE, Chester township, Morris county. Abandoued
about 1886.
Annual Report, 1873, pp. 38-35.
“ 1879, p. 47. -
“ 1884, p. 78.
“ 1885, p. 98.
L 1686, p. 151.

CoorErR MINE, Chester township, Morris county. Abandoned.

Annual Report, 1879, p. 47.
i 1880, pp. 103, 123.
K 1884, p. 78.
i 1885, p. 99.
“ 1886, p. 140.

*KEAN MINg, Chester township, Morris county, Abandoned.
Annual Report, 1884, p. 79.

*3quIER’s MINE, Chester township, Morris county. Abandoned..

Annual Report, 1880, p. 103.
“ 1884, p. 79.
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LeARE MINE, Chester township, Morris county. This old mine
was re-opened and worked in 1882 by the late A. Beemer,
of Dover. It reached a depth of 80 feet and the vein
was reported to be five to eight feet wide. The northern-
most openings are now known as SKELLENGER’S MINE,
They were going in 1881 and 1882, Abandoned.

Geology of New Jersey, 1865, p. 555,
Annual Report, 1884, p. 74,

BEEMER MINE, Chester township, Morris county.
Annual Report, 1886, p. 138.

GEORGE SHAFTS, Chester township, Morris county. Abandoned.

Aunual Report, 1881, p, 36 {Chester mine).
“ 1884, p. 80.

CaiLp SHAFT, Chester township, Morris county. Abandoned.
Annual Report, 1384, p. 80,

*HARDEN FaRry, Chester township, Morris county. Abandoned.

Annual Report, 1873, p. 32.
s 1884, p. 80.

*WooparLL MINE, Chester, Morris county. Abandoned about
1883.

Annual Report, 1884, p. 80.
b 1585, p. 99.
H 1886, p. 153.

*Buop Mixg, Chester, Morris county. Abandoned about 1883.

Geology of New Jersey, 1868, p. 558,
Annual Report, 1873, p. 32.

i 1879, p. 46.

“ 1884, p. 80.

*QuiMBY's MINE, Chester township, Morris county. Abandoned.
Annual Report, 1884, p. 80.

*T1cER'S MINE, Chester township, Morris county. Abandoned.
Annual Report, 1834, p. 80.

*Dr CaMp SHAFT, Chester township, Morris county. Abandoned.
Annual Report, 1884, p. 80,
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Danier, HorroN MINE, Chester township, Morris county. Aban-
doned.
Annual Report, 1884, p. S0.

BARNEs MINE, Chester township, Morris county. No work has
been done at any of these localities sinece 1883, Aban-
doned.

For previous notes, see Geclogy of New Jersey, 1868, p. 558, for
BarxNES; also,
Annual Report, 1873, pp. 85, 30.
« 1879, p. 49.
4 1884, p. 80.

*LEwis, or HErricK MINE, Randolph township, Morris county.
Abandoned.
Annual Report, 1873, p. 42.

“ 1879, p. 50.
“ 1884, p. 80.

Comes MINE, Randolph township, Morris county, Abandoned.

Geology of New Jersey, 1868, p. 550.
Annual Report, 1379, p. 50.

“ 1880, p. 104,

“ 1884, p. 75.

TroRP MINE, Randolph township, Morris county. Abandoned.
Annual Report, 1884, p. 80.

*HENDERSON MIiNE, Randolph township, Morris county. Aban-
doned.

Geology of New Jersey, 1868, p. 558,
Annual Report, 1884, p. 80.

GEORGE, or Logax Mi~Ng, Randolph township, Morris county.
Abandoned.
Geology of New Jersey, 1865, pp. 558, 5569.
Annual Report, 1879, p. 49.
L 1884, p. 81.

Davip Hortoxn MiNE, Randolph township, Morris county. Aban-
doned.
Geology of New Jersey, 1868, p. 559.
Annual Report, 1873, pp. 89, 40.
“ 1879, p. 49.
g 1884, p. 81.
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*DE Harr Mixg, Randolph township, Morris county. Abandoned.

Annual Report, 1886, p. 140.
Same as Lawrence mine.)

*LawreNcE Mise, Randolph township, Morris county. Aban-
doned.

Geology of New Jersey, 1868, p. 539,

Annual Report, 1873, p. 40.
¢ 1879, p. 49.
z 1890, p. 104.
. 1884, p. 8L,

(See De Hart mine.)

DavrryyrLE, or CARBoN MINE, Randolph township, Morris county.
Abandoned. Work at this locality was suspended in June,
1882. It was worked by the Lehigh Crane Iron Company
up to that date.

Geonlogy of New Jersey, 1868, p. 539.
Annunl Report, 1873, pp. 40, 41,

H 1879, pp. 49, 50.

“ 1880, p. 104.

. 1884, p. 81

TrowBRIDOE MiIxE, Randolph township, Morris county. Aban-
doned.

Geology of New Jersey, 1868, p. 559.
Annual Report, 1879, p. 50.
“ 1884, p, 81.

SoLosoX DaLRyMPLE PLACE, Randolph township, Morris county..
Abandoned.
Aonunl Report, 1884, p. 81.

Coorrr Pracrk, Randolph township, Morris county. Abandoned.
Annua! Report, 1834, p. 81.

Muvxson’s MixEg, Randolph township, Morris county.  Abandoned..
Geology of New Jersey, 1868, p. 551 (Munson’s mine),
Annual Report, 1879, p. 50.
“ 1884, p. 82.
Vax Dorex OreNinGs, Randolph township, Morris county. Aban-
doned.

Annual Report, 1879, p. 50.
“ 1884, p. 82.
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BryanT MINE, Randolph township, Morris county. Abandoned.

Geology of New Jersey, 1868, p. 566.
Annual Report, 1880, p. 104.

i 1884, p. 82.

“ 1886, p. 138.

Connor FowrLaNp MINE, Randolph township, Morris county.
Abandoned.
Annual Report, 1884, p. 82.

CaarLEs K1Ne Mixg, Randolph township, Morris county. Aban-
doned.
Annual Report, 1884, p. 82.

Kive¢ Mixg, Randolph township, Morris county. Abandoned.
This mine was worked by John M. D. Barnes, under lease
of A, Pardee, up to January, 1879. It has been idle since
that date. \

Annual Report, 1884, p. 82.

McFarLaNp MivE, Randolph township, Morris county, Aban-
doned. This mine has been idle for years past.
Annual Report, 1884, p. 32,

Evers MixE, Randolph township, Morris county. Abandoned.
This mine stopped April, 1883, The last work done there
was by the Saucon Iron Company.

For notes of these five mines, see references as follows :
Geology of New Jersey, 1868, pp. 566, 567.
Annual Report, 1873, p. 43.
“ 1879, p. 50.

“ 1880, p. 105,
L 1884, p. 82.

BroraertoN Ming, Randolph township, Morris county. Aban-
doned. The lease of the Brotherton mine was abandoned
by the lessees, Messrs. Pullman & George, in 1882. No
ore was mined or shipped during the year 1883.

Geology of New Jersey, 1868, p. 567.
Annual Report, 1879, p. 50.
" 1880, p. 105.
" 1884, p. 82.
7
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Byram MixE, Randolph township, Morris county. Opened pre-
vious to 1854. Abandoned in 1882.

Geology of New Jersey, 1868, pp. 567-569.
Annual Report, 1873, pp. 43, 44.

“ 1579, p. 51.

“ 1582, p. 70.

“ 1884, p. 82,

Baker MINE (SouTHEAST), Mine Hill, Morris county. Active.

Geology of New Jersey, 1868, pp. 569, 570.
Annual Report, 1879, p. 32,

g 1484, . 83.

“ 1886, p. 136.

MirLEN MINE, Mine Hill, Morris county. Abandoned.

" Geology of New Jersey, 1368, pp. 564, 565 (Millen mine).
Annual Report, 1874, p. 51,
" 1580, p. 105.
“ 1854, p. 83.

Raxparn Hirn MiNE, Mine Hill, Morris county. Abandoned in
1881.
Geology of New Jersey, 1868, p. 570.
Annual Report, 1879, p. 51.
« 1880, p. 105.
# 1882, p. 70,
s 1884, p. 83.

JacksoN Hivt MiNE, Irondale, Morris county. Abandoned.
Mentioned by Kitchell in (854,
Geology of New Jersey, p. 570.
Annual Report, 1579, p. 51.
“ 1884, p. 83.

Brack Hiris MiNE, Ferromont, Morris county, Abandoned.
The Black Hills mine was worked under a lease to A.
Pardee uantil June, 1883. It is owned by the Dickerson-
Suckasunny Mining Company.
Annual Report, 1879, p. 51.

“ 1850, p. 105.
@ 1884, . 33
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DicreErsoN MINE, Ferromont, Morris county. Active.

Geology of New Jersey, 1868, pp. 570-574.
Aunual Report, 1879, pp. 51, 52.
“ 1880, pp. 105, 106.

“ 1884, p. 83.
“ 1885, p. 99.
" 1886, p. 140.

*CANFIELD PaospHATIC IRON ORE DEPOSIT, Ferremont, Morris
county, Idle.

Annual Report, 1871, pp. 34-38.
o 1879, p. 51.
“ 1884, p. 84.

CANFIELD MINE, near Vannatta Station, Morris county. Aban-
doned. |

Annual Report, 1873, pp. 42, 43.
“ 1879, p. 52.
“ 1884, p. 84.

Baker MIKE (1N SwaMp), Vannatta Station, Morris county. Aban-
doned.

Annual Report, 1380, p. 106.
“ 1884, p. 84.

Baker MINE (ox Hivr), Mine Hill, Morris county. Abandoned.

Geology of New Jersey, 1868, p. 575.
Annual Report, 1879, p. 52.

“ 1880, p. 1086.

“ 1834, p. 84.

IronNDALE MinEs, Irondale, Morris county. Abandoned.

Annual Report, 1534, p, 85.
b 1885, p. 100.
“ 1886, p. 145,

OrcHARD MiNE, Port Oram, Morris county. Active.

Geology of New Jersey, 1868, p. 578.
Annual Report, 1879, p. 54.

i 1880, p. 106.

“ 1884, p. 86.

i 1885, p. 100.
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Ere MINE, west of Mire Hill, Morris county, Abandoned,
Annnal Report, 1884, p. 4.

ScruB OAEK, or DELL MINE, west of Mine Hill, Morris county.
Idle. Owned by the Edison Company. They will put
up a magnetic separating plant here.

Geology of New Jersey, 1868, p. 596.
Annual Report, 1873, p. 43.

b 1879, p. 54.

“ 1880, p. 106.

u 1884, p. 84.

*J. D. K186 MINE, near Port Oram, Morris county. Abandoned.

Annual Report, 1873, p. 48,
“ 1884, p. 84.

JorNsoN Hin. MIKE, near Port Orsm, Morris county. Aban-
doned,
Geology of New Jersey, 1863, p. 506.
Annual Report, 1878, p. 46,
t 1879, p. 54.
“ 1884, p. 84.

HorF MINE, near Port Oram, Morris county. ‘This mine was
abandoned by the lessees, the Andover Iron Company, in
July, 1883,

Geology of New Jersey, 1868, p. 597.
Annual Report, 1873, p. 46.

“ 1879, pp. 54, 55.

“ 1880, p. 106.

“ 1884, p. &4.

“ 1885, p. 99.

“ 1886, p. 144,

Dorax MINE, Mount Pleasant, Morris county. Abandoned.

Annual Report, 1873, p. 46,
" 1879, p. 55.
“ 1884, p. 85.
" 1885, p. 100.
‘" 1886, p. 141.

WasHINGTON ForeE MINE, Port Oram, Morris county. Aban-
doned,
Annual Report, 1884, p. 86,
u 1885, p. 100,
“ 1886, p. 147.
{See Meadow mine,)
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Orcuarp MINE, Port Oram, Morris county.
Annual Report, 1856, p. 148.

MourT PLEASANT MINE, Mount Pleasant, Morris county. Active.

Geology of New Jersey, 1868, pp. 578-582.
Annual Beport 1873, p. 44.
1879, p. 55.
“ 1884, p. 86.
" 1885, p. 100.
r 1885, p. 148.

BakerR MINE, near Mount Pleasant, Morris county. Abandoned.

Geology of New Jersey, 1868, pp. 582, 583.
Annual Report, 1573, pp. 44, 45,

“ 1879, p. 55.

« 1884, p. 87.

Hurp Mixg, Port Oram, Morris county.

Annual Report, 1886, p. 145.
{Also see under Irondale mines.)

RicHARD MINE, Mount Pleasant, Morris county. Active. Is
working three slopes.

Geology of New Jersey, 1873, p. 083.
Annual Report, 1878, p. 45.

“ 1879, p. 55.

“ 1834, p. §7.

o 1885, p. 101.

' 1886, p. 149.

ALLEN MINE, Rockaway township, Morris county. Abandoned.

Geology of New Jersey, 1868, pp. 583-537.
Annual Report 1873, p. 45.
: 1879, pp. 55, 56.
« 1884, p. 87.
“ 1885, p. 101,
b 1586, p. 136,

‘TeaBo MINE, Rockaway township, Morris county. Active.

Geology of New Jersey, 1868, pp. 587, 588.
Annual Report, 1872, p. 45.

“ 1879, p. 56.

“ 1884, p. 88.

i 1885, p. 101.

e 1386, p. 151,
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Moust Hore MinEes, Mount Hope, Morris county. Active.

Geology of New Jersey, 1868, pp. 588-595.
Annual Report, 1873, pp. 45, 46.

" 1879, p. 56,

“ 1880, p. 107.

g 1884, p. 88.

“ 1885, p. 102,

. 1886, p. 147.

*DENMARK MINE, near Denmark, Morris county. Idle. Never
operated to aby great extent.

Geology of New Jersey, 1868, p. 597.
Annual Report, 1884, p. 88.

*GREENVILLE MINE, Greenville, Rockaway township, Morris
county, Abandoned. Never operated.

Annual Report, 1873, p. 48.
w 1579, p. 68.
" 1884, p. 88,

CuesTeER IRON CoMPANY's MINES, near Denmark, Morris county.
Six openings have been made on lands of this company at
the foot of the Copperas Mountain range and north of Den-
mark. The explorations have not led to active working,
in consequence of the necessity of cartage to railway points.

Idle.
Annual Report, 1573, p. 48.
" 1879, p. 58,
“ 1544, p. 89.

PaBpEE MINE, Rockaway township, Morris county. Abandoned.

Annual Report, 1873, p. 48 {Pardee & Canfield’s mine).
“ 1884, p. 89.
“ 1886, p. 149,

WinTER SHAFT, Rockaway township, Morris county. Abandoned.

Annual Report, 1884, p. 89.
“ 1883, p. 102.
M 1856, p. 153.

Davexport MiNE, Rockaway township, Morris county. Aban-
doned. )

Annual Report, 1830, pp. 122, 123.
H 1884, p. 89.
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GrEEN Ponp Mines, Rockaway township, Morris county. Idle.
Probably abandoned. These mines have been idle during
the year.

Annual Report, 1878, pp. 48, 49.
« 1874, pp. 23-25.
“ 1879, pp. 58-60.
H 1880, p. 108.
“ 1884, p. 89.
e 1886, p. 141,

HoweLL Tracr OpENINGS, Rockaway township, Morris County.
Abandoned.

Annual Report, 1884, p. 89.
“ 1885, p. 103.
o 1886, p. 144.

KrrereLL Tract OpENINGS, Rockaway township, Morris county.
Abandoned.

Annual Report, 1879, p. 60.
“ 1880, p. 108.
“ 1884, p. 89,
“ 1885, p. 108.
i 1886, p. 146.

CHARLOTTEBURGH MINE, Charlotteburgh, Morris county. Shut
down in 1888. Has not been operated since.

Geology of New Jersey, 1868, p. 596.

Annual Report, 1873, p. 49.
g 1879, p. 60.
" 1580, p. 108.
« 1884, p. 90.
X 1886, p. 159.

Swepes MINE, Rockaway township, Morris county. Abandoned.
Geology of New Jersey, 1868, pp. 651-064.
Annual Report, 1873, pp. 46, 47.
“ 1879, p. 56.
" 1884, p. 90,
SieLER MINE, Rockaway township, Morris county. Abandoned.

WuiTe MEaDOW MiINE, Rockaway township, Morris county.
Abandoned.

Gise MINE, Rockaway township, Morris county. ~Abandoned.

NEW JERSEY GEOLOGICAL SURVEY



104 ANNUAL REPORT OF

BeAcHE MINE, Rockaway township, Morris county. Idle. For
notes of these four mines, see

Geology of New Jersay, 1968, pp. 559, 560,
Annual Report, 1873, pp. 46, 47,

5 1579, p. 56.

" 1884, p. 90.

" 1835, p. 108.

g 1886, p. 136.

Hisernia Mines, Hibernia, Morris county. Active, except the
De Camp mine,

Geology of New Jersey, 15868, pp. 561-564.
Annual Report, 1873, p. 47.

t 1879, pp. 56, 57,

“ 1880, p. 108,

5 1584, p. 90.

“ 1885, p. 103.

“ 1886, p. 143.

Brace GLEN MiNes, Rockaway township, Morris county. Idle.
Geology of New Jersey, 1368, pp. 554-556.
Annual Report, 1879, p. 57,
H 1884, p. 91.
" 1883, p. 104
“ 1886, p. 136,

MERIDEN MINE, Meriden, Morris county. Abandoned.
“RIGHTER MIKE, near Meriden, Morris county, Abandoned,

CoeB MINE, end of Splitrock pond, Morris county. Abandoned.
These mines have been idle for several years.

Geology of New Jersey, 1868, p. 556 {Meriden mine}.
Annual Report, 1873, p. 47.

. 1879, p. 57.

“ 1880, p. 108,

“ 1884, p. 91.

SprITROCE PoND MIXE, at head of Splitrock pond, Morris county
Abandoned,

Annual Report, 1573, pp. 47, 45.
& 1874, p. 28.
o 1879, pp. 57, b8.
H 1880, p. 108,
o 1884, p. 91.

-
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*Woop MINE, north of Splitrock pond, Rockaway township, Morris
county. Abandoned.

Annual Report, 1883, p. 118, .
« 1884, p. 9.

«Borrs MINE, Rockaway township, Morris county. Abandoned.

Abandoned.
Annual Report, 1384, p. 91.

Deceer Fary OpreNINg, Rockaway township, Morris county.
Abandoned. For rotes of Botts, Rockaway Valley and
Decker mines, see
Annual Report 1873, pp. 49-51.
1879, p. 60.
“ 1880, p. 109.
“ 1883, p. 119,
g 1884, p. 91,

*(GoULD MINE, Rockaway township, Morris county. Abandoned.
Annual Report, 1884, p. 92.

Prre’s PEaR MINE (Stony Brook mine), Rockaway township,
Morris county. Abandoned.
Annual Report, 1884, p. 92.

*RiguTER LoT OPENING, Rockaway township, Morris county.
Abandoned. For Gould, Pike’s Peak and Righter mines,
see

Geology of New Jersey, 1863, p. 556 (Stony Brook mine).
Annual Report 1873, p. al.
1876, pp. 54, 55 {Stony Brook mine).
. 1879, pp. 60 61,
“ 1880, p. 109.
« 1884, p. 92.

*VReELAND MINE, near Charlotteburgh, Passaic county. Aban-
doned.

Annual Report, 1879, p. 61.
“ 1884, p. 92,

Annual Report, 1354, p. 91
RoCKAWAY VALLEY MINE, Rockaway township, Morris county.
\
|
|
|
|
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WarAq@uE MiNes, Pompton township, Passaic county, Was
re-opened in 1886. Idle since,
Geology of New Jersey, 1868, pp. 545, 546 (Wynokie).
Annual Report, 1873, p. 52 (Wynokie).

“ 1884, p. 92.
“ . 1886, p. 152,

*TELLINGTON MINE, Pompton township, Passaic county. Aban-
doned.

Annual Report, 1884, p. 92,

*RurissmiTHe MINE, Pompton township, Passaic county. Aban-
doned,

Annual Report, 1884, p. 92.

*Moxks MINE, Pompton township, Passaic county. Abandoned.

Annual Report, 1873, p. 52 (Monks mine).
« 1874, pp. 25,26 (Tellington mine, Rheinsmith farm).
“ 1879, p. 61,
“ 1834, p. 92.

*WRIGHTNEOUR MINE, west of Monks Station, Passaic county,
Abandoned.

Annual Report, 1851, p. 36.
' 184, p. 92,

Boarp MixsE, near Monks Station, Pompton township, Passaic
county, Abandoned.

Annual Report, 1873, p. 52.
' 1879, p. 61.
" 1584, p. 02.

Rixewoop MINgs, Ringwood, Passaic county. Active.

Geology of New Jersey, 1368, pp. 546-550.
Annual Report, 1578, pp. 52-54.

“ 1880, p. 109.

“ 1884, p. 92.

& 1586, p. 150.
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MUSCONETCONG, BELT.

Hacer Ming, Holland township, Hunterdon county. Abandoned.

*DucEworrH OpENINGS, Holland township, Hunterdon county.
Abandoned.

*Brooy Farw, Holland township, Hunterdon county. Abandoned.

*MARTIN FARM, Alexandria township, Hunterdon county. Aban-
doned. TFor notices of the above mines, see
Annual Report, 1875, p. 35 (Bloom}.
“ 1879, p. 62, 63.
“ 1860, p. 109,
« 1884, p. 93.

*PETTY FARM, Bethlehem township, Hunterdon county. Aban-
doned.

*WgrieHT FaRM, Bethlehem township, Hunterdon county. Aban-
' doned.

*Case Farny, Bethlehem township, Hunterdon county. Abandoned.
For notices of the above three mines, see

Annual Report, 1880, p. 128.
' 1884, p. 98.

CHURCH, or VAN SYCKLE MINE, Bethlehem township, Hunterdon:
county. Abandoned.
Geology of New Jersey, 1865, p. 616.
Annua! Report, 1873, p. 55.
u 1879, p. 65.
“ 1884, p. 94.

Torkey HirL, or West Exp Mings, Bethlehem township, Hun-
terdon county. Abandoned.

Annual Report, 1834, p. 84.
i 1885, p. 104,
i 1888, p. 152
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Swayze MinE, near Valley Station, Hunterdon county. Aban-
doped in 1889,
Annual Report, 1874, p. o7 {Broderick and Harria mines).
" 1879, pp. 63, 64.

“ 1880, pp. 109, 110,
- 1834, p. 04.

*Arpraved Farwy, Bethlehem township, Hunterdon county. Aban-
doned.

*WiLpcar MiNg, Bethlehem township, Hunterdon county, Aban-
doned. .

*RoDENBAUGH MINE, Bethlehem township, Hunterdon county.
Abandoned. References for these three localities in
Annnal Report, 1879, p, 65.
o 1880, p. 110.
L 1884, p. 04,

AsBURY MINE, Bethlehem township, Hunterdon county. Aban-
doned.

Geology of New Jersey, 1868, p. 617.
Annual Report, 1879, pp. 65, 66.

u 1880, p. 110.

" 1884, p. 95.

*MiLLER FaRM, Bethlehem township, Hunterdon county. Aban-
doned.

Annual Report, 1879, p. 66.
" 1584, p. 95.

MiBERRY Prack, Bethlehem towoship, Hunterdon county.
Abandoned,

Annual Report, 1573, p. 36.
" 1879, p. 66.
. 1880, pp. 110, 124,
_ 1884, p. 95,

*BaxoHARTS MINE, Lchanon township, Hunterdon county.
Abandoned.

(reology of New Jersey, 1868, p. 617.
Annuai Report, 1879, p. 66.
" 1854, p. 95.
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*EvELAND MINE, Glen Gardver, Hunterdon county, Abandoned.

Annual Report, 1880, pp. 110, 124,
“ 1884, p. 95.

*TERRABERRY MINE, White Hall, Hunterdon county. Abandoned.

Annual Report, 1879, p. 66.
“ 1884, p. 95.

ALVAE GRAY, or Sanp Frats MINg, White Hall, Hunterdon
county. Abandoned.
Annual Report, 1873, p. 56 (Fritts Farm).
« 1879, p. 66.
“ 1880, p. 124.
« 1884, p. 95.

*Waite HavLn (Frirrs Farm), White Hall, Hunterdon county..
Abandoned.

Annual Report, 1873, p. 56.
“ 1884, p. 95.

*CASTSER FARM, Lebanon township, Hunterdon county. Aban-
doned.
Annual Report, 1873, p. 56.

€ 1879, p. 66,
“ 1884, p. 95.

*MatrisoN OPENING, Andersontown, Hunterdon county, Aban-
doned,

Annual Report, 1880, p. 124,
1 1884, p. 95.

Huxr, or Pipcock MINE, Lebanon township, Hunterdon county,
Abandoned.
Annual Report, 1873, p. 58.
“ 1879, p. 66,
“ 1880, p. 111,
“ 1884, p. 95.

*SHARP'S MINE, Pleasant Grove, Schooley’s Mountain, Morris
county. Abandoned.

Annuoal Report, 1879, p. 66.
H 1884, p. 95.
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HAXN MINE, Pleasant Grove, Schooley’s Mountain, Morris county.
Abandoned.

Annual Report, 1873, pp. 56, 57.
“ 1879, pp. 66, 67.
“ 1880, p. 111,
“ 1884, p. 95.

*DERRENBERGER FaRM, Schooley’s Mountain, Morris county.
Abandoned, .
Annual Report, 1834, p. 96.

STOUTENBURGH MINE, Schooley’s Mountain, Morris county.
Abandoned.

Annual Report, 1873, pp. 57, 58.
“* 1879, pp. 67, 68.
i 1380, p. 111.
e 1884, p. 96.

FisHER, or BEATTYESTOWN MINE, Schooley’s Mountain, Morris
county. Abandoned.

Geology of New Jersey, 1868, p. 618.
Angual Report, 1879, p. 68.
o 1884, p. 96.

Magrsn's MINE, Schooley’s Mountain, Morris county. Abandoned,

Geology of New Jersey, 1868, pp. 618, 619.
Annual Report, 1879, pp. 68, 69.
i 1884, p. 96.

*DicrinsoN MiINE, Schooley’s Mountain, Morris county. Aban-
doned.
Annual Report, 1884, p. 96.

*Hunt FarM, Schooley’s Mountain, Morris county. Abandoned.

Annual Report, 1879, p. 89.
" 1884, p. 96.

*LAKE Farw, Schooley’s Mountain, Morris county. Abandoned.

Geology of New Jersey, 1868, pp. 619, 620 (Dickinson mine).
Annual Report, 1879, p. 69.
“ 1884, p. 96.
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NAUGHRIGHT MINE, near Naughrightville, Morris county. Aban-
doned.
Annual Report, 1878, pp. 58, 59.
“ 1878, pp. 99, 100.
" 1879, p. 69.
" 1880, p. 111.
u 1884, p. 96.

*3arp Fary, Schooley’s Mountain, Washington township, Morris
county. Abandoned.

*RARICK FARN, Schooley’s Mountain, Washington township, Morris
county. Abandoned.

*HopLER Fary, Schooley’s Mountain, Washington township, Morris
county. Abandoned. For notes of Sharp’s, Rarick and
Hopler, see
Annual Report, 1878, p. 59.

J 1879, p. 69.
" 1884, p. 96.

*PooLE PLACE, near Draketown, Schooley’s Mountmn, Morris
county., Abandoned.

Annual Report, 1880, p. 112.
“ 1884, p. 96.

*SHOUSE TUNNEL, east of Hackettstown, Morris county. Aban-
doned.

Annual Report, 1884, p. 97.

CRAMER MINE, east of Hackettstown, Morris county. Abandoned.

Annual Report, 1877, p. 49.
" 1879, p. 70.
“ 1884, p. 97.

*APPLEGET FarM, Mount Olive township, Morris county., Aban-
doned.

Annual Report, 1880, p. 125,
s 1884, p. 97.

8mrTH’s MINE, Mount Olive township, Morris county, Abandoned.

Geology of New Jersey, 1868, pp. 620, 621,
Annual Report, 1879, p. 70,
“ 1884, p. 97.
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LiawrExcE MINE, Mount Olive township, Morris county. Aban-
doned.

{See Mount Olive mine.)

MouxTt OLivE MiNg, Mount Olive, Morris county. Abandoned.

Geology of New Jersey, 1868, p. 601.
Annual Report, 1873, p. 59.
“ 1879, pp. 70, 71.
“ 1880, p. 112.
s 1884, p. 97.
w 1886, p. 148.
SoLoMAN MINE. See above. Abandoned.

Annual Report, 18886, p. 151.

Draxr’s Ming, Mount Olive, Morris county. Abandoned.
{See Church mine.)

OsBorN’s MINE, Mount Olive, Morris county. Abandoned.
(See Church mine,)}

Hicr’s Mixg, Mount Olive, Morris county. Abandoned.
{See Church mine.)

Crurca MiNE, Mount Olive, Morris county. Abandoned.

Geology of New Jersey, 1868, pp. 539-601.
Annual Report, 1873, p. 59.

“ 1879, p. 71.

i 1884, p. 97.

Kixa MINE, near Drakeville, Morris county. Abandoned.
(See High Ledge mine.)

Hice LepgeE MINE, near Drakeville, Morris county. Abandoned.

Annual Report, 1879, p. 71.
“ 1880, pp. 124, 125,
i 1884, p. 97.

*MaRr1oT’s MINE, near Shippenport, Morris county. Abandoned.
Annual Report, 1384, p. 98.

Gove MINE, near Drakeville, Morris county. Abandoned.
Annual Report, 1879, p. 71.
“ 1880, p. 112.
e 1888, p. 128,
“ 1884, p. 96.
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Burt MINE, Drakeville, Morris county. Abandoned.

Annual Report, 1883, p. 128,
“ 1884, p. 98.

*SILVER SpRING MINE, Morris county. Abandoned.

Annusal Report, 1883, p. 128
u 1884, p. 98.

*DAVENPORT MINE, near Berkshire valley, Morris county. Aban-
doned.

Geology of New Jersey, 1868, p. 602.
Annual Report, 1884, p. 98.

*I,akE VIEW MINE, Morris county. Abandoned.

Annual Report, 1883, p. 129.
“ 1884, p. 98,

NoLaND’s MiNE, Lake Hopatcong, Morris county. Abandoned.

Geology of New Jersey, 1868, p. 603.
Annual Report, 1884, p. 98.

Hugrp Mi~E, Hurdtown, Morris county. Active.

Geology of New Jersey, 1868, pp. 606-G10.
Annual Report, 1873, p. 65.

“ 1879, p. 72,

“ 1884, p. 98.

“ 1885, p. 105.

“ 1886, p. 144.

LowEeR WELDORK MINE, Jefferson township, Morris county. Active.

Annunal! Report, 1873, p. 65.
“ 1879, p. 72.
“ 1884, p. 98,

WELDON MINE, Jefferson township, Morris county.  Active.

Geology of New Jersey, 1868, pp. 610-612.
Annual Report, 1873, p. 65.

H 1879, p. 72.

“ 1880, p. 112.

u 1884, p. 08.

s 1886, p. 1562.

8
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Dopee MINE, Jefferson township, Morris connty. Abandoned.

Geology of New Jersey, 1868, p. 614.
Annual Report, 1879, p. 72.

‘. 1880, p. 112,

H 1884, p. 99

Forp MINE, Jefferson township, Morris county. Abandoned.

Geology of New Jersey, 1868, pp. 614-616,
Annual Report, 1878, p. 66.

“ 1879, p. 72.

“ 1880, p. 113.

“ 1884, p. 99

5 1885, p. 105,

“ 1886, p. 141,

ScoFIELD MINE, Jefferson township, Morris county. Abandoned,
This mine continues to be worked by the Lehigh Crane
Iron Company, David Jenkins, superintendent.

Geology of New Jersey, 1868, p. 615.
Aonual Report, 1879, pp. 72, 73.

" 1880, p. 113.

& 1884, p. 99.

" 1885, p. 105.

“ 1886, p. 151,

*GOBLE MINE, Jefferson township, Morris county. Abandoned.
“Boss MINE, Jefferson township, Morris county, Abandoned.
“FRrRASER MINE, Jefferson township, Morris county. Abandoned.
“DrrFEE MINE, Jefferson township, Morris county. Abandoned.

*SroxeTM MINE, Jefferson township, . Morris county. Abandoned.
For notes on the Boss, Goble, Fraser and Shongum, see

Geology of New Jersey, 1868, pp. 612-814.
Annual Report, 1873, p. 62,
s 1884, p. 100.

“MINE NEAR WooDPORT, Morris county. Abandoned.
Annual Report, 1884, p. 100

“CLINE OpENINGS, Pohatcong Mountain, Franklin township, Warren
county. Abandoned.
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*8y1TH OPERINGS, Pohatcong Mountain, Franklin township, Warren
county. Abandoned.

*DEAN OPENINGS, Pohatcong Mountain, Franklin township, Warren
county. Abandoned. For above three mines, see

Annnal Report, 1879, p. 73.
“ 1884, p. 101.

*CarTER MINE, near Stewartsville, Greenwich township, Warren
county. Abandoned,

Annual Report, 1880, p. 125 (“ Willever & Godirey mine ").
“ 1884, p. 101.

*CEAPIN AND LoMmassoN TUNNEL, near Oxford Furnace, Warren
county. Abandoned.

Annual Report, 1873, p. 60.
" 1884, p. 101.

*LanNixG MINE, near Oxford Furnace, Warren county. Aban-
doned.

Annual Report, 1873, p. 60.
“ 1884, p. 101,

Oxrorp Furxace Mines, Oxford Furnace, Warren county.
Washington and Slope No. 3 active.

Geology of New Jersey, 1868, pp. 637-640.

Annual Report, 1873, p. 61.
g 1879, pp. 74, 95.
“ 1880, p. 113.
« 1884, p. 101.
H 1885, p. 105.
i 1886, p. 149,

*CREAGER MINE, near Port Murray, Warren county. Abandoned.
*MI1TeHELL MINE, nesr Port Murray, Warren county. Abandoned.
*JoHNSON SHAFTS, near Port Murray, Warren county. Abandoned.

*STePHENSON MINE, near Port Murray, Warren county. Aban-
doned. Notes of Port Murray mines in

Annual Report, 1873, pp. 61, 62.
“ 1879, p. 75.
« 1880, p. 113.
« 1884, p. 102.
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*BALD PaTE MINE, north of Port Murray, Mansfield township,
Warren county. Abandoned. See Egbert Church mine.

*SHAYER, or WELCH PLACE, north of Port Murray, Mansfield
township, Warren county, Abandoned. See Egbert
Church mine.

Eenerr Covrce MiIsE, north of Port Murray, Mansfield town-
ship, Warren county. Abandoned.

Geology of New Jersey, 1868, p. 624 (*‘ Bald Pate mine ™).
Annual Report, 1878, p. 62.

“ 1879, pp. 75, 76.

s 1880, p. 113.

" 1884, p. 102.

*SEARLE MINE, Independence township, Warren county. Aban-
doned.

Geology of New Jersey, 1868, p. 624.
Annua! Report, 1884, p. 102,

“BARKER, or BrLGIN MINE, near Vienna, Warren county. Aban-
doned.

Annual Report, 1882, p. 72.
" 1884, p. 102.

*Brer’s Hinn OpeNINGS, near Hackettstown, Warren county.
Abandoned.

*Day MINE, near Hackettstown, Warren county. Abandoned.

‘FrRacE Fary, north of Hackettstown, Warren county. Aban-
doned.

*Younae FarM, north of Hackettstown, Warren county. Aban-
doned.

*PYLE FarxM, north of Hackettstown, Warren county, Abandoned.

*AXFORD FarM, north of Hackettstown, Warren county. Aban-
doned.

*BRYANT MINE, near Warrenville, Warren county. Abandoned.

*Excersior MINg, Allamuchy township, Warren county. Aban-
doned.
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*EprRERA M(NE, Allamuchy township, Warren county. ~Abandoned.

*Tynmson PrLace, Allamuchy township, Warren county. Aban-

doned. .
*WINTERMUTE FARM, Allamuchy township, Warren county, Aban-
doned.
HaagERTY’s MINE, Allamuchy township, Warren county. Aban-
doned.

For the above twelve mines, see
Annual Report, 1873, pp. 63, 64.
w 1876, p. 52 (Haggerty’s mine).
“ 1879, p. 76 (Haggerty’s mine).
« 1880, p. 127 (Wintermute's farm).
“ 1884, p. 103.

BROOKFIELD, or WATERLOO MINE, near Waterloo, in Warren
county. Abandoned.
Geology of New Jersey, 1868, pp. 626-625.
Annual Report, 1873, pp. 64, 65.
“ 1879, p. 76.
“ 1884, p. 108,

*FRENCHE'S PLACE, Byram township, Sussex county. Abandoned.
Annual Report, 1873, pp. 66, (7.

« 1879, p. 77.
“ 1884, p. 103,
SurTH, or CASCADE MINE, Byram township, Sussex county. Aban-
doned.
Annual Report, 1573, p. 66.
s 1879, p. 77.
“ 1884, p. 103.

* A LL1s OPENINGS, Byram township, Sussex county. Abandoned.

Annual Report, 1573, p. 66.
i 1879, p. 77.
b 1884, p. 103.

HUDE, or STANHOPE MINE, Stanhope, Sussex county. Active.

Geology of New Jersey, 1868, pp. 622, 623.
Annual Report, 1873, p. 67.

« 1879, pp. 77, 78.

“ 1880, p. 114.

i 1884, p. 103.
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WRIGHT, or Bupp M1, north of Stanhope, Sussex county. Aban-

doned.
Annual Report, 1879, pp. 78, 79.
i 1580, p. 114.
“ 1884, p. 103.

*S1LvER MINE, near Stanhope, Byram township, Sussex county.
Abandoned

*HaoGERTY MINE, near Stanhope, Byram township, Sussex county.
Abardoned.

LAwRENCE MINE, near Stanhope, Byram townshlp, Sussex county.
Abandoned
Notes of these mines in
Geolopy of New Jersey, 1863, pp. 621, 622,
Annual Report, 1873, p. 67.
“ 1844, p. 103.

*L.awsox OPENING, near Byram cove, Byram township, Sussex
county. Abandoned.

Annual Report, 1880, p. 127 (Lawless).
“ 1884, p. 104.

GAFFNEY MINE, Byram township, Sussex county. Abandoned.
Annual Report, 16879, p. 79.
“ 1584, p. 104.

S1crLEs MiIxE, Byram township, Sussex county. Abandoned.

Anpual Report, 15873, p. 67.
H 1879, p. 79.
i 180, p. 115.
“ 1844, p. 104

*SHERMAN FarM OPENINGS, east of Sparta, Sussex county. Aban-
doned.

Annual Report, 1879, p. 79.
" 1834, p. 104

*BUNKER FarM OPENINGS, east of Sparta, Sussex county. Aban-
doned,

Annual Report, 1679, pp. 74, 80 (Sherman and Bunker).
" 1884, p. 104,
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OepEN MINES, Sparta township, Sussex county. Not active at
present. Bought by the Edison Magnetic Separating Com-
pany. A large and expensive plant is erected here for
concentrating and mining iron ore.

Geology of New Jersey, 1868, pp. 631, 632.
Annusl Report, 1873, p. 68.

«“ 1879, p. 80.

“ 1880, p. 115,

« 1884, p. 104.

*Greer FaryM OrpewiNgs, Hardyston township, Sussex county.
Abandoned.
Annual Report, 1879, p. 80.
t 1884, p. 104.

*HopewELL ForGE Tracr, Hardyston township, Sussex county.
Abandoned.
Annual Report, 1873, p. 68 (Greer and Hopewell).
“ 1879, p.80. “© ¢«
11 18811 p. 38. 4 [ (1
“ 1884, p. 104.

CaNISTEAR MINE, Vernon township, Sussex county. Idle.

*Tracy aNp Crane Farums, Vernon township, Sussex county.
Abandoned,

*HENDERSON Fary, Vernon township, Sussex county. Abandoned.
For notes of these three localities, see

Annual Report, 1873, p. 70.
“ 1879, p.«30.
“ 1880, p. 115.
« 1884, p. 104.

WiLLiaMs MiINg, Williamsville, Vernon township, Sussex county.
Abandoned,
Annual Report, 1873, p. 70.
i 1879, p. 80.
@ 1884, p. 105,

*RoTEERFORD TRACT OPENINGS, Vernon township, Sussex county.

Abandoned. See Rutherford Tract Openings, West
Milford.
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*Huxst TrACT OPENINGS, Vernon township, Sussex county, Aban-
doned,

Annual Report, 1873, pp. 70, 71 (Rutherford and Hunt).
. 1879, p. 80 {Rutherford and Hunt),
i 1884, p. 105.

WawavaNpa Ming, Vernon township, Sussex county. Aban-
doned.

GrEEN Mixg, Vernon township, Sussex county. Abandoned in
1888. These mines of the Thomas Iron Company have
been described in .

Geology of New Jersey, 1868, pp. 632-637.
Anpual Report, 1873, p. 71.

b 1880, p. 115,

“ 1884, p. 105.

Layrox MiNE, near New Milford, in Vernon township, Sussex
county. Abandoned.

*KiMBLE FARM SHAFTS, near Stockholm, West Milford township,
Pastaic county, Abandoned.

*Brpp & Hexnt Tract OpeNings, West Milford township, Passaic
county. Abandoned.

*RUTHERFORD TRACT OPENINGS, West Milford township, Passaic
county. Abandoned.

CriztoN TrACT MINE, near Clinten, West Milford township, Pas-
saic county. Abandoned.

*WaLLACE MINE, north of Clinton, West Milford township, Passaic
county. Abandoned.

“UrteEr MIXE, Uttertown, West Milford township, Passaic county.
Abandoned. No reports of the working of any of these
localities during the year have been received. They are
in the nature of explorations rather than productive mines,
For notices in previous annual reports, see following :

Annual Report, 1873, pp. 68, 69.
# 1879, pp. 81, 82.
“ 1884, p. 105.
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WELLING MINE, near Greenwood, West Milford township, Passaic
county. Abandoned.

Annual Report, 1876, pp. 52, 53.
“ 1879, p. 8L
“ 1880, p. 116.
“ 1884, p. 105.

CENTENNIAL, or SQUIER'S MINE, near State line, West Milford
township, Passaic county. Abandoned.

Annual Report, 1876, pp. 53, 4.
“ 1879, p. 82.
u 1880, p. 116.
H 1884, p. 105

PEQUEST BELT.

ScHULER MINE, Oxford township, Warren county., Abandoned.
Annual Report, 1878, pp. 72, 73.
g 1879, p. 2.
« 1880, p. 116.
“ 1884, p. 106.

RosEBERRY MINE, Oxford township, Warren county. Abandoned.
Annual Report, 1873, p. 73.
u 1879, p. 82.
E 1880, p. 116.
4 1884, p. 106.

BarTON MINE, Oxford township, Warren county. Abandoned.

Annual Report, 1878, p. 73.
“ 1879, pp. 82, 83.
“ 1884, p. 106.

SHOEMAKER FaRrM, Oxford township, Warren county. Active.
Annual Report, 1878, p. 74,
“ 1879, p. 83.
“ 1884, p. 106,

REDELL MINE, Oxford township, Warren county. Abandoned.

Annual Report, 1873, p. 74
“ 1879, p. 83.
¥ 1840, p. 116.
“ 1884, p. 106 (Riddie).
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Lrrrie MiNg, now FELLows MINg, Oxford township, Warren
county, Active,
Annual Report, 1878, pp. 74, 75.
“ 1579, p. 83.
« 1884, p. 106.

QUEEN MINE, Oxford township, Warren county. Active.

Annual Report, 1882 (Queen mine),
i 1884, p. 106.

*OsMUN Pracg, Oxford township, Warren county. Abandoned,
Annual Report, 1882, p, 73,
“ 1834, p. 106,
“ 1885, p. 106.

Raus Farx, Oxford township, Warren county. Is being opened.

Annual Report, 1873, pp. 75, 76.
“ 16879, p. 83.
« 1884, p, 106.

Pequest Mixe, Oxford township, Warren county. Abandoned.

Annual Report, 1873, pp. 76-78.
“ 1879, p. 83.
N 1850, p. 118,
i 1884, p. 106.

*Hoit Fary, Oxford township, Warren county. Abandoned.

Annual Report, 1873, pp. 79-81.
“ 1879, p. 83.
“ 1584, p. 106.

*SmiTH Fary, Hope township, Warren county., Abandoned.

Annual Report, 1878, p. §1.
“ 1882, p. 3.
“ 1884, p. 106.

*DeaTs PrLACE, Hope township, Warren county. Abandoned.

Annual Report, 1873, p. 81, 2.
“ 1882, p. 78.
“ 1884, p. 106.

*HexpErsHOT, or Hoaarawp Prace, Hope township, Warren
county, Abandoned.
Annual Report, 1879, p. 83.

" 1880, p. 127.
“ 1884, p. 107.
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Coor Farwm, Hope township, Warren county. Abandoned.

Annual Report, 1881, p. 87.
K 1882, pp. 78, 74.

“ 1884, p. 107,

KisupAucH MINE, west of Danville, Warren county. Is being

re-opened.
Annual Report, 1873, pp. 82-84.

* 1879, pp. 83, 84. .
“ 1380, p. 117.
« 1884, p. 106.
i 1885, p. 106.
i 1886, p. 145.

*CorLiss Fary, Hope township, Warren county, Abandoned.

Annual Report, 1882, p. 74.
i 1854, p. 107.

*InscEOw Lo, Hope township, Warren county. Abandoned.

Annual Report, 1873, p. 81,
“ 1879, p. 84.
“ 1884, p. 107.

*§11FF Fary, Hope township, Warren county. Abandoned.
Annual Report, 1873, pp. 84, 85.

5 1584, p. 107.
*Porrer Farm, Independence township, Warren county. Aban-~
doned.
Annual Report, 1873, p. 85.
“ 1879, p. 84.
% 1884, p. 107.
*37insoN FarwM, Independence township, Warren county. Aban-
doned,
Annusl Report, 1879, pp. 84, 85.
‘ 1881, p. 37.
“ 1882, p. 74.
“ 1884, p. 107.

*GARRISON FarM, Independence township, Warren county. Aban-
doned.
Annual Report, 1878, p. 85.

g 1881, pp. 37, 38.
“ 1884, p. 107.
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Davis MixE, Independence township, Warren county. Abandoned.

Annual Report, 1873, p. 85.
" 1881, p. 81.
“ 1884, p. 107.

*ALBERTs0N PLACE, Independence township, Warren county.
doned,

Annual Report, 1873, p. 85.
u 1854, p. 108.

*Siaw's MINE, Independence township, Warren county.
doned.
Geology of New Jersey, 1868, pp. 659, 660.
Annusl Report, 1872, p. 18
“ 1884, p. 108,

Howern Fary, Independence township, Warren county,
doned.
Annual Report, 1878, pp. 83, 7.
“ 1878, p. 101
« 1884, p. 108.

*CaRROLL PracE, Independence township, Warren county.’

doned.

Annual Report, 1678, p. 87.
s 1684, p. 108.

*GREEN Prack, Independence township, Warren county,
doned.

Axnnual Report, 1842, p. 74.
" 1884, p. 108.

*Cvuyixs MINE, Independence township, Warren county.
doned.

Annual Report, 1881, p. 88.
" 1884, p. 108,

*AYRES PrLAcE, Independence township, Warren county.
doned.

Annual Report, 1831, p. 38,
“ 1884, p. 108,
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*ScHAEFFER Fars, Independence township, Warren county. Aban-

doned.
Annual Report, 1873, p. 87.
i 1880, p. 127.
“ 1884, p. 108.

*MariNG PrLace, Allamuchy township, Warren county. Aban-
doned.
Annual Report, 1884, p. 108.

*HIBLER, or LivESEY’s SHAFT, Allamuchy township, Warren county.
Abandoned.

Annual Report, 1878, p. 87,
* 1879, pp. 85, 86.
“ 1880, p. 117,
« 1884, p. 108,

* WINTERMUTE's OPENING, Allamuchy township, Warren county.
Abandoned.

Annusal Report, 1880, p. 127.
‘ 1884, p. 108,

*HacGERTY’Ss DiceiNgs, Allamuchy township, Warren county.
Abandoned.

Annual Report, 1873, pp. 87, 88.
i 1876, p. 52.
« 1879, p. 86.
i 1884, p. 108.

*(JLENDON MINE, Green township, Sussex county. Abandoned.
Annual Report, 1873, p. 88.

g 1884, p. 108.
McKEAN, or Birp MINE, Byram township, Sussex county. Aban-
doned.
Annual Report, 1874, pp. 28, 29.
u 1879, p. 86.
“ 1880, p. 118.
L 1884, p. 108.

*ByERLY OPENINGS, Byram township, Sussex county. Abandoned.

Annual Report, 1879, p. 86.
“ 1884, p. 108.
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RosevinLe MIxNE, Byram township, Sussex county, Abandoned.
Geuology of New Jersey, 1868, pp. 628-631.
Annual Report, 1873, p. 88,
“ 1880, p. 118.
1884, p. 109.

0

ANDOVER MINE, Andover, Sussex county. Abandoned.
Geology of New Jersey, 1868, pp. 640-657,
Apnual Report, 1873, p. 88.
“ 1884, p. 109.

SurprrrR HILL MiNg, Andover, Sussex county, Abandoned.
Annun] Report, 1878, p. 88.
" 1879, pp. 86, 87.
1880, p. 118.
1884, p. 109.

113

13

Tar HiL MixE, Andover township, Sussex county. Abandoned.

Geology of New Jersey, 1868, p. 657,
Annual Report, 1880, p. 118,
“ 1834, p. 109.

*LoxaecorE’s MINE, Andover township, Sussex county. Aban-
doned.

Geulogy of New Jersey, 1868, pp. 657, 658.
Annual Report, 1884, p. 109.

StirLiNG Hivi MINE, Sparta township, Sussex county. Aban-
doned.

Annusa] Report, 1877, p. 52.

w 1879, pp. 87, 88.
1880, p. 118
1884, p. 109.

4t

i

HiLu MixE, Franklin Furnace, Sussex county. Abandoned. See
below. '

FurNacE VEN MINE, Franklin Furnace, Sussex county. Aban-
doned,

Geology of New Jersey, 1868, pp. 658, 659.
Annual Report, 1573, p. 88.
“ 1579, pp. 88, 89.
1880, p. 118.
1884, p. 108,

Iy
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*GREEN'S MINE, Vernon township, Sussex county. Abandoned.
See below.

*Brrp MINE, Vernon township, Sussex county. Abandoned.
Notes of these two mines in

Geology of New Jersey, 1868, p. 660.
Annual Report, 1879, p. 89,
. 1884, p. 109.

*CAREY MINE, West Milford township, Passaic county.
Annual Report, 18586, p. 138.
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GEOLOGICAL WORK IN THE SOUTHERN
PART OF THE STATE.

TERRACE FORMATIONS OF THE ATLANTIC COAST AND ALONG THE
DELAWARE RIVER.

BY C. W. COMAN,

The following notes on the field-work of the fall of 1890 are
submitted. Attention was chiefly directed to the study of (1) the
sediments overlying the upper marl bed in eastern Monmouth county ;
(2) evidences of former shore lines above the present sea-level ; (3)
the gravel of the Trenton terrace,

STRATA OVERLYING THE UPPER MARL EED.

The most complete series is that shown in the beach bluff at Long
Branch, south of the pier, in which the following beds appear, in a
descending order from top of bluff,

1. Reddish-yellow, loamy sand......cccesvrssecrinsnesenns 2 feet,

2. Yellow gravel, intermixed with loam.......ccocavns 6 feet,

3. Clean, white gravel aud sand......cocoenvsiennnanne 6 feet,

4, Thin band of red clay. ...oooevieenviemensiscsisrinnennse 3 to 5 inches.
5. Banded yellow and gray clay...ccveveniininanes 3 to 83 feet.
6, Dark-blue Clay.. covimariimmn s 2 feet.

7. Dark-brown, shaly clay, not plastiG...cc.cvverunnn 1 foot,

The marl is not seen in the bluff, but is exposed at extreme low
tide over an area of thirty or forty feet.

None of these strata are uniform for any considerable distance,
except the lowest, designated as brown shaly clay, which is found
wherever the upper marl i exposed, immediately overlying the latter,
except at the Farmiogdale pit, where a bed of pebbly clay, about
eighteen inches in thickness, is interposed.

9 (129)
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In the Long Branch section the thickness of the gravel stratum
varies from twelve feet to a discontinuous film. The yellow banded
and black clays are seen to merge into each other laterally in several
places, and both are replaced for a distance of about forty yards by a
very sandy, gray clay.

The marl exposed on the beach at low tide must belong to the
middle marl bed, as the single marl fossil found here on the beach
(which must have been washed from this outcrop), Terebratula Har-
lani, is not found in the upper marl. Moreover, the observed dip of
the upper marl bed would not bring it down to sea-level at this point,
while that of the middle bed would.

The complete stratigraphy of the formations overlying the upper
marl cannot here be given, but as their lowest member, the brown
clay shale (“ Brown Astringent Clay ” of the “ Report on Marls m,
is seen to rest directly upon both the middle and the upper marl beds,
they overlap the latter, and are presumably uncoaformable to it.

Fossils.—The black clay exposed at Long Branch is literally filled,
in many places, with plant impressions. From two localities on the
beach were secured a number of impressions of shells of lamelli-
branchs, representing four species.

The brown clay shale at Long Branch yielded to search, only some
bits of lignite; but from the same stratum near Farmingdale, where
the Freehold and Jamesburg railroad crosses a little branch of Min-
gunshone brook, were secured a number of casts of gasteropods and
lamellibranchs, representing probably four or five species. These have
not yet heen determined,

EVIDENCES OF FORMER SHORE LINER ABOVE THE PRESENT
SEA-LEVEL,

These are, in general, wave-cut and wave-built terraces, lines of
dunes, linear areas of cleanly-washed sand, representing old beaches,
and elevated shell beds, or other remains of marine life,

As a terrace is a level-topped step, or shelf, cut into or built upon
the face of u slope, it follows that it becomes a distinguishable feature
of the topography of 2 shore only where the latter is bounded by
clitfy, or at least presents a tolerably abrupt face on which the waves
may act.

The Atlantie cosst region of this State is generally level and low.
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*The surface materials are, moreover, for the most part incoherent sand
and gravel, or soft clays, easily yielding to subaérial erosion. Hence,
although isolated terraces have been noted at different levels along the
portion of the coast studied, no continuous shere line, or series of
terraces which could be properly correlated as such, has yet been
traced. "The shore-levels most distinctly indicated are three in num-
ber; the first at about ten feet, another between thirty and forty feet,
and the third at about sixty feet above the present mean tide-level.
There are other faint and doubtful indications of terraces at levels inter-
mediate between those named, showing that while the elevation of the
land was intermittent, halting a little at eash of the main terrace-
levels, it was but slightly so, the whole uplift being gradual and slow
enough to allow a continuous wave record.

The ten-foot shore line is best displayed near Keyport, on the road
between Lockport and Union. Here a beach, marked by low dunes,
the outline of which is approximately indicated by the ten-foot contour
line, is evident to the most casual glance for a distance of about half a
mile and may be traced southward into the village.

Shells of Modiola plicatula, Mytilus edulis, Macira solidissima,

Venus mercenaria, Mya arenaria and others, all recent species, are
abundant on the surface. From one-half to three-quarters of a mile
of salt marsh and low-lying upland separates this beach from the
present shore. At Old Bridge, on South river, the same level is
marked by a sand flat and slight terrace on both sides of the river
near the railroad and wagon bridges. The low sand flats on the north
and east sides of the Navesink Highlands appear to have been formed
at this stage, as were also a number of short terraces at the foot of the
low bluffs bordering the Navesink river, between Oceanic and Red
Bank. South of the Navesink river no distinct indications of a shore
at this level were noted, except on the Mauasquan river. On the
south side of the river, near the railroad bridge, is a plainly-marked
bench on about the line of the ten-foot contour, which may be traced
at intervals up the river until it merges into the present flood plain of
the stream. ‘

The thirty to forty-foot levels are marked by a numerous series of
terraces, extending from the Raritan river southward, many of which
are clearly cut and easily recognizable, but their testimony is some-
what invalidated by their general lack of true beach deposits, the
waterials of which they are composed differing in no way from that
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of the adjacent terranes. The only stretch resembling a beach at this
level is along the northern side of Rumson’s Neck, between Red Bank
and Fair Haven, where the red sand has been washed free from the
stain of iron oxide and left of a white or light-yellow color. Thig
strip of light-colored sand, which has an average breadth of about
one hundred yards, seems pretty clearly to mark a former beach, but
it is not at this point associated with any distinct terracing.

The terraces at about this level are many. On the southeastern
extremity of the point between Lawrence brook and the Raritan river
is & clearly-marked thirty-foot bench. About a mile northwest from
the village of Washington, near the road leading to New Brunswick,
the cretaceous clays have been cut into a very uneven terrace which
appears to have been formed at several successive levels.

The whole valley of the South river, nearly up to Helmetta, is
marked by indistinct terraces up to about the forty-foot contour.
Above this line rise irregularly-contoured, gravel-capped hills ; below
it smooth terraces, and bottom lands are chiefly composed of fine
sandy loam, probably washed down from the gravel beds of the
higher ground and deposited in the water which then filled the valley
up to the height of the upper terraces.

The eastern face of the Navesink Highlands is very steep, and must
have been, before the formation of the Navesink beach, or when the
latter was submerged, exposed to the full force of the Atlantic, and
accordingly we find its profile notched by wave-cut terraces at both
the thirty to forty-foot, and a little above the sixty-foot level.
Near the southern extremity of the Highlands the lower terrace only
is visible. This can be traced around to the Navesink river, along
which benches occur as far as Red Baunk, which is built on a ter-
race flat at this level, A terrace at the same level across the river
from Red Bank may be seen from the Long Branch railroad at this
point. Along the south side of Rumson’s Neck, a possible indication
of a shore line is the sudden crowding of the contours above the
thirty-foot line, but no terracing could be made out here.

Between Deal Beach*and the Manasquan river the sea-shore is bor-
dered by a nearly level plain, from one and a half to two miles
Lroad, which terminates abruptly against the highlands to the west-
ward. The base of the high ground lies pretty uniformly between
~ thirty and forty feet above the sea, but not invariably so, for the
gently-sloping plain rises in places to about seventy feet.
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The surface of the plain is in part a sandy loam and in part gravel,
the distribution of the two having no apparent reference to the rela-
tive elevations of the tracts on which they occur. The hills are
capped by a thick stratum of yellow gravel, beneath which are fine
sand and sandy clay; but the soil of the uplands also is in places a
fine loam, free from gravel.

If the upward limit of the coast plain was determined by a sea-
Jevel, we should find a line of beach sand and gravel and shells at
that height. These do not occur. The base of the hills and the
immediate plain are variously sandy, gravelly and loamy, like the
rest of the plain; the only shells seen are occasional oyster and clam
shells dropped upon the surface by man and fish-eating birds.
Nevertheless, it is not easy to explain the peculiar topography with-
out appealing to sea-shore action as a cause.

The higher shore line, that lying at about the sixty-foot level, or
between sixty and seventy feet, left its most distinct record on the
promontory of the Highlands of Navesink, which is terraced on the
east side near the Navesink lights, and on the north side from Nave-
sink Park pier eastward about a mile. Along this northern face,
however, there has been a land slip, to which the terraced appearance
is in part due. On the western side of the Highlands, this level is
traceable on both sides of Claypit creek, for a short distance south-
east of the village of Atlantic Highlands, and on the north side of
the Navesink river, near the Atlantic Highlands branch of the New
Jersey Southern railroad. ° The Manasquan river is terraced, not
very distinctly, from Brielle, near the inlet, up as far as Fairfield,
and the major part of the benchings fall at about the sixty to seventy-
foot level, although the thirty to forty-foot shore line is also repre-
sented, and the present flood plain of the river forms a still lower
series.

The flat-topped plateau south of Shark river, near New Bedford,
may owe its form to this stage. In addition to those mentioned there
are stream-formed terraces on most of the brooks and rivers of this
region—one on Swimming river, south of Leedsville, the upper
margin of which is thirty feet above the sea; on Hop brook, near the
mouth of Willow brook, about fifty feet high ; on Nut Swamp brook,
about two miles from Red Bank, and on Lawrence brook, between
the New Brunswick water-works pumping station and Milltown,
several ranging from thirty to forty feet above sea-level.
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It may be objected that the most of these terraces are along streany
valleys, or at least re-entrants, and not on salients where wave-cutting
is likely to have been most active, and that moreover they do not
show characteristic beach deposits, such as lines of cleanly-washed
sand and gravel, and shells, and that therefore they may all have been
formed by the progressive cutting down of the stream-beds, while the
land and sea maintained the same relative attitude as at present.
Such an objection would be a valid one as urged against the testimony
of most of the examples given, but the beach near Keyport and the
terraces scored on the face of the Navesink Highlands have no con-
nection with stream valleys, and are incontestable evidence that the-
sea has stood, relatively to the land, ten, thirty to forty, and sixty to.
seventy feet, respectively, higher than at present, within a peried so-
recent as to allow the preservation of the features peculiarly liable to.
rapid destruction under ordinary subaérial erosion.

THE TRERTON GRAVEL.

The city of Trenton is built partly upon a terrace of river gravel.
This is the most recent of the gravel deposits of the Delaware valley.
Its limits on the New Jersey side of the river, in the vicinity of Tren-
ton, have been traced out, and found to agree almost exactly with the
course of the sixty-foot contour line except where that turns back
along the various affluents of Assanpink creek. It forms an embay-
ment, three miles wide at the river, exteﬁding nearly to Port Mercer,
and bounded everywhere by higher ground, composed of older and
ditferent gravels, The Delaware and Raritan canal runs close along
the western margin of the terrace, nearly to Baker’s Basin.

The section at the gravel-pit of the Pennsylvania railroad at
Trenton shows the terrace to be composed of coarse sand and well-
rounded pebbles of sandstone, quartz, granite and gneiss, syenite,
limestone, chert, &c, the most abundant being dark-gray sandstone.
The gravel is coarse, the pebbles averaging larger than an egg, and
boulders of two and three feet in diameter are not uncommon. The
largest noticed was a nearly rectangular block, measuring eleven feet
in length by about four feet square at the larger end. Some of the
boulders retain faint traces of grooves and scratches, such as are com-
monly found on glaciated rocks. There is very little of the clay
element present.
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Within the areas of the Trenton terrace are several small eleva-
tions rising above the sixty-foot line. The gravel of these is of a
different character from that of the terrace, being chiefly quartz and
quartzite, stained exteriorly by oxide of iron to an orange-yellow hue,

As the terrace gravel overlies this yellow gravel, the latter must be
the older. These enclosed areas of yellow gravel, then, were islands
in the waters in which the terrace was formed.

On the east side of the Delaware the Trenton gravel does ot
extend south of the Trenton embayment—that is, about three miles
south of the State House—but on the Pennsylvania side it covers the
wide area'included within the great bend in the river at Bordentown,
and extends in a narrower strip to below Philadelphia. '
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WATER-SUPPLY AND WATER-POWER.

BY (. C. VERMEULE,

Since its inception the Survey has included the valuable hydraulic
resources of the State among the natural sources of wealth which
it was designed to aid in the development of. In the Geology of
New Jersey, 1868, a short chapter was devoted to the subject, and
several analyses of river and well-waters published. In every annual
report since 1874, it has received some attention; more and more as
the growth of our city population has continued at a rapid rate, and
the demand for a larger and better supply of water comsequently
increased. Then, too, our State and local Boards of Health have
become vigilant and critical, and a more general observance of sani-
tary laws has caused the rejection of sources once considered
adequate. The completion of the Topographic Survey having fur-
nished the fandamental data—a full knowledge of the character and
size of the water-sheds of our streams—it is now possible for us to
pursue the study of these resources more intelligently, and conse-
quently to a better purpose than heretofore.

The remarkable increase of our urban population was sufficiently
shown in the chapter on Population, of the Physical Description of
1888. The Annual Report for 1889 called attention to the wide-
spread inquiry, on the part of our cities, for better and more abun-
dant sources of water-supply.

These facts, the increasing demand and the facilities now afforded
for a more thorough study of the subject, have pointed out that the
time is ripe to take up a fuller investigation than the Survey has
heretofore found it practicable to make.

In undertaking this task we have fully appreciated its magnitude,
and the impossibility of collecting the large amount of precise data
which a typical scientific investigation and discussion would demand.
To illustrate, one eminent hydraulic engineer, whose advice was

(187)
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sought, remarked that what was really needed for a study of stream-
flows, was a continuous gauging of the streams by self-recording
gauges, and synchronous rainfall observations, also continuous, by
self-recording gauges, This work of itself was not so far beyond
our reach, and such gaugings of a number of typical streams would
be of inestimable value to science, if continued for a period of ten or
fifteen years. In fact, there are few more attractive fields for scien-
tific investigation, and few which would yield greater returns for the
outlay, than this of stream-flow, evaporation and rainfall. The
far-reaching importance of such a study may be suggested in the
course of this report,

But, however desirable it may be, refinement like this would call
for corresponding breadth and accuracy of research in other direc-
tions, and would carry us far beyond the scope of this investigation
and the means for carrying it forward,

The policy of accepting and making the utmost of the meaus at
hand, which has always been pursued in the work of the Survey,
while it may not always have rendered the attainments of an ideal
possible, has frequently led to results which have, for many purposes,
been quite as valuable. In the absence of time and means to make
our investigation a typical one, therefore, we have proceeded with a
view to producing such practical, economic results as we believe to be
most needed for present use..

In the first place, steps were taken to avail ourselves of all that
had been done elsewhere in this line, which would apply to our con-
ditions. The collection of all possible data as to the peculiarities of
our own streams, by such methods as were within our reach, was next
begun., Gauges were set up on several streams, and readings taken
daily, or oftener when practicable; and a careful examipation and
inquiry in the field begun, so as to avail ourselves of the experience
of local observers whose familiarity with the phenomena of flow for
long periods often enabled them to furnish much information which.
could be collected in no other way.

By such means as these a mass of valuable data as to the volume,
rate and duration of flood-flows, and the least flow during protracied
droughts, has been collected during the year. Continuous series of
gaugings bave been secured for the Paulinskill, Musconetcong,
Ramapo, Passaic, Ruhway, Raritan and Great Egg Harbor rivers for
nearly a year, and on the Pequest for eight months, or enough to show
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its marked similarity to the Paulinskill. A three-months’ series on
the Upper Rockaway, with occasional gaugings for the rest of the
year; a four-months’ series on the Wanaque; six months on the
Pequannock ; several gaugings of the Rockaway, at Boonton, of the
Assanpink and the Rancocas have also been obtained. On the Passaic
it was found that the Messrs. Beattie, at Little Falls, had kept a
record of the height of water on their stone dam from June, 1888,
up to date. They kindly furnished us this valuable record and vol-
unteered to keep it up, with such modifications as we suggested. This
record on our most important stream has been utilized by measuring
up the dam carefully and computing the discharge for each day.
These gaugings are all necessarily approximate. So far as the appli-
cation of proper formula and computation of discharge is concerned,
the error is believed to be confined to within ten per cent. in all cases,
and within five per cent. in cages of important series.

The aim has been, in cases where there was any uncertainty, to
keep within the truth; and it is not at all probable that any excess is
shown in any result, excepting the separate computations of flood-
flows, where, in order to obtain the full maximum, the largest result
was always taken ; since the movement of flood-masses is such that
discharges are ususlly in excess of the results ef ordinary formule.
The water-sheds and points of gauging are shown on the accompany-
ing map. A full canvass of the water-powers of the State has been
undertaken and completed for the State, as far south as the soutbern.
limits of the Raritan water-shed. The Maurice river and Great Egg
Harbor water-sheds, and most of the Rancocas, in Southern New
Jersey, have also been canvassed. This work has been done in con-
junction with the above-mentioned studies and inquiries as to flood,
dry-season and ordinary flows, and other phenomena of the streams,

The primary object of this work is the investigation of, the water~
supply resources of the State; but the subject of water-power is so
closely allied that the two are advantageously coupled, and the avail-
ability of the streams for water-power, and the extent to which they
are used for this purpose, will be made an important part of the
inquiry.

The recent improvement of water-powers, and installation of
several admirable plants, show that attention hes once more been
called to the value of this kind of power. The abandonment of
water-powers once used for driving the many iron forges of Morris
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county, and the saw-milis all over the State, leads some to believe
that the use of water-power has proven unprofitable, A moment’s
thought will show that water-power was not at fault in the matter.
Blast furnaces had made forges unprofitable with any kind of power ;
the destruction of the forests had made saw-mills unnecesgary, or else
had made it necessary to go to points remote from the streams and set
up steam mills where the timber was. There is a change going on in
the business of making feed and flour also. Like everything else, it
is being concentrated in large establishments, and small, poorly-
equipped grist-mills are being driven out of business, From these
causes & large number of small water-powers are being abandoned.
Being scattered widely over the country they attract attention, and the
natural inference is that water-power is falling into disuse, whereas,
the fact is, there ia a larger amount of such power now in use in the
State than ever before. It is concentrated, and larger and more effi-
cient powers sre being constructed to take the place of the small,
abandoned ones. A single water-power plant such as that of the
Dundee Water- Power and Land Company, at Passuic, is equal to all
of the abandoned forge-powers in the State. The two efficient plants
recently erected on the Musconetcong by the Warren Paper Company,
with 700 net horse-power, are equal in power to thirty of the aban-
doned saw-mill powers, Water-power is not falling into disuse in
New Jersey ; on the contrary, it is being used more efficiently than
ever before. The cordial sympathy and interest which the owners
and users of water-power have shown in our work, and the substantial
aid which they have given, show that they feel the need of such an
investigation as has been undertaken.

The above-mentioned considerations, and the fact that the increas-
ipg use of electricity and possibilities of electric transmission of
power are apening up new fields for its use, make the time peculiarly
auspicious for laying before the public a statement of our water-
power resources, and calling special attention to our large, undeveloped
powers,

The writer wishes to acknowledge his indebtedness to Mr. William
E. Worthen, Past President of the American Society of Civil Engi-
neers; Mr. Samuel McElroy, C.E.; and Mr. Lebbeus Ward, C.E,,
of the Board of Managers of the Geological Survey. These well-
known hydraulic engineers have given cordial support to the work,
by furnishing valuable data and advice. I also wish to acknowledge
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the service rendered by the various mill-owners, where gaugings have
been made, and to the gange recorders, whose interest and co-operation
have rendered it possible to do much which would otherwise have had
to remain undone. These gentlemen are mentioned later on, where
the results of gaugings are taken up and discussed.

It must be remembered that at the date of preparation of this
report of progress, much of the data is still incomplete. All of it is
very recently in hand, too recently for any full discussion of it,
consequently the present paper must be taken simply as preliminary.
The studies are unfinished, but they are far enough advanced to make.
their publication desirable. Criticism which has for its object the
improvement of the final results, and which keeps in view the limited:
means for the accumulation of data, will be cordially welcomed.

SYNOPSIS OF PROPOSED INVESTIGATION,

After some preliminary study and consultation the following was.
agreed upon as an outline of the scope of the investigation :

1. A study of stream-flows, including an investigation of a system
by which the low-season and ordinary flow of a stream may be safely
deduced from the records of monthly rainfall, with the collection and
discussion of gaugings of typical streams, and of flood and minimum
flows. .

2. Description of the various water-sheds, and computations of their-
ordinary and dry-season flows, in order to determine their adaptation
to use for power and the supply of towns.

3. Deep and shallow well-supplies; their proper utilization and
development. A review of the existing wells and of the results of
well-driving in the State.

4. Quality of waters: A collection of chemical analyses and
microscopic examinations of the surface and well-waters, in order to
determine their fitness for domestic or manufacturing uses.

5. A review of existing systems of water-supply, considering
sources, methods of utilizing and consumption.

6. The water-powers of the State.. (a) A list of powers in use,
with a classification by purposes to which they are applied. (b) A
list of important undeveloped powers, with computations of the
amount of power which may be successfully utilized.

7. In order to enable us to direct our researches intelligently, and
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confine investigation to places where its utilization will be sanctioned
by law, a compilation of decisions of the courts of the State affecting
the ownership and use of rights in water is under preparation. As it
will undonbtedly be acceptable to users of water in this connection, it
will be incorporated with the report.

THE FLOW OF STREAMS,

The work of the year has been mainly directed to the study of
stream-flows. This subject is a most important one, and is beset with
many difficulties, Data are scarce and difficult to obtain. We cannot
hope to get anything like an adequate series of gaugings of our own
streams in time to make it the basis of these researches; consequently
it has been necessary to gather everything that has been done in
gauging streams in this latitude, resembling our own more or less
closely, and base our studies upon these, endeavoring to get gaugings
of our own streams long enough to establish their resemblance or dif-
ference to those streams of which we have gaugings.

The waters of the earth are taken up by the process which we call
evaporation and formed into clouds, to be again precipitated to earth
in the form of rain or snow. Thus our streams are supplied from
month to month, Of the water which falls upon the basin of a
stream, a portion is evaporated directly by the sun; another large
portion is taken up by plant growth and mostly transpired in vapor;
still another portion, large in winter but very small in summer, finds
its way over the surface directly into the stream forming surface or
tflond-flows ; finally another part sinks into the ground to replenish
the great reservoir from which plants are fed and stream-flows main-
tained during the periods of slight rainfall, for the rainfall is fre-
«juently, for months together, much less than the combined demands
of evaporation, plant-growth end stream-flow. These demands are
inexorable, amd it is the ground storage which is called upon to
cupply them when rain fails to do so.

It is very difficult to obtain accurate or even approximate measure-
ments of the amount of these several demands. We have measure-
ments of evaporation from water-surfaces, but there is very little
water-surface exposed on our water-sheds, so we have measurements
of the amount taken up by various kinds of vegetation, but our areas
are of a mixed character and it is not always possible to apportion

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 143

them properly among the various crops. The measurements of evap-
oration from the ground come the nearest to what we need, but few of
these have been made with necessary precautions to secure exactly the
same conditions which exist in nature. Nevertheless, these observa-
tions are very suggestive, and some of the results are here reproduced.

The following is Risler’s table of daily consumption of water for
different crops, quoted in an article on irrigation by W. Tweed-
dale, C.E. (Kansas State Board of Agriculture Report, December
31st, 1889):

Inches.
Lucern grass...civeeveccessssionnanes Cerurereinreees . from 0.134 to 0.267
Meadow grass...usmeemseiiimmeseeen veveeaens from 0.122 to 0.287
OB rvveversensnsesarsrsnsasssssenrassrsnsarsssnrnsenansee 10O 0,140 to 0.193
Tndian COTM. eierirmiritinressssimnesssseernssnsser from 0.110 to 1.570
ClOVET. e uvmcarinissssserromarsrrsassscassans R from 0.140 to .......
ViIneyard cocivermmiicsions sonnsreneeneeinsn smsiiise from 0.035 to 0.031
TWHERAE ceverassrasirarssnsnesensnnsssessemnesessssnsesasse from 0,106 to 0.110
B . iirenmiernriessaesssiennnninmsrsisessmniess from 0.091 to .......
POLALOBE. cenrevervrmrserersenssarerrasasinassasarsinrnns from 0.038 to 0.055
ORK tFEES.cccveeenrsrrenrersrrrensssmraransssnisesanneass 110M 0.038 to 0.030
Fir trees. e ceesissmenisns rerrneneeeeantanass from 0.020 to 0.043

From these and other observations, Mr. Tweeddale concludes that
from seed-time to harvest cereals will take up fifteen inches of water
and grasses thirty-seven inches. These conclusions agree with prac-
tice in irrigation, and show plainly that the demands of plant-growth
cannot be ignored in tracing the disappearance of rain. The figures
also explain the low summer flow of streams fiowing from a highly-
cultivated water-shed. They do not necessarily explain the effect of
forests in regulating flow, since many water-sheds, although cleared of
trees, are not put under cultivation but still show some change in
flow. The action of forests is probably largely to retard surface-flow
by means of irregular surfaces, caused by roots, fallen timber, absorb-
ent mosses and leaf accumulation, thus holding the water until it can
be taken into the ground. This is not mere theory ; it is based on
observations made during many days spent in the forest, and is
believed to almost if not fully account for the better-sustained flow of
forest streams and their lighter flood-flows.

Evidently, if all of our water-shed should be covered with grain
and heavy grasses, there would be very little water left for the sus-
tenance of stream-flow during the summer. Fortunately, a much
gmaller proportion is so covered than is usually supposed, even in
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agrienltural sections. Somerset county is a highly-cultivated section
of the red sandstone plain. I have made an estimate of the pro-
portion of the total area given to various crops, based on census
figures, and the proportion of wooded area has been measured. Of
the total area, 13 per cent. is wooded in large tracts, and 7 per cent.
has heen added for scattering timber, the remainder being devoted to-
general farming.

PERCENTAGFE 0OF AREAS DEVOTED TO YVARIOUS CROPS IN SBOMERSET
COUNTY, WITH QUANTITY OF WATER REQUIRED FOR EACH.

WATER REQUIRED IN

o ONE GROWING-MONTH.

S R —_—
& = =
Cror. s g R
g @ o =

- @ o Q
= = = 0
@ o =% o3
o = =g
LA =S -
;‘ L o

Forest (oak and chestnut)..... ........ rvenaa 20 1.2 0.24
Wheat, rye, vats, &c....o0.. .- 20 3.5 0.70
Tndian Corn.. i e, - 11 4.5 0.49
Potatoes and other root Crops...cicienicinnn. 05 12 0.06
Long grasses i soiiins vecrrerenneresrmnrecan 17 6.0 1.02
BhOYt grasses.. o sronsrn e 16 3.0 0.75
Orchards, &e... 05 3.0 0.15
Fallow lands and miscellnneous... o7 4.0 0.28
Totaluviereririricanioeienns Vieresenar seees - 100 [ 3.69

This gives a fair idea of the allowance which must be made for
vegetation, although it is only a rough approximation. To this.
must be added something for extra evaporation from crop arcas.
This demand for 3.7 inches of water per month may be considered-
practically a constant one for the growing-months, It is to a large
degree independent of the rainfall, and in fact a large part of the-
evaporation is also independent of rainfall,

Somerset county has been selected as a type of the larger part of
our red sandstone plain, viz, that part lying southwest of the glacial:
moraine which passes through Morristown, Plainfield and Perth
Amboy.

As a type of our Highland and Kittatinny valley region, Sussex.
county may be taken in the same way,
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PERCENTAGE OF AREA DEVOTED TO VARIOUS CROPS IN ESUSSEX
COUNTY, AND QUANTITY OF WATER REQUIRED FOR EACH.

| WATER REQUIRED 1N
o ONE GROWING-MONTH,
2
& o = 4
Cror. %5 o4 °3
8 l o @ &
= ,,9_-_ « = o
88 | 2§ | 22
B 3 ~E
& = S
Forest {oak and chestnut}......ceccrvveravsinenes 50 1.2 0.60
W ALET crvarrasanrncrmirssranmiessasormnrsnsercasas saens 02 5.0 0.10
InAian COIMu.. creereeeiversrnsscmiersarssanmasenser 05 45 0.22
Other Cereals cvmw. viaiiiurisnisrsmreensinmoreinnan 09 35 0.32
LODE grasses . .vierniieannrerrasens maeas ORI 03 6.0 018
Short Erasses......cceceras cirescmonrrrennm i 24 5.0 1.20
Potatoes and other root crops ................... 01 1.2 0.01
Fallow land .. . 06 4.0 0.24
Totalvs i eriniirnasnciners sreneerioreenanse 100 loviieenrenn. 2.87

The Southern New Jersey agricultural counties will not differ very
materially from Somerset county, while the piny region will only call
for about one inch of water per month for plant growth. The evap-
oration there is large, however; much greater than in Northern New
Jersey, as we shall see when the study of the streams is taken up.

It would be difficult to determine just how much evaporation will
take place in addition to the water demanded by plant growth, Itis
hardly probable that it is nearly so large as the evaporation from
bare ground, and, for the heavier absorbents and closer-growing crops,
such as long grasses and clover, there is probably no additional evap-
oration. Far more reliable data as to the loss of rain on water-sheds
of a given type could be gathered by systematic gaugiog and rainfall
observation,

The following tables of evaporation are copied from Mr, Fanning’s
valuable treatise on Water-Supply Engineering :

10
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EVAPORATION FROM WATER AT EMDRUP, DENMARK,
Latitude, 55° 41/ N.; Longitude, 12° 34/ E. from Greenwich.

: 5, ] 5 § §
=g - :
Ymnlﬁlé'—?'... . 2| 8|58 |8 |
2.5 (5| | & » | | 2 |2 | & =
'3 |5 S| EIE| B 8|E|8|E
m & a4 Al irl4ld|olB|al&
—— = =
in. ! in, ' in.‘ in. | in, | In. | in. | in. | in. | in.{ in. { f0. | in.
1.1 BT 11 03 18,257 41 58| 47| 4.0) 26! 1.1[ 00} 0.6|295
1850..ccuueneen 11 03 12117 45| 56| 481 48+ 24| 16| 0.9] 0.2]29.1
1851... . 05' 04 07,17 42 48| 67 61| 27| 15| v.6| 056|284
1852 . ........ 0.7 05 08,24| 38| 46| 64| 45| 27| 1.7| 0.8] 0.5)294
1833.. cieenaea 05 01 0710 41 82| 51| 42| 28| 11| 06| 0.5128.9
183 ievees 06 0.9 09, 32) 33 45 52 43) 26 121 07! 08[27.9
1835 cceienrian 10 11 05(12] 26| 41 47| 41| 28| 1.4( 09| 0.7/25.1
1856...000eeee 0.5 06 1.2, 21 28] 46| 43| 40| 20| 15| 06| 0.5]|24.0
1857, rveene 07 06 06/ 14| 411 66 59| 43| 32| 14(07] 04209
1858... 04 07 12 31| 51 61| 49| 56| 28| 1.6 0.7] 0.4]30.6
1859 03.05 07|1.9| 43} 58| 53 38| 1.8 |10} 07 0.3]264
Mean ...cvou. 07 05 09, 20| 37| 54| 52| 44 26 13| 07| 0.5/27.9
Ratviol. . | 301 215 387 -860' 1.502| 2.323| 2.237] 1.892| 1.118] .559 .301] .215' ..
MEAN EVAPORATION FROM SHORT GRASS, 1862 To 1859, ixoLusivE.
Mean.....' 07 08, 12[26] 41| 55] 52| 47 28] 18] 0.7] 05|30
MEAN EVAPORATION FROM LONG GRASS, 1849 To 1856, INCLUSIVE.
Mean ....... 09 06| 14{ 26| 47| 67| 93| 79| 52| 29]13] 05440
MEAN RAIKFALL AT SAME STATION, 1848 To 1859, Incrusive.
Mean oveeest 161 17, 10| 18] 15| 221 24| 24 20 23] 1.8] 15]219

BVAPORATION FROM EARTH,

MEAN EVAPORATION FROM EARTH, AT BOLTON LE MOORS,* LANCASHIRE,
ENGLAND, 1844 To 1853, INCLUSIVE.

Latitude, 53° 30 N.; Height above sea, 320 feet.

t '_: ‘.; .
T . 5| R
B , s l5l5|5]2].
|55 |E x| E|21 B |E|8|2813
i% - - B IC R BCa - R A A -
Mean.... ....\064 095! 159| 2,59 4.38 3.34] 4.02| 3.06|2.02|1.28!0.81 0.47 25.65
Ratio ....... !.299 444 739 1.212! 2.049] 1.796] 1 887] 1.431 945|590 370] 220/......

* Beardmore's Hydrology, page 325.
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MEAN RAINFALL AT SAME STATION, 1844 To 1853, INCLUSIVE.

Mean ......| 463)4.03] 2.25] 2.22] 2.28] 4.07] 4.32] 477{379 5.07]4.643.94/45.76

MEAN EVAPORATION FROM FARTIT, AT WHITEIAVEN, CUMRERLAND, ENGLAXD,
1844 To 1853 INCLUSIVE.

Latitude, 54° 30 N.; Height above sea, 90 feet.

Lo E: g 5
Elels]| - Lo lE5 18155
BlSE|S |5 e |5 | 28|82
S|l |23 |8|<|& 3|z|a|&
Mean ...... 005 101 L77| 271 41k 425 4.13| 3.29 2.96, 1.76, 1.25) 1.02] 29.21
Ratio 390] 415! 727 1.113' 1.689; 1.746] 1.697] 1.352 1.216' 723, .513' 419]........
MEAN RAINFALL AT BAME STATION, 1844 To 1853.
Mean .....| 51| 34| 28] 22 19 31| 43] 43 81| 53] 45 3.8 435

The small range of the evaporation from water in the first table is
suggestive. It seems to approximate to a constant in each month.
Of the tables of evaporation from earth, that at Whitehaven seems
to be the better adapted to our climate, It is more valuable for the

" dry months than for winter,

In many cases when evaporation is spoken of later on in this report,
plant absorption is included, as it is not deemed practicable to separate
them, The above tables, estimates and remarks are intended to be
confirmative of later conclusions respecting loss of rain, rather than
exactly indicative of the amount of such loss.

GROUND-WATER.

At the close of the winter and spring rains, the ground is saturated
with water to a great depth. A large amount of water is held in
storage, and all of that which lies above the level of the bed of a
stream, within the boundaries of the water-shed, becomes available
either to feed the stream at that point or else to satisfy the demands
of plants and evaporation. This great reservoir will feed a certain
amount of water to the stream irrespective of the rainfall, If the
rainfall is sufficient to supply the evaporation and plant growth, the
flow from ground-water will remain constant, because the head which
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forces it through the rocks and gravels is constant. When the rain
is insufficient, the head will be drawn down and the flow will decrease
at a certain fixed rate, The draught upon ground storage in this
vicinity usually sets in between May 1st and June 1st, not often before
the middle of May and rarely later than June 1st. Once the draught
is fairly established and the water drawn down, unless the rainfall is
greater than it usually is from June to August, it is all absorbed by
the dried earth and does not reach down far enough to increase the
head and consequent flow of ground-water. What may be called the
under-run of a stream—the part which deperds upon ground storage—
may be easily determined by inspection of a continuous diagram of
flow. In inspecting such diagrams as those of the rivers of New
Jersey aecompanying this report, it may be seen that rainfalls which,
if occurring in May, or in the autumn after the ground-water has
been replenished, would cause violent floods, have no effect at all upon
the stream-flow when they occur during the dry months. This differ-
ence in effect cannot be aseribed to direct evaporation, for in the case
of concentrated rainfall, evaporation has little time to act. It is due
to the drawing down of ground-water, which leaves a great capacity
for absorption of rain by the earth.

In the discussion of the flow of the Croton and Sudbury rivers,
following, it is found that in extreme cases, like the drought of 1876
on the Croton, the depletion of the ground storage may amount to
nine inches on the water-shed, and six inches by the end of August is
not uncommon, It is also clearly shown that all of this must be
made up before any of the rainfall, excepting the small amount which
rans off the surface in very heavy storms, is available to increase the
stream-flow. By a depletion of six inches it is meant that six inches
in depth of rain on the water-shed will be required to again saturate
the ground and restore the ground-water. The actual distance to
which the water descends is not everywhere the same, nor is it intended
to convey that an equal amount of water is drawn from all parts of
the shed. A coarse gravel will yield up its ground-water much more
freely than compact earths or rock. The amount given is the aversge
for the whole shed.

The capacity for ground storage varies widely on different water-
sheds. On steep, rocky surfaces the rain largely runs off, The rock,
it is true, holds a large amount of water, but it is held tenaciously,
and discharged at a low rate. This fact is partially compensated for
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by the greater differences of level on such a water-shed, which cause
greater heads to force out the water. A rocky water-shed, as level as
the sandy basins of Southern New Jersey, which discharge large vol-
umes of ground-water, would probably yield a very trifling amount.
Fanning gives the following data as to porosity of soils:

“Gravel, consisting of small water-worn stones or pebbles, inter-
mixed with grains of sand, has ordinarily 20 to 25 per cent. of
voids; marl, consisting of limestone grains, clays and silicious sands,
has from 10 to 20 per cent. of voids; pure clays have innumerable
interstices, not easily measured, but capable of absorbing, after thor-
ough drying, from 8 to 15 per cent. of an equal volume of water.

“ Water flows with some degree of freedom through sandstones,
limestones and chalks, according to their textures, and they are
capable of absorbing from 10 to 20 per cent. of their equal volumes
of water.

“The primary and secondary formations, according to geological
classification, as for instance granites, serpentines, trappeans, gneisses,

_ mica slates and argillaceous schists, are classed as impervious rocks,

as are usually the several strata of pure clays that have been sub-
jected to great superincumbent weight.

“The crevices in the impervious rocks, resulting from rupture,
may, however, gather and lead away, as natural drains, large volumes
of the water of percolation.”*

It must be remembered, however, that nearly all water-sheds on
rock formation have a covering of disintegrated rock and drift
gravels and sands, which farnishes a large part of the ground storage.
A rock valley with a considerable descent, filled with drift sands and
gravels, is admirably adapted to supply large quantities of ground-
water.

From the above percentages we find that a depletion of 9 inches
of ground-water, will draw down the water-table an average distance
of from 35 to 45 inches in gravels, from 45 to 90 inches in marls,
about 90 inches in clays, and from 45 to 90 inches in sandstones,
limestones and chalks,

The streams of Long Island draw a very large amount of water
from the masses of drift gravel and sand which compose their
water-sheds. The following is an extract from Mr. Samuel
McElroy’s paper on the Hempstead Storage Reservoir : #“ This general

* Fanning's Water-Supply Engineering, page 102.
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law of filtration in this formation, is illustrated very completely, and
with wonderful annual uniformity in the daily discharge of the
accumulating rainfall from the permanent saturated bed of the slope
towards tide.

“A moderate estimate of this annual fall is 49 inches, and
the percentage reaching this bed is not less than 60. This gives a
daily surplus for discharge of 1,200,000 gallons per gquare mile
towards tide; otherwise the remarkably-uniform levels of the bed
would not be maintained as they are, as shown by the numerous
wells,”

These streams and their strikingly-large flows, are of peculiar
interest to us, for the facts observed here have a direct bearing on
the flow of our Southern New Jersey streams, which also have
sandy water-sheds and remarkably uniform and well-sustained sum-
mer flows.

SURFACE STORAGE.

Another agent which tends to equalize flow to some extent, by
carrying over some of the water of the wet season to the early dry
months, thereby shortening the periods of very small flow, is surface
storage. Water is held in natural lakes and swamps and fed out
gradually to the stream. Some of the natural lakes in Northern
New Jersey vary two feet in height of surface. The Paulinskill
has about three square miles area of such lakes on 175 square miles
of water-shed, and a storage of two feet would add an average of 3.75
cubic feet per second to the flow of the stream for one month. The
flow would be much greater than this at first, and would gradually
decrease to nothing. Artificial storage is much more efficient, as a
greater depth of water can be controlled and the discharge regulated
to meet the demand. Natural storage is an important factor in the
flow of some streams, such as those of our northern counties, however,
and must be taken into account.

SURFACE OR FLOOD-FLOWS,

We have seen that a portion of our rain finds its way over the sur-
face to the stream, How much, depends on the condition of the
ground-water and the steepness of the slopes. On the Sudbury it is
observed that any rainfall exceeding four inches per month is accom-
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panied by surface-lows. There is some limit to the rapidity with
which water can be absorbed by the earth, even when dry, and, al-
though the ground-water is low, sometimes rain falls in such enor-
mous volume that disastrous floods are caused.

In the report on Climatology of New Jersey (1888) it is stated
that single storms “rarely exceed four inches in depth, and three
inches is a heavy rain. In the Newark record the number of rains
over three inches in thirty-seven years and eight months was thirty-
six. Eight of them occurred in July; eight in August; five in Oc-
tober ; three in November ; two each in December and May, and one
in each of the other months.”

The late Ashbel Welch stated,* during a discussion on the flow of
streams, that in August, 1843,  twelve inches of rain fell in about as
many hours in one night” near Bound Brook, but this extremely
heavy rainfall was confined to a very narrow district. He also says
that “the most destructive rainstorms I have seen bave been in
August, and next to that, July.”

The following severe storma are mentioned in the Climatology of
New Jersey :

Paterson, March 19th and 20th, 1881, 5.44 inches in 11 hours;
Parsippany, March, 1875, 7 inches in a single storm.

In the month of August, 1848, 22.48 inches of rain fell at Newark,
a fall without an equal in the records of the vicinity.

In the month of September, 1882, great floods occurred all over
the State. They were caused by a very heavy storm which came
after three months of deficient rainfall. By the method employed in
estimating flows on the Croton, I find that by September 19th the
deficiency of rain amounted to 4 inches on the Raritan water-shed.
From the 20th to the 24th the records at New Brumswick show a
fall of 11.84 inches of rain; those on the Croton water-shed show-
ing about the same amount. It will be seen that there was a surplus
of at least 7 inches after replenishing ground-water. As will be seen
later, I have estimated that from the 22d to the 25th, during 64
hours, a total of 3.3 inches on the water-shed flowed over the dam
above New Brunswick. On the Croton from 40 to 80 per cent. of
the surplus rain goes off in floods in summer. On the Sudbury, a
smaller water-shed, from 5 to 10 per cent. of the total monthly rain
has to be allowed when such rain exceeds 4 inches.

* Transactions of the American Society of Civil Engineers, July, 1881.
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A striking example of the effect of the manner in which the rain
falls, whether highly concentrated or evenly distributed through the
months and year, is shown in the years 1889 and 1890. On the
Raritan, in 1889, there occurred six floods high enough to destroy
the fencing on the meadows along the stream. In 1890 there was
but one flood over the river banks, and that a very light one. Our
records of flow on the Passaic show five floods of from 6,300 to
10,900 cubic feet per second; in 1890 the discharge did not once
reach 6,000 cubic feet per second, and 5,000 was exceeded only once.
Both were years of heavy rainfall, 1889 having 68 inches against 51
inches in 1890.

ANALYSES OF EXIBTING SERIES OF GAUGINGS.

Since we have not, and cannot hope to have in time for our present
purposes, log series of observations of flow of our New Jersey
streams, we shall be obliged to base our estimates largely upon exist-
ing series of gaugings on similar streams. With this in view I have
been at much paios to analyze such records as we have, keeping in
view the observations which have already been made as to the various
ways in which rain is dissipated. Unfortunately, good observations
of flow are extremely scarce, but we bave some which are valuable.
The longest of these are the records of flow of the Croton, published
by the Department of Public Works of New York City, in the
Commissioner’s report on the new aqueduct, in February, 1882,
The flow over Croton dam is given from 1865 to 1881, but lacking
the flow through the aqueduct, I have only been able to obtain the
total low from 1868, or for fourteen years. The method of gauging
was crude, the height being measured once a day at Croton dam, and
then the heads on the overfall averaged, in order to get the average
daily discharge for each month. Only a good approximation was
desired, however, and it appears to have been obtained. The method
of averaging the heads themselves, instead of the cubea of their
square roots, would not cause a serious error when the flow is preity
evenly distributed through the month, as it is most likely to be dur-
ing the dry months. When a single flood of short duration oceurred,
this method would not give the proper weight to such a flow. Never-
theless, a careful analysis of these records does not show anything in
the ordinary flow which is inconsistent with the rainfall, as a rule,
although occasional months do show palpable errors. The average
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daily flows were reduced to total monthly flows, and these were re-
duced to inches on the water-shed for facility of comparison with the
rainfall. The years embraced in this record were not seriously
affected by artificial storage, and in this respect are more valuable
than those since 1881,

On the west branch of the Croton, Mr. J. J. R. Croes, C.E., has
made careful gaugings, covering three years, which are most valuable
as representing a small water-shed (twenty equare miles) on the Arch-
ean Highlands. I have not yet been able to fully discuss them.

On the Sudbury, in Massachusetts, Mr. Alphonse Fteley made a
very valuable five-year series of gaugings with carefully-taken rain-
falle. 'This stream has a water-shed of 77.8 square miles, resembling
our northern water-sheds. This series is discussed later.

On the Connecticut, with a drainage area of 10,234 square miles
above Hartford, we have an eight-year series, made by the United
States Army Engineer Corps. The discussion of this series has been
under way, but adequate rainfall records have not yet been obtained
and it is incomplete.

It will be seen that we have a series here which fully represents our
Northern New Jersey streams, and on this series we can base our com-
putations of flow as soon as our gangings are sufficient to demonstrate
the peculiarities of each of the streams which have been selected as
types of a certain class,

Unfortunately we have no series resembling our Southern New
Jersey water-sheds, but it is believed that we can secure data enough
there to base accurate estimates upon, from our own observations.
Those streams are much more equable in flow. They deserve a full
investigation because of their peculiar value for water-power.

Our aim, in the following discussion of flow, has been to deduce a
gafe rule which conld be used for estimating stream-flow from monthly
rainfall records.
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RAINFALL AND FLOW OF CROTON WATER-SHED.

Area, 353.1 Square Miles.
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TABLE OF MONTHLY FLOWS.

It is at once apparent that the table of rainfall and flow by
months shows no relation whatever between the amount of rain.
falling and the amount of water flowing in any given month., This
is in accord with what has already been pointed out. The Croton
water-shed has a very considerable amount of natural storage. The
Boyd’s Corner reservoir was completed in 1873, and the one at
Brewster’s came into use in 1878. I have corrected the flows for
amounts drawn from artificial storage and amounts stored, so far as
my data would permit, in the second table. Too much must not be
expected from these observations, and in making deductions from
them my constant effort has been to keep within the truth. It must
be evident to any observer that this cannot be done by any, system of
computation based on percentages of rainfall of the months from
June to November, without adopting an absurdly low percentage.
The second table (that of flow by natural periods) shows much more:
than that by months.

TABLE OF FLOW BY NATURAL PERIODS,

In this table we have endeavored to group the months by natural
periods of flow and evaporation. The first or storage period is found
by an inspection of the table of monthly flow, and of records of rain-
fall, enow and temperature, to extend from December 1st to May
30th, usually. The years 1880 and 1881 are exceptions, however.
Warm springs and light rains in April and May caused the storage
period to end earlier than usual, and in these years the month of
May has been set over to the second period, the allowance for evapora-
tion for the period being increased accordingly. It is not prohable that
the period ever ends exactly at the end of May, but with only monthly
records this is the nearest approximation which can be made. The
reason for changing the end of this period from May 30th to April
30th will appear more fully when we come to consider the table of
droughts on the Croton later on. The flows of the storage period,
and in fact of each period, have been corrected by allowing for
heavy rains falling in one month close to the end, so that they
caused heavy flows in the following month.
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STORAGE PERIOD.

In the storage period in this table we find a variation in the per-
centage of rain flowing which cannot be traced either to the amount
of rain or the temperature. From what has been observed elsewhere
it is attributed to the distribution of the rainfall, an evenly-distributed
rainfall giviog less flow than when concentrated. A certain amount
of this variation is unquestionably due to inaccurate gauging. The
range in the percentage of rain flowing is from 56 in 1871 to 95 in
1873. The method of averaging the heads on the weir, instead of
averaging the cubes of their square roots, would cause a considerable
error when the range of head is great, as it is during this period.
There is no tendency of the percentage to decrease with the amount
of rainfall. The range may safely be taken from 60 to 80 per cent.
for this period, with the assurance that 60 per cent. will be within
the truth. We have not attempted to subdivide this period. Fuller
records may enable us to do so.

Probably the only safe way to utilize the whole flow of this shed is
to provide storage for 60 per cent. of the rainfall, as above, less the
consumption (which will approximate half the yearly flow) for the
same period.

GROWING PERIOD,

Taking up next the growing period—June, July and August—we
find that, unlike the first period, there is absolutely no agreement
between rainfall and flow, and to figure percentages is worse than
useless—it is misleading. One fact stands out strongly in this table,
the tendency to a constant flow for &ll rainfalls up to 12 inches. The
explanation of this is found in the tables of evaporation already given.
At Bolton Le Moors we have an evaporation of 10.92 inches, and at
Whitehaven, 11.67 inches for these three months. This table shows
that for all rainfalls from 7 to 12 inches we have 1.50 inches of flow.

This fact is brought out more strongly by the corrected flow in the
third column. A careful inspectfon of the flow by months shows that
June frequently has much more flow than what is due to the rainfall
in the month. In such cases an inspection of daily rainfall records
has shown a heavy storm close to the end of May. A correction being
made for these cases, we have the flows in the third column.
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From the fact that this flow of 1.50 inches is constant for even
very light rains, we conclude that it is drawn entirely from ground-
water, and that ordivarily this represents the amount of depletion
from flow. We also infer, from the fact that 12 inches of rain causes
no additional flow, but as soon as we exceed this mach the flow in-
creases, that 12 inches represents the evaporation during the period.
Consequently, if the rainfall i3 just equal to the evaporation, it will
require 1.50 inches of rain to replace the ground-water, or, if the rain
during the period has reached 13.5 inches, there is no depletion of
ground-water. A careful comparison of the flow during the next
period carries us one step further, If the rain during the growing
period has been less than 13.5 inches, the deficiency has to be made
up from the rain during the replenishing period, before that rain
begins to increase the flow. The natural flow only draws 1.5 inches
of rain from the ground, but evaporation will draw much more if the
rain ig deficient, The amount of this deficiency is shown in the
fourth column (D). If instead of a deficiency we have an excess of
rain over 13.5 inches during the period of growth, this excess will
show in the flow of the stream. A deficiency is indicated by a minus
.sign, and an excess by a plus sign, in the column D. This record
shows that from 40 per cent. to 80 per cent. of the excess will thus
appear, When the rainfall is evenly distributed through the three
months, only 40 per cent. will flow. If the excess of rain is all in
one month, then 80 per cent. may be taken. Sometimes, doubtless,
the entire excess flows off, but we have nothing to do with aceidental
flows in a conservative estimate. The column of computed flows is
made up by the following rule, based on the above observations :

RULE FOR COMPUTING SUMMER FLOW.

When rainfall is 13.5 inches or less, 1.50 inches will flow; and of
the excess of rain over 13.5 inches, 0.4 is to be added to this flow if

each month shows an excess over 4.5 inches, or 0.8 if only one month
shows an excess.

As to the distribution of this flow of 1.5 inches through the months,
there are many cases when the flow is almost uniform, 0.6 inch flow-
ing each month, The table of droughts is most instructive in this
connection. An inspection of it will show that, beginning with the

NEW JERSEY GEOLOGICAL SURVEY



160 ANNUAL REPORT OF

first month which shows a depletion of ground-water, either May or
June, as the case may be, the first dry month gives from 0.6 to 0.8
inch of flow, the second from 0.37 to 0.54, usually 0.47, and the
third 0.33 to 0.43 inch. The dronght of 1880 runs close to the mean
of the table, and is continued long enough to give us a good measure
of the extreme capacity of ground and surface storage to supply the
flow. From May to October, inclusive, the rain was remarkably
deficient, while the flow amounted to a total of 2.18 inches, All of
this must have been from natural storage, and as the flow fell off
steadily from 0.85 inch in May, to 0.12 inch in October, this must be
ahout the limit of the available natural storage of the Croton. The
draught from evaporation must have been just about equal to the
total rainfall for this period.

REPLENISBHING PERIOD.

The last period is, as we have already noted, much affected by the
rainfall during the second period. A careful analysis of the rainfall
and flow in this period has convinced me that the evaporation amounts
to just about six inches, This seems to agree quite well with the.
Whitehaven observations of evaporation already given. It is also
found, as we should expeet, that a deficiency of rain below what is
required to supply evaporation and restore the ground-water in the
second period, will bave to be made up in this period, for the evapo-
ration will make heavy draughts on the ground-water, which must be
replenished. It is not to be supposed that evaporation from low
ground-water will be as rapid as from saturated ground or surface-
water, conscquently I have allowed a difference of 25 per cent. between
the deficiency of rain in the second period and the amount of water
needed to make up for it in the third period. From this we get six
inches for evaporation from September to November, plus 75 per cent.
of the deficiency of rain in the growing period to represent the de-
mand which must be first supplied from the rainfall of the replenishing
period, the balance of rain being available for increasing the siream-
flow. The column E is made up from this basis.

The minus quantities under D, in the second period, are the defi-
ciencies of rain, When a plus sign oecurs there is no deficiency to
be made up, consequently we do not use the plus values of D, having
already allowed for them in the flow of the second period.
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It is further found that there is a nearly constant flow in this period
for those years in which the rainfall is only equal to or less than
8.0 4 .75 D; or, in other words, when there is no surplus of rain avail-
able to increase the flow of the stream, that flow will be drawn from
ground-water and will usually amount to 0.90 inch. The flow of this
period, then, will be found approximately by the following rule:

RULE FOR COMPUTING AUTUMN FLOW.

When E is zero or negative, the flow will amount to 0.90 inch, and
when E has a positive value the flow will amount to 0.904- from .50
to .75 K, .50 E being used when the rainfall is evenly distributed
throngh the three months, or when excess occurs in September, and
75 E when there is an excess in October or November,

The reason for the variation in the amount of excess of rain which
will flow lies in the fact that evaporation is not uniform but is much
greater in September, and also in the greater evaporation if evenly
distributed than if concentrated rainfalls.

The distribution of this autumn flow is quite regular where the
rainfall is less than evaporation plus deficiency of summer rain. For
heavy flows it is, of course, regulated by the distribution of the rain.

The table of droughts is instructive in this connection also. 1In
1876, 1880 and 1881, we find from the column E in the table by
periods a deficiency of rain, Turning to the column of droughts,
we find that in those years September gave an average flow of 0.17
inch, October 0.53 inch and November, in 1876 and 1880, 0.56 inch,
September being the fourth month in the drought of 1876 and the
fifth in 1880 and 1881. From this we infer that the distribution will
approximate the following: September, 0.20; October, 0.35, and
November, 0.35, for very dry years.

VALUE OF THE COMPUTED FLOWS,

The computations of flow in this table will be found to be very
close in the second and third periods. It is not believed that any
absolutely rigid mathematical rule will ever be discovered to fit so
uncertain a matter as the flow of a stream, consequently the applica-
tion of the proper co-efficient of D and E is left to good common

11
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sense, with the feeling that, so far as this record shows, no great error
can possibly come from this source, even when that choice is based on
a record of rainfall by months only, The disagreement in the stor-
age period is more striking, and it will be found that nearly the whole
error for the year is here. I have found no rule which will apply
more closely than a percentuge low enough to be within the truth, nor
is it expected that any will be found. The flow in this period is more
distinctly accidental ; there are too many uncertain factors entering
into the problem to make it safe to compute too closely, nor is it
necessary. The wide divergence is where it will do the least harm
throughout the computation, and it is claimed that this is accomplished
without the enormous sacrifices of flow during intermediate stages
which must follow from any system of monthly percentages,

While it is not supposed that these rules will absolutely fit any
other water-shed, it is hoped that a method has been found which,
with slight modifications of co-efficients, will be adapted to all similar
sheds, By the courtesy of Mr. William E. Worthen, Past President
of the American Society of Civil Engineers, I have obtained records
of flow over Croton dam, and of draught from storage from 1881 to
date, and as soon as the necessary additional data can be secured the
study of this water-shed will be continued, and it will be determined
whether these rules hold good for the entire period of twenty-two
years. If so, we have found a valuable basis for the computation of
such of our Northern New Jersey streams as our short records of
gaugings indicate to be governed by the same laws as the Croton,

TABLE OF DROUGHTS.

We have frequently had to refer to this valuable exhibit and have
left little to be said of it. These remarkable droughts are mentioned
by Professor 8mock in his Climatology of New Jersey, and some of
their peculiar features pointed out. In 1880 wells and springs were
gaid to be lower than they had been in thirty-eight years. The table
speaks for itself as to rainfall and fiow. It forms a good basis for
estimate of the ultimate amount of storage called for to bridge over
such periods, and it is seen that they occur, sometimes, with alarming
frequency. In making up the table I have selected, by inspection,
the month which marks the close of the period of full ground and
surface storage, and have taken the month which first shows marked
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depletion of ground-water as the first dry month. This is June in
three cases and May in two. The months are then set down consecu-
tively to the end of the drought. It will be noted that once the
drought is fairly inaugurated, a rainfall of over five inches in a single
month has no effect in checking the subsidence of the stream, N

This table furnishes a striking proof of the lack of connection be-
tween the rain falling in a month, in the dry period, and the water
flowing in the stream during the same time.

The drought of 1869 was not very remarkable, lasting only from
June to September, 10.97 inches of rain falling in the four months.
In 1870 the drought lasted from June to January, 1871, or entirely
through the growing and replenishing periods. The rainfall in June,
July and Aungust was 10.59 inches--much greater than for the same
period in 1869 ; and the flow reached the ordinary 1.5 inches for that
period. Had the ground-water been replenished in September, as
usual, there would have been nothing unusual about the summer
flow, but rain continued deficient, and- during September, October
and November we bhad only 10,09 inches, which was not enough to
make up the deficiency until November, when the flow reached 0.62
inches. This gives us apparently a test by which we can determine
when the storage has been replenished from the monthly rainfalls.
Our total evaporation for autumn months agrees closely with the
Whitehaven observations, hence we conclude that the evaporation
has about the same distribution through the months, viz., September,
3.00 inches; October, 1.75 inches, and November, 1.25 inches,
December and January evaporation may be taken at 1 inch per
month.

The flow during the growing period we have seen to be a constant
amount in dry years, consequently we begin with September first,
to determine when the ground storage is replenished. Charging the
storage with the rainfall, and crediting it with the evaporation, plus
the flow of the stream, and the deficiency carried over from August,
which is given in the table of flow for the growing period, we find
that when the total supply exceeds the total draught the replenish-
ment has been effected. For this purpose we may assume the con-
stant flow to be as follows: September, 0.40; October, 0.30 ; Novem-
ber, 0.20 inch.
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DROUGHT OF 1870,

Supply— Drattght—
Inc%es. Inches.

Deficiency atend of August, ...... i e, 2.91
Fepteraber.... .....Rainfall... 2,85 Evaporation +-flow... 3.40
13 "

October ....cvveeeeee 4 ... 4.78 e 205
November e ¥ L0 251 “ .. 145
Ot evrerererernrerss 1000 voovevasresssirmmsssassereesns 9.81

Thus we find the replenishment just barely effected as the flow
indicates, although rains continued so light in December as to give
only the storage-flow.

DROUGHT OF 1876.

§ovt ackes
Deliciency from August..... ...... U 111
September ........ Rainfall... 521 Evaporation 4 flow... 3.40
October. .cocv ceeee ® ... 150 “ Yo 2.05
November ......... .. 840 “ “ L. 145
December...v, " L. 235 ¢ ‘L. 120
January veeeeeenne Y L 419 “ oL 1.20
Totals ciiviiiniernnnn.. 1666 rerenns e eren s 16.66

This, too, agrees with the observed flow. February flows are
heavy. It must be remembered that when the replenishment has not
been effucted before the end of November,.the freezing of the ground
may prevent the necessary percolation. This has no very important
bearing upon the flow, however, for it will ultimately be accomplished
during the heavy flows of the early spring months.

DROUGHT OF 1880.
Supplir— Dranght—

Inches. Tnches,

Deficiency from August..... v cocccrvivccrcnn e 6.32
September ....... +Rainfall... 269 Evaporation+4 flow... 3.40
Octobest oo ienn, “ ... 325 i« o 205
November......... * ... 297 o ... 145
December.......... oL 249 “ ¢ 120
January e ¢ L 419 v o 120
Totald.o.ciivnraeerennenne 1889 i eebbiareeiararans 15.62

Nore.—TUltimately we shall probably find it advantageous to employ in the com-
putation of Croton lows the more exact method by months, as has been done with
the Sudbury, but for the present this is deemed unnccessary.
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DROGGHT oF 1881.

it Pfackes.”

Deficiency from August..... ...... . 4.83
September ......... Rainfall... 0.75 Evaporation4- flow... 3.40
October. «ccueenns “ ... 365 “ “ o 2.05
November ......... * ... 450 r “ ... 146
December..ccooeess ¥ .. 637 “ “ .. 1.20
Totals...icevi cvarriannns 1527 ireereeen perereavens 12,93

There is a slight error in charging up the full deficiency of pre-
vious months, as there is no doubt some retardation of evaporation
when ground-water becomes very low, but this does not affect the
object aimed at.

T have dwelt at some length on this matter of extreme dry-season
fiows, for it is most important, both for the determination of the
value of a stream for water-power and of its capacity for supplying
water to cities for domestic consumption. It is a very hopeful indi-
cation of the value of the method of computing flows which has been
here adopted that it gives reliable results, in the table of flow by
periods, for such extreme seasons of drought as these under consider-
ation. The deficiency of computed flows for seasons of heavy flow is
of little economic importance, but to be within the truth in these ex-
tremely dry seasons is of the utmost value.

SUDBURY RIVER GAUGINGS.

The Sudbury river is at the extreme eastern end of Massachusetts,
about fifteen miles west of Boston, and is one of the sources of water-
supply for that city. In the Transactions of the American Society of
Civil Engineers for July, 188!, we have given the results of gaugings
by Mr. Alphonse Fteley, extending from January 1st, 1875, to Feb-
ruary 29th, 1880, in a continuous series. These gaugings were made
with scientific accuracy, and consequently the series, although short,
is most valuable.
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RAINFALL AND FLOW ON SUDBURY WATER-SHED,

Area, 77.8 Square Miles.

e % . Tlal g1e 121 412

22 15 &, G5B Bl 3B 8i

EE EE £RIGEE | 2|88 E9 eg|28

L {Gdn ] ‘w= | 2 B 1= I 5
MOXNTH. = T = A 2R R

1875. ' 1876, 1877,
N

183 | 115 | 63 322 117 | 36
421 228 | 541 074 | 153 207
743 | 7.91 | 106 || 8.36 | 859 | 103
420 | 5681 135 || 3.43 | 413 | 120
276 | 203 | 731 870 242 | 67
204 | 038 | 19| 242| 103 | 43
913 033 | 4| 295 036 | 12
172 072 | 42§ 368 | 022| 6

Beptember Y10 461 0.32 71 032] 010 32
Octoher .......... 115 24! 224 | 042 | 191 851 113] 13
November 4 2.25 . 47, 576 | 1.88 33 580 [ 2.4b 42
Decernber vuure .. 094 1041 111 ) 362| 08L| 22 087 | 230 | 264
Yearomn., 4349 .2041 | 45 '49.56 |23.91 | 48 [144.00 [25.49 | 58
I LT
r
1878, | 1879. 1880.
Jonmary ... 563 323 57! 243| 125] 0 357 200 56
February. ... 697 397 66| 3561 2761 77| 398 288! 75
March.lrecen | 480 6.26 | 133 || 5134 [ 416 [ 81 [locererrrcf e
281 ' 48 || 472 | 538 | 114 ||eeerii| oo e
249, 260 || 1.58 | 1.99 | 126 ([occreeifiiiiin,
087 1 22 879 071 | 19 [jiifii
97 0231 8« 393 028 T Heerveerecheerseres loovonrren
August, coveeeern,, 694 085 1 12 { 651 070 | 11 [l
September.......... 1.20 0.28[ 21 | 1.88 | 024 | 13
October © 642 0921 14} 081 013 16
November...ou.... 702 0 292 42 1 268 0.35 13
Ducember oenre 687 , 567 ' 89 || 434 082 | 19
Yeara.... . 5792 13050 | 58 ||a142 {187 | a5 ||...... S

Here, too, although the water-shed is much smaller and should
respond quicker than the Croton to the rainfall, we find no
agreement between monthly rain and monthly flow. Mr. Fteley
says of this water-shed: “The river, above the point where its
waters are diverted, is formed by two principal affluents; the larger,
draining about two-thirds of the gathering-grounds, rises in a hilly
district and flows afterwards through an open valley with extensive
swampy areas ; the other flows through a hilly district, and although
draining a territory only one-half as extensive, it has sometimes,
after heavy rains, a volume as great as the larger stream, The whole
water-shed controlled by the works covers seventy-eight square miles ;
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a portion of it (from one-sixth to one-eighth) is covered with woods;

the remainder, with the exception of areas occupied by several vil-

lages, has a general agricultural character.” It will be seen that this

water-shed corresponds fairly well with those of our own northern

streams and with the Croton. The winters set in somewhat earlier

here than in our State, An examination of the table shows that the
storage period usually extends from November to May. The dia-
grams of flow accompanying Mr. Fteley’s paper also point out this
fact, and further show that after May the flow steadily declines.
Only in one year does it appear that the ground-waer is not replen-
ished in August, this being 1877, when there was continued low
ground-water from June until October. In 1876, which was a year
of great dryness on the Croton shed, heavy rains at the end of J uly
broke the drought on the Sudbury. A careful study of this series of
flows indicates that on a water-shed as small as this we must not dis-
regard the fact that while a deficiency of rain in one month will
cause a depletion of the ground reserve which must be made up in
the following months, a surplus of rain will all run off and cannot be
relied upon to have any effect on subsequent flow. Consequently we
cannot deal with these flows in the broad way which we adopted
with the Croton. We must take up the flow month by month during
the dry months, beginning with June, for although May often shows
less rain than evaporation, there is so much water carried over into
that month from April that it cannot be treated separately, but must
be included in the storage period. The actual drawing down of the
ground-water does not begin until June, when vegetation has assumed
a vigorous growth and the surface of the earth has dried.

SUDBURY RIVER FLOW.
TADLE OF DRY-MONTH FLOWS, SEPARATING GROUND AND SURFACE-FLOWS.

| !
LAST MONTH OF FULL  |[lprpst oy noNTir|| SECOND DRY | rmIRD DEY MONTEH.
STORAGE, MONTH.
R £ ¥ s S
R. Z . 3
e s |2 3|2 g | < (2|4
MONTH, | = & -] o L=} 8 .- o
sl (elhaig| 8|5 e84
EV1E VS I E 8|58 |2|5=E|28|5&
[~ (<] m [ &) o = o [57] o o 771
1876, | MAY ..n.| 276 |*2.08 | ©. 201 | 038! o0 (46601 023 010 | 5221 0.72 |ievurunns
1877.....|[Jun0 e 242 | 0.81 | 0.22 || 295 | 0.8 | O. 368 0220 092 | 0.10 | O
1878.....{Jung 8.88 | 07710101 297 ] Q.28 O,
1878.....|August 894|080, 1.29 | 028 0.
187%.....June ...... 8.79 | 0.71 | 0. 3.93 | 0.28 0,
1870.....| August....] 651 1 070 | 0. 188 | Q.24 0.
»Largely influenced by storage in April, +Rain of 8,60 inches at end of month ¢arrled
10 next month, Surface-flows determined from diagrama of daily flows.
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COMPUTED FLOW OF SUDBURY. DRY MONTHS.

- T COMPUTED FLOW. .
= B
= . <
Q e =
YEAR. MONTH. . g + & .
| = | BB | | £ E:
£ g= a3 a8 = _ &
2 | 54+ | &3 ] g El 2
. ;:g & M g = s} B
[ = & S | & | & | 3
JUne .............. 6.24 | 4.80 +144 | 075 | 0.62 | 1.37 1.60
July... 387 | 4.45 —0.88 | 0.35] 0.00 | 0.85 0.57
1875 ey AUguEt.......... 553 | 4.95 +0.62 | 035 0.27 | 0.62 0.71
0.00 | 0.35 0.36

September...... ' 343 | 335 | +003 | 035 | o. )
October......... 485 | 210 | +275 | 075 | 048 | 1.23 | 1.15

. Total oves il [reeeean e v PP DN X 429

[ June ... 204 | 480 —276 | 0.35 | 0.00 .30 38
Julferevaninie. 913 | 445 | +261 4 0351 0.45 | *.80 *33
1876, niies, August e, 172 | 4251 =258 1 0.95 | 0.00 | *95 72

| September..... 461 335 | —064) 0.22| 023 A5 .32
¢ Uetober........... 224 | 210 | —0.02 | 035 000 35 42
Total wvies covivvenc] cveveins {rrevanins [T e A 217

June . 2.42

480 | —238 | 0.756| 024 | 0.99 1.03
445 . . . .
veeneee 368 1 435 | —3.04 | 022 | 0.00 | 0.92 0.22
3
2

1877,

September. ..., 0.32
October . ....... " 8.51

————
-
27
rd
&

+242{ 035 085 120 | 118

Tl vrvees vereeresfveeresnes | vesvrenns " 276 | 274

£ June curiereen, | 888 | 480 | —092 | 075 000 | 075 | o087

July w297 | 445 | —217 | 025! 000 ] 025 | o093

1878 ........ Anglist.. .. 6.94 | 425 | +106 | 0351 035 | 070 | 0.85
| September....| 1291 335 [ —206 | 0.25 | 0.00 | 0.25 0.28

| October .......... | 6421 210 | +277 | 0.35 | 0.64 | 099 | 002

Totalovers Drvveern [eeereemsforeeos i oo Lo 204 | 315

[ June ............ 3791 480+ —101 | 075 | 000 | 075 | o071

 July . ... 893 | 445 | ~128 | 025 | 000 | 025 | 0.8

| Avgust........' 651 425 | +1.30| 035 | 082 | 057 | 070
1879......... { September. ....' 183 | 3.35 | —~1.47 | 025 | 0.00 | 095 | 24
October...........' 081 | 210 | —239 | 022 0.00 | 0.22 | 013
November....... 268 ' 150 | —061 | 020 | 0.00 | 010 | o035

December ... 4.34‘ 135 | +233 1 035 048 | 078 | 032

g 02 IR TR T R 3.02 | 822

& eavy rain oceurred at end of July, and these flows must consequently be taken together,

Notr,—Flood-Bowe are computed for every month showing over 4 inches of rafnfall, and
for every month showlne an excess of min it colinn of Excoss and Deficiency,  Flood-flow
talken at 10 per cent, of rainfall {n June, October and November, and 5 per cent. In July, August
and September.  Constants of How: June, or second month of excess, 0.75, and the Airst month
therealter {n which there Is an exoess of rain, 0.35 Inch; frst deficient month, 0.25 inch;
second def'vlent menth, 0.2 ineh; third, 0.10 tnch.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 169

TOTAL YEARLY FLOW-—SUDBURY RIVER.

STORAGE PERIOD.
Second Excess Month DRY MONTHS. YEAR.
to May.
o =] L=
PERIOD. E §“°°.§5 -g 3 E NER
g | 58 [e8s5| 2 |gB|GE| & | 28 &2
[ - =
z | & |8 & |g7 |8 g |8 |8
Jan, to Oct., 1875...00r vveee 16,10 12.83 12.88 28.62 | 4.29 | 8.92 80.72 17.12 | 16.80
Nov., 1875, to Qct., 1876...7 2L.37 20.09 1710 19.74 | 2,17 | 2.20 41.11 22,26 | 19.50
Nov., 1876, to Qct., 1877...; 23.07 18.71 13.46 17.88 | 2.74 | 2,78 4095 | 2145 [ 21,22
Nov.,, 1877, to Oct., 1878...; 23.91 21.06 19.18 2150 | 8.15 | 2.94 45,41 24,21 | 2,07
Nov., 15878, to Dee,, 1879...] 23.84 21.21 19.07 23,94 | 8.22 | 8.02 47,78 24.48 | 22.09

Beginning with June, we find that the supply to our shed is con-
fined to the rainfall; the draught is the evaporation, plus the flow
from storage, plus a certain amount of surface-flow, or waste, part of
which is extra evaporation from shallow pools of water lying on the
surface. The greater part of this draught is caused by the inexzor-
able demands of vegetation, which must be met either by rain or
ground-water. For convenience, we assume that this dranght is con-
stant for a given month, and it really is nearly so. Evaporation,
plus waste, has been found to be about as follows : June, 4.80; July,
4.45; August, 4.25; September, 3.35; October, 2.10; November,
1.50; December, 1.35 inches. I have arranged the dry-month flows
in a table, in the order of their occurrence from full storage, and from
this it is found that the constants of flow, i. e. the flow from ground-
water, closely approximate the following: A month beginning with
full ground-water will yield 0.75 inch flow ; a month during which
the ground-water has been replenished will yield in proportion to the
earliness of the day on which the replenishment took place. For
safety, 0.35 inch has been assumed for ground-water flow in euch a
month. The first month thereafter showing a deficiency of rain will
yield 0.25 inch; the second, 0.22 inch ; the third, 0.10 inch.

Qur first problem, therefore, is to find which are full and which
are deficient months. We saw, in considering the Croton shed, that
when there is a marked deficiency of rain, evaporation from deep
ground-water is somewhat retarded. We estimated that 25 per cent.
of the deficiency might represent this retardation. These considera-
tions are the basis for our table of computed flows for dry months.
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TABLE OF COMPUTED DRY-MOXNTH FLOWS,

To find the excess or deficiency for a given month we take rainfall,
less draught, less 0.75 of previous month’s deficiency. An excess in
previous month will have no effect on the flow, unless a heavy rain
occurred close to the end of the month, In Junpe, or any second con-
secutive month xhowing an appreciable excess, the flow will amount
to 0.75, plus a flood-flow, which will be 10 per cent. of rainfall in
June, October and November, and & per cent. in July, August and
September, The constants of flow for other months will be for first
deficient month, 0.25 ; second, 0.22 ; third, 0.10 inch; for first month
in which we have an excess of rain, 0.35 inch. To these constants
a flood-flow must be added for all rainfalls exceeding 4 inches in
deficient months, and for all rainfalls in months showing an excess,
using the percentages of rainfall above given for flood-flows.

In these computations, as on the Croton, the aim has not been so
much to deduce a rule which would adhere closely to the observed
flows as to secure one, based on correct principles, which would
always be cafe in low-cycle years, when applied to a record giving
only monthly rainfall, It is but fair to point out that any such
rule will not give the flow for exactly the same month in which the
rain fell, but for a month, a few days later, giving the water enough
time to reach the point of gauging. It is not to be expected that
our flows will exactly correspond month by month with the observed
flows, therefore, but rather that they should exhibit about the same
range of extiremes and the same length of dry periods. This they
seem to do.

FLOW DURING STORAGE PERIOD,

This is shown in the table of yearly flows. So far as these records
show, 80 per cent. of the rain during this period may be collected.
If we compare with the Croton, however, it does not seem probable
that this estimate is entirely safe. No conservative engineer would
estimate higher than 70 per cent. for this period, lacking more lengthy
observations.

CONNECTICUT RIVER FLOW,

The Connecticut river was carefully gauged at Hartford by
Theo. G. Ellis, C.E, U. 8. Army Engineer Corps. This valuable
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geries extends from 1871 to 1878, inclusive. The daily flows have
been partly reduced and charted for use in the office, since this
example of a larger water-shed is most desirable, many of our
stream basins being coosiderably larger than the Croton, and this,
moreover, has enough points of similarity to the Delaware shed to
make it most valuable as a standard by which to compute the flow of
that stream.

The Connecticut shed has an area of 10,234 square miles above
Hartford. The monthly flow falls as low as 0.7 inch in summer.
As soon as proper contemporaneous rainfall statistics can be secured,
these flows will be discussed and utilized. A comparison with
Croton flows shows that the main differences are a minimum monthly
flow of 0.70 against 0.32 inch on the Croton, a lighter early winter
flow, and heavier and longer-sustained spring storage-flow, lasting
usually into June.

ORSERVED FLOW OF NEW JERSEY STREAMSA.

The following observations of flow are necessarily approximations,
but they are believed to be quite close ones, and until it is possible to
secure more accurate data they will be a safe indication, so far as they
go, as especial care has been taken not to overrate the flow. Most of
them were taken at dams, and the flow was computed by such weir
formula as careful observation of the form of contraction and other
conditions showed to be best adapted to the case. It is intended to
thoroughly check them by channel-gauging, but this work is still in-
complete. The several diagrams of flow accompanying have been
selected to show typical streams. The Paulinskill is a type of Kitta-
tinny valley streams; the Musconetcong of streams of the south-
western Highlands, although this diagram shows the effect of the
storage afforded by Lake Hopateong; the Pompton is a type of
northeastern Highland streams; the Passaic, above Little Falls, is a
large Highland stream and one of the most important of the State ;
the Raritan represents a mixed type, with its headwaters on one side
in the Highlands and on the other in the clay and marl distriets, with
the larger part of its shed on the red sandstone plain, devoid of forests
and under a high state of cultivation; while the Great Egg Harbor
river is typical of the pine-forest streams of Southern New Jersey.
The State is well represented in these diagrams. All have been re-
duced to inches on the water-shed, 1. e. the flow for 24 hours is given
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in thousandths of an inch on the drainage area. By the side of the
figures giving these inches the equivalent flow in cubic feet per second
is given. By this method of charting the greatly-varying volume of
flow due to difference of area is eliminated, and we can compare flow
and rainfall, and the flow of one stream with that of another, more
readily. The rainfall is given daily in inches, and where two or
more stations are mentioned, the average rainfall is shown. It will be
seen at once that the Raritan is the most fluctuating stream, for its
area of water-shed, in this group. This is due not merely to the fact
that it is deforested and its soil largely underdrained, but to the shape
of its water-shed, which is such that all of the flood-flows from vari-
ous branches are likely to meet between South Branch and Bound
Brook, a few miles above the point of gauging, and the entire flood-
flow must be discharged within a few hours, there being little low
ground in the valley over which the waters can spread themselves ;
but more will be said of this when this river comes up for considera-
tion in its regular order.

RAINFALL OBSERVATIONS.

I am indebted to Mr. E. W. McGann, of the State Weather Ser-
vice, for my daily observations of rainfall. He has been at much
pains to furnish me the necessary data when my wants extended
beyond the limits of his printed tables of rainfall, which he has pub-
lished only since June, 1890. The value of this work cannot be
over-estimated, and when it is put upon a permanent basis much
will have been done toward securing the data for more complete
studies of phenomena of stream-flow, evaporation and percolation in
the State.

We have good records of monthly rainfall extending back 65
years at Philadelphia, 92 years at Trenton and Morrisville, 47 vears
at Lambertville, 87 years at New Brunswick, 48 years at Newark
and 55 years at New York, in continuous series, with a series 24
years in length at T.ake Hopatcong, representing our Highland rain-
fall, and several shorter ones seattered over the State. These will give
us about as great extremes of rainfall as are ever likely to occur, and
will form the basis of our computations when our gaugings have
progressed far enough to give us the necessary factors of flow.
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StrEAMS OF NORTHERN NEW JERSEY.

For a topographical description of these stream basing the reader
must be referred to the Physical Description of New Jersey and the
Topographic Maps. Only a few of the important peculiarities can
be touched upon here. We will first take up the streams which have
been gauged, and afterward give what data we can a8 to the others,

PAULINSKILL.

This stream lies in the main axis of the Kittatinny valley, which
it drains for 25 miles, from Augusta southwestward to the Delaware.
The lower 18 miles of the water-shed is quite uniform in width,
averaging 7 miles, with its western border on Kittatinny Mountain
from 1,000 to 1,200 feet above the stream, and its eastern border on
a slate ridge about 400 feet above. The upper part widens out to 12
miles and has some swampy areas, which have been partially drained.
The fall for the first 10 miles from the mouth averages 7 feet per
mile, with little variation ; for 20 miles above this it is 8.5 feet per
mile, also very uniform. The distance by the stream from the
remotest source to the mouth is about 36 miles. The bottom of the
valley is blue limestone; the higher portions of the shed mainly
slate. About 25 per cent. of the area is in forest. Much of the
lower portion is in permanent pasture, while the ridges are devoted
to general farming.

A gauge was set up at the mill of Messrs. G. C. Adams & Co., at
Hainesburgh, about 25 miles above the mouth of the stream, and
read by Mr. A. D. Cornell. There is a small amount of leakage
through the dam, but not enough to cause any serious error. There
are several mills above, but none of them have very large ponds, and
while they hold back some water, it is not probable that the mini-
mum flow for any week is very much reduced thereby, although the
observed minimum for a single day probably is.

The following table gives the flow by months, in inches, on the
water-shed, and also the maximum, minimum and average flow in
cubic feet per second. The rainfalls given are means of observations
at Newton and Junction. Newton is on the water-shed, while Junc-
tion is not, but it is believed that the mean of the two better repre-
sents the actual rainfall than Newton alone would do:
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FLOW OF THE PAULINSKILL, 1890,
‘Water-shed, 174.8 Square Miles.

FLOW IN CUBI; FEET

PER SECOND.
g3
MOXNTH. g g . .
- - + ¢
I I .§ - g
= B 5] Q
3 ke 4 § 4
= 2% o] . <
February 12th to 28th.......... . 1.97 1.68 655 o212 437
March coocvieavvnnrernnns . 6.15 444 1,804 317 672
April ... . 2.81 2.88 996 272 451
May veennns 6.58 3.88 1,219 220 470
June.......... 342 2.29 726 146 357
July 5.30 0.71 239 43 108
AUSUS oectrivrenieens cveones 521 0.73 597 29 112
September. ....oovcveeererrennnn. 4,01 1.60 726 111 249
O1obeT o riisrs e s seces 517 2.31 868 166 352
November. e vireineiicinernsnienes. 0.69 1.20 423 95 188
December cvvereirrierarrenrrraessernsen 3.07 0.68 230 63 99
Flow = 52 per cent. of
Tl vecersesserrrorereneenen. | 44.28 | 20.88 { ol 2 P

For years of similarly large rainfall the Croton flow varies from 47
to 49 per cent. of the rainfall, The Sudbury flow is from 45 to 58
per cent. In this respect, therefore, there is no marked difference in
the Paulingkill flows. The year has not been favorable for the
determination of minimum flows, as the rainfall has been in excess.
The least average flow for any week was from August 10th to 16th,
42 cubic feet per second ; the next low week being the previous one
which shows 45 cubic feet per second. A peculiarity of the year was
the very small November rainfall, which caused a low run of the
stream up to the storm of December 17th. From October 24th to
December 17th, the total rainfall was 0.92 inch for 55 days. This
was the driest period of the year. After the subsidence of the flood-
flow from the storm of October 23d, which took place about Novem-
ber 3d, the flow for the first 30 days was 1.08 inches. For Decem-
ber, exclusive of a slight surface-flow after the 17th, the flow was
0.57 inch. These flows were practically all from storage.

In June, although there was no surface-flow carried over from May,
the underrun of the stream, excluding surface-flow, was 1.73 inches.
The rainfall was deficient for the month, or less than evaporation, and
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all of this flow must have been from storage—ground and surface.
Swartswood and Culver’s lake have both been utilized as reservoirs
for mills, and are controlled for a depth of four to five feet, with ex-
treme variations in height of 5.5 feet at Swartswood and 6.5 feet at
Culver’s, These and other lakes on the water-shed represent a total
storage of 0.7 inch on the entire water-shed, which storage is allowed
to flow pretty freely to feed the respective mills, This and the addi-
tional storage afforded by the meadows near Newton account for a
very large first-month storage-flow. In July, the second month of
deficient rain, as determined by the method pursued with the Sudbury
river, the flow was 0.71 inch. In August, when the ground-water
seems to have been replenished near the close of the month, there was
a flow for the first 20 days at the rate of 0.30 inch per month. The
flow due to ground-water on the Sudbury and Croton was about 0.75
inch the first month, 0.25 the second and 0.22 the third. Exzcluding
the effect of surface-storage, it does not appear from the data in hand
that the constants of flow for this stream will differ very much from
this,

The surface or flood-flow percentages are evidently higher than for
the Sudbury, and flood-flows occur with less monthly rain than on
that water-shed. June, with 3.42 inches rain, gives a flood-flow of
0.56, or about 17 per cent., against 10 on the Sudbury.

From flood-marks at Hainesburgh the flood-discharge séems to be
limited to 4,126 cubic feet per second, or 23 cubic feet per second per
square mile of water-shed. The long, narrow shed below, and flat-
ness of the upper, broad portion, favor a gradual discharge of surface-
water. In cases of single heavy showers the time from the height of
the shower to the height of the flood at Hainesburgh, does not exceed
24 hours, The duration of flood-flows is from 4 to 8 days, although
the water is not over the river banks much more than one-quarter of
this time. The discharge reaches 1,800 cubic feet per second before
the banks are overtopped, or about 10 cubic feet per second per
square mile. The following notes were made at various places on the
Stream :

Hainesburgh.—Water lowest this year (1890) of the past three
years. Flood of September 18th, 1888, 4,126 cubic feet per second,
or 23 cubic feet per second per square mile.
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Kalarama.—Painter’s mill is on a small branch of Paulinskill;
drainage ares, 1.7 square miles, Flood over in one day after heavy
rain. Enough water to run 25 horse-power for three months of year ;
six months, 12 to 14 horse-power, and three months in summer,
about 6 horse-power. It is estimated from this that this small
stream has a summer flow of about 2.4 cubic feet per second, or 1.4
per equare mile.

Jaclsonburgh.—In drought of 1881 Mr. Samuel McConachy ran
four hours by storing up the water. His mill is on a small branch
of Paulinskill, having a drainage area of 7.8 square miles, His
statements indicate a minimum flow of 1.9 cubic feet per second, or
about 0.25 per square mile. Storm felt for only one day in stream.

Pgulina.—Mr. A. U. Snover’s mill, on the main stream, had
enough water for one stone in the great drought of 1881, indicating a
minimam flow of 17 cubic feet per second, or 0.13 per square mile,
the water-shed being about 126 square miles. Rises within a day
and stays up three or four days after a heavy rain.

Stillirater—Mr. H. Hopler gives an extreme dry-weather run of
mill, which indicates a flow of 16.5 cubic feet per second ; agreeing
closely with the figures at Paulina. Kill gets high in five hours and
stays up one to two days, then recedes. Does not get very muddy.

Balesville—~From Mr. A. J. Bale’s statements a flow of 6.3 cubie
feet per second represents the minimum. "The water-shed is abeut 50
square miles, indicating a flow of 0.126 cubic feet per second per
square mile, The flow is steady, After a heavy rain the kill rises
in a day and stays up two or three days. This is the highest mill on
the main stream. Above this there are two branches,

Lafayette—O. P. Armstrong’s mill. Stream very steady. Does
not rise rapidly unless the meadows are full of water; then it will be
high in a day after a storm and take eight or ten days to run down.
This is the eastern fork, and just above is the outlet of the Paunlinskill
meadows. The western branch has a rapid fall and steep water-shed,
it rises suddenly and floods are of short duration.

Swartswood Lake.—This lake is utilized for storage for the mill of
John W, Kean, Feq., on the outlet. The extreme variation between
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low and high-water levels is 5.5 feet, representing a storage of
121,000,000 cubic feet. Even with the large storage the flood-flow
at the outlet has reached 1,070 cubic feet per second, or 65.8 cubic
feet per second per square mile of water-shed, With this great
storage the power at the outlet is a very good, reliable one, always
sufficient for three run of stone on 17 feet head. The water-shed is
about 16 square miles and this is a good example of successful utiliz-
ation of a small water-shed for power by means of storage.

Culver’s Lake, at Branchville, is also utilized for storage for mills.
It has a storage capacity between extreme levels of 137,000,000 cubic
feet.

PEQUEST RIVER.

This stream lies at the eastern side of the Kittatinny valley. In
the midst of its water-shed, Jenny Jump Mountain, a ridge of gneiss,
rises and eovers some 17 square miles, the total area of the water-shed
being 158.2 square miles. The southern and eastern border of the
area is also on the gneiss, but most of it lies apon the blue limestone,
and 30 square miles of this is very level, the remainder of the water-
shed being of about the same slope as the Paulinskill. The length
of the main stream is 32 miles from its remotest source, near
Pinkneyville, to its junction with the Delaware river at Belvidere,
Its prineipal afiuent is Beaver brook, which comes in from the north
two miles from the mouth and drains 37 square miles. The fall of
the main stream for the lower 10 miles is 27 feet per mile; for four
miles above this it is 2,5 feet per mile; and this brings us to the out-
let of the great Pequest meadows which were drained some years
since. These meadows bave an area of about eight square miles, and
before being drained they were extremely wet, under water much of
the time, but they are now being brought under cultivation. In 1885
they were nearly half in timber, but this is now being cut off. The
fall of the stream for five and one-half miles through these meadows
is four feet per mile; the next six miles have a fall at the rate of 4.5
feet, and the valley continues nearly level to the source of the stream
which flows through a chain of small lakes. There is much drift on
the basin, as it is crossed by the terminal moraine. Forest covers 18
per cent. of the shed. A gauge was get up at Belvidere and read

12

NEW JERSEY GEOLOGICAL SURVEY



178 ANNUAL REPORT OF

from February 12th to July 24th by Mr. Clinton Cole. TUnfortu-
nately he left Belvidere, and there is a gap in the record until Qctober
1st, when it was resumed by Mr. I. B. Keener,

FLOW OF PEQUEST RIVER,

Drainage Area, 168.0 Square Miles.

]
| FLOW IN CUBIC FEET
‘ PER SECOND.
L
MOXNTH, g | g ‘ .
P T 3 ]
F & | 2§l
& & S A -
February 12th to 25thaiini. | 186 1.62 561 286 4035
AArCh et et aerees {6156 397 1,016 290 544
LN PSRN B+ | 334 796 ' o264 459
MAY ooeitireeomoeeeressereretsererernrenen C 658 307, 584 200 425
June . . ceveenrnennneneene| 3420 2431 505 | 100 344
July 16t 10 24th oo oo 2.02 0.76 319 58 127
August .. wevanena] veneriienses|osiiesannnen
hepumhu ................................ ‘ ............ B [N FPTURTOTRUIN PRSI
o T | s17 217 428 145 306
DTS LT SR 0.70 147 312 132 208
DT cnoosreeorereereeeeeeeeen] 307 | 108 ! 897 95 | 149
T U | 31.88 | 10.91 |

The same rainfall observations are used as for the Paulinskill.
This record seems to show a better-sustained flow than that of the
Paulinskill, but there are some points of marked similarity in the
diagrams of daily flow. The lowest weekly average flow in this
record was, July 13th to 108th, 105 cubic feet per second ; the same
week on the Paulinskill giving 78 cubic feet per second. We have
also the following gaugings, which were furnished me by Mr. A. B.
Searles, having been taken by Mr. O. P. Lewis, during a time of low
water:

Nov. 16th, 1874, 8:30 to 4:00 p. M., 66.45 cubic feet per second.

Nov. 17th, 1574, 1:30 to 2:30 . M., 58.26 « ¢« «
Nov. 1sth, 1874, 10:45 to 11:30 oM., 57.38 «  « ¢«

These agree closely with the lowest observed flow in July of this

year. During the dry period last November, noted in discussing the
Paulinskill flows, the Pequest discharged in the first 30 days 1.40

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 179

inches, and during the second month 1.08 inches. In June, the flow
was 2.43 inches against 2.29 inches on the Paulinskill. In July, the
flow for 24 days was at the rate of 0.93 inch for the month, These
facts all point to higher constants of flow than any of the streams
which we have considered. This comes from the great storage
afforded by the drift gravels and the flat meadows above.

The surface-flows show much less fluctuation than on the Paulins-
kill. The floods do not reach a great height and require more time
to discharge. The waters from the lower part of the main stream,
where the slopes of stream and water-shed are steep, discharge first
and are out of the way before the slow-moving floods from the flat
upper shed have come down. The height is reached at Belvidere in
about 36 hours, but the waters are not discharged in less than from 7
to 10 days. The eontracted outlet and small preparation for heavy
flood-discharges are noticeable at Belvidere. The highest flood-marks

- pointed out indicate a flow of 1,996 cubic feet per second, 12.5 per
square mile, and this must be the extreme limit. This is a light dis-
charge for Northern New Jersey.

At Ketcham’s mills, one mile below Townsbury, the flood is said
to reach its height in from 12 to 24 hours, remain high for two days
and then recede slowly. Mr. Ketcham thinks the river is more fluctu-
ating thau it was before the drainage of the Pequest meadows, and gets
lower in summer. Mr, John Green, at the mill just above, thinks
that the drainage has improved the summer flow of the stream, as
there is less loss from evaporation than from the great overflowed area
of former years. The majority of the mill-owners seem to hold the
latter opinion. The maximum discharge at Townsbury seems to be
about 800 cubic feet per second, on 83.4 square miles of water-shed ;
about 9.6 cubic feet per second per square mile. As this point is at
the outlet of the flat upper shed and the steeper parts are not involved,
it appears to agree well with the observed discharge at Belvidere.

The dry-season flow here has been estimated from the run of mill
to be about 14 cubic feet per second. This was in the great drought
of 1881, The rate would be 0.17 cubic feet per second per square
mile.

At Tranquility the maximum flood-flow indicated is 650 cubic feet
per second, or 18.7 per square mile, At Huntsville, the greatest
known discharge was 605 cubic feet per second, or 19.3 per square
mile. These last two places are both above the Great Meadows, and
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the increase of flood-flow over Townsbury is apparent, but the drain-
age area is still very flat, The flood at Hunisville, referred to, re-
mained very high for two days, The river does not get very muddy
in floods,

Green’s pond has a capacity of 10,000,000 cubic feet between its
extreme levels. This is all natural storage. Hunt’s pond is utilized
for storage for the mill of T. F. Huat, Esq., with a capacity of
7,245,000 cubic feet. Allamuchy pond is also utilized, with 27,000,000
cubic feet capacity. The flood-flow at its outlet is 40 cubic feet per
second for 1.7 square miles of steep water-shed on Archean rock.
With the same area on slate rock, with gentler slopes, Hunt’s pond
gives a maximum of 43 cubic feet per second. This is another good
example of the utilization of a very small water-shed for power by
means of storage. Mr. Hunt has always enough power for one run
of stone in the dryest weather on 30 feet fall.

MUBCONETCONG RIVER,

This stream has a long, narrow water-shed in the Archean High-
lands. The higher ground is Archean rock, quite well covered with
soil ; the valley bottom is limestone, with some slate in the foot-hills.
The width at the mouth is 2 miles, very gradually increasing to 4
at Hackettstown, 26 miles up the valley, then narrowing to less than
3 to 6 miles farther up, at Waterloo. On there 32 miles of the course
the stream flows at the southeast side of a very straight valley, above
which the hills rise from 400 to 500 feet. Just above Waterloo the
main stream comes into the valley from the plateau southeast, while
the upper part of the straight valley is occupied by the principal
affluent, Lubber’s run. The combined sheds of the two forks widen
out to 6 miles, and extend 12 miles northeast from Waterloo. This
upper area is quite largely covered with drift, and is more wooded
than the lower parts, Lubber’s run has 87 per cent., and Lake
Hopatcong 94 per cent. of its area in forest. On both branches there
has been a considerable amount of storage utilized by the Morris
capal, to feed that water-way. Lake Hopatcong has a drainage area
of 25.4 square miles, and has been raised by a dam at the outlet so as
to give a storage of 1,100,000,000 cubic feet. This storage is used to
feed the canal in both directions, so that some of the waters of the
Musconetcong are diverted to the eastern slope of the State. “It is
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stated that the Stanhope mill has rights to the original power at the
outlet, and that an opening of 10 by 36 inches is kept for the pur-
pose of supplying the mill.” (Newark Aqueduct Board, report on
Additional Water-Supply, J. J. R. Croes and George W. Howell.)

Stanhope reservoir, two miles below, affords additional storage.

On Lubber’s run, Cranberry reservoir and Bear ponds are utilized
for storage. This complicates the flow of the stream somewhat.
There is naturally much disagreement between the canal company
and the many mili-owners on the lower part of this valuable water-
power stream. It is evident, from the diagram of this yéar, that the
flow has been kept up during the dry months by allowing some water
to run from storage. How it may be in very dry years is not evi-
dent, of course. There is a marked difference of opinion among the
mill-owners themselves as to whether they are benefited or injured
by the storage. The diagram which appears herewith shows the
effect of storage, not only in the dry-season flows, but in the cutting
down of flood-flow, as compared with other streams.

The source of this stream is in the Sparta Mountaing, near the
Pine swamp, 52 miles from the mouth, The fall for the lower 8
miles, is 16 feet per mile; the next 22 miles, from Hackettstown to
Bloomsbury, have 12 feet per mile; from the mouth of Lubber’s
tun to Hacketistown, 8.5 miles, the fall is 16 feet per mile; while
from Lake Hopatcong down to the valley of Lubber’s rum, the
stream falls 55 feet per mile, for 5 miles.

A gauge was set up at Fmeswlle, at the mills of Messrs. Taylor,
Stiles & Company, and taken in charge and carefully read by these
gentlemen. These gaugings are believed to be very close to the truth,
the overfall being favorable to good results, Several gaugings of
the Morris canal flow were also made. The following table gives the
results:
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FLOW OF THE MUSCONETCONG, 1890.

Drainage Area, 155.8 Square Miles.

FLOW IN CUBIC FEET
PER BECOND.
8 | 3 -
MONTH. 5 3

t -— P @

! ! 3 ¥ £

v 8 g g g

& = S N <
February 12th to 281}.1...... 197 141 512 227 348
March .. . 6.15 3.22 1,019 148 436
April.... 2.81 2.59 632 206 360
May e e 6.58 2.76 801 168 377
JUIIB. o iveecserne veresaie e sesba cannasnes 3.42 1.32 334 72 184
JBlT e e, 5.30 0.83 265 61 113
August ... 521 072 166 61 96
Hepl(mber ................................ 4.00 0.83 357 61 117
OCtObET ciirianrivrnns cvrnerareneiene savnsssns 5.17 1.20 334 89 167
NovembeT eiirnrancereineerarseenseresane. 0.70 0.80 188 72 113
December oviiiiiiiinvermreraneces orenare 3.07 0.97 384 72 130

I L DR 4438 | 1665

Gaugings of the Morris canal indicate an average summer flow of
100 cubic feet per second, which is drawn from this water-shed.
The winter flow may be taken at 80 cubic feet per second. This is
equivalent to a draught of 0.72 inch per month, on the Musconet-
cong water-shed, for the eight months of navigation, and 0.57 inch
per month for the winter months, making a total of & inches for the
year, or 7.25 inches for the above period of gauging. Adding this,
we have 2 total flow for the period of 23.90 inches. The Paulins-
kill shows 22.29 inches for the same period. The canal runs through
the river at Waterloo, Stanhope and Saxton’s Falls, complicating
matters so that no actual gauging of the amount of flow from storage
to the stream could be made. The above measurements indicate a
general resemblance between this stream and the Paulinskill and
Pequest,

At Finesville, it appears, from the statements of Mesars. Taylor,
Stiles & Co., that the river has not run much lower in the last
six years than the above record indicates. It requires four hours for
the water to reach here from the mills just three miles above, which
would indicate a velocity of 0.75 mile an hour. The mazimum
flood-flow, indicated by high-water marks here, is 1,960 cubic feet
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per second, about 12.8 per square mile, which seems very small, but
is apparently correct. An ordinary flood discharges about 1,500
cubic feet per second. It should be noted that the extremely narrow
lower shed and storage on the upper area both contribute to reduce
the rate of discharge.

"At Bloomsbury, Mr. F. G. Hoffman places his dry-season power
at a rate equal to about 70 cubic feet per second.

At Tmlaydale Mills, Mr. 8. 8. Cramer has a well-equipped mill,
which indicates a low-season flow of a little less than 56 cubic feet
per second.

At Stephensburg, the mill can run two run of stone about all the
time, indicating a flow of 35 cubic feet per second.

At Hackettstown, Mr. Lewis J. Youngblood reports that he has
not stopped his mill more than 30 days since 1863 for lack of water.
He runs three run of four-feet stones, on 9.5 feet fall, with a breast-
wheel. He uses about 70 cubic feet per second, and has a consider-
able pondage. At the saw-mill above, 12 horse-power was obtained
all through the drought of 1881, on eight feet fall, indicating a flow
of 26 cubic feet per second. The stream here is said to reach its
height 24 hours after a heavy rain and requires two weeks to run
down to its ordinary stage. At Saxton Falls, where the Morris
canal and the river finally separate their flows, the flood-flow of the
river is 1,080 cubic feet per second, the water-shed being about 68
square miles. This is at the rate of 15.9 per square mile, a low rate,
agreeing with that at Finesville.

Mapy notes have been made indicating the peculiarities of other
Kittatinny valley streams which have not been gauged, but these
notes need not be given here, as they will be mostly valuable to indi-
cate points of similarity or dissimilarity to the typical streams which
we make use of in determining general laws, when we come to take
up the several streams in detail later on.

DELAWARE RIVER.

This stream is a most interesting study in hydrology, and the re-
sults of a thorough investigation of it could not fail to be of great
economic and scientific value. It has not been possible to do much
with the gauging of it as yet. The only data which we have been
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able to obtain were some relating to maximum and minimum flows,
At Centre Bridge a mark was made by Col. Simpson Torbett and
Martin Coryell for the very low water of 1831, and since then, in
1879 and 1881, very low stages have been referred to the same mark,
The mark is on the New Jersey abutment of the bridge. In 1831
the water was 12 feet below this mark; in 1879 12.5 feet, and in
1881 13.21 feet. (See Climatology, page 375.) During the past
suramer & section of the river was carefully measured and sounded a
few hundred feet below the bridge, and the velocity of the current
measured with mid-depth floats. Surface velocities were also meas-
ured in the same vertical. The mid-depth velocities averaged 0.85
of the surface velocities and the variation was very slight. The slope
of the river was determined by leveling, and a computation of the
mean velocity by means of Ganguillet & Kutter’s formula gave 2.66
feet per second against 2.85 feet per second observed with mid-depth
floats, This fair agreement was taken to establish the applicability
of this formala to this portion of the stream. (N =024 was selected
from examples of similar gaugings.)

The flood section was carefully measured at the point of gauging,
and the average slope of the stream bed for six miles above was found
to be 3.22 feet per mile, or 0.61 feet in one thousand. Levels were
taken for the surface slope of a slight flood of November 1st and
found to show 0.42 feet in one thousand. From these observations
it seemed conclusive that the slope of the flood of 1841 was 0.61 per
thousand and this is borne out by comparison of known high-water
marks. On this slope and the measured cross-section a computation
of the flood discharge was made by Ganguillet & Kutter’s formula,
the results being given in the table below. (R = 20.28, N =.024,

= .00086.)

For the minimum flows the heights of the different surfaces were
platted on the measured cross-section and the respective cross-section
areas measured. The river slope was supposed to remain constant at
what it was at the date of gauging, 0.24 in one thousand ; it could
not fall below this materially. The only material error in these
assumptions arises from the lowering of the hed by erosion during
the 59 years intervening between the first and last gauging. The
effect of this would be to overrate the discharge for 1831, but the
error is not believed to be serions,

In order to get the total flow from the water-shed, the feeder of the
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Delaware and Raritan canal and the Pennsylvania canal were both
gauged, the flow of the former being ascertained to be 516.5 cubic
feet, and the latter 59.4 cubic feet per second. This total flow of 575
cubic feet was added to all gaugings save that of 1831, which ante-
dates the construction of the eanals. The following are the measured
discharges, the first two being at the time of gauging with the river
at an ordinary autumn stage, having been receding since the flood on
the first instant, and at this time just beginning to swell again slightly:

COMPUTED FLOWS OF THE DELAWARE AT CENTRE BRIDGE.

Drainage Ares, 6,790 Square Miles.

= N CUBIC FEET PER SECOND.
EREY
28 | 44
DATE. 2 |88 & E -
s 2 - =I5 =) R
> 3 ,L . g & = o
= b & - —_a
34 | 82&| B5 | §B | 2%
= -s: @ 0 =]
November 18th 1890.......ccivivinans 2.85 3,276 9,352 576 9,927
November 19th, 1890......eversemeenens 293 [reeees o] 10,021 575 | 10,596
DROUGILTS.
September, 188L......cc.viesmemienes| 181 8501 1,113 | 575 | 1,688
November, 1879...cc.ue 17t | 1,319 | 2,266 575 | 2,830
Autumi, 188Leceereeses eveevveeniennnee| 189 | 1,599 | 8,022 0 3.022
FLOODS.
November 1st, 1890, ...coervevirrernnenes| 589 | 8,425 | 49,623 575 | 50,198
January 18th, 1841 . iiciiniiniriens 10.76 ! 17,645 [189,860 | #1,000 |190,860

During 2 discuesion of the flow of streams at a meeting of the
American Society of Engineers, of which be was then Vice Presi-
dent, the late Ashbel Welch, C.E., gave the following information.
This was November 3d, 1879 :

“The river Delaware discharges, at the dryest seasons, a little less
than 2,000 cubic feet per second. * * * When I first knew the
Delaware, nearly half a century ago, the minimum flow was probably
4,000 feet per second, twice as much as now.

“The 2,000 cubic feet per second was a measurement some years
ago; the 4,000 cubic feet was a very rough measurement at the time

#The canal was discharging freely at this time, having broken its bank vear Lam-
bertville.

NEW JERSEY GEOLOGICAL SURVEY




186 ANNUAL REPORT OF

in various ways, nove of them accurate, but still corroborating each
other, so that I probably got results within 10 per cent. of the truth,”

These statements agree with the results of our gaugings. No such
figures can be taken s« conclusive proof that there is a falling off in
the summer flow of the Delaware. The rainfall records at Phil-
adelphia certainly fail to show any comparison in dryness between
1831 and 1881. The latter drought was far more severe, and until
we have gaugings for one or more equally dry years previous, we
shall have no evidence that the flow of 1881 was exceptionally low.
True, the opinion of o careful an observer as Mr. Welch is entitled
to the greatest respect, but no one can claim it to be proven that there
is a falling off in the flow. The weight of opinion and testi-
mony is in favor of such an inference. It must be remembered, how-
ever, that great extremes of recent occurrence always overshadow
earlier ones, seen in the dim perspective of memory only, and the
most experienced mind cannot compare them with full justice to the
earlier phenomena.

This is mentioned becaunse of the fact that much similar evidence
has been used to prove the effect of denuding water-sheds of their
timber in decreasing the flow of streams. T have found no evidence
of this in New Jersey, nor do I expect to find it, although [ shall
look for it most carefully. The fact is, that New Jersey forests were
cut at 2 very early date, and have since grown again several times,
being now cut like other crops, a piece here and one there, the other
areas meanwhile becoming reforested. Probably the greatest period of
deforesting was just at the close of the epoch of charcoal furnaces
and forges. The evidence is strong that the cutting off of heavy
virgin forests will cause more frequent floods, and that such has been
the effect on the Delaware; it is reasonable to suppose that the
summer flow will also be somewhat affected, but competent evidence
of this is very difficult to obtain.

Ax to the flood-discharge, Mr. Welch gave it as his opinion that it
reached 350,000 cubic feet per second. The above discharge of
190,860 cubic feet per second is believed to be the largest that ever
occurs, for the area of eross-section for highest flood at Centre Bridge
is about uniform for some distance, and the river banks are steep, the
flood-width being only 140 feet wider than the width of the river at
ordinary stages. These banks are of gravel and sand. Any higher
velocity than that above given would cause much greater erosion than
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is apparent, and indeed it is difficult to see how even a mean velocity
of nearly 11 feet per second is withstood.

The area of the water-shed above Centre Bridge is about 6,790
square miles, so the above flood-discharge is at the rate of 28.1 cubic
feet per second per square mile. It is equal to a flow of 1.05 inch
on the shed in 24 hours. The minimum flow in 1881 was at the rate
of 0.25 cubic feet per second per square mile. The minimum flow of
the Connecticut is said to be from 0.25 to 0.30 cubic feet per second
per square mile, and the maximum, about 20. The Schuylkill dry-
season flows, for several years, are given in the Census Report on
Water-Power, and are interesting in this connection :

DRY-SEASON FLOW OF THE SCHUYLKILL.

Drainage Area, 1,912 Square Miles.

1816 0 urericencrsssssnsssnsincnees sarerrriananne 771 cubic feet per second.
1825 e iararnrnsses con sensrnnsnareans rerann 6380 “ o
B 3L VRPN PY 617 * “
TBTAeeieeerrarnnrsbsisntsnsnionsansarsmnsnress 380 . ‘e
1876 .. 310 e !

The last is at the rate of 0.165 cubic feet per second per square
mile.

Of the Delaware floods, Mr. Welch says:

“ The discharge in the highest flood ever known before 1841, that
of 1787, was not more than two-thirds as much as that in the great
flood of 1841.”

J. J. R. Croes—* Has there been any great fiood since 18412”

Ashbel Welch— There have heen two, one of which was nearly if
not quite as high. The flood of 1841 and two subsequent floods must
have discharged nearly twice as much water as any previous floods
since 1787, and 50 per cent. more than the flood of 1787, 1 suppose
that there is not, at the lowest stages, more than half the water in the
Delaware that there was half a century ago, and that the highest
floods carry off 50 per cent. more per hour than any flood known
before 1841.” (Trans. Am. Soc. C. E., July, 1881, page 243.)

In the Annual Report of the Chief Engineer, United States Army,
for 1873, Appendix U 19, there is a full report on the Delaware be-
tween Easton and Trenton, made by Assistant Engineer Mansfield
Merriman. The following notes of floods, known locally as “ freshes,”
have been abstracted :
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“The time required to bring a raft from these points to Easton
varies with the height of water and direction and force of wind. In
ordinary rafting freshets of five to ten feet (rise), however, the time
appears to be, from Delhi to Easton, 165 miles, 40 to 48 hours ;
from Walcott to Easton, 165 miles, 40 to 48 hours; from Hancock
to Easton, 125 miles, 30 to 36 hours; from Callicoon to Easton, 100
miles, 24 to 30 hours; from Easton to Trenton the time is from 10
to 12 hours; o that the entire trip from Walcott or Delhi to tide-
water is performed in from 50 to 60 hours, showing the mean velocity
to be from 4.3 to 3.6 miles per hour.

“In general it may be said that the river is subject to three classes
of floods: the ice floods, which happen at the breaking up of the
river; the rafiing floods, occurring later, from the spring rains, and
the fall floods, caused by the storms of September and October, which,
however, are very irregular.

“The ice floods, at Easton, are usually from 10 to 20 feet in
height, but on many occasions have been known to rise much higher,
the ‘great tlood” of 1841 having reached 35 feet. The great acceu-
malation of watcr here is owing to the influx of the Lehigh, a very
turbulent stream in time of freshets, and to the parrow, steep banks
?etween which the Delaware is confined, its width being less than 600
eet.

“ The rafting freshets in the spring are of less rise, but of longer
duration than the ice flocds ; at Easton, ranging from 3 to 10 feet; at
Lambertville, 1 to 8 feet, and at Trenton, 1 to 6 feet. A very
remarkable rise, however, occurred on June 8th, 1862, which was 32
feet at Kaston, and next to that of 1841, the greatest flood on record.

“The following i a partial list of the ‘great floods,’ with the heights
to which they rose, as nearly as can now be ascertained :

' HEI TO WHICH IT ROSE ABOVE
FAME 0 ¥YLOOD. | DATE OF OCOURRENCE. auT 0

LOW WATER.
Pumpkin fresh..........." October 6th, 1786....... 18 feet at Lambertville.
— 1798 {Not a8 high as last, but exact
’ o height not known.
Jefferson fresh........... . —, 1801........ 14 feet at Lambertville.
—_— 1814, 14 feet at Lambertville,
» March —— 1832.......] 12 feet at Lambertville,
April — 1836 ....... 14 feet 6 inches at Lambertville.
April  ——, 1839, ... 14 feet 6 inches at Lambertville,

Great flood.............., Junuary 8th, 1841.. ..... Island, 20 feet at Lambertville,

35 feet at Easton, 23 feet at Bull's
{ 28 feet at Lamsin’s island.

' October 13th, 1843 .......| 14 feet at Lambertville.
Matrch 15th, 1846........ 17 feet 6 inches at Lambertville.
June fresh, .............. June  8th, 1862. .....| 42 feet at Enston.
October fresh ............ i October —, 1869........ Exact height not known.
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“The point which has been partienlarly forced upon my attention,
in connection with this subject, is the great frequency with which
floods now occur, as compared with the time previous to 1835. While
the preceding table is supposed to contain the record of every ‘great
freshet’ previous to 1841, it by no means shows those occurring since
that date. In fact, they have become too common to be a matter of
record. Previous to 1835, floods of 12 feet, at Lambertville, were
considered very high, while 14 feet had been attained only three times
within the memory of man—in 1786, 1801 and 1814. But since
that time, floods of 14 feet have become common, while three have
occurred—1841, 1846, 1862—in which probably one-third to ove-half’
more water has been discharged than in any previously known. This
is undeubtedly to be attributed to the clearing away of the forests in
the river basin.

«To recapitulate, then, this branch of my subject, I may say that
the stage of the river throughout the year is ordinarily as follows:
January, frozen and medium height ; February and March, breaking
up and high; April, May and June, high; July, subsiding; August
and September, low; October, low, but subject to high freshets;
November, low, often very low; December, rising a little and
freezing.”

These stages agree well with those of the Connecticut, and the
further agreement in low seasons and flood-discharges confirms the
belief that the valuable record of flow of this stream may serve as a
good basis for computing the flow of the Delaware. The flood of
1869 rose 32 feet at Shapnack island, below Dingman’s Ferry, At
Walker's Ferry it was 2 feet lower than in 1841 ; it began to rise at
midnight of Sunday, reached its height Monday at 3 P. M., and was
within its banks again Tuesday afternoon. There was a high freshet
on April 1st, 1854, on the upper Delaware. December 15th, 1878,
there was a freshet which was nearly as high as that of 1869 at
Smith’s Ferry, according to Mr. D. H. Smith. This freshet rose 20
feet at Carpenter’s Point. Mr. Smith says an ordinary freshet
requires a day to reach its height, stays at its maximum only an hour
or two, and recedes in another day.

The collection of fuller flood-notes of this stream is desirable, and
a careful study of its flow should be made. Almost everywhere the
flood plain of the river has been bailt up to the height of maximum
floods, for with its rapid current the stream tears away great volumes
of earth, and as soon as the water spreads over the flats, and the
current is checked, this detritus is deposited.

The Lehigh is a very violent stream, and carries much silt. The
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ditlerence between it and the upper Delaware, which is clear, is very
noticeable at Easton, their point of confluence. The drainage areas
of the Delaware above Callicoon and of the Lehigh are about equal,
and floods reach their height at Callicoon and on the Lehigh, at
Easton, in about the same time after a storm. The flood-waters from
the Lehiyh will have all been discharged, however, before those from
Callicoon reach Easton., Thus it is that, as a rule, the maximum
discharge on the lower part of a stream of large water-shed is at a less
rate per square mile, but of longer duration, than on the smaller
tributary water-sheds. The flood-flow of the Lehigh appears to be at
least 55 cubic feet per second per square mile.

RAMAPO RIVER.

This is one of the many branches of the Passaic. It rizes in
Orange county, New York, and is essentially a Highland stream.
For a topographic description of the country which it drains, see the
Physical Description of New Jersey, under “The Highlands,” Tts
total drainage area is 160.7 square miles. Most of the course of the
stream is in a low valley, among or to the east of the Highland
ridges, which rise from 700 to 1,000 feet above. About 75 per cent.
of the area is in forest. Tuxedo, Sterling, Mount Bashan and several
smaller lakes afford a considerable natural storage. At Pompton,
1.5 miles above its confluence with Pompton river, the stream has a
natural fall, over a reef of trap rock, of about 15 feet, this being in-
crcased to 20 feet by a dam. From the head of the pond, two miles
farther up stream, the falls are as follows : From Suffern, at the New
York line, 10.5 miles above, 5.7 feet per mile; from Augusta, nine
miles farther, it is 18 feet per mile; from Turner, seven miles above,
it iv 7 feet per mile. The total length of the stream, from its
remotest souree, is 34 miles,

A pauge was set up at the works of the Pompton Steel and Iron
Co., and read by Mr. Alfred Richards. The diagram of daily flows
is published herewith. It shows a marked resemblance to that
of the Paulinskill if we make proper allowance for the heavier
rainfalls, The following table gives the flow by months:
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FLOW OF RAMAPO RIVER, 1890.

FLOW IN CUBIC FEET
PER SECOND.
. ] 2
=] = |
MONTH. 2 2 | i
[l — - -3
] ] 3 ;! g
E x 5] .ﬁ <
% = =
& = & A <
February 7th to 28th......c.oiineees 4.45 3.29 1,913 277 643
March cocovvemiiniereraeiormrenisrimsninnies 6.40 485 | 2,020 277 643
April . i 2.68 3.06 1,032 231 429
May.ieerresns . 4,72 2.75 762 170 i 377
Juné....eaeeons . 4,98 | 1.25 334 55 176
July e . 6.06 0.94 338 40 125
Augnst...._.. 475 0.80 601 41 108
September. 4141 181 048 55 209
Qctober.. ... 6.95 2.22 839 N 301
November . 0.77 1.10 320 80 165
December..... 4,02 177 1,583 80 238
Total .oovevernrenerre camcseers s sesas 49.92 23.53 | Percentage for year, 47.

For 14 days in July the discharge did not vary appreciably from
43 cubic feet per second, the average for the period. From August
3d to 9th, it was 41 cubic feet per second. These were the lowest
weeks of the year. During the dry period—October 25th to Decem-
ber 17th—the rainfall here was 1.89 inches, more than double what
it was on the Paulinskill water-shed. The flow during November
was 1.10 inch, and for the first half of December at the rate of 0.67
inch per month. Allowing for the greater rainfall this indicates a
gimilarity of dry-season flow for the two streams. The underrun of
the stream in the summer months is quite well shown by the diagram
despite the heavy rains. It appears to be about 0.90 for June, 0.32
for July, and 0.28 for August. These facts indicate a flow for dry
months between that of the Sudbury and that of the Crotonm, but
more closely approximating the latter.

Floods reach their height in from 24 to 36 hours after a heavy
rain, usually within 24 hours, at Pompton, and recede in from four
to six days. The highest water ever known was in September, 1882.
It discharged at its maximum 10,540 cubic feet per second; 66.1
cubic feet per second per square mile. Floods of 4,600 cubic feet
per second are said to be quite common, It will be seen that this is
much heavier than on any stream heretofore considered.
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WANAQUE RIVER.

This is another of the branches of the Passaic quite similar in
character to the Ramapo. The Morris Canal Company utilized
Greenwood lake, on this water-shed, for storage; the capacity being
1,340,000,000 cubic feet, according to Messrs. Croes and Howell.
The water-shed of the lake has an area of 28 square miles. The
draught from this storage runs down the Wanaque to the canal feeder
below Pompton, increasing the flow of the stream in summer, while
the flood-tlows are somewhat diminished.

A gauge was set up, on the first of October, at the newly-erected
dam of the H. J. Smith Electric Fuse Works and Pompton Spun
Silk Manufacturing Compaay, at Pompton. It was read by Mr.
James Frazer,

FLOW OF WANAQUE RIVER, 1890-91.

Drzinage Area, 101.0 Square Miles,

FLOW IN CUBIC ¥EET
. . PER SECOND,
g8 | 8
MONTH. ’g E
— — o &
| | g - &
- g g g 5
= [N & -
OCLODRT ..iervenrnranrernrenneeernnessrnrenin 6.95 2.49 594 91 217
NOVCDET..ccvi e creen v anr e, 0.77 0.93 126 44 84
December o ovniiiee cionmn coer cvnennrarane 4.02 1.59 799 44 138
JUNUALY . oovv s e seereeen 7.83 9.21 4,943 91 814
Total .. oo viaes 19.57 14,22

The snows in December, which appear as rain in the record, melted
in January and increased the flow. This is an illustration of the in-
accuracies which arise from dividing the rainfall and flow years in
the midst of the storage period. January lst is one of the worst
times to make rsuch a division if we attach any value to yearly per-
centages in statistics of flow,

The flow during the November dry period was, for the first month,
0.93 inch, and for the first half of December it was at the rate of
0.50 inch per month, showing some resemblance to the Croton and
the Ramapo.
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There were quite heavy floods, January 23d, all over the State, and
on the Wanaque the flow reached 4,943 cubic feet per second, or about
49 cubic feet per second per square mile. The greatest floods are
considerably above this and probably approximate closely to those of
the Ramapo, 66 cubic feet per second per square mile.

PEQUANNOCK RIVER.

This is another branch of the Passaic, and with the Ramapo and
Wanaque it forms the Pompton river just below Pompton. Its drain-
age area lies high on the Archean Highlands. For nearly its whole
course it flows transversely to the ridge and valley structure of these
Highlands, thus differing from the Ramapo and Wanaque, which flow
through deep valleys. The headwaters of the Pequannock are at an
elevation of nearly 1,500, while the mouth, at Pompton, is only 170;
consequently the stream has great fall. From Post’s dam, at Riverdale,
two miles above the junction of the Ramapo, to New Foundland,
12.5 miles above, the fall is 45 feet per mile; thence to Wallace’s
Corners it is 9.2 feet per mile for 6.5 miles; for two miles above this,
to Stockholm, it is 30 feet per mile. The water-shed is six or seven
miles wide by 16 miles long, and the branches are quite uniformly
distributed along the course of the main stream, mostly coming in
from the northeast. Forests cover 78 per cent. of the area.

A gauge was set up at Post’s dam and taken in charge by John F.
Post, Esq., being read by his son from February 8th to May 5th and
by Mr. J. H. Furey from September 27th to January 31st, 1891,
Conditions here were not favorable to accuracy, and the flows given
must be used with some caution. This is a matter of regret, as the
stream is an important one, but the errors are not so great as to fail
to point out any marked peculiarities of flow which might exist..

The record is a broken one.
13
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FLOW OF THE PEQUANXCCK, 1890-91.
Drainage Area, 84.7 Square Miles,

FLOW IN CUBIC FEET

. PER SECOND.
g8
MONTH. ;1:':' é . 5
)
RN
| 2 [ 4
& = o A <
3.
4,
2.
0.
August
September 27th to 30th 0.58 0.08 90 25 45
QOctober ... ee 6.95 3.8l 059 25 264
\Tovember ................................... 0.77 1.42 301 25 100
December....cevevvevirersrsssarsavssananes 4.02 1.03 437 25 76
IETTIE: o OO 8.06 b.17 2,352 48 387
Total...cvisrssesicrennisainnerness]  33.63 21.61

These observations are insufficient to base any conclusions upon as
to the flow of the stream, excepting that they are somewhat less than
the actual flow and indicate a general resemblance to the Croton and
Ramapo water-sheds. There are also indications that the rainfall
stations do not fairly represent the fall on the shed. During the
November dry period the rainfall for the first month was 1.42 inches,
and during the first half of December at the rate of 0.44 inch per
month, The large flow of the first month may be accounted for by
the large natural and artificial storage of the many ponds of the
water-shed. These facts point to a ground-flow quite similar to the
Sudbury, and I have little doubt that this similarity will be verified
by further observation.

The greatest known flood-discharge, according to Mr. Post, has not
exceeded 4,460 cubic feet per second, or 52.6 per square mile of water-
shed. A discharge of 43.7 cubic feet per second per square mile is
xarely exceeded.

On January 23d, 1891, the discharge reached 23.52 cubic feet per
second, about 27 cubic feet per second per square mile, as against 49
ocubic feet for the same flood o the Wanaque.
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Little information could be obtained along the Pequannock because
of the fact that a water company is buyiog up the water rights, and
several were not yet closed out at the time of going over the ground.
At New Foundland Messrs. Bigelow Brothers claim to always have
enough water for their saw-mill. They have little pondage, and their
wheel requires 48 cubic feet per second when running full. Probably
24 cubic feet per second would suffice to run in the alternating
manner which is usual with such a mill. At Mr. J. J. Laroe’s grist-
mill it appears that the flow falls below 44 cubic feet occasionally ; to
what extent below could not be determined. The stream here is said
to rise quickly and run down in two or three days. It keeps quite
free from mud in floods. At Stockholm it is said that the stream
runs very low in summer with great regularity, at about the same
time, and that it now runs much lower than formerly.

ROCKAWAY RIVER,

This is the next branch of the Passaic to the south, and is a High-
Tand stream with a strong resemblance to the Pequannock in the
character of its water-shed. It also flows southeast, across the High-
land ridges, but its fall is less uniform than that of the Pequannock.
For six miles above its junction with the Passaic the fall of the
Rockaway is 2.3 feet per mile; thence to Old Boonton, two miles up,
it is 32 feet per mile. This is at the base of the Highlands at the
west side of the Central Passaic valley, and the river has a rapid
descent as it iseues from the plateau. From Boonton to Old Boonton,
14 miles, the total fall is 240 feet, affording one of the fine water-
powers of the State,. For 11 miles above, to Dover, the fall is but
7.3 feet per mile, and thence to Woodstock, 12 miles by the stream,
it is 16 feet per mile. From source to mouth the stream iz 40
miles in length. The area of the water-shed is 1567.2 square miles,
and 80 per cent. is in forest. A gauge was get up at Boonton, and
read by Mr. Martin Ginder. This is not a good locality for the
purpose, but, nevertheless, the record is a valuable one. It bas not
yet been reduced. Another gauge was set up at Dover, and read by
Messrs, Smith and Jenkins, It was impossible to obtain the flow at
this point excepting on Sundays, when the milla were shut downa.
The gaugings are given as they were taken.

NEW JERSEY GEOLOGICAL SURVEY



196 ANNUAL REPORT OF

FLOW OF THE ROCEAWAY AT DOVER, 1890,

Drainage Ares, 52.2 Square Miles,

[
. . ,
Rk T |2 T B
3 © g G g |7
| & 15 2 |35 g |5
Vo @ om I "o . -
Date. + & «E E Darte, g fEE DaTE. g[8k
g r 5§43 3 | 82 FEL
o, 38 e | & o 183
£ e £ |4 £ l2a
1 =1 n..- E] g..‘ = g--n
[ &) ! =] &} — o —
March 30th.... 253 ' 180 July  6th. 80 | .057 || Oct. oth..| 136 [.097
April 6th,... 182 l 129 u 20th.. 39 | 028 u 12th..| 104 | .074
* 13th... 132 .12 u 27th.[ 272 [ 194 “ 19th.,| 159 |.113
“  20th.. 115, 082 I} August 8d..| 318 | 226 | “  26th.| 208 |.148
“ 2Tth... 115 082 | “ 17th. 39 | 028 Nov. 2d.. 116 |.083
May 4th... 175 125 % 24th . 78 | .056 i Oth.. 88 {.063
u 11th.., 1031 .071 ;' o 3lst... 78 | .056 “ 16th.. 88 1.063
“ 18th .. 182 129, Sept.  Tih.. 80 | 036 “ 23d... 61 1.043
" 25th.., 121 . 086 . « 14th 1656 | 117 || Dec.  Tth.. 88 [.063
June Ist... 1231 091 ) i 218t...) 129 | 002 “ 14ih.. 43 [.031
“ Bth... 110 | 078 “ 28th.. 89 | .063 “ 21st... 88 |.063
& 15th ... 115 .082 h 30th.. 39 | .028
" 2od.... 115 082
*  29th... 41 029

The above gaungings indicate a very large summer flow. The -
water-shed above Dover includes that of the Longwood valley
above Port Oram, which is described under the gaugings at that
point; and also the water-shed of Green Pond brook, 16.4 square
miles in area. This latter shed has pondage aggregating 728 acres
in area, and some swamps, A draught of 16 inches on this pondage
would add an inch to the flow of the water-shed, and a draught of
two feet would add half an inch to the flow of the entire shed above
Dover. Comparing these gaugings with those at Port Oram, just
above, they are found to indicate a much larger proportional flow,
and I have not considered it safe to base any conclusions upon this
Dover series, as there is danger that the flow is increased by large
draughts upon artificial storage, which have been noted.

Another gauge was set up at the new mill of the Luxembourg Im-
provement Company, at Port Oram, and read from November 15th.
to January 16th by Mr. N. J. Peltier, the superintendent.
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FLOW OF ROCKAWAY RIVER AT PORT ORAM, 1830-91.

Drainage Area, 20.9 Square Miles.

FLOW IK CUBIC FEET
. . FER SECOND.
3 &
=) -~
MOXTH. e 2 .
[i= — o3 &
| L8|, | §
s 21 E| 82
2 & 3 <
November 15th to 30th. 0.36 0.59 33 24 30
December.. cuoerevanenne 432 0.95 34 12 24
January 1st to 15th... 2.90 220 409 31 120

This record, if continued, will give & good indication of the flow
from the smaller Highland water-sheds of the class which have their
drainage through deep, narrow valleys, of which we have many
examples. The Rockaway above Port Oram runs through the Long-
wood valley, which has quite a moderate slope along its axis and
some marsh, with considerable beds of drift, all of which features
contribute to steady its flow. The hills rise about 600 feet above the
valley, and 90 per cent. of the water-ghed is in forest. During the
November dry period the flow seems to have been at the rate of 1.20
inches per month for the first month, and 0.95 inch for the second.
December shows a better-sustained ground-flow and less flood-flow
than any of the other Highland streams, a result to be expected from
the character of the water-shed. Ibpquiry along the stream seems to
indicate that the flow rarely, if ever, falls below the above minimum
of 12 cubic feet per second. Springs are abundant all through the
valley, and the stesdy, well-sustained, dry-seagon flow is a matter of
common observation. At Baker’s Mills the stream is said not to
respond promptly to very heavy rains, requiring 24 hours to reach
its height, and freshets last from three to four days, remaining
stationary for some hours. The stream carries little silt, remaining
free from mud in floods.

At Boonton Mr. Charles ¥. Swain, Civil Engineer, made gavgings
during the past summer as follows: August 6th, 109 cubic feet per
second; August 15th, 136 cubic feet per second, and September 9th,
80 cubic feet per second. The area of the water-shed above this
point is 148.9 square miles, The last was taken at night, and most
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clearly represents the ordinary run of the stream, rather underrating
than otherwise. The Ramapo at this time averaged 93 cubic feet
per second from 159.5 square miles of water-shed.

Mr. Charles F. Swain kindly furnished me with a copy of his
report to the estate of J. Couper Lord on the water-power at Boon-
ton, from which the following extracts are made:

“The average monthly flow for each month was ascertained by
using the ratio for each month as found by previous gaugings of the-
Passaic at Paterson,

“The average flow of the smallest month of the dry year, which
occurs about once in seven or eight years, I have estimated to be 20
cubic feet per second, The average for the smallest month of the
average dry year, I have placed at 29 cubic feet per second.”

The flood-flow indicated at Boonton, by known high-water marks,
is at the rate of 4,800 cubic feet per second, or 32.2 per square mile.

UPPER PASSAIC.

This stream lies mostly on the red sandstone, and has much
swamp on its water-shed. At Chatham it is reported to get very
muddy in time of flood. Its low-season flow seems, from reported
run of mills, to be about 25 cubic feet per second, rarely lower than
this. The area of the water-shed is 99.8 square miles above this
point.

PASSAIC RIVER.

The Passaic is one of the most valuable of our northern streams:
It has been so fully described in these reports that little remains to
be added. Its various branches, with the area of their water-sheds
and percentage of forest, are given in the Physical Description of
New Jersey., The head of tide-water is at Passaic, 13.5 miles above
the mouth on Newark bay. At the foot of Dundee dam, four
miles above, the stream is six feet above mean tide. Just above the
head of tide, Saddle river comes in from the northern red sandstone
plain, rising in Rockland county, New York, and draining 60.7
square miles, of which 28 per cent. is in forest. Dundee dam raises
the river to 27 feet elevation, and at the foot of Passaic falls, 7.25
miles above, it is 40 feet above mean tide. Excepting Saddle river,
only a few small branches are received below this point. At the
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falls the river leaps sheer 70 feet over a reef of trap rock, at a
depression in First Mountain. From the top of this fall to the foot
of the series of falls and rapids known as Little Falls, the rise is
eight feet. Here there is a fall of 40 feet in three-quarters of a
mile over another trap reef. This is the outlet of the Passaic
valley proper, a flat-bottomed valley between the First and Second
Mountains and the southeastern foot of the Highlands, 8 to 12
miles wide and 32 miles long. This valley is covered with great
masses of glacial drift at varions points, and has large areas of flat
meadow. Three miles above Little Falls, and at about the same
elevation with the head of the falls, the slope of the stream being
very gentle, the Pompton river comes in from the north, being
formed, as we have already seen in the study of those streams, by
the confluence of the Ramapo, Wanaque and Pequannock at Pomp-
ton, six miles above the confluence with the Passaic. In these six
miles the Pompton has a total fall of 10 feet. It is a violent stream
and its floods come into the Passaic with so high a velocity that drift-
wood is frequently carried far up the flat valley of the main stream, to
the southward. Just above, on the main stream, lies the Great Piece
meadows, through which the Passaic flows in a tortuous channel,
apreading its waters, in time of flood, wide over the area, to stand for
days and weeks until they can find an outlet at Little Falls, through
the restricted passageway which is now being deepened and im-
proved for the better drainage of this valley. From the mouth of
the Pompton to where the Rockaway and Whippany are received
from the west, 12.5 miles above, the fall is only 3 feet. The
Whippany also has great meadows just above its mouth, over which
its waters spread in floods. For nine miles above the mouth of
the Rockaway the Pasesaic has a fall of 4 feet; 5} miles
above Lower Chatham bridge has a fall of 36 feet; about 6.5 feet
per mile, Above this the stream has a drainage area of 100 square
miles, most of which is very flat, althongh the headwaters are in the
Highlands at Mendham, 23.5 miles above Chatham, by the stream.
The total length of the stream which bears the name Passaic, from
Mendham to the mouth, is 83.5 miles, measured by the stream. From
gource to mouth, in a direct line, is only 26 miles.

The area of the entire water-shed is 949.1 square miles; of this,
510 square miles is on the Archean Highlands; the remaining 262
square miles above Little Falls is in the Central Passiic valley, on
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the red sandstone, and the rest of the water-shed on the trap ridges
and the lower eastern red sandstone plain.

At Little Falls it was found that the Messrs. Beattie, of the Beattie
Marufacturing Company, had kept a careful record of the height of
water on the dam by means of a gauge, and they kindly gave us the
use of this and volunteered to keep gauge readings for us in the future.
The dam was measured up, and appropriate weir formula applied to
reduce the record to flow in cubic feet per second, and to inches on the
water-shed. Some missing days have been carefully interpolated by
study of the daily rainfall records and the habits of the stream.
There nre a few breaks in the record too long for such treatment,
however. Nevertheless, the series is a valuable one, and the com-
puted flows are believed to closely approximate accuracy, rather under-
rating the flow, if in error at all.

The gauge was often read several times in the day, and showed
very regular changes, so that there is probably very slight error in
assuming single readings to be the average for the day, as had to be
done usually,

FLOW OF THE PABSAIC AT LITTLE FALLS, BY MONTHS,
1888-1891.

Area of Water-shed, 7729 Square Miles.

FLOW IN CUBIC FEET

. PER BECOND.
g | 8
MONTH. - G

i S o &

DT 8], ¢

v 2 £ § g

= [ G <

1888.
June 16th to 30th ........................ 1.68 0.56 | 1,311 538 775
July... 1.88 0.71 954 322 476
Aug'uht 7.86 1.30 { 3,684 332 873
September ...oocviriviirnineeecrirrnnnan., 7.86 4.57 | 11,285 asg 3,166
October .. .c.ovvivnsininiin mnsessnaes 5.29 2.86 | 2,623 1,200 | 1,917
November.....o.oivonneinenieivirisrereens 422 3.28 3,082 1,410 2,272
December ....ovvirvieienninnarnsienanennns 4.83 4731 9509, 1663 3,17
1889.
R ELTIED o 7.08 6.17 7,199 3,004 4,136
Febroary ...coveveeiiiiiiisinniinnncnn o, 243 2.51 3,301 927 1,863
March .ovviirviininic e 3.31 3.24 | 4,021 1,052 | 2,172
April . oo, 6.85 8713 10952 [ 1,020 ] 2,570
May.cvvverinienren s . 8.12 312 7,663 920 | 2,092
Total....oors vevervirenessinnnnnanns | 56,39 36.76 165 per cent. of yearly rainfall.
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FLOW OF THE PASSAIC AT LITTLE FALLS, BY MONTHS,
1888-1891.— Continued.

Area of Water-shed, 772.9 Square Miles.

FLOW IN CUBIC FEET

\ PER BECOND.
B g
MONTHS. E S
= = .
= =4 = @
AR T
3 I 2 ki g
5 [ &) <
1889.
June...coocieieerinenninn creresnrasanens 3.57 1.90 | 2,808 538 1,316
JUlYcirinr et 12.39 2.61 | 3,082 815 | 1,760
AURUSL cicrararrorsiorrnsisnsesmrnessnsanesas 4.40 444 | 8382 443 ) 2977
September.....ooecenen 11.056 415 8,331 338 2,874
QCLOBOE . rvsssransiinsinreasasstisrinrensees 3.27 2.29 1,919 1,167 1,636
NOVermber ..ce.evsens el 1079 659 | 9740 | 1,747 | 4,566
DECOMbET o reereeeresr s 285 | 471 | 8131 1,763 | 3,164
1890,
January........ beearers nieraiinie PR 2.70 240 | 2,617 1,164 1,609
February 18t £0 14th.c.ceeuerensees Tl 943|181 | 584l | 1,301 | 2,686

6.10 | 306 | 4021 | 1,052 2051
9531 310 4765 1,183 2209
478 | 278 | 3,004 852 | 1,863

66.36 39.93 |60 per cent. of yearly rainfall.

4.99 1.72 1,684 581 1,191
6.25 1.46 2,238 338 979

AUBU crervooeersersrerrrereemscoeenens] 447 | 127 | 2,264 415 852
L D 405 | 155 | 2264 4241 1073
October .. ..... 807 | 276| 3597 846 | 1,851
November.....oueeses . 075 | 156 | 2,264 696 | 1,081
DCEMMbEE wovvrerieevsreseeeseesenees| 420 | 226 | 4,240 646 | 1,515
1891.
JAOUBLY vvervarreresseseienreos R 808 | 587 | 18679 ] 1,334 | 3,935
POAL . eveveererveseeroeernseeeend] 3976 | 1845

Unfortunately these have all been years of large rainfall, and the -
series does not exhibit the dry-month flow very well. Some valuable
data are obtained, however, by 2 study of the diagrams of daily rain-
fall and flow. In 1888 the rainfall was deficient for June and July,
and there was a steady draught upon ground-water from June 1st to
August 21st. Our gaugings do not begin until June 16th, showing
a flow of 0.56 inch for the last half of the month. July shows a
flow of 0.71 inch, and to August 21st the flow is at the rate of 0.68
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inch for the third month. From J uly 8th to August 21st, a period
of 45 days, the flow was remarkably uniform, the average flow per
week in regular order, being as follows : 1st, 448; 2d, 368 ; 3d, 365;
4th, 392 ; 5th, 523 ; 6th, 442 cubic feet per second. This shows-a
remarkably well-sustained flow, as the rainfall for this period was.
less than the evaporation, and fell in light, evenly-distributed showers.
In June, 1889, we find that, exclusive of surface-flows, the flow was
1.40 inches, the rainfall being less than evaporation. In June, 1890,
there seems to be an equally large flow exclusive of surface. flow,
although the latter flow is not well defined. During the dry period
in the autumn the flow for the first month was 1.43 exclusive of
flow carried over from October rains. From December 1st to 17th,
a second month’s flow of 1.15 is indicated.

On October 10th, 1878, Messrs, Croes and Howell gauged the flow
at Paterson during a very low stage of the river. They found it to
be 195 cubic feet per second, and remark that it did not vary appre-
ciably from this for ten or twelve days, (Newark Aqueduct Board,
Report on Additional Water-Supply, 1879, J. J. R. Croes and George
W. Howell, page 35.) This is at the rate of 0.28 inch on the water-
shed for the month. Inasmuch as the rainfall for June, July and
August of that year amounted to 12.14 inches, or only the amount of
evaporation, and April and May also had barely a sufficiency of rain,
this month would be the fifth dry month of the scale,

In September, 1883, Mr. Lebbeus B. Ward found the flow at
Paterson to be at the rate of 150 cubic feet per second. By the
method employed with the Croton and Sudbury, this is found to be
also the fifih dry month, and the flow is at the rate of 0.21 inch per
month.

So far as we can tell at present, therefore, the dry-season flow is as
follows: For the first dry month, 1.40 inches ; for the second, 0.71
inch ; for the third, 0.68, and for the fifth, 0.21 to 0.28 inch. On
the Croton we found the averages of the table of droughts to be:
First dry month, 0.81 ; second, 0.47 ; third, 0.38 ; fourth, 0.24, and
fifth, 0.25 inch. It is probable that the flow for the first month,
being largely from surface storage, is higher on the Passaic than on
the Croton, but by the third or fourth month they are nearly the
same.

The flood-flows are well shown in 1889, which year shows six
freshets. In 1890 there was not a flood during the entire year,
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From high-water marks at Little Falls, a weir computation was also
made for the great flood of September, 1882. The relation between
the maximum flow, if continued for twenty-four hours, and the total
flow for eight days has been determined from the floods of record,.
and is expressed by a factor which shows the number of days at the
maximum rate of flow which would be required to deliver the total
flood-flow for eight days, this being the average duration of the floods.
observed. It is found that for larger floods it is usually five days,
the lower rate in January, 1891, being exceptional, as that was a
period of breaking up of the river, when the flows are complicated by
ice and melting snow. This factor has been used to estimate what
would be the total flow in cases where we.only bave the maximum
rate of flow, as in the case of the great flood of September, 1882, and
Messrs. Croes’ and Howell’s gauging of the flood of 1878,

FLOODS ON THE PASSAIC AT LITTLE FALLS.

Area of Water-shed, 772.9 Square Miles.

g P
| m =
£s  |E834 Ba | 552
S0-h gL b Tgd - 2H
DATE. Bae [LHE3| £2% | 853 REMARKS.
B Be 78 Bed | 3w
E2E SEl5|SZ8 | E0W
=%k 3 - kg
Heylzads 2a8 | 253
= = [ =B
. —_
- Heaviest January ralnfall in 47
Jan, 23d t0 B18t, 189Luemenune 18670 | o6se | 2769 | 422 { s Nowark. 71 inones
Jan, 12th to 19th, 1691.m...... 6546 | 0815| L9 | 570
Nov. 281h to Dec, 5th, 1589. 0,740 | 0.68 | 2082 | 541 | {Buinfall. 56 inches from No-
Nov. 10th t0 17th, 1889........ 6340 | 0305 | 25| 700 {{Ralninll {inches, from Sth to.
Sept. 16th t0 22d, 1589..0vene 8391 | 0400 242 | .06 |{Bginfall, 10 Inches, from 10th to
AUg. 15410 56, 1880|8825 | 0428 | 2833 | 66 | { Rl 8 Iuches, July 27th to
April 27th to May 4th, 1889.| 10952 [ 0550 | 2m7 [ 5.00 R“tj)“?fgllé-_ 5.5 inches. April 25th
Dec, 18th to 26th, 1388,........ 0,600 | 0.457 | 2418 5.29 |3.6 inches rain on the 17th,
Sept. 18th to 25th, 1888........[ 11,285 | 0.543 ) 2.970 5.47 18 l(l)mhesl;ul[n ;mm B{h to 18th.
- ver nches rain from 21st to-
SePt., 1882..overemsesssenssemsenees 19105 | 0019 | 4585 | (5.00) { e lavs catirnted,
Dec. 12th, 1878 s - 17913 | 0809 [ 4015 | (5.00 A%;?J};Ds?l%fl; oren of water-shed,

The flood of 1882 was said to have been nine inches lower on the
dam at Paterson than the flood of 1854, and nine inches higher than
the flood of 1878, gauged by Mesers, Croes and Howell at Dundee,
The mazimum flow in 1882, at Little Falls, was at the rate of 24.2-
cubic feet per second per square.mile; that of 1878, at Dundee, was-
at the rate of 21.8 cubic feet per second per square mile. It is reason-

NEW JERSEY GEOLOGICAL SURVEY



204 ANNUAL REPORT OF

able to assume, therefore, that the maximum flood-flow for the Passaic
is not much below 28 cubic feet per second per gquare mile.

The effect of the larger surface storage of the water-shed and of the
spreading of flood-waters over the flat lands of the central valley
and gradual emptying of them through the outlet at Little Falls, is
apparent all through the above table of flows by months. The flow
in months following a month of heavy rainfall is frequently equal to
or greater than the rainfall for that month, even in summer. Decem-
ber, 1888, August and December, 1889, are prominent instances of
this, Evidently this river is a most interesting study in hydrology,
and the importance of a more exact knowledge of the laws governing
its flow need not be urged to be appreciated.

HACKENSBACK RIVER.

Mr, Charles B. Brush, C.E., Engineer and Superintendent of the
Hackensack Water Company, furnishes the following data of rain-
fall and flow of the Hackensack, at New Milford.

Aver Dall Average Dall
Discharge, ¥ Rn?gfall ¥

Million Gallons. Million Gallons.
November, 1583, to November, 1884...... 160 218
November, 1884, to November, 1885...... 133 214
November, 1885, to November, 1386...... 96 194
November, 1886, to November, 1887...... 106 284
November, 1887, to November, 1888...... 176 270
November, 1888, to November, 1849...... 197 303

The water-shed is flat, and has large swampy areas. Its area is
114.8 square miles.

RAHWAY RIVER.

This stream drains, above the point of gauging, 40.4 square miles,
the western half of which is on the steep trap ridges known as First
and Becond Mountains. The remainder of the shed is on the red
sandstone, and is largely covered with glacial drift. It was selected
as a type of drift-covered water-sheds of small extent. Itis found
to be extremely fluctuating, rising almost immediately and falling
rapidly after reaching its maximum flow. Its numerous mill-ponds
render the establishment of a self-registering, continuous gauge a
necessity for accurate determination of its flow. This could not be
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done, of course. A gauge was set up & mile above Rahway, and was
read by Mr. Addison C. Russell. The lowest recorded flows have
not been given as the minimum, as they were evidently affected by
holding back of the water in the ponds above. The average flow for
the lowest consecutive three days has been taken instead.

FLOW OF THE RAHWAY RIVER, 1890.

FLOW IN CUBIC FEET
g 4 PER SECOND.
= =
MONTH. 2 2 :
L] bon | —t [+
I A
3 g 2 g g
& [ G <
February 18th to 28th......cvrceeinein, 2.21 0.99 143 70 98
March .ccocvvverniriereesissnireniinsinn 6.95 600 | 1,015 59 1. 175
N 1)’y | (O PPP PN 2.61 2.69 292 46 93
May..ooorerrerirmreerminren easersesaniannas 4.65 2.35 147 50 82
JUDE cenriiiiinrereins e 4.97 2.95 373 44 106
JUIY crree v s 5.72 2.36 292 26 82
ANgust e s 497 3.04 534 32 106
September.....coviemiees ciiniiinieniennen 4.68 2.19 195 41 79
October.....coicviieeeviiiiiarenensreneiae, 6.79 4,47 781 67 156
NOTEIDer...orirerirarer vevrsncraninscion 0.80 3.26 147 94 117
December ..oovicmierniinmnninirreriissn 4.35 3.82 716 60 134
Total coveeerarerenieremencecinreninns 48.70 |  83.02 | 68 per cent.of yearly rain.

A quantity equal to an average flow of about 1.5 cubic feet per
second is stored on the headwaters and diverted for the supply of the
city of Orange.

It is evident at once, from the distribution of the flow, that this
belongs to the class of streams with large ground storage, such as
those of Long Island. It is different in its flood-flows, because of the
steep slopes of its headwaters, which send off large surface-flows,
but the lower, drift-covered areas yield a large ground-flow in sum-
mer, and while the flood-flows are a little muddy, these ground-flows
are known to be very clear and remarkably pure.

By aid of the diagram of daily flows, the surface-flow and flow
from ground-water are quite readily separated. It is found that from
June to September the ground-flow is close to 1.5 inches per month,
no month having been deficient in rainfall, and the flood-flows are
close to 25 per cent. of the total rainfall, Strictly speaking, they are.
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50 per cent. from the steep half of the water-shed and practically
nothing from the flat portion. During the dry period, from October
25th to December 16th, the flow from ground-water was fully 3
inches. For the first half of December the rate was, for second dry
month, 2.25 inches, These facts indicate a very large ground storage,
with free delivery, and the probability of a flow in the fourth and
fifth dry month almost as low as that of the Croton. This can only
be tested by gaugings in dryer years than the past has been.

No measurement of maximum flood-flows has yet been obtained,
but the rate is apparently much higher than on any of the other
streams which have been measured. At Cranford, the flow during
the drought of 1881 appears to have been sustained at about the rate
of 9 cubic feet per second on a water-shed of 39 square miles.
Floods, after very heavy rains, are said to reach their maximum in
twelve hours, and require two or three days to run down, but some-
times the river falls in twenty-four hours. A flood in 1889 remained
ata high stage for fourteen days. River does not get very muddy
and runs down perfectly clear in two days. At the mills of the
Diamond Paper Company, at Millburn, this stream is said to be very
steady and remarkably pure, with no trace of mineral matter.

RARITAN RIVER.

The total area of the water-shed of this stream is 1,105.3 square
miles. It is the largest stream of the State, excepting the Delaware,
but is not nearly so important as the Passaic, from the fact that no
considerable portion of the waters are united into one channel until
they are within seven miles of the head of tide-water, and but 17
feet above sea-level. The Passaic at Little Falls unites the drainage
of 772.9 square miles at an elevation of 158 feet, while the Rari-
tan, at Raritan, has but 468 square miles, at an elevation of 49
feet, and Bound Brook, 875 square miles, at an elevation of 17 feet.
Nevertheless, the Raritan basin is a productive agricultural section,
and a large amount of water-power is utilized along the various
branches. The flood-flows have a peculiar interest because of the
populous and highly-cultivated condition of the valleys, which
renders them more destructive and consequently makes a knowledge
of the laws governing them more essential,

The water-shed is fully described in the physical description of the
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State, and its character is better shown by a study of the topographic
maps than it can possibly be by any written explanation. A few
facts not so apparent may be pointed out, however, in discussing its
flow. There is very little storage anywhere on the water-shed, ex-
cepting on the Millstone, part of which is a sand-hill stream, with
some of the characteristics of Southern New Jersey streams; but
enough of the area is on steep trap and red sandstone slopes to
give it a pretty high rate of flood-flow, Only 13 per cent. of the
ghed is in forest. Of the 879 square miles above the point of gauging,
about 150 square miles area is on a highly-cultivated part of the
Highlands and on the trap ridges; about 98 square miles, including
the water-shed of the upper Millstone, is on the flat clay and marl
district, and the remainder on the low, level, red sandstone plain. On
the whole, the water-shed is an excellent type of the red sandstone
district, free from glacial drift.

A gauge was set up at the Delaware and Raritan canal dam, about
one and one-half miles below the village of Bound Brook, and was
read by Mr. William Fisher, The following table gives the flow by
months, the daily flow being shown by the diagram accompanying :

FLOW OF THE RARITAN AT BOUND RROOK, 1890.

Drainage Ares, 879.0 équare Miles.

FLOW IN CUBIC FEET
. FER SECOND.
i 8
MONTH. e E
=] =
— = o I
I R
g | 2| B & | ¢
= o 3 3 <
February 17th to 28th. .civerserrenenns 1.58 008 | 2772 | 1406 | 1938
March .ooeviiiiniiiniine e 6.26 6.13 | 17,818 872 4,727
ADIil . coivvererrenie s aane 2.74 2.26 | 38,265 874 1 1713
May.os i tesssisssassrnssirarrnaraes 496 1.05 | 4,060 762 | 1,488
B TH) T R . 3.97 1.32 2,824 462 1,040
July...... 5681 1.18| 2022 498 898
August .. 518 1.58 3,405 498 1,205
September . 431 1.34 ] 2,823 493 | 1,064
October. 6.74 3.06 7,133 859 2,360
November. 0.88 1307 1,779 781 1,016
December ...oueeveeiniresrsossnantnn 3.55 216 | 7,626 462 | 1,654
Percentage of yearly rain-
Total 4584 | 23.26 ol b1 J
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The less amount of storage than in the case of the Passaic, and the
more prompt response of the flow to rainfall, are at once apparent. As
wag the case with the Rahway, the line between ground-flow and
surface-flow is sharply drawn in the diagram, owing to the short
duration of floods. It is shown that in June, the rainfall being less
than surface-flow and evaporation, the ground-flow was close to 0.70-
inch. In July it tended to a constant at 0.60 inch per month, and
in August about the same. In the autumn dry period it was 1.30-
in November, and at the rate of 0.75 inch during the first half of De-
cember. The late Ashbel Welch, Esq., made a gauging at a very
low stage of the river, which gave 180 cubic feet per second. (Tenth
Census of the United States. Report on Water-Power.) Unfor-
tunately, the month and year are not given, so that we have no
means of placing this flow in its proper order in the dry-month flows.
It is at the rate of 0.23 inch per month. There are good reasons for
believing that the flow falls at least as low as 0.20, but not much
lower than 0.15 inch per month.

The flood-discharge is at a very rapid rate, being affected not only
by the lack of storage but by the shape of the water-shed, which is.
such that all the principal branches focus at a point near Bound
Brook, and discharge their flood-flows simultaneously instead of de-
livering one at a time, as is the case on long, narrow sheds, when the
branches are pretty evenly distributed along the main stream.

There have been three great floods on this river during the century,
completely throwing into the background scores of other freshets.
which would otherwise be considered heavy. The first occurred
November 24th 1810, the second July 17th, 1865, and the third
September 24th, 1882, Of the last I have been able, by careful in-
quiry, to obtain fair measurements at the Bound Brook dam. It
began to rise about 3 P. M. of the 22d, had covered the canal bank
at the dam, 11,5 feet above the crest, Saturday at 3 p. M., and reached
a height of 14.2 feet above the crest at 5 A. M. of Sunday, the 24th,
when it was at its maximum, falling within the river banks again by
7 a. M. of Monday. The overfall at the dam was drowned, so that
the head for computation is reduced to 12.7 feet, and conditions were
such that the safest computation is that for a free overfall with this
head. This gives the following rates of flow, bank-full of the river
at this point having been ascertained to be a flow of 7,000 cubic feet
per second.
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September 22d, 3 P. Mociiiiiviinnnns 7,000 cubic feet per second.
" 23d, 3P M oves e 36500 ¢ 0w o
“ 24th, 5 A Mo 82,0000 “ou #
“ 5th, 7 A- Mo veeiiiiieens 7,000 ¢ oo i

This gives a total discharge for these 64 hours of 6,489,000,000
cubic feet, or 3.36 inches on the water-shed. This amount of water
would cover Middlesex county 10 inches in depth. It is at the rate
of 59.3 cubic feet per second, maximum discharge.

Some pains have been taken to determine the relative height of the
other two great freshets. Mr. John D. Field, of New Brunswick, saw
the freshet of 1810, and was fully familiar with the flood-marks along
the river. He is of the opinion that it was probably equaled by the
later floods, but never exceeded. Mr. D. F. Vermeule is also familiar
with the lower part of the river, and thinks that the flood of 1866
was not so high as that of 1882, Mr. Lewis D. Clark, at Bound
Brook, has marked most of the high freshets, and says the freshet of
1882 was 2 feet higher at his house on the river bank than that of
1865. The total rise here in 1865 was 16 feet. He also thinks that
the freshet of 1810 was 3 feet lower than that of 1882, Others
give the difference to be from 10 inches to 3 feet, but at the greater
figure it would be fully accounted for by the building of the dam
below, in 1833, which caused a difference of 5.5 feet in the height of
the river immediately at its site, raised the ordinary level a foot or
two at Bound Brook, and restricted the flood outlet to the opening
between its high abutments at the river banks. Mr, Lawrence Van-
derveer, of Griggstown, says that the water was 2 feet higher at the
mouth of Beden’s brook in 1882 ihan it was in 1810, from known
marks of the early freshet; but this may be true at this point with-
out indicating a greater flood on the main stream. Altogether the
weight of evidence is to the effect that the floods of 1810 and 1882
were of about equal volume, and the flood of 1865 was somewhat
below the others. It is well established that there were no others
nearly so high in the intervals, although there was a high one at the
time of building the dam in 1832 or 1833, and another in 1836 or
1837.

Mr. Vanderveer says that in 1810 it is said that heavy rains began
on the 9th and continued at intervals antil the 24th, when the flood
reached its height. He also mentions a case in July, 1863, when an
extremely heavy shower fell on a narrow district extending from Ten-

14
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Mile run to the Sourland Mountain, causing Beden’s and No Pike
brooks to rise very high in two hours, whereas at Princeton and
Plainville, a few miles to the south and north respectively, there was
not a trace of rain., In the weather record kept by the late P. V.
D. Spader, Esq., at New Brunswick, extending from 1847 to 1890,
the freshets of 1865 and 1882 are mentioned, the former being noted
to be the “ greatest since 1810.” Strange to say, this record gives no
evidence of the cause of the flood of 1865 in its rainfall. The rain
for June amounted to only 2.31 inches, and from July 1st to 16th it
was but 1.32 inches. On the 17th there was a fall of 1.85 inches,
but the total from June 1st having been but 5.5 inches, it is evident
that this was entirely inadequate to cause a flood-flow of over two
inches per day. Neither does the cause appear in the monthly records
at Newark and New York. It must have been extremely heavy local
rains on the upper water-shed. The cause of the flood of September,
1882, is apparent and has already been pointed out. Rains had been
deficient from the 1st of June to the 11th of September; on the 12th
there was a fall of 2.40 inches, which partly made up the deficiency,
and then from the 20th to the 23d came 11.84 inches fall at New
Brunswick, which was sufficient to replenish the exhausted ground-
water and leave seven inches to run off in surface-flows or be evap-
orated from surface pools, With the rainfall record at New Bruns-
wick and the method of examination employed in our analysis of the
Sudbury and Croton flows, the fact that a great flood occurred at this
date could have been demonstrated, had we had no record of it.

Mr, Clark furnishes the following information about other floods:
From 1858 to the present time there have been three notable freshets,
those of 1865 and 1882, already noted, and one on February 12th,
1886, which was about sixteen inches lower than that of 1865. 'The
flood of 1865 rose with great rapidity—as much as six inches in five
minutes. Freshets usually rise at Bound Brook within twelve hours
after the end of a heavy rain, and run down in twenty-four hours.

The following list of floods, mostly collected by Mr. D. H. Me-
Laury, of New Brunswick, although incomplete, may give some idea
of their frequency and relative height for recent years. Heights are -
given above high-tide mark at Albany street bridge, and some idea
of corresponding heights above may be gained from the rise in 1882,
which was 12 feet at New Brunswick, 13 feet at Raritan Landing,
14.2 feet on the dam, and about 1G feet at Bound Brook. Some
floods, with their height at Raritan Landing, have been added :
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FLOOD3 ON THE RARITAN AT NEW BRUNSWICK.

Date. Height in feet. Remarks,
July 30,1873 ........ 425 ... . Rain, 5.94 inches, from 27th to 29th.
August 14, 1873......... 4.50..00iniinnne 5.29 inches rain, on 14th.

September 13, 1874......... 9.00...... ...7.10 inches, from 15th to 18th.

March 26, 1876 .coovune 6.00.....0......3.33 inches, on 25th and 26th.

September 18, 1876......... 500 ciiiienans 2.57 inches, on 17th, after wet period.

October 5, 1877....... v 6.50 .1vierneend 30 inches rain, on 4th and 5th, after
a month of dry weather.

September 24,1882 ....... 1200...... .....Rain, 11.84 inches in 4 days. No
greater freshet during the century.

August 4, 1885 ........ 3750 ..Rain, 3.30 inches, on the 3d.

February 12, 1886 ..... v 20000 00veeees.Rain, 2.5 inches, with melting snow
and ice.

January 15, 1837 .. 875 e Rain of 1 inch; thaw and break-up
of river.

February 19, 1887 ...cooe ——.vsenwenOver banks; rain, 1.52 inches, and
thaw.

July 23, 1887 ........ 8.00 ...........Rise at Raritan Landing; rose rap-

idly at midnight; 1.43 inches rain
after a wet period,

August 2, 1887 cviees 4.00..cisuinn.a Aflter 6 weeks of very sultry weather,
& shower of 4.62 inchea in 1 hour
and 15 minutes.

January 2, 1855 ........ 6.00......so... From December 28th to January 1st,
3.82 inches rain, with melting snow
and ice.

February 25, 1888 ....... v e .Over banks. Rain, 1.60 inches, and
thaw.

July 5, 1888........ v 380 e Heavy shower.

September 20, 1885......... (7} evesnnnened flood; no record of height.

December 18,1888 ........ - %0, 1 . Rain of 3 inches, on 17th.

January 7,1889....... « 4.00...........Rain, 1.82 inches, on 6th, with thaw.

April 28,1859 coovvvee (1) e . ....Rain, 3.67 inches, 26th to 28th.

June 1, 1889 ........ 4.20..... eaen Rain, 2.20 inches, May 26th to June
1at,

August 15,1889 ........ .50 ...........8howers of 2.56 inches, following
wet period.

November 28, 1889......... 8.00............Rise at Raritan Landing. Rain of

' 2.54 inches,'27th to 28th, following

a wet month,

March 23, 1890......... 7.00 .cvorernnns Discharge, 17,818 cubic feet per sec-
ond; rise at Raritan Landing; 4
inches rain, 11th to 23d.
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Datc. Helubt {n fect. Remarks,
December 18, 1800 ........ G 75 Slightly over banka, a discharge of
7,600 cubic feet per second. Rain,
2.40 inches, after a dry period, but
falling on frozen ground.

Janupry RLA B R Over banks. Melting snows, with
light rains.

Janusry 12, 18010 T00 e, Rise at Raritan Landing. Rain, 1.5
inches, with thaw.

Janunary 22, I=Ul........ SO0 Rise at Raritan Landing. 1.50inches

rain, following n wet period.

It is notable that after the great flood of 1882, no freshet of import-
ance occurred until February, 1886; and another indication of the
fickleness of the stream has been before pointed out—the numerous
floods in 1889, and the entire absence of them after March, in 1890.
It is instructive to compare the computed volumes of flow on the
Raritan and Passaic in September, 1882, On the Raritan we find it
to be 3.36 inches on the water-shed in sixty-four hours, while on the
Paossaic it is 4.6 inches in eight days. The probability is that during
the period of eight days the depths discharged by the two streams did
not vary materially, but that of the Raritan was more concentrated
at first, and consequently more disastrous.

STREAMS OF SOUTHERN NEW JERSEY.

These streams are of an entirely different character from those
which we have heretofore discussed. The evidence of this is every-
where at band in the small preparations made for flood-flows, the
limited bridge openings, the long embankments of sand and gravel
thrown boldly across the valleys, with small provisions for flood-dis-
charge, in a manner which would mean disaster within a few months
if attempted on our northern streams, yet these constructions stand
for centuries here. Such evidence is conclusive as to small flood-
flow, The remarkable way in which the flow of these streams is
sustained through the dry season, however, is of greater economic
importance. This feature makes up in a degree for the less amount
of fall, and makes them most valuable for water-power. A small
amount of storage will enable a mill-owner to utilize almost the whole
flow of the stream, and immunity from the perils of floods and the
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scantiness of droughts renders his control of the motive power almost
as perfect asif it were steam, It is greatly desired to make the study
of these streams thorough, for the fuller utilization of them is a
matter of much importance to this portion of the State. It has been,
exceedingly difficult to secure satisfactory gaugings of many of them,
because very few of the overfalls are so constructed as to be available
for the purpose, and when they are in proper condition, the pondage is
very large, and the flows complicated accordingly. Fortunately there
is a strong likeness between them, and one will serve as a type of all.
The most available locality for the purpose was found to be on the
Great Egg Harbor river, at the mills of the Mays Landing Water-
Power Company. This river is an excellent type of the Atlantic
Coast streams of Southern New Jersey. Its drainage area is 215.8
square miles, and it is practically all covered with pine forest, The
soil is principally light sand, with some gravel, all extremely porous,
and rain falling upon it sinks immediately, surface-flow being almost
unknown. All of the rain thus goes into the ground storage, to be
fed out to the streams along the shallow valleys, causing the broad
belts of saturated cedar swamp which border all streams, A few
miles above Mays Landing, at Weymouth, there is a large artificial
pond, which is almost the only one on the water-shed. Owing to the
great draught of the mill, it was impossible to secure accurate mea-
surements at Mays Landing more than once a week. The accompany-
ing diagram of flow shows these gaugings by a small dot. For this
reason the line of flow is shown somewhat more regular than it would
be with daily gaugings, yet enough observations were made to prove
that the actuai line of flow only varied slightly from this, and that
the river actually rose and fell in great waves of gentle ascent and
descent, apparently being scarcely affected at all by single rains, unless
they were exceptionally heavy.

The gauge was taken in charge by Mr. James M, Blaisdell, the
superintendent for the water-power company, and every facility and
courtesy wes extended by him to epable us to ascertain the flow.
From careful tests and checks it does not appear probable that daily
gaugings would change the result of the total monthly flow in the
table more than 10 per cent. at the utmost, and certainly would not
decrease them,
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FLOW OF GREAT EGG HARBOR RIVER AT MAYS LANDING, 1890.

Drainage Area, 215.8 Square Miles.

FLOW IN CURIC FEET

gn; 8 PER SECONKD.

MONTH. E E . )

= y <2 @

LT R,

et ° o ] g

& = & . <
February 16th to 28th .iviviiiciinnan 2.40 .88 463 322 383
March .. P, 6.06 2.39 723 327 447
April v, 3.37 2.44 734 268 470
May i 371 1.88 491 270 348
June 2.33 1.27 352 126 244
July e e 5.13 1.33 302 201 249
AUgust e 531 1.46 541 97 278
September. .o irneeninn i 6.00 1.05 366 114 203
LT TS O 6.30 1.67 346 270 313
November.....covve coveiiviennieeiee e 0.71 1.32 325 142 255
December... cvocimiininniaiiininn 4.49 1.52 438 180 234
Total. ..... e rT I 4587 4 17.19 | 37 per cent. of yearly rain.

This table shows at once a greater total loss of rain than any of the
previous ones, At the same time it shows a steadier and better-sus-
tained summer flow, especially when we note the range of flow in
cubic feet per second. It is of great scientific importance that the
flow of this stream during a period of prolonged drought shall be
determined. Until recently there was a plant of 120 horse-power at
Mays Landing on a net fall of 10 feet, With the considerable storage
this plant always had enough water, with an appreciable waste over
the dam at night, so that it was considered desirable to increase the
capacity, and new wheels have been recently put in. It would re-
quire, to run the old plant 10 hours per day, at least 59 cubic feet
per second continuous flow. Above Millville the Maurice river has
a water-shed 218 square miles in area, of the same character as this,
excepting that it has 67 instead of 88 per cent. in forest. The run
of the mills there indicates a flow of about 85 cubic feet per second
during dry periods. Consequently it seems that for the present we
may assume 2 minimum flow for this stream of 60 cubic feet per
second, or 0.30 inch per month, with the prebability that this is very
rarely reached. Referring to the above monthly flows, and the dia-
gram of daily flows and rainfall, we find that at the end of the period
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of light rainfall in April a flow is indicated which must have been at
about the depletion of the great surface storage of the swamps of the
water-shed. From this point to the 1st of September there is a
gradual falling off in the low run of the stream, indicating a depletion
of ground storage. The intermediate swells in the line are flows from
swamp storage which has been replenished by the heavy rains. This
assumption gives us the following flows from ground-water: May,
1.40; June, 1.00; July, 0.75, and August 0.63 inch. September
starts in at the rate of 0.60 inch, but a replenishment of swamp
storage increases the flow gradually and the ‘continued heavy rains of
October seem to have replenished the ground-water again ; for after
their cessation the flow for November,” which was entirely from
ground-water apparently, reached 1.32 inches again, or the same that
we have taken from the diagram as the ground-water flow of May.
Although the demands of vegetation are less, the evaporation is more
than on the Croton water-shed, and there is also some loss, probably,
through the gradual movement of the ground-waters seaward, down
the gently-inclined strata of the formation. We may assume the
same rate as was used upon the northern shed, therefore, for zll
months excepting May, which would undoubtedly not be greater than
August, there being no cultivation and exposure of earth to increase
evaporation, and practically no demand from vegetation during that
month in the piny districts. The effect of winds, which is to increase
evaporation so much elsewhere, is also here annulled by the timber;
congequently the evaporation is taken at three inches, a8 for August,

Rain, Evaporation + Flow,

BIAY ceverenrrineraiansonavanrmnnnssssrsnssbne aranss ves 3.7 4.88
JUDE ternriniiaiiannes srarnsrarnnraiinarnrssiasnennsinn, 2.33 5.27
JULY it 513 5.33
ANZUSL.ciiiain i e rsas s e e e 6.31 5.46
SEpLemMbEr. ettt 6.06 405
OCLODET wovenrmrnceirirenerinenisasnrarsrrescssraransion 6.30 342

TOLRI. vovens vernrrerncrmeesnmmresaseenanies ooe 2884 25.41

Of course, in order to apply this method practically, we must have
data by which we may determine what will be the proportion of sur-
face-flow. 'This appears to be about 7 per cent. of the total rain, but
the data for its determination is still insufficient.

On Rancocas creek, gaugings have been made at Pemberion, the
gauge having been set up at the mill of Anthony J. Morris, Esq., who
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kindly undertock to read it. The reduction of these gaugings is
exceptionally tedious and has not yet been completed. A series was
also taken on the Assanpink, at Lawrence Station, by G. W, Daven-
port, E<q. These also are not yet computed.

Messrs. Asher Atkinson, Cyrus F. Sproul, P, D, Staats and W. C.
Ogden have assisted at various times in gauging and procuring data
for this report, while Mr. John Prince has prepared the diagrams and
done other office work.

The following table gives in a form convenient for reference and
comparison the extremes of flow—some of which have already been
mentioned :

EXTREMES OF FLOW, NEW JERSEY STREAMS.

| MAXIMUM. l.\lINI.\lUlL

0.250 From run of mill in
1.

= y
3 ——— -
) % g, 2
E 5 | F % |3
RIVER. 1ML.ACE, s B ® ' = ° REMARKS,
EOBd | 5 54| 5
vl <8 a lwa 3
28 g.28! &
a Eg | & '"Bgy &
= == 7] = <o
<5 | & & &
ParllosXdll v Hoinioshursh oo, ,126] 42,0 174.8: 0.240;Least in 1890,
BRrtLE L RS U Y L 1 7. OO DA SRR, 1700 0,180, From run of mill in
i 1881.
o il . S!illwntl'r...............l...................... ......... 16.5....0uune F‘r%tg: run of mill in
) 1581,
Pauiinekill ... Balewwillenwnnn, 500 e, 6.8} 0.126 Fr%tsn run of mill in
! 1881.
Painter's Mill | |
Lrapet. . . ... Kolsrama, . L7 .. 2.4, 1.400 From run of mill.
Jarkeoab'ph brch.. Jucksonburgh X T P 19
|

swortswood lake
8

176 Min. from run of mill.

tegue-t
Peraest ..
Musconeten
Mu~onedior -
Dilnwnre, .
llumapn... -
WAl U avena Januury, 1801, not the
greatest,

Peamanomk..

Rocknway e B .

F R T 113 ' TN B/ 5 RN IS 195| 0.240)Croes and Howeli, Oc¢-
' tober, 1875,

Pu--alr ... Fater-on .. 796.%. | 150/ 0.190:L. B. Ward Bept., 1853,

| o TN T PR, Tundee.... 822,71 17,0180 21.8........ Croes and Howell, De-

Passale i v Little Falls,

Pas-ale . I'atersun.,,

Hovkiw.y . lonoton...

Harltan,... .. Bennd Broo

For convenient comparison, a list of like extremes for some Ameri-
can rivers, taken from the Report on Water-Power, United States
Census, 1880, are appended :
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EXTREMES OF FLOW FOR S0ME AMERICAN STREAMS.

5 EXTREMES OF |
- FLOW. (" [
E RR-ER
@ wH =B
- - - o @
< @ 1] oW oo |
| 2 |S |2 158158
1 © 3 BRI Y-]
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EXTREMES OF FLOW FOR SOME AMERICAN STREAMS— Chnlinued,
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WATER-POWER.

One of the practical applications of the determination of the flow
of our streams will be to point out their resources for power, as has
already been remarked. It is intended to make such computations of
flow as will be a safe guide to the amount of power which may be
depended upon at a given point. There is nothing which tells so
fatally against the use of water-power as a few examples of disastrous
attempts to use a stream for more power than it is really good for.
Such attempts are often made, and then, when inevitable failure
comes, the blame is laid at the doors of water-power, which is declared
to be unreliable, when the fault lies wholly in bad judgment. No
one attempts to work a 50 horse-power boiler and engine plant up to
100 horse-power. Why should a 50 horse-power stream be expected
to develop two or three times that amount? Yet the stream may, in
many cases, be made to yield double the power by a judicious location
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of plant and doubling of the available fall. There is no lack of
examples of admirably-equipped and located water-power plants in
the State. It may be invidious to mention a few where so many are
equally good, yet the works of the Millville Manufacturing Com-
pany, on Maurice river, and of the Mays Landing Water-Power
Company, on Great Egg Harbor river, are such excellent examples
of successful utilization of comparatively small streams of gentle
slope ; and the two mills of the Warren Manufacturing Company, on
Musconetcong river, of similarly efficient utilization of a stream
which is a fair type of our smaller northern rivers, that we feel it
may be a help to those who may be in search of good examples to
speak of them.

VALUE OF WATER-POWER.

Much has been written and many computations have been made of
the relative cost of steam and water-power. So many factors, which
cannot be expressed in figures, enter into the problem, however, that
it scarcely seems worth while to reproduce them. When we know
that for many kinds of manufacture such power is now successfully
in use, is well liked and considered highly profitable by the users, we
know that water-power has a value. Perhaps no better standard of
that value exists than the figures of rental per horse-power given in
the census report on water-power, 1880, for the leading water-powers
of the United States. The following list is extracted relating to
powers in this section of the country :

TURNER’S FALLS, MASSACHUSETTS.
Connecticut River. Turner’s Folls Company, Cuner.

Available power equals 17,600 theoretical horse-power in low water of
ordinarily dry vears, night and day.

Rates for Power—Usual rate has been §7.50 per annum per horse-power
(not further specified), but there is no established rate for the future.

BELLOWS FALLS, VERMONT.
Connecticut River. Bellows Falls Canal Company, Owner.

Available power equals 12,000 theoretical horse-power in low water of
ordinarily dry years, night and day.

Rates for Power.—Nominal rate, $7.50 per annum per horse-power (not
further specified).
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UNIONYILLE, CONNECTICUT.
Farmington River, Union Waler-Power Company, Owner,

Available power equals 560 theoretical horsg-power in low water of ordi-
narily dry years, night and day.

Ratea for Power.—Perpetual lease at $175 per mill-power per annum, &
mill-power being 74 cubic feet per second under a head of 18 feet, or 15.34
theoretical horse-power—that is, the price is $11.35 per theoretical horse-
power per snnnm.

OCCUM, CONNEGTICUT.
Shetuvelet River,  Norwich Water-Power Company, Owner.

Awailsble power equals 200 theoretical horse-power in low water of ordi-
narily dry years, night and day.

Rates for Purer.—Twenty dollars per annum per horse-power (not further
specified).

BARRETT'S JUNCTION, MASSACHUSETTS.
Srift River.  Barreil's Juaction Water-Power Company, Owner.

Available power equals 200 theoretical horse-power in low water of ordi-
narily dry years, night and day.

Rates jor Power.—Nine dollars per annum per horse-pawer (not further
specitied?,

BIRMINGHAM, CONNECTICUT.
Houvsetonic River.  Qosatonic Water Company, Ouner.

Available power equals 1,375 theoretical horse-power in low water of
ordinarily dry years, night and day.

Ruatrs for Power—Power leased for 99 years, per square foot. Permanent
woter, $20 per annum per theoretical horse-power; second surpius, $8 per
annum per theoretical horse-power. Company does not guarantee power
in any case.

ANSONIA, CONNECTICUT.
Navgatuck Ricer. Ansonia Land,and Wuler-Power Company, Quner,

Avaifable Porer.—Total effective (rated) power of wheels in use, 1,600
lrorse-powaer.

Rates for Power.—Water leased by the square foot, under a head of 30
inches, eslimated to produce 30 theoretical horse-power. Permanent water,
3600 per annum per square foot; surplus water, $250 to $500 per annum per
aquare foot {$20 per annum per horse-power).
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COHOES, NEW YORK.
Mohawk River. The Cohoes Company, Ouner.

Available power equals 9,450 theoretical horse-power in low water in
ordinarily dry years, night and day.

Rales for Power.—Perpetual leage of land and power with reserved rent
amounting to £14.67 per annum per theoretical horse-power.

LOCKPORT, NEW YORK.
Erie Canal. Lockport Hydraulic Coempany, Owner,

Available power equals 2,500 to 3,238 theoretical horse-power.
Rates for Power.—Perpetual lease or absolute purchase. Price, from $8.35
10 $11.11 per annum per theoretical horse-power,

PASSAIC, NEW JERSEY.
Passaic River. Dundee Waler-Power and Land Company, Guner.

Available power equals about 800 theoretical horse-power in low seasons
of ordinarily dry years, night and day.

Rates for Power.—Aboul $33.38 per annuin per gross or theoretical horse-
power, for 12 hours a day.

PATERSON, NEW JERSEY.
Passaic River. Society for Establishing Useful Manufactures, Quner.

Available power equals about 2,150 theoretical horse-power in low season
of ordinarily dry years, night and dny.

Rates for Power.—Beven hundred and fifty dollars per annum per square
foot of orifice, under a head of 2.756 feet to center, equivalent to about $36
per anoum per theoretical or gross horse-power.

RARITAN, NEW JERSEY.
Raritan River. Raritan Water- Power Company, Ouner.

Available power equals 216 theoretical horse-pOWer in low season of
ordinarily dry years, night and day.

Rates for Power.—Nominal price, $300 to $400 per annum per square foot
of orifice, under a head of 30 inches to cenfer of orifice.
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TRENTON, NEW JERSEY.

Delgware Rieer,  Trenton Waler-Power Company, Owner,

Available power equals 8,000 to 4,500 theoretical horse-power in low
gensons of ordinarily dry years, night and day.

Rates for Power.—Three and four dollars per square inch, under a head
of 3 fert; equivalent to about $37.50 and $50 per annum per theoretical
horse-power.

FREDERICKSBURG, VIRGINIA.

Rapahannock Rirer. Fredericksburg Water-Power Company, Guner.

Available power equals 3,000 to 4,500 theoretical horse-powerfin low
season of ordinarily dry years, night and day.
Rab s for Power.—From $5 to $15 per horse-power (not further specified).

MANCHESTER, VIRGINIA.

James River. Cily of Manchester, Quner.

Available power cannot be stated.

Rates for Power.~Fifty-year leases at $4 per annum per square inch of
otifice. under a head of 3 feet; corresponding, theoretically, to between
$29.60 and $42.10 per annum per theoretical horse-power, according as
the fall is 22 or 14 feet.

From this list it will be seen that the highest prices are commanded
in our immediate vicinity, and that from $33 to $37 is the range for
the water delivered at the forebay. This may be taken as a measure
of the expense warranted for the purchase of mill privilege and con-
struction of dam and raceway. At $33 per borse-power the rental
for 100 horse-power would pay 6 per cent. interest on $556,000.
Of course the actual value will vary with the location. Judging by
the above table, it ought not to fall much below $15 anywhere in the
State.

The possibility of a widened field of usefulness through the medium
of electric transmission has been referred to before. Examples of the
practical application of this agent are not wanting already, and the
further development of the idea is assured in the near future.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. S223

CANVASS OF WATER-POWER.

Durit;g the past season a partial collection of the water-powers of
the State has been made in connection with our inquiries concerning
the flow of the streams. This canvass is practically finished for the
Raritan water-shed and all of the State north of Trenton. Some
water-sheds have been included in Southern New Jersey, but the
statistics there are still incomplete, The completion of the work will
require only a short time. Such a work is necessarily done at some
disadvantage, as it is difficult to procure reliable information in some
cases. No pains have been spared to secure accuracy so far as we have
gone. A few owners have failed to respond to our inquiry. We will
esteem it a favor if all owners of water-power will send us at once
any corrections or additions which may be necessary, in order that the
completed canvass may be as accurate as possible. The horse-power
has been based on the kind and size of wheel in use and its known
efficiency, so far as possible. When this would not answer, estimates
have been made of the amount of power which should suffice to do
the work of the mill, and the gross pewer has beem computed from
the net by an estimated efficiency for the whole plant. Not merely
the efficiency of wheels under experiment has been used, but the
length of time they have been in use and the manner in which they
are set have also been taken into account.

SUMMARY OF POWER IN USE.

As Northern New Jersey is complete, the following summary of
the amount of power applied to certain kinds of manufacture may
prove of interest :
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This gives an aggregate of 22,971 horse-power, which is dis-

tributed among the water-sheds as follows :

DelaWare. i viecrcrcir e in e s re e s e
Wallkill.....
Pasgaic...cccicienrinnmaiinsinne reene D P
Hackensack, Rahway, &c.uennent rasnearas .
Rarttan.......... orenerenrtrrarane teereturens e st rnenean e catsnearane -

6,306
508
9,982
806
5,054

The power is most largely employed in flouring mills, as they are
able to adjust their run to the stage of the stream. The other classes

of manufacture divide the power quite equally.

UNDEVELOPED POWERS AND BTORAGE.

In the canvass all mill sites which have been once in use are in-
cluded so far as possible. There are besides a number of fine sites
which have never been occupied. These will be taken up fully and
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their capacity and special features pointed out at a later stage of the
work. A few of the principal ones may be mentioned here.

On the Delaware the largest single fall is at Foul Rift, near Belvi-
dere, where the power has been estimated at 3,500 horse-power. All
along the river there is a large amount of unutilized fall, amounting
in the aggregate to much more than all the power in use at present in
the State. At Trenton the water-power is not nearly all developed
because of the opposition of the fishermen to the tightening and im-
provement of the dum at Scudder’s Falls. The proper way to
develop the Delaware powers is unquestionably by low dams and by
raceways, but the dams need to be reasonably tight. The value of
water-power at so good a locality as this, and the benefit which would
accrue by the full development of the 3,000 horse-power of the
stream, is evident.

The recent opening up for lease of the fine power of the estate of
J. Couper Lord, at Boonton, has had a most beneficial effect upon
that town, Wheels are in already with a capacity of 945 horse-power,
yet this is upon only 100 feet of the total fall of 240 feet in the
Rockaway at this point. This is a fine water-power and one of the
many cases where storage and consequent increase of the capacity of
the stream must in time prove profitable, for when the power comes
to be needed every cubic foot of water which can be added to the
flow on so large a fall will have a considerable value. Storage for the
purpose of increasing the power of a stream has been quite largely
applied in some of the Eastern States. It was introduced in this
State, on the Pequannock, by Peter Hasenclever before 1768, He
improved many of the ponds on that water-shed in order to secure a
better and steadier power for the iron works of the London Company,

Storage was quite general with the early users of water-power, a
natural lake being often raised by a dam as the cheapest means of
securing the requisite capacity. Most of our northern lakes were so
utilized, and good power often secured on very small water-sheds,
Lake Hopatcong was originally raised for a forge at the outlet.
Splitrock, Macopin, Hank’s, Cedar, Buckabear, Wawayanda, Culver’s,
Swartswood and many other lakes may be mentioned as instances.
Besides these were many entirely artificial storage ponds, in both
Northern and Southern New Jersey. The largest in the State is the
one at Millville, on Maurice river. It has an area of 926 acres of
open water-surface. The dam is 2,200 feet long and 24 feet high.

15
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Mays Landing, Batsto, Harrisville and many other illustrations
might be given. If storage proves profitable on limited falls it
should be much more so on the great falls of the State. Suppose we
take the Rockaway as an example, and apply to it the Croton flow in
the great drought of 1880. From June to October, inclusive, the
Croton fell below 0.50 inch per month. In order to have kept it up
to 0.50 inch per month, we should have needed in those five months
a storage capacity equal to 1.17 inches on the water-shed, or, say, 1.50
inches to allow for evaporation. Now, on the Rockaway, a flow of
0.50 per month would equal 66.75 cubic feet per second, day and
night, at Boonton, while, if we allow the flow to fall to the lowest
natural rate of the Croton, it will be but 0.12 inch per month, or 16
cabic feet per second. Supposing we have utilized 200 feet fall, in
the latter case our power will sink to 364 horse-power, while with
storage it will be kept up steadily at 1,516 horse-power, a difference
of 1,152. Now, if the power will rent at $30 per horse-power per
annum, this difference is worth the income from $576,000 at 6 per
cent. ; but the return will come not merely from the additional power,
but from the ability to guarantee a certain amount of power, which
will place the works in a position to command a higher rental, I
have purposely taken an extreme ease for illustration, The Rock-
away probably never falls so low as this, and furthermore, 2 compara-
tively small amount of storage immediately at the head of the fall
would make it an easy matter to retain all of this additional flow for
nse during twelve hours of the day, so that the actual increase from
the storage would be double what we have computed, or over 2,300
horse-power. The successful application of the principle will be de-
termined by the ability of the parties undertaking the storage to con-
trol the requisite amount of fall, or to secure the pledges of the
parties who do own the fall to pay a fixed price per annum for a
guarantee of a certain amount of water from storage; and also upon
the fucilities for imponding the requisite amount of water, at a cost
which will not be prohibitive. When a considerable amount of fall
has been utilized on a stream, there seems little doubt that storage
may be applied, instead of the installation of an auxiliary steam-
power plant, with a considerable gain to the users,
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ARTESIAN AND OTHER BORED WELLS.

-

In seeking an available water-supply, recourse is had in many
localities to boring deep wells which tap subterranean reservoirs in
water-bearing strata. The common dug well so often draws water
from surface beds and even from the surface of the ground in many
cases, that it cannot be classed with deep, bored wells as a source of
supply of water of good quality. The history of these deeper wells
in this State shows that there is a .great variation in the depth at
which a satisfactory supply is obtained ; and, further, that the depth
is determined by the varying conditions of location and geclogical
structure. Some of the more dense and compact beds are impervious
and hold no water; others, as some of the sandstones and limestones,
are so traversed by open joints and fissures as to be dry; others,
again, are so open and porous that they have capacity for large vol-
umes of water. The conditions favoring a water-bearing horizon are
not only the capacity for holding water, but also such a pogition
between tight and impervious beds that there may be a natural reser-
voir, from which it may not be drained away through fissures to
deeper levels, The water-level and the pressure must be maintained
by favorable conditions, so that when tapped it can serve as a fountain
or source from which there can well up an abundant supply, making
either a flowing well, that is, an artesian well, or one which can be
pumped readily and continuously without lowering greatly the head
of water. In consequence of the contaminated surface-waters, and
the failure of shallow wells to give water enough of good quality,
many wells have been bored in the State, particularly in the red
sandstone plain and in the southeastern coastal belt. The localities
of wells which have been described in the Annual Reports of the
Geological Survey are given in a list appended to this section of the
report. The absence, generally, of artesian wells in the Highlands
and in the Kittatinoy and the Upper Delaware valleys is here note-

(259)
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worthy. That flowing wells might be obtained in some localities i
these districts is highly probable.* '

In the greensand marl and plastic clay belts, the results have been
in some cases unfavorable, and failure to secure water has caused the
abandonment of further efforts in those localities to find it. The suc-
cessful wells are, however, such as to justify further trials, and at
other points in this part of the State. Some of the failures are to be
attributed to a lack of care and to boring too deeply—passing through
and beyond water-bearing sands or gravels, and other porous beds,
and shutting them off by the pipe or casing of the well. The caution
to avoid this cause of failure cannot be too strongly impressed upon.
all who are about to put down wells of thiskind., Another difficulty
met with in a few localities is the fine sand which flows with the
water up the pipe, and sometimes stops the flow of water. Contin-
ued pumping may overcome the trouble, or the use of & gauze-
pointed pipe to keep out the sand. In some places the difficulty is
best overcome by boring deeper and tapping a lower horizon or level
of water. The geological structure of the southern part of the State
shows the existence of many beds which are open and porous and
water-bearing. The fine sandy beds in the series of the Raritan clays ;
the sand beds of the greensand marl formation, and the sands and
gravels 8o common in the overlying and more recent strata of Tertiary
age, southeast of the marl belt, are possible sources whence bored
wells can draw satisfactory supplies. At many points there may be
several water-bearing beds in the vertical section of a well, and &
choice of waler from these respective horizons. The deep wells at
Atlantic City have proved there the existence of at least three:
horizons of water, Putting aside the question of cost, which is of
course the practical one, it may be said that there is not a locality in
the southern part of the State where a large supply of water cannot
be reached by deep boring, From what is known in the history of
deep wells there, it is safe to say that deep, bored wells are practicable-
everywhere in South Jersey. The beginnings only of the develop-
ment of our subterranean wealth of waters are as yet made. These
deep reservoirs of good water are a part of the natural resources of the-
State; and, in their great extent, underlying so much of its territory,
in the quality of their water, suited to household uses and free from
liability to pollution, and in their accessibility nearly everywhere

*Bee Ann. Rep. State Geologist, 1885, pp. 109, 110.
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¢through borings of practicable depth, are comparable in value with
the great iron ores of the Highlands, and other deposits, recognized
by every one as belonging to the domain of our mineral wealth. They
belong properly under the head of mineral resources of the State.
As the country becomes more densely populated, and the large areas
of territory now uncleared and in forest, are improved and put under
cultivation, there will be need of water, and the supply by means of
deep, bored wells will be more and more found practicable and satis-
factory. At present our wells draw from the higher levels generally,
and there is no attempt to utilize more than one horizon at any given
point, Increasing demands for larger supplies will doubtless lead-to
the putting down of deeper wells, or wells tapping other levels and
drawing from them the needed additional quantity. The records of
the deeper wells, as well as the geological structure, suggest the prac-
ticability of using all the reservoirs which are found.*

Nores oF NEw WELLS AND OF WELLS NoT REPORTED IN THE
ANNUAL REPORTS OF THE GEOLOGICAL SURVEY.

Messrs. P. H, & J. Conlan, of 216 Market street, Newark, report
the following wells put down the past year in Newark and Hobolken,
and in the cities of New York, Philadelphia and Easton. These
latter wells are of interest because of their being not only in closely
adjacent territory, but also and more particularly because of their
location in geological formations which are represented in the State :

Prof. J. C. Smock, State Geologist, Trenton, N. J.:

DEear Sir—Besides the well No. 5 at Atlantic City,t we also put
down the following wells in this vicinity during the past year:

NEWARK.

Ten-inch well for Hill’s Union Brewery. Eighty feet to rock
{soft). Total depth, 496 feet. Yield, 150 gallons per minute.

Six-inch well for the Murphy Varnish Company. Found quick-
gand to a depth of 100 feet; then alternate layers of clay and quick-

* Attention is asked to a careful reading of the paper by Mr. Woolman, given in
this report. It is instructive nnd pertinent in this connection, and highly suggestive
£0 those who may be seeking ndditional supplies of water.

+ See at end of this section.
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sand to 200 feet, at which depth a water-bearing gravel bed was
struck, This well yields 200 gallons per minute.

Twelve-inch well, 100 feet to rock, with 8-inch hole 390 feet in
rock, for P. Ballantine & Sons, Freeman street. Well yields 200-
gallons per minute,

Eight-inch well for R. G. Salomon, Nesbitt street. Twenty feet
to rock and 292 feet in rock. Sixty gallons per minute.

Reilly & Osborn, Railroad avenue and Hamilton street. Two
hundred and twenty-five feet of 6-inch well, yielding 75 gallons per
minute. Alternate layers of clay and sand. No rock.

Six-inch well for Maybaum & Eckert, South Orange avenue, near
city line. Twenty feet to rock and 64 feet in rock. This is a re-
markable well, located on very high ground and flowing 8 gallons.
per minute. Will pump about 20.

Six-inch well for M. Buehler, Springfield avenue. Thirty feet to
rock and 227 feet in rock. Fifty gallons per minute.

Six-inch well for Peter Lowentrandt, Kent and Bremer streets.
Twenty feet to rock and 140 feet in rock. Twenty-five gallons per
minute.

Eight-inch well for Jumbo Brewery, Hayes street. Twenty-five:
feet to rock and 351 feet in rock. Sixty galions per minute.

BELLEVILLE.

Biz-inch well, 40 feet through clay and quicksand, for Maas &
Waldstein, near the pumping-station, Belleville. Fifty gallons.

HOBOKEN.

C. Hirtler’s Sons, Washington street, Hoboken, Six-inch well,
yielding 60 gallons per minute ; 130 feet deep, 90 feet being in rock.

NEW YORK CITY.

Yuengling’s Brewery, One Hundred and Twenty-eighth street and
Tenth avenue, New York City. Ninety feet of 10-inch well to rock ;
515 feet 8-inch hole in rock. One hundred gallons per minute.

Manhsattan Athletic Club, Madison avenue and Forty-fifth street.
Eight-inch well, 15 feet to rock and 291 feet in rock. Flows 15
and pumps 40 gallons per minute,
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PHILADELPHIA,

P. Schemm & Son’s Brewery. Two hundred and thirty-two feet
of 8-inch well, 20 feet to rock (mica). Seventy-five gallons per
minute.

Arnholt & Schacfer’s Brewery, located about one-half mile from
Schemm’s. We are now down to a depth of 800 feet. Only water
found so far is at 700 feet. About 6 gallons per minute,

EASTON, PA.

Seitz Brothers’ Brewery. Seventy-one feet, 33 of which are in
rock (hatd limestone). Encountered a fissure with water at a depth
of 66 feet.

The foregoing are the principal wells put down in this vicinity
during the past year.

ATLANTIC CITY.

We berewith send you report of well No. 5, put down by us at
Atlantic City.

Formation similar to well No. 4, except that the clay bed encoun-
tered at a depth of 38 feet in No. 4 was not struck in No. 5 until a
depth of 440 feet was reached. Nor did we find the water-bearing
stratum met with at a depth of 570 feet in No. 4.

The clay bed continued from 440 to 710 feet, with & very hard
stratum of concrete, one foot thick, at a depth of 680 feet. After
passing through this concrete, the clay became darker in color and
somewhat harder,

A fine water-bearing stratum of gravel and sand was found at a
depth of 720 feet, and continued to a depth of 736 feet. This
stratum yields 250 gallons of fine water per minute, and 10 seconds
after the pump stops the water will rise to the surface and flow over
the top of casing.

This well has 6-inch casing to a depth of 440 feet, at which depth
we found it necessary to reduce the casing to 43-inch, which size is
continued to the water-bearing stratum.
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TRENTON.

Two large wells have been put down at the John A. Roebling’s Sons
Co.’s Wire Works. The first one, located near the corner of South
Clinton and Mott streets, was dug 60 feet deep through the gravel
and sand of the Trenton terrace formation, to the clay. This well is
20 feet in dismeter and yields a large supply of water. A boring
from the bottom passed through clay 68 feet, then through gravelly
clay and seams of clay to the rock, which was struck at a depth of
160 feet. It was sunk eight feet deep in the rock, but failed to strike
water.

A second well was dug in the autumn, at the side of the canal
below Hamilton avenue, through 40 feet of sand and gravel, to the
clay.

The greater thickness of the clay bed here, as compared with that
at the State Prison, about 1,000 feet to the southwest, is noteworthy.

FREEHOLD, MONMOUTH COUNTY,

The present water-supply of Freehold is obtained from wells
about two miles north of the town. Prof. John Enright, one of
the Water Commissioners, writes as follows, describing their location,
capacity and history : .

“Our wells are located in a meadow, one and one-half miles distant
from the Court House, at a point 100 feet above sea-level and 78 feet
below the Court House steps. The meadow has been made such
mainly by digging out marl, which here appears within three or four
feet of the surface.

“We sunk our first well, which was somewhat experimental, on
the opposite side of the brook from where the present ones are located.
This well we bored to a depth of 210 feet, into what is generally
known here as the second stratum of water-bearing sand. This deep
well was a failure, It did not yield 10 gallons a minute when the
steam-pump test was made. The ‘second stratum’ seemed to consist
of alternating layers of clay and sand. Pieces of lignite with particles
of sulphide of iron plainly visible in them, came up in quite large
pieces from this depth. One piece was seven inches long. The well
flowed a very small jet. Accordingly, we abandone«f this lower
stratum and concluded to try the upper stratum.,

“ The second well was sunk to a depth of 50 feet. The marl was
penetrated at a depth of 40 feet, and from 8 to 10 feet of coarse
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sand followed. This yielded a good flow at the surface, probably 10
gallons a minute. The well was a 3-inch one. The steam pump was
then put on and a yield of over 100 gallons a minute was secured.
During the pumping the water lowered in the well to a depth of 18
feet, at which point it remained constant.

“We then bored 8 of these wells, but used 43-inch pipe. The
-extra-size pipe did not make an increase in the flow. Four of the
wells are located on the bank-side of the meadow and four on the brook-
side, and are in a line nearly parallel with each other. These we
connected with a central pipe-line through the meadow, leading to a
receiving cistern. The pipe enters the cistern, which is 28 feet deep,
at a point 6 feet below the surface, and continues down the cistern a
-distance of 15 feet, thus making a siphon, This acts automatically.
As we pump the cistern down, the arm of the siphon lengthens and
the flow of water increases. The object of this arrangement is to
iprevent pumping sand from the wells. The sand that comes through
the siphon settles at the bottom of the wells.

“The capacity of the wells acting through the siphon is about 250
igallons per minute. The tendency seems to be to an increased flow
the more the water is pumped.

“ The time consumed in the actual boring of these wells was not
more than three hours after everything was ready.”

HARTFORD, BURLINGTON COUNTY.

A well was bored by F. & W. Stothoff, in the autumn of 1890,
-on the farm of Samuel C. Roberts, one and one-half miles north of
Hartford. The site is about seventy feet above tide-levels. The
strata passed through were the following :

Feet.
1. Soil and red sand and clay....ooiviiiine e ST 39
2, Laminated 3and....ccoiin voreerririecinsssiminr s e 7
3. Clay mark. .oiiiviceiis crrirri i s e 54
4. Clay marl, with greensand....c.veee convvimnnimnienn, 17
5. Clay marl, with more clay..cca i, 8
8. Dark clny...cccvuoriimiercin i e e e e 32
7. Dark-colored sand.. oo nnianeci s, e 6
8 White 8RN iieeierirrirs cresmriniiin crreerrransrar et sassran 4

167

Small bits of wood, some of it pyritiferous, and a shark’s tooth
<were found at the bottom. The water rose in the pipe nearly to the
surface of the ground, but on pumping, the pipe was filled with in-
dlowing fine sand with the water, and stopped the pump. The use of
@ gauze-pointed pipe was to be tried, to shut out the sand.
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HREACH HAVEN, BURLINGTON COUNTY,

BY LEWIS WOOLMAN.

Early in the year 1890 two wells were drilled, both of them to
the same depth, at Beach Haven, N. J., by Uriah White. One is
located at the Engleside and the other at the Baldwin. By the
courtesy of Robert B. Engle and of the contractor, duplicate series of”
specimens were received from the well first put down. A 3-inch
bore was made to a depth of 430 feet, entering at 420 feet a coarse-
sand stratum, from which overflowed a stream of fresh water, yield-
ing about ten gallons a mioute, the writer being present when the
last 80 feet were bored and the flow obtained. From an examination
of the specimens of earths, coupled with information verbally received,
the following record has been compiled :

Thickness of Total
Strata, Depth.
Beach sand....... ...cveeine t0 17 feet. 17 feet. ] 2
Mud, with roots....c. veveerees 1 ° 18 “ j o
Band...con s v 62 ¢ 80 * =i
Sand and gravel, fossilif- Y 3
erous pebbles............. 10 ¢ g0 v .
White clay.....coveenen. 5 ¢ 95 « | Fostiliferons .
White sand, a few fosmhf- gravels. ‘é
erous pebbles crraen 2004 115 ¢ ) ‘é
White sand, alternating ) «
from fine to coarse...... 45 “ 60 ** ! i
Yellow, tenacious clay..... 2 * 162 “ ;C;
Black, tenacious ¢lay ........ 3 165 *“ . =
White 580, erevveesrnerorerens 10 ¢ 175 ¢ p oMo and g
Yellow 5and ceurenraceree veees 5« 18 « Y ' =
White sand...ccoiveriinairinenns 8 215
Yellow sand .cocivennnnnnnnes 38 ¢ 250 «
Gray sand......coeiiveinneas 30 « 280 “ ) J
Greenish sand and clay ] ) 5
mixed... coeveemivieenniean 100 ¥ 200 © &
Greenish marly clay, con- B
taining distorns. ........ 75 ¢ 365 L Diatom clay bed. } ]
Dark marly clay, contain- 2
ing diatoms ..eieeviiiens 85 420 “ ®
Coarse gray sand, water- =2
bearing..cccvveeivseneriniane 100 ¥ 430 “ =
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A comparison of the specimens of earth from these wells with
those from the wells at Atlantic City exhibits a close correspondence
in the character and succession of strata, with the exception of the
omission of one of the beds at Atlantic City, which omission will be
referred to again.

The upper 280 feet in the wells at both places present considerable
resemblance in the existence in the upper portion, of gravels contain-
ing fossiliferous pebbles derived from old Devonian and Silurian
rocks, succeeded in the lower part by alternations of white and yellow
sand, having interbedded a few seams of peculiarly tough, tenacions
clays, either white, yellow or black in color. Fragments of wood
characterize this division in both wells.

About 100 feet of reddish-brown sand that occurs at Atlantic City,
next below the above-described gravels and sands, is here wanting,
probably lost by erosion before the deposition of the overlying beds.

Almost or quite every foot of the lower 150 feet at Beach Haven
shows under the microscope fossil forms of marine diatoms. These
are agsociated with a few marine sponge spicules, This is undoubt-
edly the same diatom clay bed met with in the.Atlantic City wells.
The portion richest in diatoms is at 410 feet, and here occurs a rare
form, Coscinodiscus ezcavatus, found also at Atlantic City at 500 to
536 feet, in both cases a short distance above the water-yielding
stratum. The water-bearing gray sand in this well and in the well
at Atlantic City, at 554 feet, is most probably the same. The sand,
however, is coarser here. This horizon, as learned by the Atlantic
City borings, occurs midway in a bed about 300 feet thick of imper-
meable diatomaceous clays. Geologically, these are of Miocene age,

MILLVILLE, CUMBERLAND COUNTY,

RECORD FURNISHED BY GEC. B, WOOD.

Elevation about 10 feet above high tide.

Thickness of Total
Strata. Depth,
Sand, more or less coarse but always sharp..... ... v 10 120 feet. 120 feet.
Layer of stone about two inches thick,
Thick blue clay, very hard to get through... ......euvee 80 ¢ 150 “
Fine white 8and... ..ciieearciinrnion s tresssssianiinn 10 ¢ 160 “

This well is cased with a 10-inch pipe. G. B. Wood writes that
“it is appreciated as a drinking-fountain by the workmen,” that * it
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would answer for making steam,” that “it would be healthy for
domestic use,” but that “it would not do for bleaching purposes,”
which was the object in putting it down.

PORT NORRIS, CUMBERLAND COUNTY,

There are two wells at this place, both situated near the mouth of
Maurice river, one on either side. Both wells were drilled by Caleb
Risley & Son, some years since. From memory they now furnish
the following record, which may be regarded as approximately correct
as to the figures. The depth may possibly be slightly less, say ten to
twenty feet.

Thickness of Total
Strata. Depth,
Balt mud....iivivivrinieneen rveaveunrataesein, veananens senne 20 feet, 20 feet.
White quicksand, like glass sand.......vvvveceeiiviceennranns 50 “ 70
Blue clay....o.oueieen. Chereeranee errar e iraesen s ran rareeaens e 6 76 ¢
Alternations of sand and blue clay, with 18 inches of
*clam and other shella” near the bottom, about.. 124 200

Examination under the microscope of material from the bottom of
one of the wells shows marine fossil diatoms,

ELECTRIC LIGHT WORKS, S8EA ISLE CITY, CAPE MAY COUNTY.

RECORD FURNISHED BY URIAH WHITE, WHO BORED THE WELL,

Thickness of Total
Strata. Depth,
Beach sand.......coviveveiveennnnnn. OO 7 X 11 6 feet.
Marshy clay, containing usual shells of the coast....... 2 © § =
{A} White fine sand, with one or two thin streaks of
clay..c.oeeee. eerares sassren sas et rerrreaaeriasate vereravanas 42 50 ¢
Coarse gravel, light-gray color, with boulders, some as
large as hens’ eggs..c.ooevennn.n, beresrarerers e veeeense 100 € 60 “
(B} Whitish sand, slightly cosrser than (A), a few
viny streaks........ oo, eeebs e e raa e veresnnianes 190 ¢ 250 “
Dark-blue or drab clay....ccccan... Ceretene i aanee T 256 ~
(€) Whitish sand, atill coarser than (B)u.wwiiveerrceneees . 44 300 «
Blue ciay.nnieninieienn, Crvrarererarreaias Crrrereatanre e 50 « 350 «

Very line quicksand, dark-blue or gray in color; fine,
white, comminuted shell floated out with the

water used in the jetty process...cccuuccivreennrinenn. 40 ¢ 390 “
{ireen or gray marl, like that in Monmouth county,
New Jersey. ..ineencnees U TSTOUPIUTPR /- S 464 «
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Water flowed to the top from a depth of 50 feet; nearly all the dis-
tance to 300 feet it seemed to be salt or brackish. At the latter depth
it was cut off by casing while drilling through the clay. The flow-
comes from between 350 and 390 feet.

ARTESIAN WELLS AND WATER-BEARING HORIZONS OF SOUTHERN
New JERSEY.

BY LEWIS WOOLMAN,

In an article in the Annual Report for last year (1889), entitled
“Artesian Wells at Atlantic City, N. J.,” it was stated that fresh

water flowing above the surface had been obtained at the depths of”

564 feet and 1,100 feet. Since then another well has been drilled

and an additional flow of good water found at about 700 to 720 feet,.
thus demonstrating the existence of at least three water-bearing hori--

zons underneath that city.

It is the purpose of this paper to indicate the probable continuance-

of these three horizons under the beaches, south of Barnegat Inlet

and beneath the southern interior, to a distance of from 25 to 30 miles.

or more from the coast, measured along the railroads leading from

Atlantic City to Camden—also to show the intimate connection of
the two upper of these horizons with a clay bed having a thickness of~

about 300 feet, and which, for reasons advanced herein, is designated

the diatomaceous clay bed-—also the relative position some distance-

below the same bed of the third or lowest of these horizons, and like-

wise the occurrenee, probably somewhat higher stratigraphieally, of "

still another water-bearing sand available for the supply of the Cape
May peninsula.

The Atlantic City borings, of which a lithographed columnar section-
is exhibited in last year’s Annual Report, reveal a clay bed nearly

300 feet thick between the depths of 382 feet and 677 feet. The-

color of the clay as it is first brought out and before becoming dry is
either of a dark-bluish or a dark-greenish tinge. The upper third:
of the bed is mostly a compact clay, the central portion is composed:
of alternating layers of sandy clays and pure clays, with some inter-
bedded sand seams, the lower third becomes again a pure tough clay
with some traces of shells at the base.

The upper water-bearing stratum, or that at 554 feet, is a sand’

NEW JERSEY GEOLOGICAL SURVEY




270 ANNUAL REPORT OF

about ten feet thick withir the sandy central portion and about mid-
way of the entire bed; the middle water-bearing stratum, or that at
about 700 feet, is just underneath the diatomaceous clay bed, and is
probably a coarse gravel about eight feet thick.

The borings at Beach Haven (see page 267) penetrated a similar
bluish clay for 140 feet, immediately above the water-producing sand,
which is there reached at 420 feet to 430 feet. Considering the gen-
tle southesst dip and the northeast and southwest trend of the strata,
underlying the sands and gravels seen almost everywhere upon the
surface of Southern New Jersey, it seems probable that the wells at
this locality draw from  stratum identical with the upper horizon at
Atlantic City. Another strong proof of such correspondence, that of
a similarity of contained fossil remains of organic life, will now be
brought to notice,

Specimens of material taken every few feet throughout the entire
vertical extent of the clay bed at Atlantic City, and of that portion
of it passed through at Beach Haven, were examined microscopically
and found to contain throughout minute, siliceous skeletal remains of
a very low order of plant life called diatoms.*

Within the area upon the seaward side of an irregular line joining
Barnegat, Hammonton, Vineland and Bridgeton are also a number
of other flowing artesian wells located upon ground but little elevated

- These are entirely invisible to the naked eye, and can be seen ouly by the use of
@ strong magnifying glass, or better stil], by the aid of a compound microscope. They
cunstitute, however, notwithstanding their infinitesimal size, a very considerable pro-
portion of the body of the clay, amounting at a number of depths to about 20 per
centum,

Each diatom is composed of two valves, hound together by two hoop-like bands.
In some species these bands lap over each other somewhat like the lid over a pill-box,
while in others they merely have their edges opposed but in contact. Each com-
pleted diatom is ealled a frustule.

Being made of pure silica, they are not injured by acids and may therefore be
boiled therein 10 destroy the bulk of the earth in which they may be found. They
are thus cleaned and prepared for mounting in balsam on glass slides, after which they
may be viewed under the microscope. When thus viewed by transmitted light they
arc seen to be most exquisitely beautiful, transparent objects, ornamented with beads,
rays, fine lines, &, traced with the greatest delicacy and arranged with the most
exuct mathematical symmetry. The number of lines have been reckoned al from
20,000 to 120,000 per linear inch, and to be equally distant from each other, On this
acvount o number of species have been selected ns standard tests for the resolving
puwer of the object lenses nsed with microscopes. In form they are very varied,
having discoid, oval, triangular, rectangular, cance-shaped and other elongated and
sometimes irregular outlines.
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ahove sea-level. They are located at various points along the coast
from Great bay, at the mouth of the Mullica river, northward to
Barnegat, and in the interior on the banks of the Egg Harbor river,
and also near the shore of Delaware bay.

The records of these in past annual publications of the Survey show
that their depths increase quite regularly toward the southeast, and
that they have all passed through a greater or less thickness of bluish
clay just before findiog water. For these reasons they have all been
regarded as drawing their supply from the same stratum.

The wells at Beach Haven and the 554-foot horizon at Atlantic
City fall into harmony with the above group with respect both to the
gradual increase of depth and the occurrence of the bluish clay, The
source of water for both groups may therefore be considered the same.

The relative position of these wells and their gradual increase of
depth toward the southeast may be somewhat diagrammatically shown
in the following manner:

8. W, Localities, N. E. Loealities.
WEYMOUTH, 40 feet,

BarNEGAT LANDING, 120 feet.

Mavs LANDING, 130 feet.

PoRT NoORRIs, 200 feet,

HarveEY CEDARS, 240 foct.

SEVEN ISLANDS, 408 feet.

Beacn HaveN, 425 feet.

ATLANTIC CITY.

Upper horizon, bi4 feet.

Within the area designated are also a pumber of wells that do not
entirely harmonize in depth with the above. They are located at
Millville, Pleasant Miils and Harrisia (formerly Harrisville), and will
be referred to again.

Since the wells at Beach Haven and those drawing from the 554-
foot horizon at Atlantic City draw from an equivalent sand seam
within the great diatomaceous clay bed, it follows that if the other
wells, grouped above, draw from the same stratum they should show
in the clays passed through, near the base of each, a similar assem-
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blage of microscopic organisms. A tour of these wells has, therefore,
been made and material obtained by sounding and otherwise, from the
bottom of wells at all the localities except three—Harvey Cedars,
Seven Islands and Port Norris. In each instance a similar bluish
clay was found containing diatoms in abundance. From records and
information verbally received, it may be stated that 65 feet of blue
clay was encountered at the bottom of the well at Harvey Cedars, on
Long Beach, and 125 feet of similarly-deseribed clay at the base of
the well at Seven Islands, in Great bay, the clay being entered here
at the depth of 275 feet. Similarly, a blue clay was also passed
through just before obtaining water, at Port Norris.

The foregoing facts demonstrate that these wells draw their supply
from practically the same water-producing stratum--the upper or
564-foot horizon, at Atlantic City ; that this is located near the middle
of the 300-foot diatomaceous clay bed, which bed has a gentle dip
toward the southeast.

Calculations of the amount of dip, based upon the depths of the
different wells, have been made, and it is found that the average dip
between the extremes of Weymouth and Atlantic City is 28 feet per
mile, and of the wells inland, 26 feet per mile.

From around the mouth of an unfinished well at Cape May Point,
having a depth of 456 feet, there was collected sand containing small
particles of clay also found to be richly diatomaceous, and no doubt
brought up from the lower part of the boring.

A well at Sea Isle City obtained a flow of good water between the
depths of 350 and 390 feet, just underneath a series of strata de-
scribed as “alternations of sand and clay.” No samples of earths
from this well were saved, but in view of the occurrence of diatoms
at Cape May Point, these clays were almost certainly diatomaceous.
Considering the trend of the strata, the average dip already estab-
lished, and the seutherly location of this well, it seems most probable
that the flow comes either from the upper portion of the diatomaceous
clay bed, or else from a stratum above the same bed. Either view
indicates a water horizon higher than that of 554 feet of Atlantic
City, and available for the supply of Cape May county, and possibly
the southeast corner of Atlantie county.

There are at Pleasant Mills eighteen flowing wells, having a depth
of 44 feet, or 34 feet below tide. Directly southwest therefrom,
within two cranberry bogs, respectively three and four miles north-
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northwest of Weymouth, are several wells that do not flow because
on ground too high, being, according to locality, 40 and 60 feet above
sea-level, their depths being about 20 and 30 feet below the same level.

Soundings were made at these several localities, and the character-
istic blue clay brought up and found to contain diatoms.* These
wells find water in a stratum that is probably lower than the 554-foot
horizon at Atlantic City, but above that of 700 feet.

Using for the rate of dip the figures previously given, the water-
beariog horizon, at the depth of 700 feet, at Atlantic City, corresponds
with a stratum reached by a well at Millville, which was bored to a
depth of 160 feet, entering at 120 feet a “ blue clay, very hard to get
through,” and which proved to be about 30 feet thick—probably the
base of the diatomaceous clay bed. This horizon is also probably
identical with a flow opened during the drilling of a well at Harrisia,
at a depth of about 190 feet, but afterwards cased off, “ hoping to do
better by going deeper,” an expectation not realized. This horizon is
immediately underneath the diatomaceous clay at Atlantie City.

The foregoing facts point to a considerable extension of the diato-
maceous clay bed beneath the southern interior and towards Delaware
bay. Its limit northward may be approximately placed at a point
midway between Barnegat and Toms River—say in the vicinity of
Forked River or Cedar Creek, since well-borings at and near Toms
River do not show any diatoms, while the wells at Barnegat Landing
apparently draw from the central portion of the great clay bed. Con-
sidering the thickness of this bed and the rate of dip, its broadly-
upturned edge should approach the surface at about sea-level, over a
belt about twelve miles in width, along the lines of the railroads
crossing the State to Atlantic City, immediately eastward from Ham-
monton, where it might possibly be found deeply buried under the
superincumbent sands and gravels that are here piled up to a height
of 120 feet. The upper water-bearing horizon of Atlantic City, that
at 554 feet, would approach the same level at or near Ellwood, and
the middle water-bearing horizon, that at 700 feet, should correspord-
ingly be found at or near Hammonton,

#*These were not as plentiful as in the material from the former wells, but at each
place they were conted with iron pyrites, rendering them opaque instead of trans.
parent, as usual. Through the microscope, by reflected light, they look as if thinly
and closely covered with gold film, and exhibit the elevations, depresstons and mark-
ings of their surfaces quite plainly.

18
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Respecting the various beds passed through in the weils at Atlantic
City, underneath the great diatomaceous clay bed, more data from the
future development of wells and other improvements and explorations
will be needed to certainly identify them with their equivalent beds
inland.

Immediately beneath the diatomaceous clay at Atlantic City, there
1s a snccession of thin beds of sands, gravels and tough clays, con-
taining about 85 species of shells. The forms are identically the
same as those oceurring near Shiloh, about eight miles slightly north
of west from Bridgeton. A number of these are characteristic of
deposits of this age (Miocene), and would serve to identify this bed
if found in well-borings elsewhere in the State. One of these is the
Perna, a shell with a pearly luster; it readily splits into numerous
very thin layers, and is comsequently seldom obtained entire, but
generally in small fragments, which usually show a crenulated edge
on the side next the hinge, thus _ , and which is sufficient
to identify the shell when found.

Reasoning that if this shell horizon in the well and the shell-marl
outcrops near Shiloh were identical, and that since diatoms were
found above the shells at one place, they should occur in a corres-
ponding position at the other, a visit was made to the marl pits near
Shilok, and diatoms found as suspected in the clays above the shell-
marls. Notwithstanding, however, this apparent identity of beds,
they do not fall into harmony with the rate of dip established for the
clay bed above them,

The difference is such that either the dip of the strata west of
Hammonton decreases, or the Shiloh shell marls correspond with a
still lower horizon in the wells, possibly that at 905 feet to 955 feet,
where occurs a greenish, sandy, marly clay, showing near and at the
base greensand grains and about two feet of ponderous shells; the
shells were so thoroughly broken by the drill as to render their identi-
fication impossible.

Until the true relation of these beds iz determined, it will be im-
practicable to indicate with much accuracy the westward extension
and depth of the lowest of the three water horizons at Atlantic City,
that at about 1,100 feet. There are some reasons, however, why it
may be the equivalent of the water-bearing sands found at Winslow
at a depth of 335 feet, or 215 feet below sea-level, and at Berkeley
Arms, on the beach nearly opposite the mouth of Toms river, at a
depth of 475 feet.
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This horizon should be looked for inland at a very considerable
distance under the diatomaceous clay, and at localities near the coast
as much as 300 to 400 feet beneath it.

NOTE ON THE EXTENSION SOUTHWARD OF DIATOMACEOUS CLAYS AND THE
OCCURRENCE THERE OF FLOWING ARTESIAN WELLS.

In view of the thickness and extent of the diatomaceous clay bed in New
Jersey, its prolongation into the Southern States bordering the Atlantic should
be expected. It may, perhaps, as yet be too much to say that the same
identical stratum has been certainly made out in that direction. What
follows, however, is strongly in favor either of the continuance of the same
bed or of one closely related té it and belonging to the same series.

Outcrops of clay containing diatoms have been found at Broad creek, on
‘the eastern side of Chesapeake bay, opposite Annapolis. Similar outcrops
next appear to the southeast, on the west side of the Chesapeake, lining the
shores of Herring bay, and again on the Patuxent river, north of Notting-
ham, at the mouth of Lyons creek, Dintomaceous earth underlies Calvert
county, Maryland, and can be seen outcropping nlong the shores of the
Chesapenke, on the enstern side of the county, and in the blufls along the
Patuxent, on the western side.

It oceurs on the north side of the Potomac, at the mouth of Port Tobacco
creek, near Pope's Creek Station, Maryland, and on the south side of the
same river, at Nomeni cliffs, in Westmoreland county, Virginia. It has
been found along the Rappahannock, about nine miles below Port Royal,
and is reported to have been dug from ordinary wells in King William
counly, Virginia.

A rich diatomaceous deposit has long been well known s existing under-
neath the city of Richmond, Virginia. This has frequently been described
as about twenty feet thick, but this refers to its richest portion, as the entire
bed, by the writer's own measurement, is not less than sixty feet in thick-
ness, though the remaining forty feet are quite poor in diatoms. Further
south, the bed has been reliably reported at Petersburg and upon the
Meherrin river, along the border line between Virginia and North Carolina.

One interesting fact in connection with these deposits is that one form of
the diatoms, known as the Heliopelta, so named because of its beautiful
star-shaped center, has not been found in any of the borings, and only in
the outcrops at a few localities. These are at Petersburg, Virginia ; Notting-
ham, Maryland ; and Shiloh, New Jersey.

A clay bed containing diatoms has been penetrated by four artesian wells
on the eastern shore, at Cambridge, Maryland, the clay being entered at a
depth of 275 feet and continuing to the water-yielding sand at 360 feet.

On the western side of the Chesapeake, Prof. W. B. Rogers, in 1576,
reported diatoms at a depth of 558 feet from an unsuccessful well within
the walls of Fortress Monroe.
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Eastward from Richmond, along the York and the James rivers, infornma—
tion has been received of flowing wells supplied from sand seams, probably
within this same diatomaceous clay bed. Their locations are as foliows :

Feet Deep,
West Point, on York river.......cecveveevirinrinieeeenes veesnesees 140
Gabel’s, eighteen miles below West Point...eeeraa..... veeerae 226
Hog island, James river ........... DU UUPPUPUI - . |
Williamsbury, near James river, about......o.erveceerenn.. v 000
Back river, north of Fortress Monroe........... errane veenrees 1,007

Very recently a well has been finished at Lampert's Point, near Norfolk,
Virginia, of which, through the courtesy of officials of the Norfolk and
Western railroad, a careful record and specimen series of earths have been
received by the writer. The samples, however, were taken very oceasionally
only and do not show any diatoms, but considering the depth, only 616 feet,
and the location further eastward with reference to the sirike of the strata
than any of the other wells noted, it may be that the borings did not reach
the diatom bed. The interval from 407 1o 526 feet is thua described : “ Fine
dark-gray sand, consisting of a large amount of white particles mixed with
black particles.” On examination, the white particles proved to be the-
minute shells of foraminifera and the black ones pure greensand graina.
This bed, of about 120 feet in thickness, is high up in the series of strata
considered in this article and probably lies under the ocean floor off the
New Jersey coast, and there rests upon the extension under the sen of the
water-bearing series considered above.

LIST OF ARTESIAN AND OTHER BORED WELLS IN NEW JERSEY,
WITH REFERENCES TO THE ANNUAL RFEPORTS OF THE
GEOLOGICAL SURVEY.

The following list contains references to all of the descriptions
of bored and artesian wells in the State which have been given in.
the Annual Reports since 1878, arranged in a geographico-geological
order. The location, depth, size of bore and remarks upon the
volume and quality of water are stated in this tabular form. For
full notes, references may be had to the Annual Reports mentioned.

In many cases the notes on the wells were republished in later
reports, hence the number of references, Generslly, the first refer-
ence gives the esential facts, except where the boring was continued
into a second year and neted in the report for that year.
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ARTESIAN AND OTHER BORED WELLS.
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Jersey Clty— ' ‘
Levi DIsDIow. e eeeccaerans 208 | suorssreree Bored in 1825, in granite rock.
Water brackish......c..oe vevecs sanmeennr | 1885, P. 110,
I '
Mattheisen & Wicchers...| 1,000 | 8% 'Brackish water; 50 gallons per|1879, p. 180,
! TR eme e emssesrsrarinnresorsereessenees| 1882, D. 188,

Andrew Clerke........
CoX'8 BYEWETY vvinrisranennen

Limbech & Betz's Brewery)|

Central Stock Yard..........

Communipaw Coal Co.’s
Dock

Hoboken—
Near south ¢nd of Grand
SIPEEL..ciacns corsns arans

Town of Union—
Palisade Brewery..ovuiene

Marsh west of Hoboken......
‘Newark Meadows, west ol
Hackensack........

Secauecus Iron Works.. ..

Paterson—
Passaic Rolling Mill Co....

Passaic Rolling Milt Co....

Burton Brewing Co......eces
Franklin, Essex county—

Kiungstand Paper Mills......

Passale (7 wells)u.eniennnee

‘Hackensnck—
Hurler & Rutan. .

b3 1 S

455 \ 8614
450 ..

409 ...

207 7

600 6

2,000 | 8-6-134
R
204 4
100 8

T T F—

105 <oovrensaenens

NEW JERSEY

..|Water bracklsh and well aban-

..[1828. Probably no water.

..|Four wells flowin;

[n maish, corner of Henderson
and Montgomery streets, Clear
water, but contained much com-|1879, p. 18).
ION R iarsrer s rromeermrsass tiannsune weens-| 1882, p. 130,

Ou Grove sireet, between Seventh
and Eighth; water hard ; capac:
ity, 300 bbls, daily. In drift and|1879, p, 181.
BRELASLOTIE 1vesmcee see sensnsrne crsnessemanens | 1882, . 139,

On Ninthstreetbetween Grove and
Henderson ; 83 gals. per minute,
of soft water................................|1882, p. 140,

70 feet of mud; red sand rock to
depth of 215 Teet; then gnelss |1880, p. 172.
Water brackish.. .. .|1582, p. 159,

B D AR 1888, p. 77.

1870, p. 132.
Rock 1882, p. 139,
010 40 FE€L. 1vveersenras senmeormsrrress eneennes | 1885, P 111

In trap rock. Pumped 250 bbls. 187, p. 182,
Aully, of 20ft WaLeT .cooreninareenias e |1582, p. 140,

v 1887, . 27,

from depth of
200 feet. Fouron line of old New-!
ark turnpike; depth unknown,.. 1879, p. 130,

Water from depth of 260-250 feet
Yietd on pumping, B gals. per{1879, p. 129.
3100 11012 - S --11880, p. 172,

In red sandstone, Bore stop; at} 1879, p. 128,
000 feet, whence supply is drawn 1882, p. 148,
—100 gals. per min, by pumping..;1885, . 116.

-|Brackish water..........

{From the two wells, 250 gallons|
pumped per minute....................|1.855. p. 117,
40,000 gals. pumped dafly.............. (1884, p. 136,
1885, p. 117,

180.07% gals. pumped dnily, Water
of satisfactory quality........ JRT 1885, p. 117,

|in red sandstone. Scven wells,
each yieding 800 to 1,000 gals perl

HLOW et rivn s eaneem raremesnsars s smen susnsmseanse | JBBE, P, 88,
Red shale at 104 feet. Intermit-[1879, p. 128,
| tent flOW...ceeimesscssanasarreeemessennnnn 1832, P 141,
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ARTESIAN AND OTEER BORED WELLS—Continued.
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LOUAITTY, X2
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[
Orange Water Co's wells,
Bollip: Spring, E<sex Cu. 1, &
2, %W
3, 102
East Newark—
Mingworth Stec] Work-.. 320
Newark -
R, G solomon, font of
Wrizht 8t,on meadows. 820
New Jersey O Cn, b
plank rogd.. .. e 200
Lister Bros', Works,..veee. 615
Cellntold Workeommemme 250
P, Buallantine & Sons'
Brow 15 . sciescerrirerrrene 453
F. Balhach & Sons’ Smelt-
foe Works .voieeeneens 900
Rosevllle—
Watchirase l-'ac.tory...........‘ 140
Verona, Exsex county—
J. CoCanniflie. v erense. 150
Short Hill+—
Stewart Hartshorne.........., 180
Elizabeth—
Risinz Sun Brewery..... 500
EUzabeth, s ccrserinnanes . 50-200
Linden— i
Race Track. o cecrceness, 100
Plainfleld— ,
Filoeh's, Park avenue,,..... 102
J. B. Brown, Park evenue.. 107
i
Sumerville—
Loezer Form. ca~t of town., 149
New Brunswick-
Raritan Landing........ w803
Bishop Place, und others., 455
175-394

=
£
; 2
@ ' -]
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= o E
& 8%
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6 On red sandstone. Each of the
5 three wells -will yield 250,000 1885, p. 118,
6 8818, 10 21 NOUM.wiieeeeesransensenns | 1884, . 182,
woos 100 gals. per minute. 132 feet in
red shale ... S erereree [ 1869, D, 83,
seeseeserenns FlOws 100 gale. per minute. 140
feet in rgd shale......ccouenveeene oo, | 1589, . 838,
veeravieaeanns 50 galS, per minute ........vvieeiinenn., 1888, p- 83.
8 5605 feet in rock. Yielding at ratc|1879, p. 197,
of 800,000 gals. daily.........c...crore [1882, p. 142,
835, p. 115,
v Batisfactory volume of wadter........ 1879, p. 127,
1882, p. 142.
1884, p. 185,
: 1885, p. 115,
] 350 feet In red sandstone, Yield 1879, p. 128,
200 gals. per minute,.....uee.n... e [1882, p. 142,
. 1885, p. 115.
5 Yiclds at rate of 500 gals. & minute. {1879, p. 126.
1882, p, 142,
1885, p. 1M4..
........... - Excellent water, at rate of 50 gals
. a minute.............. orerions vessenennnns | 1889, P, 83,
..... verneenes 40 glS. per minute.......oecnriesneen.. [1859, p. 8.

P 21;
1y
6

[T Ty

: 114

Through drift to trap rock.

Flow-

ing &t rate of 60 gals, per minute.

In red shale and sandstone,

Yield

i3 160 gals. o minute.......vvveeveens

42 feet in red sandstonc
SUPPIF. cinans

i47 feet in red sandstone,

Ample

Very

soft water. Ample supply.........

In red sandstone. Excellent water.

140,000 gals. dail Flow

above surface,

Clear and hard water.......
!
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16 feet

{;ery hard water.

1889, p. B3.

1889, p, 83,
1885, p. 114,

1889, p. 58,

1879, p. 133,
1879, p. 183.
1882, p. 147,
1885, p. 114,
1885, p. 118.
1879, p. 133,
1832, p 147,
1885, p. 113,

1879, p. 183

882, . 147.
1885, p. 115,
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New Brunswick—
Johnsen & Johnson, 480 Moderate supply. Very hard water. (1887, p. 3.
FlemingtoD. . emran 1, 42 1,000 gals. per Bour.... e |1889, p. 88.
2,100 [ernrniicines 1.000 gals. per BOUL...cciivines e smeresnesns
3, 63 .oueiereenns1,600 gals. per HOUT -t oot cnrnnnenesnnsens h
Lambertville— | ’
Penn. R, B Co.'s Bhops...ulvus ceneee [resarraseeenss 55 feet im rock. 2,000 gals. per
l TLOUT coareurnrrnsrnsessrsnsnsnssomes s smnmusans |1889, p. 58,
Perth Amboy.... 130 !eorrvereeen|NO water, Anabundant flow from 1879, p. 184-5.
gravel at 18 feet...emimnamvicnnnrs 1882, p. 147.
1885, p. 123,
Sayreville, s 80 214 |At Sn{m& Fisher's brick-vard, two
wells yielding an abundance ofl
. BOft WALET i variimrmersrersrnrantanrivaannee 1885, p. 124
976 | 5 No water. At 300-350 feet y[eldedilss'f, p-27.
{ about 7 gals. per mintte. .. 1588, p. 77.
Trenton—
State Prison....... rnrirranees 52 ' 12fect, |Dug through gravel and decom-[1878, p. L.
. posed gnelss. Good WateT........ 1882, p. 184,
John A. Roebling’s Sons’ ) |
WOTKS cocriaininrsvansresssianes 168 l ............... Large well. Good water. Bored
| well & failure .i1890. p. 264,
JRIDESBUTE evevene weesisrarnrrvenenn) 481 I 86 !Chn!?{bcate water, potable, but 1878, p. 90
. undt for laundry, be erooked|1879, p. 135-
g ' and telescoped, stopping work 1880, p. 163,
\ at depth specified... 1552, p. 148,
. 1 1885, p. 124,
MAIBWAL . ceerremsicassrmmeerevenses| 254 8 Fine quicksand eontinuned to fill
! gipe until drilltog was aban-
. ! oned.... 1885, p. 124,
Freehol.. ienssrens seansssssans 822 i Good water, A little hard.......... 1889, p. §3.
172 Good water, A little hard ........... 1889, p. 84.
Columbug—
Rancocas Stock Farm...... it} Good water. SHghtly tinctured[1879, p, 138.
with hydrogen sulphides .........- 1882, p 148,
1885, p. 125,
Rancocas Stock Farm...... 158 [ Go0d WHLEL s ssssn s aane
Burllngton—
Residence of Charles S.
TAYIOT e veremeeeisissssreraens) 200 8 No good water found.....ccoueern 1879, p. 139.
1882, p. 148,
. 1835, p. 125
CinnAMINE0 . rearmserassarssrans 46 6 Good water. Yields to pumping
400-500 gals. per minute.....occoneee 18£9, p. 86.
Hartford—
8. C. RODETLB. (oveecvisasemanines 167 [ Sand interfered with flow of
water. To be decpened............|1890, p. 265.
Feltowship .71 O PR Good water at 131 feet. On boring
deeper n bed of “kaolin’ was
entered, which closed the pipe,
and well wag abandoned.......o.n 1883, p. 85,
Marlton...... 86 B4 |Good water AbUNABDL. ..ovirererrscenesa 1854, P. 1261
11885, p. 152,
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Marlton— '
Farm of Joseph Kvans...... 380 No water. Pipe withdmwn to 155
feet, and good water.., +end | 1888, P, 77.
Farm of Benjamin Cooper. 70 [H GOOd WALET.....ei s s rsmeeens 1884, p. 126.
! i 885, p. 182.
Four or flve mjlm aouthea.st
of Marlton,.. 816 SatisfLCtoTy SUPPLY....oivevsseneerunnnn | 1885, p- 133
Medford......cn i e e 70 --/Good water. Yields to pump 1,200
BRI8. Pr DOUT.cviveciieererrsnens e s 1889, p. 59.
Camden
ooper Hospital.,, ... 129 6 Good, soft water, Pumped 25,000
a8, dally. e st veseern 1885, p. 125,
Peterbrook Steel Peo to,., 130 6 Abundance of good water at 67
feet. A little roiled with clay,
to avoid which well was deep-
cned, ending in gneiss with 1835, p. 125.
acamy supply of water, ..11886, p. 213,
Mot Ephradme, oo Hhd ] ..|Unfinished.......ccc..... . |1879, p. 148,
L. Good water............. .-|1879, p. 148.
Woodhury—
(0, Green, No. 1o....... 0 12 Good water in abundance..... ..|1879, p. 146.
No. 2. 183 1}3 [Good water; scanty.., - {1879, p. 148,
RO Joi, 132 417 [Good water. Yields to pumplng|
3,000 gals. per diem................... 1878, p. 146.
NOdeeivens 1200 e Never used. Pump broken,........... 1879, p. 147,
Allen & Madane............... 118 234 |GOOGQ WALET.....ccrrinrs s castes conmra s 1879, p. 147.
Lot M. Green... ... M2 e, Good water, 500 gals. per hour...., 1879, p. 147.
Mrr. Couper, 1 mile north .
uf Woodbury.....verree, 68 1 Geod water, 500 gals, per hour.. ... 1879, p. 147,
Rewell.., P GO0 WARLET..cocsvtare srrasssiaee coerre verens 1889, p. 88,
Vineland— ,
Kimball Prince & 1o ..., 197 s Yields 24 gald, per minute,...
Winslow .I I e Surface water corroded stenm 1879, p. 189,
' boiler. That from bottom good|1880, p. 171,
for all pUrposes......ceeievveernerasven... 1882, p. 149,
1585, p. 184,
Grennleh s v 690 1-2';  INo water thus far.,.. .-|1885, p. 181,
Bajy«!de hL7) S Only salt water oblaiped. Work
stopped by breaking of pipe........ 1889, p. 87.
Port NOTTis. . oceerivn veveenean, 190 1889, p. 98,
210 1889, p. 98,
1590, p. 288,
Wee' Croeke o e 113 3 **Good water, and inexhaustible ., 1870, p. 123,
Pert Monmouth ... ...... e 100 + ...iReported as “Flowing well over
) 100 feet deep,” yie]dmg a smnll
supply of good waler... veennnad 1885, p, 124,
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Atlantic Highlands..........co.f cooiccenic i Flowing well. Good water............ IISSS, p. 73.
t
Normandie . ......oconicimerernees[emrecraraes [sraasan oiin Taps clay marl serles. Flowin
well, 55 gals. per minute. G
WALET..cssrrerees onssmmnnnesnenerary sesasnane 1850, p. §7.
EELTY L) 700 O, 125 8  |These six wells are all flowing,.
125 3 the water rising 10-12 inches'
125 3 above surface, and yleld on
126 3 pumping 85 gals, each per min-|
125 3 ute. Quality of water excellent, /1888, p. 73,
125 3 !
258 Flowing wells, yieldiog about 40
258 gals. per minute at 34 feet from:
258 surface. Probably g icld 100 gals.
per minute, pumped., ...[1888, p. 78,
Red Bank v 80-00 8 Good water.... 1884, p. 121,
- i i 1885, p. 126.
o0 6 'No water at first. On raising tube
a few feet good water was ge-|1884, p. 121.
CULEA- cueerme s varr ssessssnars s aerasnnssnvanes 1885, p. 126.
[ 3 T Dug 15 feet diameter for 58 feet,
and 6 iron pipes 3 feet dlame-
i ter put down to water-bearing 15884, p. 121.
stratum.  Water excellent.....i.... 1885, p. 126.
230 -.|Three tubes sunk 300400 feet apart.
230 .| Water of Fwd quality rises to
230 + within 10 {eet of surface.......ueue 1889, p. 84.
BhrewshUury, ..oveeroreriresrenn 200 NO WAL vertesenmmmminssssnmensens semssssnsnen 1879, p. 139.
; 1882, p. 148.
Asbury Park....oveeeeiienennn. [302—48 8 Flowing wells. 95,000 gala. in 24(1883, p, 20,
| hours. Good Water....mesem 1884, p. 134,
} Ilsss, p. 129
211 SN «'Several other wells successiully
! bored in 1884, 1885 and 1886 1n|1885, p. 180,
1 Asbury Park and Occan Grove...[1886, p. 211,
0Cenn GroVe...m . iimssiisesanes 420 6 . 1888, p. 16.
I | ;1885, p. 129,
1
Key EaStiniimien i eisnasnes Abundant supply of pure water.
¥ l Flowing..... ppy ...... ..‘? ................. 1885, p. 130.
LR 6 1) 430 3 Abundaunt suppiy of pure water,
' OWINE.euiiir wrisnsmcesimnsrstsrsns vinsns 1885, p. 130,
QOcean Beach.....ciiiicn 483 : 3 Flowing well. Rises 84 feet. Flows'l1884, p. 124,
| 25 gals. per minute. Good water...[1885, p. 130,
480 | 3 Flowing well. 50 gals, per tnin-
ute. Wwaler.... .11885, p. 131,
Bpring Lake..... 465 . ..|Abundance of good water..............|]1885, p. 131,
. 1356, p. 211.
Lakewood.... 475 ‘ Flowing well. 17 feet head, 3141884 p. 125,
gals, per minute. Good water...|1885, p. 131,

NEW JERSEY GEOLOGICAL SURVEY



282

ANNUAL REPORT OF

ARTESIAN AND OTHER BORED WELLS-Continued.

I C
=]
! =]
: -]
o & | o
@ -] -
1 ALITY. & g | REMARKS, g .
] - of
= a | 8g
2 g 55
=3 =] | S
g &8 ! z
MuntoloXing .o iiennicssinen 175 3 'Flowing well. 85 feet head, Good
water. Deepened to 790 feet In
BRSO 1889, p. §7.
Hay Head. .vvviiiciiiiinrians 710 ‘ ............... GO0 WALET..ci it e smrecsemnnssmenan 1887, p. 26,
Berkeley Arms i i 475 i Good water. Rises to mrface but
does not overflow, Pumped 860\1884, p. 127,
| gals. per minute... o e essninn 1885, p. 133.
Baruemt (VRN . | SN 'Flowing well. Good watel....u.. 1887, p. %6.
Htrvey Cedar on Long
Beach. wu.. crenirsaner eonee 240 ..|Flowing well. Good water... ... 1887, p. 25,
|
Harrlsville. o 306 6 Flowed 8 feet above surface. Good
water at about 180 feet, but this
| was ghut off by tubing. Present|1878, p. 140.
| aupgl scanty and impregnated|1882, p. 150,
hs 13108 6 4T S 1885, p. 185.
Pleasant Milks -
Charles (i, Rockwood,...... 158 ..|No satisfactory supply of water......|1885, p. 188.
Pleasnot M- 45 3 Flowing well. 13 fect head., Good
i water. “ 1584, p. 127,
48 3 ‘Eight wells bored In 1834 same
epth. Head nnd quality of the!
! water as the first. ...|1885, p. 1350
48 8 Four more wells bored in 1885,
| making 14 in &llu.weciereiecssessneees 1885, p. 187,
|
Bearh HOVeD v ieiiemsrerene 130 3 iTwo flowing wellfe.. v verirnsineninnn [1890, p. 266,
South Beach HaveD... 125 848 Flowing well. 6500 bbls. per diem.
' Good water. 14 feet head...........|1886, p. 211,
Seven Islands, in Great Bay. 408 4348 Flowing well. 70 gals, per min- 1885, p. 185,
ute. Good WaleT. i wonnnn 1886, p. 212
Weymouth .. wceerivaveianensnen. 42 4 Flowing well. 70 gals, per min-
1 voute. Good water. i e 1884, p. 181,
47 5 lBored 47 feet, but tube afterward
» withdrawn to 38 feet, Flowin
well 52 gals. per minute, G
R L0 1885, p. 139,
Mays Landiny e 150 214 |Flowing well. 7 gals. per minute.
FR o ToTs B 17 S, 1884, p. 130.
130 214 Flowing well. 3 or 4 gals, per
, 2 minute. Good Water. i) 1885, p. 138,
MALVILle...omnneniaen i 160 10 iFlDwing Well.wivianninincisses I 1850, p. 267.
AL1ADHE CIYuvisesesniesseens 185 ) Bl BAlL WALCE. e s s
. I
% ' 12 Potable. 24.20 ns solids to gal.|1879, p. 142,
gral & 1882, E_ 150,
. 1B 12 Potable, 21.20 grainssolids to gal.
1,150 8-6 |Abundance of good water, rising|1887, p 26,
| ! to 5 feet above SUPfACe....c.oenn... 1388, p. 3.
. 1889, p 8%,
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ARTESIAN AND OTHER BORED WELLS—Qontinued.
_— N
=]
2
a
E:
o k4 e
LOCALITY, .§ g REMARKS. 8
g A BE
R 53
2 13
E | 3 | &
Atlantic CitF. e 215 10 Abandoned on account of ncci~
1,400 |10-8-6-414 No water. Pipe now (1889) bein,
withdmwn in bope of devel-
oping water- bemngstrntnpnssed
through... ...|1888, p. 90.
78 -} Good water, Passed water-bear-| °
ing etrata at 328, 406, 420 and 554
feet respectivel Yo s wnsranorans 1589, p, 9.
Sea I1sle Clt¥....cocciiiiiisninianans| 880 4 Good water. Yields to pumplng,
30 gals. per mInnte s 1888, p. 76.
Elecirie Light Works........ 464 | Flowed 10 tOP..aisssncianiviannauins 1800, p. 268,
Cape May City.. .coveeecs §7-02 8 Five wells of 8-fnch bore, yleldmgi
on pumping 75 gnls each ﬂne
fresh water.,.. R '1819 p. 143.
8 No water. Driven too deep........ 2, p. 152,
224 8 Salt water. Driven lhrough the
water-bearing strata....
Cape May Polnt .ol 456 [iveriinenad Unfinished (1885).imviscrissssinsscrnns 1885, p. 140.

‘

Note.—A few artesian wells put down in 1890 are not in the above list,
but are referred to in the letter of P. H, & J, Conlan, printed on pages.

261-263 of this report.
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BY GEO. W. HOWELL,

PEQUEST DRAINAGE.

The results of the improvements made along the Pequest rives-
through the Great Meadows, in Warren county, a few -years ago, are
very satisfactory. The actual lowering of the surface of the water in
the stream has made it possible to reclaim the damaged lands of the-
entire district. The area of reclaimed lands is being increased year
by year, and large tracts of land which formerly were utterly worth-
less are now producing valuable crops, Through the greater portion
of the district the owners experience no difficulty in draining their
lands by means of lateral ditches, the lowering of the water in the
river affording a free outlet. The experience of the past few years in
this locality has proved without doubt that this improvement may
be looked upon as a permanent. one.

Still more satisfactory results, however, may be expected if the
additional improvements should be carried out which were recom-
mended in detail in the Annual Report of the State Geologist for the
year 1888. The expense of these improvements would be very
moderate, the beneficial results would be greatly in excess of the
cost, and the legal authority to carry them out is fully sufficient.

The sanitary condition of the district is decidedly improved.
When the entire area shall have been fully reclaimed, there is no
reason why this region should not be as healthy as any part of the
State.

PABSAIC DRAINAGE.

Under the contract made between the Passaic River Drainage
Commissioners and Alfred B. Nelson, of New Brunswick, N. J,,
dated July 16th, 1889, work was done amounting to a little over
$4,000. Part of this was in reducing the main fall below the dam,

. (285)
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at Little Falls, but the principal part was in blasting one of the reefs
above the dam. Owing to a lack of means to properly carry out the
contract, and to certain personal misfortunes, the Commissioners
closed the contract with Mr. Nelson February 17th, 1830, paying
him in full for all the work he had done.

Pending negotiations with other contractors, the Commissioners
themselves continued the work, leasing the plant left on the ground
by the former contractor. This was done in order that no stoppage
might occur in the work. During this time the blasting of the lower
reef was completed, though none of the rock was removed from the
bed of the river.

On the 20th of August, 1890, the Commissioners entered into con-
tract with the Morris & Cumings Dredging Company, of New York
City, for all the work remaining to be done below the dam. The
well-known reputation of this company, connected as they have been
for many years with important municipal and government works in
New York harbor and elsewhere throughout the United States, seems
to be a guarantee that they will push their contract to a speedy and
successful completion, By the terms of their contract they are
required to have the work done by midsummer of 1891, Before
that time, however, it is purposed to begin the remainder of the work
yet to be contracted for, namely, the removal of the reefs above the
dam, the excavation of the bar at Two Bridges and the cut-off chan-
nel at Pine Brook.

It is necessary that the work now in progress should be completed
first, in order that the Commissioners may avail themselves of the
advantages of their contract with the Beattie Maoufacturing Com-
pany at as early a day as possible, namely, the reduction in the
height of the dam and the erection of waste-gates through the dam so
reduced, of sufficient capacity to carry all ordinary freshet waters,
These last-mentioned improvements are to be made by the Beattie
Company without expense to the Commissioners. The plans for the
gates have already been made and have been approved by the Com-
missioners, after a thorough examination of the plans in connection
with some of the best hydraulic engineers in the country. The gates
will be erected as soon as the necessary preliminary work is done by
the Commissioners,

No diffieculty has been met in raising the funds requisite for
carrying on the work by the sale of Commissioners’ bonds, none of
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which have been sold below par. The sale of the bonds has not been
pushed, as the Commissioners have not deemed it advisable to sell
bonds far in advance of the necessities of the work, in order to avoid
carryiog a heavy interest account. Many of the bonds sold thus far
have been taken by parties more or less interested in the lands to be
benefited. In many instances they have been app]led for by parties
seeking a good and safe investment.

In a work of this magnitude delays are, to a certain extent,
unavoidable. The principal part of the work below the dam can
only be done at low stages of the river, high freshets rendering it
absolutely impossible to prosecute the work. Taking everything into
consideration, reasonable progress has been made, and as the work is
now organized, the Commissioners feel assured that it will be pushed
vigorously to a successful termination, and that the beneficial results
arising therefrom will be eminently satisfactory.
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STATISTICS OF IRON AND ZINC ORES.

*-

IRON ORE.

The statistics of the iron mines as obtained by Mr. Nason from
mine-owners and managers show a total output during the year 1890
of 552,996 tons. The aggregate tonnage of the railway and canal
transportation lines from stations in the State,and the amounts used
at fornaces, which do not come in the reports of these companies,
make a sum total of 537,066 tons. The difference is explained by
the fact that not all of the ore which is mined during the year is
shipped, and this amount may represent that which accumulates as
stock at the mines in excess of that of the preceding year. The ton-
nage of the transportation lines is, however, fairly comparable with
the output as reported in preceding years, since the latter statistics
also are from the returns received from these companies. Assuming
the latter sum, the increase of 1890 above that of 1889 amounts to
654,897 tons, or about 11 per cent,

The statistics given in last year’s report are reprinted here:

IRON ORE.
1790......... 10,000 tons............Morse’s estimate.
1830......... 20,000 tons....oveeeens Gordon’s Gazetteer.
18558......... 100,000 tons....ceeees Dr. Kitchell’s estimate.
1860........ 164,900 tODB..cueunrnnns U. S. censua.
1864 ........226,000 tons............ Annunal Report State Geologist.
1867 .....aee 275,067 tons.....cvereee. “ - “
1870.........362,636 tona ........... T. 8. census.
1871.ceuiiee 450,000 tons ....ceun... Annual Report State Geologist.
1872......... 600,000 tonB..vveusenrs “ “ “
1873.........665,000 tons........s... “ " "
1874.........525,000 tons ........... . “ “
1875.........390,000 tons.......v...s " " *
1876.........285,000 tons¥*.. ........
1877 vieien 315,000 tons*....... ...
* From statictics collected later.
19 (289)
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1878..cccin 409,674 tons............ Annual Report State Geologist.
1870 ieiiens 488,028 tons............ s w“ “
1880.0.0e0 e 745,000 tons.....uu... “ o T
18%1......... 737,062 t0D8..v0een.enn. # o “
1882..0cuneee 832,762 tons............ e t “
1883.........621,416 tons ....... ... i T 1«
1884......... 393,710 tons.......u.... “ w“ “
1885 evvrsas 330,000 tONB.vvsrreaiien i " 1]
1386....v0000 500,501 tONB...uvssrr.n, # “ “
1887 eereas 047,889 toDB ..o..un.ns & f« “
1888........ 447,788 tODS...vu e u “ «
18%9.ceuvee 482,169 70 1 1- R i te "
ZINC ORE,

The production of the zinc mines of the State, as per reports from
the companies carrying the ore, amounted in 1890 to 49,618 tons, a
decrense of 6,536 tons as compared with that of 1889, or equivalent
to 11} per cent,

The statisties for preceding years are reprinted in the following
tabular statement :

Estimated tons,

1868.ccieierennnnnns 25,000 ..veneenne Annual Report 8tate Geologist.
1871 i ieriieannenan 22,000l i 0 «
1878 ciciiiirenn e 17,600............ ¢ o T
b L7 13,500 “ I “
1878 ...14,467 i ] «
1879 vuririsiivnnencas 21,937 el . 4 o “
1880 . 28,311 .aeeel " € &
1881....... PP, 49,178.....00ue.ne £ i “
1882....... rsrasa 40,138.... ....... “ " “
I883.ciniiccr e 56,085 ............ ¢ LU “
1884, iiinvvsninrer 40,094............ o € %
1885.cciiiiiriaenensn 38,526 00 vrannns # 5 1
1886 ccieininiineren 88,877 cviivamnnnn @ « «
1887 ceiniinnceninnn 50,220....00000000 o a a“
1888 ivivenrinneene 8,877 o e e “ i t
1889, 110eeereererres 56,154........... “ ‘ »
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PUBLICATIONS OF THE SURVEY.

———

DISTRIBUTION OF PUBLICATIONS.

By the act of 1864 the Board of Managers of the Survey is a board
of publication with power to issue and distribute the publications as
they may be authorized. The Annual Reports of the State Geologist
are printed by order of the Legislature as a part of the legislative
documents. They are distributed largely by the members of the two
houses. Extra copies are supplied to the Board of Managers of the
Geological Survey and the State Geologist, who distribute them to
libraries and public institutions, and as far as possible to any who
may be interested in the subjects of which they treat. Several of the
reports, notably those of 1868, 1873, 1876, 1879, 1880 and 1881 are
out of print and can no longer be supplied by the office. The first
volume of the Final Report, published in 1888, was mostly distrib-
uted during the following year, and the demand for it has been far
beyond the supply. The first part of the second volume has also
been distributed to the citizens and schools of the State, and to others
interested in the particular subjects of whieh it treats. The second
part of the second volume, which is the only issue of the Survey
since the publication of the Annual Report for 1889, is also ready for
distribution to those who have received the former volumes and those
who are especially interested in the zoology of the State. The
appended list makes brief mention of all the publications of the
present Survey since its inception in 1864, with a statement of
editions that are now out of print. The publications of the Survey
are, as usual, distributed without further expense than that of trans-
portation, except in the single instance of the maps, where a fee to
cover the cost of paper and printing is charged as stated,

{201)
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CATATQGUE OF PUBLICATIONS.

GEoLoGY oF NEw JERSEY, Newark, 1868. 8vo., xxiv. -+ 899 pp.
Out of print.

PorTroL1o oF MAPS accompanying same, as follows:

1. Azoicand paleozoic formations, including the iron-ore and lime-
stone districts ; colored, Scale, 2 miles to an inch.

2. Triassic formation, including the red sandstone and trap rocks
of Central New Jersey ; colored. Scale, 2 miles to an inch.

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

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

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

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

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

8. Map of the zinc mines, Sussex county ; colored. Scale, 8 inches

to 1 mile.
A few copies are undistributed.

RerorT oN THE CLaY DEPOsITS of Woodbridge, South Amboy
and other places in New Jersey, together with their uses for fire brick,
pottery, &o. Trenton, 1878, 8vo., viii. - 381 pp., with map.

Out of print.

A PRELIMINARY CATALOGUE of the Flora of New Jersey, eom-
piled by N. L. Britton, Ph.D. New Brunswick, 1881, 8vo., xi.
233 pp. Out of print.

FixaL REPORT oF THE 8taTE GEOLOGIST. Vol. I. Topography.
Magnetism, Climate, Trenton, 1888, 8vo., xi. 4+ 439 pp.

FINaL REPORT OF THE STATE GEorocisr. Vol IL. Part I,
Mineralogy. Botany. Trenton, 1889, 8vo., x. + 642 pp.
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PInAL REPORT OF THE STATE GEoLogIsT. Vol. II.  Part IL
Zoology. Trenton, 1890, 8vo., x. + 824 pp.

ATLas oF NEw JEmseY. The complete work is mede up of
twenty sheets, each twenty-seven by thirty-seven inches, including
margin, intended to fold once across, making the leaves of the Atlas
18} by 27 inches. The location and number of each map are given
below. Those from 1 to 17 are on the scale of one mile to an inch.

No. 1. Kittatinny Valley and Mountain, from Hope to the State line.

No. 2. Southwestern Highlands, with the southwest part of Kittatinny valley.

No. 8. Central Highlands, including all of Morris county west of Boonton,
and Snssex south and east of Newton.

No. 4. Northeastern Highlands, including the country lying between Decker-
town, Dover, Paterson and Suffern.

No. 5. Vicinity of Flemington, from Somerville and Princeton westward to
the Delaware.

No. 6. 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 Essex, with parts of Passaic and
Union.

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

No. 9. Monmouth Shove, with the interior from Metuchen to Lakewood.

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

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

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

No. 18. Vicinily of Barnegat Bay, with the greater part of Ocean county.

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

No. 15. Southern Interior, the country lying between Atco, Millville and Egg
Harbor City.

No. 16. Egq Harbor and Vicinity, including the Atlantic shore from Barne-
gat to Great Egg Harbor,

No. 17. Cape May, with the country westward to Maurice river.

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

No. 19. New Jersey Relief Map. Scale, 5 miles to the inch. Hypsaometric.

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

In order to meet the constantly increasing demand for these sheets,
the Board. of Managers of the Geological Survey have decided to
allow them to be sold at the cost of paper and printing, for the uniform
price of 25 cents per sheet, either singly or in lots. This amount
covers all expense of postage or expressage, as the case may be. Sets
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of the sheets) bound in atlas form (balf morocco, cloth sides, gilt
title, maps mounted on muslin, and guarded), are furnished at $13.50
per copy. Application and payment, invariably in advance, should
be made to Mr. Irving 8. Upson, New Brunswick, N. J,, who will
give all orders prompt attention,

Rerorr oF ProFEssor Groree H. Coox upon the Geological
Survey of New Jersey and its progress during the year 1863, Tren-
ton, 1864, 8vo., 13 pp. Out of print.

THE ANNUAL REPORT of Prof. Geo. H., Cook, State Geologist, to
His Excellency Joel Parker, President of she Board of Managers of
the Geological Survey of New Jersey, for the year 1864, Trenton,
1866, 8vo., 24 pp. Out of print.

ANNUAL REPORT of Prof. Geo. H. Cook, Btate Geologist, to His
Excellency Joel Parker, President of the Board of Managers of the
Geological Survey of New Jersey, for the year 1865. Trenton, 1866,
8vo., 12 pp. Out of priot.

ANNUAL REPORT of Prof. Geo. H. Cook, State Geologist, on the
Geological Survey for the year 1866. Trenton, 1867, 8vo., 28 pp.
Out of print.

REPORT OF THE STATE GEOLOGIST, Prof, Geo, H. Cock, for the
year 1867. Trenton, 1868, 8vo., 28 pp. Out of print.

-

ANXUAL REPORT of the State Geologist of New Jersey for 1869.
Trenton, 1870, 8vo., 57 pp., with maps,

AXNUAL REPORT of the State Geologist of New Jersey for 1870.
New Brunswick, 1871, 8vo., 75 pp., with maps.

AXNUAL REPORT of the State Geologist of New Jersey for 1871.
New Brunswick, 1872, 8vo., 46 pp., with maps.

AXNUAL REPORT of the State Geologist of New Jersey for 1872.
Trenton, 1872, 8vo., 44 pp., with map. Out of print.
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AXNUAL REPORT of the State Geologist of New Jersey for 1873.
Trenton, 1874, 8vo., 128 pp., with maps. Out of print,

ANNUAL REPORT of the State Geologist of New Jersey for 1874.
Trenton, 1874, 8vo., 115 pp. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1875.
Trenton, 1875, 8vo., 41 pp., with map.

ANNUAL RzpoRT of the State Geologist of New Jersey for 1876.
Trenton, 1876, 8vo., 56 pp., with maps. QOut of print.

AxNUAL REPORT of the State Geologist of New Jersey for 1877.
Trenton, 1877, 8vo., 55 pp.

ANNUAL REPORT of the State Geologist of New Jersey for 1878.
Trenton, 1878, 8vo., 131 pp., with map. Out of print.

AxNUAL REpoRT of the State Geologist of New Jersey for 1879.
Trenton, 1879, 8vo., 199 pp., with maps. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1880.
Trenton, 1880, 8vo., 220 pp., with map. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1881.
Trenton, 1881, 8vo., 87 + 107 - xiv. pp., with maps. Out of print.

ANNUAL REPORT of the State Geologist of New Jersey for 1882.
Camden, 1882, 8vo., 191 pp., with maps.

ANNUAT REPORT of the State Geologist of New Jersey for 1883.
Camden, 1883, 8vo., 188 pp.

ANNUAL REPORT of the State Geologist of New Jersey for 1884.
Trenton, 1884, 8vo., 168 pp., with maps.

ANNU.AL REPoRT of the State Geologist of New Jersey for 18865.
Trenton, 1885, 8vo., 228 pp., with maps.

ANNUAL REPORT of the State Geologist of New Jersey for 1886
Trenton, 1887, 8vo., 254 pp., with maps.
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AXNUAL REPORT of the State Geologist of New Jersey for 1887.
Trenton, 1887, 8vo., 45 pp., with maps.

ANKUAL REPORT of the State Geologist of New Jersey for 1888.
Camden, 1889, 8vo., 87 pp., with map.

ANXTAL REPORT of the State Geologist of New Jersey for 1889.
Camden, 1889, 8vo., 112 pp., with cut.

ANNUAL REPORT of the State Geologist of New Jersey for 1890.
Trenton, 1891, 8vo., 305 pp., with maps,
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Cranberry Reservoir, White Limestones at.........u..r...ooe.n.
Crops, Water Required f0T.....coeveveeresnsnsrsisnesisessns
Croton Water-Shed, Rainfall and Flow,............
Culver’s Lake, Storage in..........

D.

Deforestation, Effect of, 0n Streams....c.eerrereerreesoemesssn soemssenns. crerneianse.-. 186, 189
Delaware River, Water-Powers on................ arreree crareesrns . 225, 232
Flow of Water in
Low Water in..uuiieeveereeronn
Floods in...vvrmieeerermrinessnnens
DHALOINY wuvriiite e creecrsvnciecoe s seemassmnrsseesesees sas U/ { |
Dmtomaoeuus Clays South of '\Tew Jemy ..........
Dickerson and Succasunna Mining Cou.ueeessrrerseerssuenenes
Dip of Iron-Ore Beds......ovurerireeresssnrersenessnssns s
Dickerson Mine, Chester............... tetraarrnnne b earerie crens
Dykes of Granite in White Limestons........vesverveneenssosssosssnomnsnnn
Bcapolite Rock....vivrveeiienmrnnresmmerenriens 33
Droughts, Influence of, on Groand-Water....... e 148
Effect of, on Stream-Flown............
Flow of the Delaware.......ccccevsreenneerrernnnens
Drainage of Pequest........ trrerrrrasernas Pererransasneenennns 285

Edison Works, Ogden Mines...c..vsiceeerrennes 69
Elizabeth River, Water-Powers on e 248
Emerson, Prof. B. K., reference to 32
Eruptive Rocka. ....ccuvviriiieriiirisrans, . 31
Evaporation of Water from Soils...... NP 142
Exploring for Tron Ores................... ervemterennses rirerairanernnnes 71 74 81, 82

Faults or Offsets, Iron Mines....... wereennndB, 57, 60, 61, 76
Fellows Mine., -.cvvvevieericrieinneneeressens o4
Finesville, FIow 8 .cocvvveviiirnirenrennnnss 182
Flat Brook, Water-Powers on.....c..cveeeersennsnennns ereerereree e an e 227
Flood-Flows of Passaic River.......... 203
Floods in Delaware River........... reeiessiesnerserarnas L DT ¥ 1.
Paaulinskill ............. Vet berasnsees 175

Raritan River..........ooovereren. 208

Flow of Great Egg Harbor River.........., 213
Hackensack River. 204

Pequest .......... 178

Passaic River.......ccvue... 200-
Rahway River ......ccccvvvvireemnn 204
Ramapo River .............. . 19

Raritan River............... 206

Rivers, Table of Extremes......c.ouvvveesnnn. 216
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Fluorite in leestone eeeremsereresaeeiesersaepansintratsans 3z,38
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