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Administrative Report.

The work of the Geological Survey in 1899 has been done
conformably to the plan proposed at the beginning of the year,
and the investigations in the several divisions have been in the
same general direction as carried forward last year. ‘The survey
of the surface formations has been in the charge of Prof. Rollin
D. Salisbury, and he has been assisted by G. N. Knapp. The
survey of the Paleozoic formations has been begun this year, and
Mr, Stuart Weller has had charge of this work. He has had
"\Mr. Kiunme! as associate in the study of the structural relations
of these rocks of the Paleozoic System. ‘The topographic work
of the Survey has been directed by Mr. C. C. Vermeule, who has
also given some time to the examination of the forest conditions
of the State and the preparation of the report on forestry. Mr.
Peter 1. Staats has been the field assistant, and J. R. Prince,
dranghtsman. The record of artesian wells has been continued
by Lewis Woolman, Mr. Irving 8. Upson has remained in
charge of the distribution of the topographic maps, and has acted
as disbursing officer to the Survey.

At the summer meeting of the Board of Managers Mr. Henry
B. Kumimel was appointed on the staff of the Survey, and since
the close of the field season he has had charge of the office work
as Assistant State Greologist.

"I'lie results and the scope of the investigations and surveys of
the several divisions and their relation to the general direction
of the work of the Geological Survey and to the economic devel-
opment of the State are stated in order, under their several
heads, in this administrative report.

SURFACE GEOQOLOGY.

The survey of the surface formations has been directed by
Prof. Rollin D. Salisbury.” This study of the formations which
make the surface of the country is related closely to what is

(i)
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x1i ANNUAL REPORT OF

known as the plivsical geography or as the physiography, but it
includes the investigations which have for their object the nature
of the materials, as well as the study of the form or configura-
tion of the surface formations.  The physical geography of the -
State has heen deseribed in the last volume published by the
Guological Surves.”  This report on the physical geography
may be considered as the first volume on the geology of the
surface. The work of Professor Salisbury has been in progress
since 181, and many of the results of his investigations have
been given in the annnal reports, besides the volume on the
physical geography.i  The field work is about done and the
preparation of the report on the studies and survevs is in part
done.  The publication is to be in two parts, one deseri ptive of the
northern part of the State, the other of the southern part. By this
plan the distribution will be made to the convenience of localities
and will avoid needless excess in sending out the volumes of the
Survey. The report on the Surface Geology will cover the
deseriptions of the sands, gravels, clays, marls and earthy beads,
and also of the rock outerops which make the surface of the State ;
the relation of these beds to the underlying strata or beds; the
history of their origin, or source of materials ; their geologi-
cal age and the correltion with the surface formations of the
States of our Middle Atlantic coast ; and the value of these facts,
as they bear on the origin and nature of the soil, the varieties of
trees and the subject of forestry and the occurrence of ores,
clays, sands, marls, peat and other crude materials which are of
use m the arts. The full discussion of the nature and extent of
these surface formations is related closelv to the geology of the
rocks heneath the surface, or the under geology, and the report
will inelnde many facts of the latter division of the geueral
geology of the State. On this account it seems to be desirable
to give with the maps of the surface formations those of the
underlving formations in the same publication, or at least so
miek as shall give all the facts of economic importance.

As was stated in the last annual report, the maps which are to
accompany this report are to be in sections, or sheets, joining

* Report on the Physical Geography of New Jersey, Vol. IV of the Final Report of the State Geol-
ogi-t, Trevton, 9,

tAnnuu Kepart of State {icologist for 1891, pp. 35-108: By, pp. 33-166; 1893, pp 33-328; 1894,
PP-3-14y0 350 5P -1% 0 a0yh PRt 235 1Ry, PP 1-22; 1898, pp. 1-41.
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edge to edge and not overlapping as in the old topographic
series. The scale, as proposed, is that of the latter series—one
inch to one mile—and the sheets are to correspond in form and
arraugement to the new maps, of which four sheets are already
published. Four of these new and large-scale maps cover the
same territory as one of the geological series, but of course on a
larger scale. This scheme for the State requires thirty-four
sheets, or twice the number of the topographic series, For some
parts of the State where there are valuable deposits of ores and
minerals and also in the thickly-settled suburban districts, the
new topographic series of maps may he used as the base for the
exhibition of the geological features and the location and extent
of valuable ores and other materials of use. ‘I'he large-scale
maps will be of service inthe localities which they show, par-
ticularly if’ thev have with the maps descriptive text and notes
on the geologic structure. This plan of publication by the
United States Geological Survey has proven attractive and of
great value and the sales of their geologic folios are large.
Sotne plan of this kind seems to be necessary in order to give all
the necessary facts of localities and put them within the reach
of all who may want them. In this way every locality would
have a particular interest int a particular map or folio, and every
one would have, as it were, its own special report and map; and
all, taken as a whole and in their geographic order of arrange-
‘mnent, would make an atlas of the State, and the chapters of the
reology in detail would give that for the State. TI'he economy
u both publication and in distribution is for this plan of sec-
ional maps or folios. The results of the surveys made by Pro-
essor Salishury and his assistants can be put in the hands of the
eople in the two volumes of this report on the Surface Geology,
nd within the next fiscal year, or at furthest, two years.

The small-scale maps may illustrate the report sufficiently in
2tail.  The publication of the geological atlas must occupy a
mger period, becanse of the cost of the maps and the time
zeded for their preparation.

During the year Professor Salisbury has been assisted hy
. N. Knapp, both in the surveyv and in the preparation of two
as sheets—Newark and Camden—submitted with this report.

the northern part of the State Mr. Kiimmel did some field-
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work late in the season on large-scale maps of local features,
and the results of his survevs are to be used in the report on
the Surface Geolouy,

Professor Salishunv's report on the work is here appended.
It is a clear and concise stunmary and statement of plans for the
publication of liis wark in the State.

In connection with the work on the surface formations under
the dircetion of Professor Salisbury, four typical areas were sur-
veved in detail by Mr. Kimmel, and maps, on a large scale, pre-
pared by the topograplical division of the Survey, were used
for the delinuation of the several surface formations and their
characteristic topouraphy.  One of these areas is near Hacketts-
town, and is a scetion of the terminal moraine of the last
olacial epocli. The map represents the older glacial drift and
the terminal moraine, and shows their relative positious and
their relation to the older formations, and the soils resulting
from the disintegration of these older rocks.

Another area is southwest of Newton, in Sussex county, and
embraces a territory of eight square miles.  Glacial deposits,
unstratificd and stratified, are here interlocked with knobs of
Hmestone and slate ridges and the surface is marked by great
diversitv. The hills of limestone and the patches of till, or uu-
sorted drift, rise s isiands above the plains of stratified sand
and gravel.  The latter are in farms and under cultivation,
whereas the tocky ledges of limestone are nearly all wooded.
The deep depressions ot &e#fles which oceur in the gravel plains
are characteristic features, and mark the places where hlocks anc
large masses of ice meited at the close of the glacial epoch
The Newton area Tias been mapped on a scale of 1 inch to 4
feet, and the contour lines have been shown at itervals of
feet.

At Oudenshurg, in Sussex county, a large triangular hank o
drift, which stretehes nearly across the Wallkill valley, was su
veved and nnped on aseale of 1 ineh to 200 feet.

The fonrsh aree i nomass of glacial drift in great hills betwee
Hambure o Franklin Furnace,  The map, on ascale of 1 inc
tor S feet i Iining contour lines 1o feet apart, covers abot
five square miles. The features of the topography shown b
this map are a glacial delta and enormous kames. The lobe
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front of the great delta, where it was deposited in water, is in
contrast with the hummeocky surface back where the gravel was
deposited against the irregular ice front. The kames are re-
markable for their size, surpassing any known elsewhere in the
State.

These four maps of tyvpical areas of glacial formations will
make valuable illustrations for Professor Salisbury’s report on
the Surface Geology, showing in great detail the work of the
glacier in depositing the till, or drift under its mass, the termi-
nal moraine at its extreme limit or front, and of the waters in
forming deltas, and in modifving the deposits laid down by the
glacier.

PALEOZOIC FORMATIONS.

The necessity of a resurvey and of a geological map of the
Paleozoic formations of the State has been recognized for a tong
time. ‘T'hese older rock-formations are found in the valleys of
the Highlands and along its borders, both southeast and north-
west ; in the Kittatinny valley, in the Kittatinuy mountain and
the valley of the Delaware from Carpenter’s Point to Walpack
Bend, and in the Green Pond, Copperas and Bearfort mountain
ranges. The rocks are in strata, whicli lie horizontally in places,
but are generally upturned at high angles, and are folded and
broken by faulting, showing the results of great change in posi-
tion since they were laid down as sediments in the estuaries or
oceans of Paleozoic time. They are conglomerates, sandstones,
quartzites, shales, limestones, slates and, in places, they are
metamorphosed and sub-crystalline in texture. In his * Final
Report,” published in 1840, Prof. Henrv D. Rogers described
these formations as Lower Secondary or Appalachian Rocks.
Dr. Kitchell referred to them in his reports in 1854 and 1855.
Inthe “ Geology of New Jersey,” 1868, the late State Geologist,
Professor Cook, described them in detail, so far as their limits,
thickness, structural relations of the beds and nature of the rocks
were concerned, but little attention was given to the study of the
fossilized formsof life in them.® Early in the season Mr. Stuart
Weller, of the University of Chicago, was engaged to study these
formations, to map their outcrops, and to prepare a report on the

* Geology of New Jersey, 13¢8, pp. s0-157,
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geologic structure and on the paleontologic characters. M.
Weller was in the field from the first of July to the end of Sep-
tember,  He was assisted a part of August and in September by
AMr Kiimmel.

The work of the season has been in part a reconnoissance of
the Kittatinny valles, and in part a detailed survey of the val-
ley of the upper Delaware.  The results of the reconnoissance
show the existence of limestones of the Trenton period, lying
generally at the margin of the blue magnesian limestone and
near the slate rocks: conglomerate beds at the base of these
Trenton lids, which contain pebbles of the magnesian Hme-
stone, and the presence of fossils (trilobites) in the magnesian
limestone heds at Carpentersville, on the Delaware, which indi-
cate their geological age as Cambrian.

The diseovery of fossils in the magnesian limestone at Car-
pentersville is noteworthy, because in all the extent of this
formation so little evidence of life has been found that it has
been recarded as generally barren of life. The fossils indicate
the Cambrian age of the magnesian limestone in part at least,
and also of the Hardvstonville quartzite, ‘I'he work of next
vear in the Kittatinny valley will, in all probability, yield
further localities of fossils, and afford evidence as to the age of
the whole magnesian limestone series of beds, and the associated
conglomerites and quartzites which are at its upper edge and at
1ts base respectively,

The survey of the upper Delaware valley was carried out in
detail, and the several formations were traced in their outcrops
from the New York line, ncar Port Jervis, to the Delaware
river, at Walpack lwenl, Some work was done southwest of
the Walpaek bend and in tracing the extension of these forma-
tions i Pennsvlvania, The geological structure was studied
and a peological map on the hase of the topographic survey was
drawrn, showing the limits of the several formations of limestone,
shale, sandstoe and slaty rocks.

Thewe formations make the massive ridge which lies between
the Delaware river, on the northwest, and the valleys of Flat-
brook aml Millbrook, which separate it from the main slope of
the Kittatinny mountains on the southeast side.  The topo-
graphic fvatnres are marked, and this valley, from one-eighth to
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one mile in breadth, is one of them. ‘The drift material in the
bottom conceals the adjacent formation at the southeast, but it
is almost certainly the Medina sandstone, the rock of the western
slope of the Kittatinny mountain. ‘The strata of the ridge dip
generally to the northwest and their edges are exposed in the
steep southeastern face, so that in crossing over it, in a north-
western direction, the beds are passed over in an ascending
order. The large quarry on the Nearpass place, in Montague,
affords the best section of the strata, and from near the base of
the ridge to its crest. It was the key to the descriptions by
Doctor Cook, 1n the “Geology of New Jersey,” but owing to an
error in correlating the so-called “ribbon limestone™ of this
locality with a formation lying upon the waterlime beds at
Rondout, on the Hudson, the exact geclogic horizon was not
interpreted aright. The investigations of Mr. Weller show
further that there are imore subdivisions than were given in the
report in 1868. He has found the following in ascending order
from valley of the Flatbrook to the Delaware river:

Poxino Island shale, . .
Bossardville limestone, . .,
Decker Ferry limestone,
Rondout water limestone, . , . . . ., . . . . . ., ...
Manlius limestone, . . . . . .
Coeymans liwestone, ,

New Scotland beds, . . .
Stormville sandstone, .
Recraft limestone.
Esopus grits, . . . . . . . . e e
Onondaga limestone, . . . ., , . . ... ... coe )

Silurian
System.

————— e

¢ Devonian
e e e e e e e e ! System.

These names are from the localities in New VYork and Penn-
sylvania where the formations are represented by characteristics
which are marked, and hence give the basis for naming them
from these typical localities. The fossil species and the order
of succession afford the evidence of identification in New Jersey.
The readers of the report of 1868 may recognize the “ Ribbon
limestone " in the Bossardville limestone of Mr. Weller's report ;
the “peth stone” as the Rondout water-lime, “The Lower
Pentamerus is now known as the Coevinans limestone and the
“Cauda Galla grit " as Esopus grits.

2 * Geol
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The groups of these formations are in what is known as the
Silurian System, which follows the Cambrian, and in the Devon-
tan, which is the uext later in geological succession.  The slates,
conglomerates and sandstones of the Kittatinny mouuntain belong
to the carlier periods of the Silurian; then come the subdivi-
sions of the later Silurian, ending with the water-lime; next
the Devonian, which ineludes the Marcellus shale and the
Hamilton rocks, which form the hills across the Delaware in
Pennsylvania. The Carboniferous Svstem, including the Coal
Measures, follows the Devonian in order of time, and all these
are parts of what geologists term Paleozoic time.

From the nature of the rocks and the fossil forms characteris-
tic of them the peologic history is read, and the changes in the
relations of the water to land are revealed by the succession of
animals wlhose remaius mark the formations. The history is
one of rather frequent changes in the conditions of the water
and land, and vet they must have been gradual, as is in evidence
from the transitional formations, as that of the Rondout water-
lime, which was a period of land-locked seas or shut-in seas, and
with fresh-water or non-marine forms of life in its waters, follow-
ing the marine-life conditions of the Decker Ferry formations
and succeeded by the epi-continental seas of the Manlius period
at the beginning of the Devonian,  The Medina sandstone was
an carlier epoch of transition.

The changes in the rocks also show, as do those of the fossil
forms, altered conditions, the limestones marking the deeper sea
deposits, the shales, the sediments offshore and the sandstones
and grits, shore or littoral deposits.  All are proof of the great
length of time necessary for deposition of these sediments and
the changes in the conditions indicated by these differences in
rocks and their imbedded forms of life.  This report isone of the
chapters in the carlier geological history of the State, and in its
record of invertebrate life is most interesting because of the
abundance and the variety of form.  Mr. Weller's studies enable
us to recognize the suecession of life and afford evidence for the
aceurate identification of any given horizon. The position of
ach member in the serics is thereby determined and the sucees
sion of the strata in anw scction or part of the ridge is made
known,

NEW JERSEY GEOLOGICAL SURVEY
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The value of the map and the report to the economic develop-
ment of the valley of the Delaware will be in the accurate
determination of the place of valuable beds of limestone, both
for building purposes and for litne manufacture, and of the water-
lime for cement, and of the shales and grits in their relations to
the soils and to agriculture and forestry. The contribution to
our scientific knowledge and the accurate exposition of the
geological structure and the life history of these formations make
this first 1eport on the Paleozoic formations of the State sug-
gestive of important results and of value as the survev is con-
tinued.

ARTESIAN WELLS.

The record of deep-bored wells in the State has been in the
charge of Lewis Woolman, of Philadelphia, who las made
reports vearly since 18go. He has visited many of the localities
and has collected a large number of specimens of gravels, sands,
clays, marls and other earthy materials which have been obtained
from these borings, Theyv show the nature of the beds which
are passed through in the well-boring, and they make an import-
ant addition to the collections made by Mr. Woolinan and which
have been placed i the Geological Survey Museum. Valuable
information has been given by the several well-drilling firmns
and by their superintendents and foremen about the depth,
thickness of the different beds passed through, the nature of the
materials, position of the water-bearing beds, flow of water and
other facts. The data have been used by Mr. Woolman in his
studies on the water-horizons and their relation to the geologic
structure of the country, particularly in the southern part of
the State, and in the Cretaceous, Tertiary and Post-Tertiary
formations., T'he well-borings of the vear confirm the existence
of certain well-defined horizons or water-bearing beds which
have been described in the Aunual Reports for’ 1397 and 1898,
and which have been given names from localities where they
have been found in wells. The more open or porous beds, as
gravel and sand, are full of water and are water-bearing horizous,
whereas the tight and dense materials, as clay and sowe of the
greensand marls, are not water-bearing, but are impervious and
prevent the flow of water through them. Asis well known in
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the creensand-mar!l distriets of the State, there are springs of
water fssuing from the upper surface or where the top earth or
stripping vests on the marl heds and not in the mart itself. And
at the bottom, when the digaing has reached the sandy beds
under the marl, the water comes in freely in the pits whence
the marl has been taken.  The borings for water, as they pass
throngh these dense and tight beds of marl or of clay and
strike the more open sands or gravels, give vent to the head of
water, and it flows to the surface or nearly up to the top of the
well,  In some cases there are hard and stony layers, made by
a cementation of the sand by oxide of iron, which prevent the
rise of the water: in others, a calearcous or lime-cemented bed
is the impervious stratum which prevents the passage of the
water,

Mr. Woolman has viven names to the well-marked water-hori-
zous in the sonthern part of the State, but it is not necessarily
true that they are the sole water-bearing ones.  Our knowledge
of the guological structure is not vet sufficiently comprehensive
in all the details of localitics to assmmne that the classification, as
reported, is exclusive of the existence of others. On the con-
trary, it is almost certain that further study and the data to be
had from many localities where there are no bored wells will
make it necessary to modify the scheme and to add other hori-
zons. Hence the need of continuing the work of gathering notes
of well-borings is urgent, in order to an accurate knowledge of
the sources of the well-supply, and not in the southern part of
the State only, but in the northern part also, and in the rocky
strata of the older formations.

The records of the wells are arranged in the geological order
of snecession, and nnder the lieads Cretaceous, Miocene and Post-
Miocene, Among the notable discoveries shown by the borings

. The existence of the Raritan clays at 45 feet below the sur-
f‘l(‘t‘, and down to 102 feet, in wells southeast of Pedricktown, in
Salem county i the [ oadlugry-1enonal horizon, near Mickle-
ton, in Gloucester county ; the Raritan clays, at 2g0-340 feet, at
Colestown, it Burlington county ; the red clays (Raritan forma-
tion) at East Burlinuton: the clavs in the well at Columbus;
the clay marls, at z00-538 fect, at West Asbury Park ; the lower
water-horizon at Seabright (685-715 feet), and making the third
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found in wells there, and the correlation of this horizon with
that at 4635 feet at Atlantic Highlands, Holindel at 375 fect,
Brookdale at 660-715 fect, and with that of 1,083 feet at Asbury
Park. The relation of the wells to the tidal waters near them
is shown by the oscillations in a shallow well at Penusville, in
Salem county. The same phenomenon has been observed in the
rise and fall of the water in the deep wells on the Atlantic Ocean
side of the State.

Mr. Woolman has added several well records from the adjacent
country to the southwest, in Pennsvlvania and Marviland, and
also from Norfolk, Virginia. The League Island wells, southern
part of Philadelphia, show clavs containing fresh-water diatoms
mixed with marine forms, as evidence of an old river which
deposited the clays in fresh water and conmuningled with salt
water, as might occur to-day in the lower reaches of the Dela-
ware. They are at 25~38 feet and rest upon gravels which are
probably of the Pensauken formation. The records of wells in
Maryland show that there 1s a correspondence between the beds
passed thirough in them and the New Jersey wells.  This is true
at the Centreville well, where marl bedsand characteristic fossils
were found in the borings. The Norfolk well found a diatoma-
ceons clay at 640 feet, and at 790 an exogyra was struck. These
wells at the southwest indicate the extension of the same beds
and the same water-horizous through eastern Marvland and iuto
Virginia as in New Jersey.

[11 the northern part of the State many wells have been bored
in the drift of the surface formations and throngh them into the
underlying rocks, but not with the samne degree of success as in
the southern part. ‘The varving result of these experiments in
the more northern Highlands, and in the crystaliine-rocks country
has not led to the general use of this svstem of water-supply,
and there are few artesian or deep-bored wells. The same gen-
eral statement may be made about the limestone and slate rocks
of the Highlands valleys and of the sandstones of the mountainous
ranges. There are few wells bored in them and they do uot give
encouragement to the deep boring for water. The limestone,
with its cavernous features and its irregular water system, or cir-
culation of water, does not offer much hope for large supplies by
means of deep wells. The slate belts may be more promising,
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although uncertain.  \s is well known, the slate-hill conntry is
famous for its numerons springs and its many brooks, and it is
to be expected that horings in the slate will nltimately strike
water-horizons and make good wells,

The sandstones offer a more inviting field to the well-borer, as
they are in places open and coarse-grained and are traversed by
systems of joints and fissures open to the eirenlation of the subter-
rancan waters,  In the sandstone of the Newark system of
rocks (or the red sandstone of the Triassic age), there are many
wells which vield large volnmes of water, particularly in the
citv of Newark amd its vicinity, and at Passaic and Paterson.
On Bergen Hill awd in the traprock, a well at Fort Lee, at
875 fect passed through trap-rock and entered a shale, but with-
out getting a satisfactory flow of water. At the Joseph Dixon
Crucible Company's works in Jersey City the boring was made
through the sandstone and into the erystalline micaceous rocks
underlying the sandstone. It is reasonable to believe that there
are open and water-hearing horizons in these sandstones, but our
scauty data do not show them. Further exploration in well-
borings in the Triassic sandstone country is greatly wanted.

TOPOGRAPHIC WORK,

The topographic work has been continued in charge of Mr.
C. C. Vermeule, and Mr. I . Staats has been his field assistant,
The drawings for photo-lithography have been made by Mr, J.
R. Prince, and also some photographs of interesting topographic
features have boeen taken by him.

The ficld work has included the extension of the revision
survey abont Elizabeth, Plainficld, Rahway and Perth Amboy,
in the northern part of the State, and about Woodbury, Med-
ford and Mount Holly, in the southern part.

At the end of the last field season about three hundred square
miles had been covered by this revision survey, including the
Jersey City, Newark, Paterson, Hackensack and Camden sheets.
The first four of these sheets have been printed ; the Camden
sheet is nearty ready for the engraver. The field work of the
present scason includes the Elizabeth, Plainfield, Amboy, Wood-
bury, Mount Holly and Taunton sheets, and an area of about
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400 square miles, making a total of 700 square miles which has
been covered by the new toppgraphic survey.

The preparation of these sheets for the engraver will be a part
of the office work for the coming winter. The importance of
the changes in the highways, railway lines, political divisions,
etc., which have taken place in the twelve to twenty-one years
since the topographical survey was made, is more and more
evident as the work progresses, and indicates the necessity of this
revision survey,

The scale of the published maps of the new series is one inch
for 2,000 feet, or about two and a half times that of the maps of
the old series. The larger scale enables us to make the neces-
sary additions and corrections and an advance in the cartography
of the State by more accurate delineation and the addition of
important details which could not be shown on the one-inch-
scale maps. The reproduction by photo-lithography secures the
accuracy of the original drawing made under the direction and
watchfulness of the topographer of the Survey in the printed
thaps.

I'he sheets of the topographical atlas on the one-inch scale
are revised from time to time, as new editious are called for to
replace the depleted stock. About all that can be done, how-
ever, is to add the new steam railroad lines, the more important
changes in the town and county boundaries, and the names of
new places. A complete revision of these sheets, so as to bring
them up to date in all respects, wounld be impossible, except that
they were re-engraved.

Some work has been done in revisiting the areas covered by
the forest survevs in the Highlands and in the deforested dis-
tricts of the Raritan valley. ‘The preparation of the forest map
of the northern part of the State has taken some time. Other
work in this division has been, as heretofore, the preparation of
illustrations for the Annual Report and the collection of material
for the continnation of the study of watersupply from wells
which was beguu last year.
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DRAINAGE.

The general drainage laws provide for the improvement and
reclamationof the wet landsof the State, both tidal orsalt meadows
and wet fresh-water lands,  * On the application of at least five
owners of separate lots of land, included in any tract of land in
this State which is subject to overflow from freshets, or which
is usually in a low, marshy, boggy or wet condition,” the Board
of Managers of the Geological Survey is authorized to make
surveys of such tract or tracts and to adopt a system of drainage
for the same. The plans and surveys are submitted to the
Supreme Court, and commissioners to do the work are appointed
by the Court.  Under these drainage laws the Pequest meadows,
in Warren county, have been improved. The Passaic draiuage
work, which was begun under the provisions of this act, has
been suspended, for want of funds, since 18g2.  The following
extract from our last Annual Report is reprinted, as pertinent to
the conditions which are bearing on the work: “ The import-
ance of the work in its relations to the lands in the upper
Passaie vailey, subject to overflow, in the improvement of the
quality of the water of the Passaic river at Little Falls, and in
the betterment of the sanitary conditions of all this part of the
State, calls for immediate attention on the part of not only the
landholders and residents of the valley, but of all who are inter-
ested in the promotion of the public health and the prosperity
of the pcople of the State. It is not merely a local work of
improvement, it bears the approval of a department of the State
in its plan, and a State-appoiuted commission is charged with
the exeention of the plan.  The work must be done, but this
long delay 1s unfortunate in leaving thousands of acres of rich
meadows to be wasted yearly by floods, in spreading malarial
fevers all through the valley, and in fouling the Passaic river
water with an enorinous mass of decaying vegetable matter.

The State has given all the legislation which has been
asked, and the courts have certified to the constitutionality of
all the drainage laws which were effective in the case of the
Pequest drainage, where couditions were similar to those which
prevail i this valley,”
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RECLAMATI'ION OF THE HACKENSACK AND NEWARK MEADOWS.

Reports on the extent, condition and plan of reclamation ot
these meadows were published in the Annual Reports for 18¢6
and 1897.% ‘I'he subject was referred to in the last adminstrative
report, and attentioh was called to the fact that §,700 acres, or
nearly one-third of the total area of 27,000 acres, were within
the corporate limits of Newark, Jersey City and Elizabeth, and
within 1o miles of New York. The improvement of the 4,000
acres in Newark is proposed, and the legislation for doing the
work is adequate and comprehensive. The extension of the city
over this tract to the deep water of the Staten Island sound will
be made possible by the reclamation work. The subject is pre-
sented by Mr. Vermeule in a paper appended to this report.
The depreciation of values of real estate near the meadows, and
the increase which would follow from the reclamation, are strong
arguments for the work of improvement. The sanitary benefits
commend it not only to the owners of the lands to be drained,
but to the residents of the adjacent upland.

FOREST SURVEYS.

The Ceological Survey has been engaged in the investigation
of the condition and extent of the forests of the State since 18g94.
The act of the Legislature, approved May 1st, 1894, provided for
the survey of the forested lands of the State, to be made by the
State Geologist, under the direction of the Board of Managers of
the Geological Survey, and assisted by a competent botanist and
expert in forestrv. The leading objects of this survev of the
wooded lands of the State were to ascertain their extent, char-
acter aud location, and * the advantages as regards timber-sup-
ply, water-supply, scenery and climate of the State, which
would accrue from the conservation of existing forests” by the
establishment of a State forest reservation, and the preparation
of a report which should give “an outline of the policy and
legisiation of other States and countries for the presevation of

* Aonual Report of State Geologist for 186, pp. 287-30¢; and Annual Report of State Geologist for
1897, PP- 397-315.
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forests and their regulation for public ends so far as the same
may be applicable to this State.”

Reports on the progress of the work and papers on forestry
have been published in the annual reports of the Survey.*

Mr. Gifford Pinchot (Clief of the Division of Forestry, U. S.
Department of Agriculture) surveyed the southern part of the
State, and his report on the subject of “ Forest Fires and Wood
Production in Southern New Jersey” was published as an
appendix to the last annmal report of the State Geologist. The
Same Teport contains an important paper by Mr, C. C. Vermeule,
Topographer of the Survey, cutitled * The Pine Belt of Southern
New Jersey and Water-Supply.”

During the last field scason Mr. Vermeule had charge of the
waork of revising the map of the forests in the Highlands and pre-
paring it for publication. e has given some time to the exam-
ination of the questions of forests and water-supply and forests
and rain-fall, particularly with reference to the water-sheds of
the Highlands, from which district the large supplies for all of
the cities of the northeastern part of the State must be obtained.
The great importance of the subject of water-supply has sug-
gested the preparation of the forest map of the Highlands. ‘I'he
general condition of the forests of the State also has been studied
by Mr. Vermeule, and the results have been given in his report,
which 1s incorporated in the Report on Forestry., Some work
has been done by Mr. Staats, under the dirvection of Mr, Ver-
meule, in ascertaining the changes in the area of woodland in
the valley of the Raritan river, in Sotnerset and Hunterdon
counties.

The guestion of fires in the forest and the methods of protec-
tion, particularly in the southern part of the State, have been
studicd, and Prof. Joln Gifford, of the New York College of
Forestry, at Cornell University, Ithaca, formerly connected with

CAnuwal Repard, State Gralo 1 f far 1892, pp. 223-280 —Report on Forestry in the Northern Part
of the State, by C. C. Virmenle, and Preliminary Report on the Forest Conditions of South Jersey, by
Jehn Gifford

Anupad Report, State Grologist for 1895, pp. 07-158.—Report on Forestry in Northern New Jersey,
by C. €. Vermeule; Report wn Forest Fires fur season of 1895, by John Gifford; and Notes on the
Fusests of New Jerey, by Gifford Pinchot.

Annual Report, Staze teslogist far 1505, pp. 337-365.—Notes Collected during a Visit to the Foreses
of Holland, {irrmany, Switrerland and France, by John Gifford.

Annwal Report, Stute Geologist for 1508, 24, 183-1q3, and Appeadix, pp, 1-192.—The Pine Belt

of Sowthern New Jer-cy and Water Supply, by C. C. Vermeule; and A Study of Foress Fires nod Wood
Production, by Giffurd Pinchat,
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the Survey, has prepared a report on ‘‘ Silviculture and Forest
Protection in Europe and the Relation of European Methods to
Conditions in New Jersev.” He gives most interesting notes on
his observations of the forests in France, Germany, Holland,
Belginm and Denmark, and shows the directions in which they
are suggestive to the land-owners and managers of woodland in
New Jersey, and also some of the points in their management,
which are not adapted to conditions as existing here, particularly
in the southern part of the State. On the question of forest pro-
tection he has reached the conclusion that a system of fire-lanes,
or State roads, which may auswer the same ends in affording a
fighting line or a barrier to the movement of fires, is the most
effective and at the same time practicable. He cites the new
State road from Camden to Atlantic City as being in effect a fire-
lane, across which no forest fires have spread. His report will
appear in full in the Report on Forestry.

The legislation of the vear on forest protection has cousisted
of three sections in the general act concerning townships. These
sections permit of the raising of money by each township for the
necessary expenses attending the work of subduing fires in the
woods, the appointment of a fire warden, and the preparation of
maps showing the forest lands and the lines of railroad and
wagon-roads.  “I'he Geological Survey is prepared to furnish
maps showing these lines and the forest areas in all the town-
ships of the State. It now remains for the local authorities to
put the act in force, in so far as it relates to forest protection, by
making an appropriation of money for the work, and by appoint-
ing fire wardens. The following extract from this act is here
inserted :
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CHAPTER 16g.

An Act concemning townships [Revision of one thousand eight

hundred and ninety-ninel.
Approved March 24th, 18g9.

BE IT ENACTED &y the Scuate and General Assembly of the
Stete r_lf‘_\'r .‘"_/a‘?'.if'_l' ,

FOREST FIRES.

54 In any township where any sum of tnoney shatl be raised
to defray the expenses of fighting and extingunishing forest fires,
it shall be the duty of the township conunittee, at its next meet-
ing after such sum shall have been ordered raised, to appoint a
suitable person, heing a resident of said township, to act as fire
marshal thereoef, and at the same time to determine the amount
of compensation per diem to be paid such fire marshal when in
the active performance of his duties ; upon notice from the per-
son so appointed of the acceptance of the said office the said
township committee shall immediately issue to him a certificate
of his appointment under their hands; after receiving his cer-
tificate of appointment he shall have the power to designate a
proper person to act as his deputy in case of his absence or disa-
bility from any cause, and the said deputy shall, while engaged
in the active duties of the said office, receive the same compen-
sation por dicm as is cliicf.

55 It shall he the duty of said marshal, on being apprised of
the existonee of any forest fire, cither in his own township or in
any adjuining township, by which the safety of any property in
his own townsiip may e imperiled, to assume absolute direc-
tion and control of all operations to be undertaken within the
bounds of his own township for the extingnishing or prevention
of the spread thereof; he shall have power during the continu-
ance of such fire to appoint as many persons to act as aids in
carrving out his instructions as he may deem necessary, and all
persons present who may be actively engaged in subduing snch
fire shall act solely sccording to his orders and those of his
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authorized aids; he shall keep an account of the persons so
appointed by him as aids, and of all other persons actively
engaged in fighting such fires, together with the time during
which they are emploved, and in a reasonable time after such
fire shall have been extinguished he shall report said account to
the township committee, who shall have power to make reason-
able compensation for such services out of any moneys that may
have been appropriated therefor; if in the judgment of the said
marshal a forest fire in an adjoining towuship shall imperil the
safety of any property in his own township, he may, with his
aids appointed as aforesaid, and with such other persons as he
may employ, render such assistance as he may think necessary
for the extinguishment and prevention of the spread of said fire,
and any assistance given him in such service shall be reported to,
and paid for by, the township cominittee of his own township in
like manner as aforesaid.

56. The township committee may cause to be made an accu-
rate map or maps of such portious of the forest lands of their
township as may be subject to damage by fires, with such rail-
roads and public and private roads delineated thereon as they
may deem mnecessary, and shall cause to be made whatever sur-
veys and measurements are necessary for the proper completion
of said maps; one copy thereof shall be filed with the township
clerk, and so many copies of the sane shall be furnished to the
fire marshal as the said committee shall deem advisable.

The Geological Survey has indicated in the Report on
Forestry and on its forest maps the location and extent of the
several large forested districts of the State and their relatious to
the available water-supply for the use of our cities and towns,
and the advantages accruing from the establishment of State
forest reservations have been giveu in this report. The forests
in the Highlands are to some extent locally protected by indi-
vidual owners, who appreeiate their value as features of the
scenery, as private parks and game preserves, and in sone cases
for the timber which is produced. The management isin places
conservative and in some degree silvicultural. The crop of tim-
ber is cut so as to be profitable. That the management gener-
ally might be made to follow the methods of scientific silvicul-
ture or timber-culture and be more profitable than it is now is
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probably correct, but in the absence of trained foresters aud
under the existing conditions of high taxes and the necessity for
income within short time limits, changes of this kind are hardly
possible at once. What s needed is a forest experiment station
or rescrvation, which mav be the property of the State or an
cducational institution, where the practicable methods of tree
planting or silvicultnre and of timber-cutting and marketing can
be studicd by land-owners and managers.

The proteetion of the timbered hillsides and mountains of the
Highlands is neeessary to the prevention of too rapid discharge
of floods and the transportation of earthy matters from the bared
ground.  Ultimately a State forest reservation may be desirable
as a meaus of protecting these water-sheds.

The Kittatinny mountain is another woodland belt which may
become a desirable reservation in order to prevent forest fires.

The Palisades range is notable for its old timber and the large
tracts of woodland, on the Hudson river and so near New York
city. Its situation makes it valuable far in excess of the timber
as a crop, aid the question of preservation is in the adaptation
to sites for suburban parks or recreation grounds.

The remaining large area of forest is the pine belt of the
southeastern part of the State. It has been over-run by fires and
the valuable old timber has been nearly all cut, leaving broad
stretches of brush-land and firescarred plains, and the value of
the whole as timber-producing is so little that a forest reserva-
tion for the wood alone would be a source of expense. The
water-supply int it is its most important asset.

THY MINING INDUSTRY.

The report on the iron mines of the State has been prepared
by Mr. George Ko Jenkins,  He visited the several mining dis-
tricts and collected data about the mines—their extent of work-
ings, depth, cquipment, nature of ore, statistics of output and
names of owner or Tessee. This information is given in the
report. The statisties of iron ore, shipped from stations in New
Jersey over the severad railway lines, are given on pages

The remarkable advance in the price of iron ore and the
increasing demand have stimulated the working of the mines
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which were in operation last vear and during the period of
depression in the business, and their output has been larger than
it was last year. Mauy of the mines which had been closed on
acconnt of low prices and slack demand for ore have been
re<opened. T'here have been some important changes in manage-
ment and some new companies have engaged in the business of
mining. ‘The inquiry for new localities also has been noted,
and many letters have been received at the office of the Survey,
asking information about mines and new ore localities. At the
end of the year nearly all of the large and historic mines were
either being worked or were being re-opened with a view to
early production.

The guestion of concentrating lean ores on a large scale has
received close attention, and the concentrating plant at Hiber-
nia has been at work nearly the whole year on the lean refuse
from the Hibernia ze/w and on Beach Glen mine ore. The
Edison works also have been at work a part of the time.

The total shipments for the vear amount to 300,757 tots, an
excess of 25,379 tous above the aggregate production for 18¢8.

The revival in the iron trade and the active demiand for iron
ore make the report of value and warrant the belief that the
iron-mining industry of New Jersey has entered a period of
prosperity comparable to any in its history, marked by a sub-
stantial character and lacking some of the elements of excessive
stimulation which were so evident in 1879, after the depression
of 1873-79. The excellence of the ores, the large size of the
ore-shoots, the nearness of the mines to the great manufacturing
industrial centers and to the great markets, and the location, on
or near the great lines of transportation, are conditions favoning
the steady continuance of this activity in iron mining,

The operations of the year have been all in the magnetic iron
ore and no attempt hasbeen made to re-open the hematite mines.

For descriptive notes on the iron mines of the State reference
may be given to the Annual Reports for the vear 18go, and suc-
ceeding years, as also to the " Geology of New Jersey,” 1868,
and the earlier annuals.
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COPPER MINING.

A short report on some of the copper mines and copper ores
of the State has been prepared by Mr: Kiimmel.  The re-open-
ing of the old Schuyler mine, near Arlington, in Essex county,
marks a noteworthy epoch in the history of the oldest copper
mine of the State of which there is accurate historical record.*

CHEMICAL WORK.

The chemical investigations and analyses have been made by
Prof. William 8. Myers, of New Brunswick. They have been
examinations of minerals, rocks and ores in order to the deter-
mination of the species and, in a few cases, to ascertain the
metallic pereentages and the value of the specimmens for use in
the arts.  In addition to the regular work of chemical analyses,
Professor Myers has made a beginning in the investigation of
the amount of chlorine in the natural waters of the State.  Sam-
ples of water have been cotlected by the members of the Survey
staff, from artesian wells in the southern part of the State, from
springs, lakes and rivers, and from the sources of supply of all
the large eities of the State.  The total solid matters and the
amount of chiorine have been determined in these samples,
representing the waters of the natural sources of supplv. ‘The
restilts are given in the report of Professor Mvers, They indi-
cate the decrease in the chlorine content gointg from the ocean
northwest and west, as would be anticipated, as the sources are
further from the salt waters of the ocean and the tidal bays and
sounds of the coastal part of the State. It is proposed to have a
map made to show the amount of the chlorine which marks
the natural waters in the several districts of the State.

The tsefiilness of 4 chlorine map will be evident in the com-
parison which it will enable the chemist to make between the
normal pereentage and that found in any given sample and to
decide at onee as to the purity of the water. The excess of
chlorine will indicate the probable pollution by sewage and sug-

* The carl cst m'siss ler copper ore in the State was probably done by the Dutch official authorities
i 1he valley of the Delaware river and in Pahaquarry, ‘The working there was about the middle of the

seventro it contury and thr munes were counnccted by the “ mines road,’” with the settlements on the
Hudsor river at Esopus (pew King-ton)

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. XXX

gest further tests. Such a map will be a guide of service to the
water-analyst, and afford a safe criterion for judgment as to the
purity and healthfulness of the waters which are used for
domestic purposes. Massachusetts has a map of this kind and
New Jersey has a large part of the data ready for constructing
such a map. Another season’s work will give enough additional
information to allow of its preparation and publication.

GEOLOGICAL ROOMS.

The collections of minerals, rocks, ores, clays, marls and other
economic products which occur naturally in the State are arranged
in the musenm-room in the rear extension building of the State
House, and adjacent to the office of the Survey, Thev are in wall-
cases and in table-cases, and, in part, in drawers in drawer-cases.
Additions are made by members of the Survey staff collecting in
the field in course of geological work, and by the gifts of friends.
The mineralogical collection is in the care of Professor A. H.
Chester, of New Brunswick, and it attracts the attention of all
the visitors to the Museum. Although representative of the
species which are found in the State, it lacks the fullness of
localities' which is desirable in a State collection. All the local-
ities should be represented by specimens, so as to make a com-
plete showing of the occurrence of minerals. Many of the speci-
mens in the exhibition-cases are poor, and unworthy a place in
such a collection, and the replacement by good specimens is
necessary to a creditable exhibition of the beautiful minerals of
New Jersey.

The paleontological collections are shown in part only, and
the type specuuens of the greensand marl formations are packed
in boxes in the basement, for want of room for their proper
exhibition.

The collections of the industrial arts are shown in part only
because of want of room. Aun increase in the number of these
economic art products would be easy were there space in which
toexhibit them. The value of these collections of manufacturing
industry by the side of the raw products and materials occurring
naturally in"the State needs no argument here.

Arrangements for a new and larger collection of the woods of
the State have been made, and those which are native in the

% 3% GEOL
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southern part have heen promised by a friend of the Survey and
botanist, Mr. Benjamin Heritage, of AMickleton, Gloucester
county.

Several maps of the State have been mounted and hung on
the walls near the door.  They make an interesting series, his-
torically.

The number of visitors to the museum-roomn is increasing
cach year, and the carnest efforts of the enthusiastic Curator of
the State Muscwm have contribnted greatly to the general
interest in the exhibition and in the appreciation of the collec-
tions. Nearly all of the visitors to the State capital visit the
museumn. The information which is given in this way is, to
some extent, cducational, but much more could be given, and in
an instructive as well as pleasing manner, if there was more
space for the proper exhibition of the material now in the col-
lections and additional synoptic and general collections illus-
trating the general principles of science and art as well as the
more special collections of the State.  Additional room is
proposed in the projected extension of this part of the State
House.

LIBRARY.

The books of the library of the Survey are in part arranged
in two small wallcases in the office. Many of the bound vol-
umes and all of the unbound books and pamphlets are stored in
boxes in the hasement of the State House. The additions are
mainly through the exchange of the publications of the Survey
with scientific socicties and other State and national geological
surveys. .\ few hand-books and works of general reference
are bought as needed. The increase during the year has been
much larger than in any vear of the Survey’s history, and has
sugpested the necessity of a card catalogue, which is being pre-
pared by Mr, Kiimmmel,  On account of the incomplete state of
many of the series of reports, in some cases represented by a
single volnme only, there is urgent necessity for effort to fill
these large gaps, and hence additions by exchanges and dona-
tions of hooks are greatly desired. The proposed alteration of
the State House and more room will allow of the location of
the Tibrary in the geological rooms convenient for use.
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PUBLICATIONS.

The Annual Report for 1898 and four topographic maps, viz.,
Newark, Jersev City, Hackensack and Paterson sheets, are the
publications of the vear.

The work of distributing the publications of the Survey
increases from vear to year and is recognized as important and
valuable in putting the results of the studies and surveys of the
workers promptly in the hands of the people of the State, and
in libraries and educational institutions generally throughont
the United States. The public schools of the State are recip-
ients of the volumes of the series of Reports on the Topography,
Geology and Natural History of the State. During the year
the distribution of Volume IV, on the Physical Geography of
the State, has been completed, The relief map of New Jerseyv,
on the scale of one inch to three miles, which accompanies this
volume, has been sent, mounted on rollers, to all the schools. .
The work has been done by the Department of Public Instrue-
tion and by Mr. Herbert N. Morse, of that departiment. The
educational value of the map and of the “ Physical Geography
of the State is recognized by the best teachers of geography and
is demonstrated by the demand for additional copies in order
to have them not only in all the schools of the State, but in
several school-rooms in each high-school in the larger towns and
cities.

The distribution of the topographical atlas of the State, in
sheets, backed and with inset evelets for hanging on a wall, has
been in progress, and many sets of these maps have been sent to
the public schools on the order of the superintendent of public
instruction. The Geological Survey is the custodian of the
stock. A large part of the edition has been distributed, and the
purpose of the legislative act has been fulfilled in placing them
in the schools throughout the State. The remaining copies will
answer the demand for new copies to replace those worn out or
out of repair, or which may have been lost.
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Report on the Surface Formations,

By ROLLIN D, SALISBURY.

The survey of the surface formations has now been extended
over the whole State, and the only further field work which will
be necessary will be a review of the work in certain portions of
the State in advance of the publication of the maps. The study
of these formations has been carried to a considerable degree of
detail, except in the sandy, pine-covered areas of the southern
part of the State. In this unbroken belt the lack of detail was
deemed advisable, both because of the lesser importance of the
work in this region, and “because data for detailed work could
not be obtained without great, and what was regarded as unwar-
ranted, expense.

Not only has the work heen done in much detail, but it has
been done for the most part without established standards, for
no such detailed work on the surface formations has been under-
taken by any other State survev. The geographic position of
New Jersey has perhaps rendered work of this sort especially
important, for within its area lies the junction of the Coastal
plain with the Piedmont plateau, and the junction of the
glaciated area with the unglaciated. This position makes it in
sonle wayvs a critical and fimportant area in the study of surface
formations, for nowhere in geology has there been less satis-
factory correlation than in the surface formations of the north
and the south, and of the uplands and lowlands.

Mauy of the results of the survey have been published from
time to time in the Annual Reports from 1891 to 1898. [t now
remains to publish the untfied results. These publications will
take the form both of maps and of descriptive and interpretative
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matter. In the publication of the maps it is thought best not
to use the old topographic sheets, which overlap to such an
extent as to nearly cover thie area of the State twice, but to use
a new base of smaller maps which do not overlap. A very con-
siderable saving in the oxpense of publication will thus be
cffected, besides providing maps of more convenient size.

It is very desirable that, with the maps showing the surface
geology, maps of the snb-surface geology should be issued, so
that the relations of the surface and under-geology shall be made
clear.  Defore these latter maps can be issued, some further field
work will need to be done, but a good beginning has already
been made.  The necessary work on the Triassic system has
already been done by Dr. Kimmel; work on the Paleozoic
systems has been begun by Dr, Kammel and Mr. Weller, and on
the vounger systems by Mr. Knapp.  The work on these forma-
tions should be prosceuted as rapidly as practicable.  When it is
completed, a new and complete map of the geology of the State
will replace the old preliminary map which was made hefore the
topographic survey of the State had given an accurate base for
detailed work.,  The simultaneous publication of these two sets
of geological maps will be of great value to the State and to
geology i general, '

The publication of these maps should be begun as soon as
possible and pushed as rapidly as conditions permit, but before |
the amaps for any given area are issued, the topographic base
should he revised.  This revision, already in progress, is
especially necessary in two classes of areas, namely, those where
the surfiuce s heen greatly changed by culture sinee the publi-
cation of the original topographic maps, and those where the
ontline of the land has been notably altered by the action of
waves and currents, as along the coast from Sandy Hook to Cape
May,

The text on the surface geology of the State will appear in
two volumes, one on the glaciated area of the north, and one on
the arca south of the glacial drift.  These reports may precede
the publication of the full series of maps, but the early sheets of
the latter shonld accompany the reports. It will be the purpose
of these reports to sct forth the history of the surface of the State
in such a manner that it will be intelligible to those who have
had no technical education in geology.
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Report on Reclamation of Hackensack and
Newark Meadows.

By C. C. VERMEULE.

There has been no falling-off of public interest in this pro.
jected imiprovement. The demand for the reports treating of the
subject has continued and there is no doubt that they have
attained their object by bringing prominently before the people
the need of some action, and by concentrating upon the problem
the thoughts of many capable minds. The city of Newark has
taken up the matter in a way which seems practical and promis-
ing of some tangible results. An act of the Legislature was
passed last winter which enabled the city to proceed to reclaim
the 4,000 acres of tide-marsh within her limits and assess the
cost upon the land drained in much the same manner as is done
in building sewers and in other muunicipal improvements. Pro-
ceeding under this act the Board of Street and Water Comnis-
sioners advertised for plans and proposals, and at the same time
the Board of Trade, which has actively promoted such improve-
ment for several years, offered prizes for the best plans which
should be submitted. Tn July several plans were offered in re-
sponse to the advertisement. The range of prices was large,
,varying with the plan, but it was evident that a practical plau,
which would render the marsh suitable for city occupation, could
be carried out at a contfact cost not exceeding $300 per acre, an
amount which, wheu compared with the selling price of city lots
in Newark, is very small. The plaus were first referred to a
cominittee appointed by the Board of Trade and Board of Street
and Water Commissioners for a report upon the merits of the
plans. This committee has not yet reported. It will report to
the Board of Trade and the whole matter will then be referred
back to the Board of Street and Water Commissioners for fur-

(xxxix)
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ther action.  If a contract is awarded the work will proceed in
the spring.

There is a wide range in the character and cost of the drain-
agre work, according to the uses to which the land is to be put.
In the report for 187 it was estimated that the drainage of the
warshes to sueh an extent as would render them sanitary and
adapt themt for agricultural purposes—keeping the water-level
some three feet helow the level of the land—would not exceed
sz2,500,0 o0 for the ontire 27,000 acres, including all expenses of
every kind, This is nndoubtedly a liberal estimate, and it
amounts to 63 per cere. Leaving out cost of land and admin-
istrative cxpettses, the cost, ineluding pumping-plant, was given
at #30.73 per acre. This is but one-sixth the cost of drainage for
city purposes us ascertained in the case of Newark. The reason
fur this is found in the more vxacting requirements, mainly in the
larger quuntity of water to be cared for.  If the use of the marsh
i~ mainly ayricnltural, it will continue to absorb water in case
of sudden eavy storins, so that the maximum run-off to be taken
care of in the pumping-plants will be at a moderate rate. In
the report for 1hgh, page 297, it was estimated that this would
in no case eaceud 33000 gatlons per acre in 24 hours, or 1,375
gallons hourly, but in the case of Newark the specifications
required that the water should be maintained in all parts of the
marsh at least six feet below the land surface, and that the
pumping-plants and ditches should have a capacity to discharge
guo cubic fuet, or 6,750 gallons, per acre hourly.  This larger
discharge was necessary beecause, when all the water should be
confined to the ditehes and the whole area carefully drained, the
strects paved amd houses built, the discharge of water wonld be
much more sadden atnd vielent.  Then, too, there was a large
inflow 1o the warshes from the upland portion of the city.
These reguitements, while they were all proper and necessary
in that cose, mode deeper and wider ditches necessary, and
called for o pumping-nlant, for the 4,000 acres of marsh, having
an awuregste capeoity of 47500000 gallons hourly on 1o feet
lift, and 3200 horse-poawver will be required to operate it.

The aecomplishment of this work will enable Newark to
oecupy o space now nectded for her proper growth aund develop-
ment,  The sontherntost water-front of the eity is now only
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one mile distant from a channel having a depth of 24 feet out to
the ocean. When the meadows have been improved so that the
city can reach and occupy this water-front, it will be a simple
matter to have this channel extended up to the Newark and
New York railroad bridge, so that vessels of 22 feet draft can
come up to the wharves at all tides. At present there is only
about 1o feet of depth at low tide up to the wharves on the Pas-
saic. It is believed that the opportunity to obtain more space
and cheaper land on the improved meadows—with better ship-
ping facilities—would induce many of the factories to withdraw
from the residential portions of the city, and that the iinproved
land would become the industrial center, leaving the higher
ground west for residence. The appearance and sanitary condi
tions of the city will be greatly improved if such a change is
cffected, and there can be no reasonable doubt that the direct
gain in taxable property, and the indirect advantages in ridding
the city of mosquitoes, improving its sanitary condition, making
it accessible to ocean steamships and rendering it more attract-
ive in many respects as a place of residence, would be worth
several times the whole ¢ost of the improvement.

In many other cases it would not be necessary or desirable to
spend on the first improvement over $100 per acre. Less than
this expenditure will drain the land and put it in condition for
agrienlture or grazing. The moment this is done its value will
be greatly enhanced. Drained marsh-lands sell in Nova Scotia
for from $150 to $200 per acre for agricultural purposes alone,
and in some cases as high as $400, and this is at points where
the neighboring improved upland is worth only $50 per acre,
The diked meadows of Salem and Cumberland counties, in this
State, have always been worth several times as much as the
improved upland. As much as 55 bushels of wheat per acre and
heavy crops of hay are raised on them. A moderate amount of
drained tide-marsh attached to a farm in that vicinity greatly
enhances the value of the farm.

Now, bearing in mind that much of the outlving lands of the
Hackensack marshes, that is, the lands not immediately adjacent
to Newark, Elizabeth or Jersey City, can be bought for from
$25 to $100 per acre, that it lies within twenty-five minutes of
Broadway, New York, and still nearer Jersey City and Newark,

4* GEOL
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that comsequently it must have, even for agricultural purposes,
a greater value than Nova Scotia or South Jersey marsh land,
and that in addition to this value it will have a large prospec-
tive value for other purposes immediately that it is seen to be
dry, healthful and attractive, it seems impossible that it will be
worth less than $g00 or $300 per acre after, say, about $50 per
acre has been spent in dyking and draining it.  ‘Therefore, if a
private corporation can secure a sufficiently large area to begin
operations, and can drain it and put a small portion under culti-
vatiom as a demaoenstration of the capabilities of the soil, the rest
coulil e promptly leased for enough to give a fair return on the
investment, and the apprectation in the value of the land in the
course of a few vears will undoubtedly make the venture very
profitable.

If Newark will carry the proposed improvement through to
a suecessful completion, there is little doubt that Elizabeth and
Jersey City will find a way to follow her example. This will
dispose of the marshes south of Snake Hill. Then if private
corporations will take up the improvement of the remainder on
the lines suggested above, the whole tharsh will be wiped out
and the surrounding communities will reap a very great advan-
tage. This is one way in which the improvement may possibly
be cffected.  Another way, and one which would undoubtedly
insure a more comprehensive and advantageous improvement in
the end, would be the creation of a drainage comimission on the
lines laid down in the report for 1897. This plan would remove
the speenlative features and wonld give stability to, and insure
good sanitary and commercial results from, the improvement.
Nevertheless, the present trend appears to be in the direction
of a municipal and partly a private undertaking, the extent of
caclt enterprise Iwing from 2,000 to 4,000 acres.

We liave made somie inguiry as to land values on the upland
immediately adjacent to the meadows in Hudson and Bergen
counties.  In jersey City and West Hoboken a few blocks back
from the meadow cdge, city lots 25 by 100 feet are worth from
$3500 to 1,200 cach, while close to the meadows they fall to from
¢roo to s2co. ‘There is practically no sale for lots near the
meadows for residence purposes. At Rutherford lots are
quoted at about the same rates, $1,000, a few blocks back and
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$100 near the meadows. At Arlington it is said to be almost
impossible to sell lots near the meadow edge while there is a
ready sale at good prices up on the ridge. It is everywhere ap-
parent that the meadows seriously injure the immediately adja-
cent upland property, which is only available for cheap, undesir-
able improvements. Yet even if we take the low prices of these
depreciated upland lots, say $100 per lot, it amounts to $1,200
per acre, and much of the meadow land, especially that near the
railroad lines and along the water-front, would be worth much
more than this when drained,

We have urged the improvement of these marshes, mainly as
a sanitary measure, and to mitigate the mosquito pest. Recent
research identifies the mosquito so closely with the spread of
malaria that its suppression must be regarded not merely as con-
tributing to the comfort of the neighboring population, but as a
sanitary measure as well. The sanitary advantages of the im-
provement, and the increase in value of all upland real estate
east of Orange mountain are of themselves quite a sufficient
return for the entire cost of $2,500,000 necessary to put these
marshes in a condition suitable for agricultural, horticultural or
grazing purposes. While it seems clear that the improvement
would yield a sufficient return from the enhanced value of the
marsh land, if private capital is not willing to undertake it then
it should be accomplished as a public enterprise, on the lines
suggested in the report for 18g7. The advantages of that plan
are that’it properly recognizes and respects the rights of the
owners of the marsh land by putting a reasouable share of the
burden on the shoulders of the surrounding communities, which
will reap so large a share of advantage, and it provides for a
single and comprehensive control with a minimum of interference
with existing municipal governmeunts.
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INTRODUCTION

The paleozoic rocks of Now Jersey fall naturally into threz
arcas.  The first of thess s situated in the region of Grzen Pond
and Bearfort mountains; the second is the Kittatinny valley,
Iving hetween the pre-eambrian highlands on the southeast and
the Kittatinny moenntain on the northwest, and including semez
isolated arcas of paleozoic rocks within the crystalline area;
the third area is the Delaware valley, ving between the crest of
the Kittatinny moeuntain and the Delaware river.

The third arca consists of two parallel valleys separated by
the Walpack ridge,  To the southeast of this ridge, between it
and the Kittatinny mountain, is a valley drained in its
southern portion by the Flat brook and in its northern portion
by the Clove brook., This is cssentially a continuous valley
whose central portion has been filled with glacial drift, and it
will he spoken of hereafter as the Walpack valley throughout its
entire length,  Along the northwestern foot of the Walpack
ridge flows the Delaware river. At the mouth of Flat brook
the Delaware makes a great sigmoidal bend known as the Wal-
pack bend, cutting through the Walpack ridge, so that the
more southwesterly extension of the ridge is in the State of
Pennsylvania. At the north the Clove brook cuts through the
ridge near the State line and emptics into the Neversink river
at Tri-States, New York, near the point where the latter stream
joirs the Delaware.

The unfossiliferons Medina sandstone covers the whole north-
western slope of the Kittatinny monntain, extending approxi-
mataly to the middle or even bevond the middle of the Wal-
pack valley, so that the fossiliferous strata of the region are
restricted to the Walpack ridge.  The strata of this ridge dip,
with some local exeeptions, more or less steeply to the north-
west, so that in passing from the Walpack valley to the Dela-
ware river, vounger and younger strata are encountered. T'he
northwestern slope of the ridge usually approximates wore or
less closely to the dip of the strata, so that the complete section
is nsually exhibited in passing from the Walpack valley to the
crest of the ridge or a little bevond the crest. It 1s the succes-
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sion of the strata in this section, with their included fossil faunas,
which will be described in the present report.

Rock exposures are frequent throughout the entire length of
the Walpack ridge, and many of the strata are highly fossilifer-
ous. The best section for study, liowever, is to be found about
two miles south of the New York State line, on the farms of John
Bigart and Sanford Nearpass, in a quarry known as the old Wmn.
Nearpass quarry and in the ridges lyving bevond. The Nearpass
section will be used as a basis for the following descriptions of
the faunas, because the actual succession can be worked out in
greater detail at this point than anyvwhere else in the Walpack
ridgre, although in some cases particular beds are better exposed
elsewhere. ‘The continuous rock exposure in the Nearpass quarry
bluff is about 150 feet, but between the top of this exposure and
the main crest of the ridge there are some 700 feet of strata
which are not continuously exposed, but whosge hard layers make
persistent outerops.

The formationus of the Walpack ridge belong to the Silurian
and Devonian systems, and they will be described in succession
from the base upward. 1In geueral, the formations in New Jer-
sey are continuations, either of those in New York or of those
in Pennsylvania, and have been given names by the members of
the geological survevs of these two States. For most of the
Silurian formations the names used by the Pennsylvania geolo-
gists are best adapted to the New Jersey section, while for the
Devonian formations the New York names are applicable,

Formations of the Silurian System,
POXINO ISLAND SHALL,

The lowest formation exposed in the Walpack ridge is a huff
or greenish calcareous shale, irregularly bedded, in layvers one
inch or less in thickness. In the bottom of the Nearpass sec-
tion about one foot of this rock is exposed in an excavation,
which has been made in the talus slope at the foot of the bluff.
South of Hainesville is another exposure, where a quantity of
the material has been excavated for road-making purposes.
There are also other exposures south of Walpack Center, but
nowhere have fossils of any description been observed.
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This formation was first described by I. C. White in his report
on Pike and Monroe counties, Pennsylvania,* but he did not
observe any ounterops of the formation in New Jersey. These
New Jersey exposures, lowever, have been traced southward by
Dr. Kiimumel to the type exposure of the formation in Peunsyl-
vania opposite the Poxino island.  The base of the formation has
not been observed in New Jersey, but in Peunsylvania it is de-
scribed by White as resting upou a thin limestone formation
which in turn rests upon the red Medina sandstone, Only a
small part of the entire thickness of the formation is exposed
anvwhere in New Jersey, but it is described as being at least 200
feet thick in Pennsylivania,

BOSSARDVILLE LIMESTONE.

Lyving ahove the Poxino Island shales is a fine-grained, com-
pact, bluish, bhanded limestone. It is exposed in the Nearpass
section in the excavation already mentioned, where its entire
thickitess is 12 feet 4 inches.  From this point south to Peter’s
Valley but few outcrops are to be seen, but hetween Peter's Val-
ley and Flathrookville there are many excellent exposures. The
thickness of the formation is greatly increased to the soutl, and
although no exact measurements could be made, it is at least
100 feet thick below Walpack Center.  This formation is un-
questionably a northern extension of the limestone designated
as the Bossardviile limestone by Whitet in Penunsylvania. It is
also the formation which was called the “ Ribbon Idmestone”
by Prof. Cook,! and which was erroneously correlated by him
with the “ Ribbon Limestone ™ at Rondout, New York, which
is the Manlins or *Tentaculite” litmestone lving above the
water-lime formation.  This correlation of the Bossardville lime-
stone was also adopted by White in his Pennsylvania report.

As a matter of fact, the age of the Bossardville limestone is
very much greater than that of the Manlius limestone at Rond-
out, although the two formmations are somewhat shmilar in
lithologic characters,  The Bossardviltle limestone itself is entirely
barren of fussils, but it is followed by a series of heds which

* 4 Gool. Surv. Ponn, Rep G6, p. 145

{ -d Geol. Sary. Peon |, Rep. GF, p. 11,
3Geol of NoJ p asSsastey,
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are highly fossiliferous, containing fossils of well-defined Niaga-
ran* age. By reason of this error in correlation, this formation,
with the subjacent Poxiuo Island shale, has in former reports
usually been included iu the Helderbergian series, and the softer,
upper portion of the Medina sandstone has been designated in the
Pennsvlvania reports as the Clinton red shale,¥ with apparently
1o further reason thau the belief that the Clinton beds must be
represented by the beds immediately beneath the supposed Lower
Helderberg,

DECKER FERRY FORMATION.

In his report on Pike and Monroe counties, Penunsylvania,
White? has described three formations succeeding the Bossard-
ville limestone, which he designates by the name Decker Ferry,
from the ferry of this name below Flatbrookville—the Decker
Ferry shale, the Decker Ferry sandstone, and the Decker
Ferry limestone. The first two of these formations are closely
allied, the so-called shale being an alternation of thin sandstone
beds with thin beds which are more calcareous, rather than a
true shale. These two formations of White will here be included
in a single division and will be called the Decker Ferry forma-
tion. The Decker Ferry limestone of White is quite distinet,
both faunmally and lithologically, from ‘the Decker Ferry
formation here recognized. '

At Flatbrookville and north to Peter’s Valley, this catire
formation could legitimately be called a sandstone, but with
many thin calcareous bands, especially in the lower portion ; but
north of Peter's Valley the formation rapidly becomes more atd
more calcareous until in the Nearpass section the whole forima-
tion is for the most part limestone, with some thin bands of nivre
or less fissile greenish shale. Only about two feet at the very
base of the formation, immediately on top of the Bossarcville
limestone, show any indication of being arenaceous, and eveat
this is an earthy limestone with a small percentage of siliceons
matter, rather than a true sandstone. !

#This term is here used in the sense adopied by Clark and Schuchert in Science, N, §
25g, pp 874-878, for the period during which the following formations were being deposifed in westert
New York, the Clinton beds, the Rochester shale, the Lockpont limestone and the Guoelpifl dotomite. In
New Jersey, however, the period is represented by a different set of formations.

+2d Geol. Surv, Penn., Rep. G6, p. 147,

13d Geal, Sare. Penn,, Rep. G5, pp- 137-141.
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In New Jersey the Decker Ferry formation is usually fossil-
iferous, sometimes highly so, but in many instances the fossils
are poorly preservaed. At Flatbrookville, at the very base of the
formation, thoere are a few inches of thin alternating beds of
fine-grained limestone resembling the Bossardville in its litho-
logic characters, and of coarser, more crvstalline limestone like
that above.  These beds are individually but a fraction of an
iuch in thickness, but there is a conspicuous alternation of faunas

. represented i them. The fine grained layers are often crowded
with a rather large, smooth Zeperditia and contain nothing else,
while the more erystalline layvers contain the same fossils that
occur in the overlyving heds.

In the Nearpass scetion three somewhat distinet life zones
may be recognized in this formation, although some species
range through its entire thickness. These zoues can also be
traced to the south, though as vet only the lowest one has been
definitely recognized thronghout the entire length of the Wal-
pack ridge in New Jersev,  These three zones will be named
from their more couspicnons species, the Chonetes jerseyensis
zone, the /tifodictya platvplivlia zone and the Rlynchanella
lamellata zone,

Chonctes jerseveases zone. In the Nearpass section several
distinct buds contain the species of this zoue, and they will be
described in order from the base up.

1. Highly fossiliferous, carthy, somewhat arenaceous lime-
stone resting upoen the Bossardville limestone, 2 feet in thick-
ness. The following species of fossils have been identified

. Zaphrentss sp. undet.

o Monotrypa of. M. wndulata Nich.,
Pholidops sp.

Straplicodouta hipartiia {Hall).
rthothcd s 1 sp.

I
2
3
1
5
O, Dadueanelo ol pantula (Dal)).

Shell lurge, ¢iten atta'ning 2 width of more than 20 mm. Swiface
, sharply anguiar plications which increase in numbers towards the maigin of the shelk
valve the plications become caarser toward the hinge-line and ace peculiarly curved, the
e carve heing towasd the hinge-line, The margin of the cardinal area of the pedicle
five ot more oblique spines on cach side of the beak,
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Chonetes jerseyensis Weller, n. sp.
Camarotoechra neglecta {Hall),
Rhivichonella sp. undet,

10. Atrvpa reticularis (Linn).

11. Neticularia bicostata (Van.).
12. Merinea sp. undet.

13. Mytilarca mytiliformis (Hall).
14. Pelecypods (several undet. sp.).
15. Straparellus sp. undet.

16. Loxoncma ? sp. undet.

17. Orthoceras sp, undet.

18. Ostracodes (several undet. sp.).
19. Dalmanites n. sp.?

20. [lhacops tresulcatus Hall.

o oo

H. Hard blue crystalline limestone with many fossils, but
which are not so well preserved as those in the subjacent bed.
14 feet 2 inches,

Lwvosites sp. undet,

Monotrvpa cf. M. undulata Nich.
Strophcodonta bipartita (Hall).
Orthothetes n. sp.

S Dalmanclia elegantula (Dal)).
Chonetes jerseyensis Weller, n, sp.
Camarotoechia neglecta (Hall),
Vhynchonella sp, undet.

Adrypa retecniards (Linn,),

10. Nelicularia bicostata (Van.),

11. Cyrtina sp. undet.

12, Lichenalia ? sp. undet.

13. Flilodictya sp. undet,

14. Llatyostoma sp. undet.

e A al o

o

ITL. Fissile shale with liinestone bands. No fossils collected,
6 feet g inches.

IV. Hard blue erystalline limestone with lithologic charac-
ters similar to No. II.  Fossils poorly preserved. § inches.

V. Shale band. No fossils. 2 inches.

VI. Hard blue crystalline limestone similar to Nos. II and
IIT. 2 inches.
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. Strapheadonta bipartita (Hall)
Chonctes jersevenses Weller, . sp.
Cormarotuelia neglecta (Hall),
Ostracades sp. mdet.

f_n{uv-

+

VII Shale band, no fossils. 2 inches.

These seven heds in the Nearpass guarry section contain the
fauna of (Zwwctes jersevensis. On the next farm south of that
upon which the old Nearpass quarry is located, these lower
Diecker Ferry buds are exposed and the following species have
heen identified from a bed which is probably a continuation of
the lowest bed deseribed above, although it was not observed
resting directly upon the Bossardville limestone :

Favosites sp. undet.

Jonoteypa of. ). undulata Nich.
Ntropheodonta bipartifa (Hall).
Orthothictes n. sp.

Datinancila ofcoganinia (Dal.).
Chonetes jerseyvensis Weller n. sp.
Casnarotocchia neglecta (Hall),
Rhrynchoneila sp. undet.

Atrvpa reticilaris (Linn.). i l
10. Rettewlaria hicostata (Van.).

11. Leptodesma ? subplana (Hall).

12. Bvssonvehia ! sp.

13. Peleeypod (undet. sp.).

1.4. Flafvostoura sp.

15. Dalmanites sp. undet,

10, Jrcapy 2 sp.undet.

FT e e o

e

A short distance south of Hainesville, in an outcrop of sand-
stone near the base of the Decker Ferry formation, the Chonetes
Jerseyensis fanna is reprosented by the following species:

1. Jloaotrvpa of. M. wndulata (Nich.).
2. Stropleodonta fipartita (Hall), ‘

3. Orthothietes 1. sp.

Jo Chonetes jerseremses Weller, n. sp.
5. Cawmarotocchin negdecta (Hall),

O. . dtrypa reticularis (Linn),
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7. Reticularia bivostata (Van.).
8. Dalmanites sp. undet.

Below Flatbrookville tlie lower beds of the Decker Ferry
formation are finelv exposed, and may be seen resting directly
upotnl the Bossardville limestone. At this locality the beds con-
tain a large amount of arenaceous material, but in the more or
less calcareous heds intercalated in the sandstone, fossils are
abundant, one of the commonest species being Choneles jersey-
ensis. The following species have been collected at this point:

Favesites sp. undet.

Monotrypa of. M. undulata Nich.
Stropheodonta bipartita (Hall).
Orthothetes n. sp.

Dalmanella clegantula (Dal.).
Chonetes jerscycnsts Weller, 1. sp.
Camarotocchia neglecta (Hall).
Ritynchonella sp. undet.

Atrypa reticularss (Linn.).

10. Reticuiaria bicostaln (Van.).

11. Whitficldella 7 sp. undet,

12. Ostracodes (sp. undet.),

SR A A ol

h

As will be seen from an examination of the foregoing lists of
species, the Chonetes jerseyensis fauna is not a large one, but it
remains constant in its characters throughout its entire distribu-
tion in New Jersey. Aside from the tvpical species of the fanna
from which it has been named, the species of Monotrypa which
has been compared with A wundulata Nich., is an abundant and
characteristic species. It is a coral with fine coralities growing
in subhemispherical or depressed convex colonies, and in its gen-
eral external characters resembles some of the corals of similar
form from the T'renton limestone illustrated by Hall in his first
volume of New York Paleontology under the name Cheletes
lyeoperdon. The cosmopolitan species Afrvpa reticularis is
another characteristic form. The species is always present and
is often exceedingly abundant, and is a gibbous, coarsely ribbed
variety. T'he small rhynchonelloid shell which has been identi-
fied as Camarofocchia neglecta is one of the most common species
of the fauna, often being represented by hundreds of individuals
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crowded together.  Some of the other species are abundant, but
these constitute the most characteristic and the most noticeable
members of the fauna.

/’/'f'/m.’f}'f_w platvplylla zonc. In the Nearpass section, lving
above the strata containing the Chonetes jerseyensis fauna, is a
conspicnons hund of red Nmestone, 2 feet 6 inches in thickness.
The bed contains a quite different assemblage of fossils from
those heloaw, the most abundant species being a brvozoan whose
leaflike colonivs ocenr in vast numbers,  In breaking the rock
this bryozean invariably splits along its median plane, so that
the onter ecll-hearing surface has not been observed. T'he speci-
mens have heen compared with the types of the species described
by U. P. James”™ from the Clinton beds of Ohio as Miodictva
platvphvita, and the two seem to be identical.  The form
described by Foerstet as Plilodictva lanceolata var. americana,
is probably identical with James' species and with the New
Jursey specimens,

The following species have heen identified from this red lime-
stony bed in the Nearpass quarry

1, Favasites spundet,

2. onolrypa 2 osp. undet.

3. Toruipora ? sp. undet.

4. Cladopora sp. undet.

5. Strapheodouta bipartita (Hall).
6. Oethathetes n. sp.

7o daplecna Fhamboidalis (Wilek.).
8. Oithis flabilites Foerste,

. Dlalueri M clepantnla (Dall).
v, Nhapictaaee Ha lovbride (Sow.).

—_
—

Chonctes porserensis Weller, n. sp.
12 Ahvartonecres ozaliy Hall?

13. Ceracersofocclida ncrdeeta (Hall).

U Ahvachou Ha spoandet.

Ve AEvpe detteadards (Lion),

th. Sprcifor ecipies (His)

1y SYiadicive platvphvila Jas.

* The Pulcostelegat, Ne.o g, pe oo {Jan 1iggh
F Geol, =urv. (3L, Vol VI, po 52, pl. 36, figs. 3 a-b
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18, Lichenalia ? sp. undet.
19. Pelecypod (gen. and sp. undet.).
20. Calymene sp. undet.

Although several of the species in the ahove lst are also in-
cluded in the preceding fauna, the assemiblage as a whole has
quite a different aspect. Awmong the species common to the two
founas, Chonetes jerscyensis, the type species of the preceding
fauna will be noticed. In the red limestone, however, but z
siigle, small, 1mperfect specimen of the species has been ob-
served, so that it is not one of the conspicuons members of the
fauna as it had been previously.

Aside from the multitude of specimens of /%/odictya, the fol-
lowing important species make their first appearance: Orthss
Habellites, Rhipidomella hvérida, Pentamerus ovalis 2 and
Spirtfer crispus. The specimens which have been ideutified
provisionally as /2 oralis do not agree well with Hall’s original
illustrations of this species, but resemble rather closely somte
specimens of Gypidula galcatus, but lack entirely the plications
of that species.

Of the whole series of beds recognized in the Nearpass section
this red limestone is one of the most persistent in passing to the
south. On the farm of G. N. Cole, near the Brick House, a
ledge of this limestone is finely exposed and its decomposition
has given the soil overlying it a deep red color. Again, at a
point north of Hainesville the same bed with its /ulodictya
fanna was observed, and at one locality between Poter's Valley
and Walpack Center, where the Decker Ferrv formation has
beeome almost entirely arenaceous, this red hed was ohserved
with sandstone both above and below. ‘T'his last occurrence
shows better than any other the continuity of the highly arena-
ceous formation at the south with the almost entirelv calcareous
formation in the Nearpass section. In the extreme southern end
of the ridge neither the red limestone nor the Prifodictya fauna
have bezen observed, but sufficiently careful search has not vet
bzen made south of Walpack Center.

Viyunchonella lamellata sone.  Succeeding the red limestone
in the Nearpass section there is a series of limestone beds with
some shale, with a thickness of z1 feet 4 inches, which is char-
acterized by an assemblage of organisms differing in most of its
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species from either of the two preceding faunas. One of the
most tyvpical speeies lhas been described by Hall as Asrypa
lamellata, Imt s referred to the genus Rhynchounella by Schu-
chert. For the most part the species in the lower beds of this
zone continue to the summit, but in the upper six feet of strata
a conspicnous and important coral element is added to the
fauna which is not present below, and this upper coral-bearing
horizon should perhaps be considered as a distinet subzone,  In
the lower part of this zone the following species have been
identificd from the Nearpass quarry :

1. (ladvpora sp. undet.
2. Stroplheodonta bipartita (Hall).

’ 3. Orthothetes interstriatus (Hall)?
4. Orthothetes sp. undet.
8. Luplecna rhomboidalis (Wilek.).
6. Ddalmanclla cleganinia {Dal),
= Rhvachonella lamcllata (Hall).
8. Rhyuchonella sp. undet.
g. Sperifer sp. undet.

wy. Hhitficldella 2 sp.

11, Lhernopora ? sp. undet.

12, Mytidarca myliliformis {Hall).
13. D¥erinea sp. uadet,

14. Peleeypod (gen. and sp. undet. ).
15. Frwtus packydermatus Barrett.

In the bluffl one and a half miles below Peter's Valley the
Decker Ferry formation is exposed through a thickness of more
than cighty feet, although the base of the formation is covered.
The major portion of the beds at this point are sandstone, but
interstratificd with the sandstone there are occasionally thin
bands of limestone in which the fossils occur in a sufficiently
perfect state of preservation to be identified, and the Rlyiecho-
wclla lamellata fauna has been recognized here. From a thin
limestone bed fifty feet above the base of the exposure the fol-
lowing specivs have heen identified :

L. Strophcodonta bipartita (Hall).
2. Comarotocehia neglecta (Hall).
3. Rhvachonella lamellata (Hall).
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4. Whitfhicldella nucleolata (Hall).
5. Phanopora sp. undet.

From another thin limestone band seventy-five feet from the
base the following species were collected :

Diphvphyilum integumeninm Barrett?
Zaphrents sp. undet.

Orthothetes tnterstriafus (Hall).
Wiitficldella nucleolata (Hall). ’
Ostracodes (gen. and sp. undet.).

S

The bed containing the uppermost of these two small faunas
may, perhaps, more nearly correspond with the coral bed at the
summit of the RhAyuchonclla lomcilata zone in the Nearpass
section, but the lower one 1s probably equivalent to the lower
portion of the zomne.

The earlier stage of the Khynchoncila lamecilata fanna, as rep-
resented in the Nearpass section, is particularly characterized by
the species which has been identified in all these faunas as Stro-
pheodonta bipartita.  Some beds are composed almost exclu-
sively of the shells of this brachiopod, all the other species being
sparsely represented. It is the shell for which Dr. Barrett has
proposed the name Stroplicodonia nearpasss,® but an examination
of a large series of specimens, showing both the internal aud
external characters, seems to indicate that the species is no other
than Hall's 8. dipartite.  ‘The specimens frequently exhibit the
crennlations of the hinge margin which shows it to be a mem-
ber of the genus Strophcodonia rather than Strophomena, where
it has usually been placed. Some of the beds in this portion of
the zone are highly charged with crinoidal remains, to such an
extent, eveu, that it might sometimes be called a crinoidal lime-
stone. These crinoidal remains, however, are for the most part
brokeu fragments of the stems, and no determinable remains have
been observed. '

In the upper six feet of the Ahynchonelia lameliata zone in
the Nearpass section, a large number of species are added to those
which were present in the lower beds, the most conspicuous ad-
ditions being among the corals. The coral-bearing bed is sepa-
rated from the lower fossil-bearing heds by about seven feet of

*Am. Jour, Sci., (3) Vol. XV, p. 372. (1878.)
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barren shales, and the two horizons should perhaps be considered
asentirely distinet. It has been thought best, however, to include
the entire series in one life zone, as the species in the lower beds
are practically identical, so far as they go, with those of the coral
bed. From the coral bed proper in the Nearpass quarry, the
following speeivs have heen identified :
v Cvathoplietlnm incgualis (Hall).
2. Malvsites eatennlatus (Linn).
3. Jacesites nragarensis Hall,
4o Facosites pyriformds (Hall).
5. Cladupore seviafa Hall,
O, Aaphicatis sp. undet.
7o Diplyvplocilune enteeumentnm Barrett.
S, lowetivpa ? spoundet.
Y. Ntrowatopora concentrica Goldf,
to. Fhalidupy ozalis Hall.
1. Nuphcadonta bipartita (Hall).
12. Orthaothete s intersériatus (Hall).
13. Leptena rhomboidalis (Wilek.).
LY. [helidostroplide /2 sp. undet.
15. Canearolvechia neglecta (Hall).
16, Kbvuchoudla pisa H. & W,
17. Nhvackowd Ha lomeltata (Hall),
18, Alyachond e sp. undet.
1g. Loweospira sohrina (B, & C)?
20. it ldetla nuclooiata (Hall).
L Sprrorhis sp. undet.
Lterivea of. 72 hrisa Hall, :
. Gasteropod (gen. and sp. undet.).
Colyaecine caincirata Hall,
Flrwins pochyd riatns Barrett,
Ostracodes (several species undet.).

o
—

S V)
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The bed containing these corals and other fossils is a more or
less earthy or shaly, irregularly hedded Himestone.  The coral
masses veenr in great numbers, and the disintegration of the rock
leaves the harder coral colonies of several species abundantly
strewn over the surface of the exposure.  The bed has not been
recognized continuously throughout the entire length of the
Walpack ridge in New Jersey, the southernimost exposure where
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the corals occur abundantly being a short distance south of Haines-
ville. ‘The uppermost of the two limestone bands already meun-
tioned in the bluff below Peter’s Valley may belong to this
horizon, although the fauna represented is small. Of the five
species recognized, two are corals and the gphyphvilum tntcgu-
mentum has not elsewhere been recognized outside of the coral
bed. .
Correlation of the faunas of the Decker ferry formation.
From the three faunal zones recognized in the Decker Ferry
formation, thirty-one species of fossils have been identified specifi-

A |
g dl ol g S sig
LIST OF SPECIES IDENTIFIED FROM THE & & 75,3 .2 1§ 5 8
THREE FAUNAL ZONHS INCLUDED IN | £ | %,,5'82 83 5'5 |25
THE DECKER FERRY FORMATION. 55 wdlsl E2 e 2 8| § EBEE
£5 tol8e Tu Baes' T 1E 3188
TR i g
1. Cyvathophyilum inegualis, . . . . . . . 1 X : X I ‘
2, Halysiles catenvwlatus,. . ., . . .. Ll XXX Llw i Y
8. Favosites niggarensis, . . . . . . . X X - X X
4, Fpoosties pyriformis, . . . . . . .. h. X . X X
6. Monotrypa of. M. undulata, . . . . .| x | '
8. Cladepora seriata, . . . . . . . 1 . Ix | CX 1 X |
7. Diphyphyiinm integumentum, L. % ‘ | .
8. Stromalopora concentrica, . . . . . . .. : X, % R
9. Stropheodonta bipartita, . ., . . . . I'w x % % . ', |
10. Leplena shomboidalis, . . . . . . . oo xix L ox|xix x|xix
V1. Orthotheles inlersiriatus, . . P DX X |
12. Orthis flabellites, . . . . . . . .. VS I R [E VR, ! %
13. Dalmanella elegantuia, . . . . . . . VRS BV X|x %, - |[x]|x
14, Rhipidomella hybrida, . . . . . . AROR I NS x| x
16, Choneles jerseveusis, . . . . . . . . ‘X X !
18. Pendlamerus ovalis? . . . . . . . . X e ><| oo
17. Camareloechia neglecta, . . . . . . x xXiX! X XX
18. Rhyuchonella lameliate, . . . . . . A 4 |
19. Rhynchonella pisa, . . . . . . . .. e e . ' 1 . bYe
20, Atrypa reficularis, . . . . . .. . . X X!l % % || x
21. Relwcnlaria bicostata, . . . .. . . (X | . . X
20, Spirifer crispus, . . . . . .. ARV B X XX
23, Homeospira sobrina? . , . . . . . . A IV Pl x
24. Whitfieldella nucleolata, . . . . . . o x
26. Pholidops ovalis, . . . . . .. R I S | ®
20. Plilodiclya platyplvtia, . . . . .. x| L L x
27, Mytilarea mytififormis, . . . . . . R %! %
98, Leplodesma? subplana, . . . . . . . Iy | . . X
20, Praetus packydermalus, . . ., . . . P X i
30, Calymene camerela, . . . . . . .. b XX ( !
31, Phacops trisulentus? . . | . . .. [ % L XX | |

cally with more or less certainty. In theaccompanying tablean
attempt has been made to tabulate the geologic and geographic dis-
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tribution of these species. The species are for the most part more
or less well-kunown Niagaran forms, the larger number of them
being prosent vlsewhere in beds of post-Clinton age. A single
spectes, Liutanris oinlis, aud that one very doubtfully identi-
fied, ocetirs clsewliere only in the Clinton beds of New York.
Three specios, fvtdictva platyphvila, Mytilarca myiitiformis,
and fYrcops frisuteofus have been elsewhere recorded, either from
the Clinton bueds of Ohio and Indiana, or from both the Clinton
of New York and Olijo-Indiana.  Even these three species may
be considered as somewhat doubtful.  No microscopic examina-
tion has been made for the purpose of comparing the specimens
of Ftiludicira from New Jersey and Ohio, and the cell-bearing
stirface has not been observed in the New Jersey specimens, the
identification heing made solely upon the general form of the
colony—characters which are not sufficiently marked for the satis-
factory determination of bryozoa, The Mytidarca mytiliformis
may be indentical with that species of Adveilarca originally
deseribed as . Jubonyehia acutirostra from the Niagara linestone
of Wisconsin.  /heaps trisuleatus is an insufficiently known
trilobite, and the New Jersey specimens so identified are simply
detached  pygidia, which may casily belong to some other
species.  Aside from the four species mentioned, there are
several others which ocenr in Clinton beds elsewhere, but all of
them are also present in post-Clinton faunas.

Twenty of the speeies recorded have never been noted in any
Clinton fauna, and all but three of these are more or less well
known in various post-Clinton faunas. The three exceptions
are, twospecivs, Choncfes jerscyensis and Prectus pachvdermatus,
which have been deseribed from  these beds in New Jersev, and
the spectes of Jowotrype, which has been compared with an
Ordovician species, 17 wadinlata, and which will also probably
prove to e an undeseribed speeies. All the species which have
been identificd with absolute certainty are members of post-Clin-
ton faunas.  The evidence afforded by the fossils, therefore,
indicates that the age of the Decker Ferry formation is the saine
as the Rochester shale and Lockport limestone of Clarke and
Schuchert, or as the Niggara formation of most authors.

# sclence, N, %, Val. 13, No, 53, pp. §;4-878. (Dec., 18g5.}
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In the uppermost faunal zone recognized in the Decker Ferry
fornmtlon there is an assemblage of species which indicates the
equiv '1]encc of this portion of the formation and the Coralline
limestone of Schoharie, New York. Especially is this true of
the upper six feet or the coral-bearing horizon of the formation.
The species which especially ally this zone with the Coralline
limestone are Cvathophyilum incqualis, Stropheodonta bipartita,
Orthothetes interstrialis, Rhyrchonella lamellata, 1Whitfieldella
nuclcolata and Calymene camerata.  There are, however, in the
Coralline limestone at its tvpical locality, Schoharie, New York,
many large gasteropods and some cephalopods which are con-
spicuously absent in New Jersey.,

In his description of the Coralline limestone, Hall* expresses
the opiniou that the formation represents the entire Niangaran
series of other localities, but its occureuce in New Jersey would
indicate that it represents only the last stage of that epoch.

in the offictal reports on the Walpack ridge in New Jersey,
published by the geological survevs of both New Jersev and
Penusylvania, no strata of either Clinton or Niagara age have
been recognized. They have been recognized, however, in the
Nearpass section by Dr. 8. T Barrett,t a local geologist of Port
Jervis, New York, and to him credit is due for the first
announcement of the presence of strata in the New Jersey
section referable to the Coralline limestone of eastern New
York. Although the presence of the Coralline limestone fauna
was recognized by Dr. Barrett, he did not in either of his papers
strictly define the limits of the zone bearing it, leaving the
reader of his papers to infer that it included a large portion or
all of the beds here referred to the Decker Ferry formation.
Strictly speaking, only the six-foot coral bed can be referred
with certainty to the Coralline limestone. This coral bed was
fully recognized by Prof. Cook,] but because of his erroneous
cmrelahou of the ‘ ribbon llmestone” of New Jersev with the
Manlius or “ Tentaculite " limestone of New York, he failed to
recognize the identity of this coral bed with the Coralline
limestone.

* Pal. N, Y., Vat, I1, p. 321.
t Ann. N. Y. Acad. Sci,, Vol, 1, pp. 12t-124 {(1878). Am. Jour. Scl. (3), Vol. 15, pp. 370-372 {188).
1 Geol. of N, J., p. 159 (1868).
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Corrclition of the Bossardcille limestone and the Poxine Island
shale.  With the correlation of the fossiliferous Decker Ferry
formation and the Rochester shale and Lockport limestone of
Clarke and Schuchert, or the Niagara formation of most authors,
andd with the probable continuity of the red sandstoue of the
Kittatinny mountain with the Medina sandstone of New York,
the Dossardville Jmestone and the Poxino Island shale are left
as the representatives of the intermediate Clinton beds of the
New York section, and although these two formations have as
vet vielded no fossil remains, they will for the present be so
correlated,

RONDOUT WATER-LIME FORMATION.

In the Nearpass section the coral bed at the summit of the
Decker Ferry formation is followed by 56 feet of strata which
may be referred to the Water-lime formation.  These strata are
very diverse in character, consisting of many alternating beds of
shales and lHmestones of varving characters.  T'he following sec-
tion ix an attempt to subdivide this serfes of strata, but in many

instances the subdivisions might be made still smaller.

y. Hard hlue limestone with bands of shale, . . . . . . . .. 4 ft.
2. Karthy shales, with bands of limestone, . . . . . . . . . . 3 ft. gin,
3. Finegrained dark Hmestone, .. . . . . . . .. ... . 6ft gin.
3. Thick bedded caleareous shale, . . . . . R O { 5 § ¢
5 lard blue limestone filled with Ostracodes and Stronntopom 2 ft. 3 in,
6 Tissile buff or greenish shale, . . . . . . .. .o5ft. 3in
7. Dense, fine-grained, compact limestone, bluish on freshl)
fractured surfaces, but buff or yellowish upon the weath-
ered surface, . v v v e e e s e e e e o - e e ... 5t
8. Fissile rray shales, sometimes much crumpled by pressure, 15 it.
. Bluish black limestone, . 0 0 0 - 0 o 0o e e 13 ft.
56 ft 1 in.

The 1most conspictous member of this series of strata is bed
No. 7. This isthe © Peth Stone ™ of Prof. Cook'’s report, and is
the southern extension of the cement rock which is so exten-
sively quarried at Rosendale and Rondout, New York. This
had in New Jersey possesses the same lithologie characters as the
comentt beds at Rondout, and has the same stratigraphic position.
During a visit to Rondout in company with Prof, J. C. Smock

*(Geol. N, J., p. 159 (rEC3).
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and Dr. H. B. Kiimmel, the Coralline limestone, with some of
the same corals as are found in New Jersey, was observed under-
lving the cement rock, while above it was the Manlius or
“ Tentaculite " limestone containing the same Spiréfer vanuvemi
fauna that is present in the same formation overlying the Water-
lime formation in the Nearpass section. The chief and only
differeice between the Water-lime formation at Rondout and 1n
the Nearpass section, is the much greater development of the
cement bed in the former locality at the expense of the accessory
beds of shales and limestones which are so well exhibited in the
Nearpass section. .

In passing southward from the Nearpass quarry, the Water-
lime formation diminishes in thickness until at the Walpack
bend of the Delaware river, on the Peunsvlvania side near
Decker's Ferry, only the “peth stone” with an underlying bed
of fine-grained blue limestone is present, both together being
not more than 20 or 25 feet in thickness. This blue limestone
underlving the “peth stoue” is White’s™ Decker Ferry lime-
stone already entioned on a previous page.

The fauna of the Water-lime formation is a peculiar one, being
constituted almost exclusively of ostracodes. The successive
heds in the Nearpass section were examined closely for these
small organisms, and each separate bed was found to contain its
own peculiar forms, mauy of which probably belong to un-
described species, Associated with the ostracodes in some of
the beds there are immense numbers of stromatoporoids. In
tlie lowermost bed of tlie whole formation, in a thin limestone
band, two specimens of pelecypods were found associated with
the ostracodes.

The real significance of these ostracode faunas is not entirely
clear, but they must certainly indicate some important physical
change. In the Decker Ferry formation we find a prolific fauna
of such organisins as usually occur under typical marine condi-
tions, brachiopods, corals, trilobites, pelecypods, etc., containing
also a goodly number of individual ostracodes. With no appar-
ent break in the stratigraphic succession, this well-defined
marine fauna is followed by a whole series of faunas consisting
of almost 1o other organisms than ostracodes. At the present

* 3d Geol, Surv. Penn., Rep. G6, p. 137
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time ostracodes are inhabitants of both fresh and salt water,
while the brachiopods and corals are exclusively marine in their
" habitat, and the trilobites, though extinet at the present time,
are belicved also to have been wholly marine organisms.  If at
the elose of the Niagaran epoch in the interior of North America,
marine conditions were followed by fresh-water or non-tnarine
conditions, the extinction of the marine types of lfe such as the
brachiopods, corals and trilobites would be accounted for, as well
as the persistenee of the non-inarine ostracodes.  With the return
of marine conditions the marine types of life would also return,
Just as they do in the Manlins or * tentaculite " limestone over-
Iving the Water-lime formation in the Nearpass section,

The organic evidence of the non-marine origin of the Water-
lime sediments s not confined to the New Jersey area, but
wherever the formation is recognized it is characterized by the
absenes of marine fossils and by the presence of peculiar organic
remains, which are believed to be fresh-water or, at least, non-
marine forms. The peculiar crustacean or arachuoid genera
Fourypterus and Jteragofus, which are so characteristic of the
Water-lime formation in some of its western New York exposures,
are nowhere found associated with true marine types of life, but
they do ocenr in other non-marine formations, as, for instance,
in Coal Measure strata in Peunsvivania,* associated with the
remains of land plants which were in all probability deposited
in fresh watoers,

The presenee of this widespread non-marine formation in the
interior of North America is of prime significance. It shows
that following the widespread interior epicontinental sea of
Sitlunan timed —a sea that had reached from the Appalachian
Tand on the cast to hevomd the Mississippi river, and from the
western extension of the Appalachian land at the south far into
the Arctic regions—some readjustment of the earth's crust was
accomplished by reason of which the communication bhetween
the futerior sea and the external ocean was destroved.  During
the whoele of Silurian time stresses had been accumulating in
the carth's erust until a gencral readjustment became essential.
This readjustrent s helieved to have been universal and not

' 2d Geol, Sury. Pean,, Rep. Py, pp. »3-39.
1 Jour. Geol,, Vo, VI, p. €37,
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local in nature, and the major movements of the earth’s crust
accompanying it are believed to have been the sinking of the
ocean bottoms,* which caused the withdrawal of the waters
from the contineuts,

Following the period of readjustinent, the waters confined in
the interior by the elevated rim of the continent, became a land-
locked sea inhabited by non-marine types of life.  In the shallow
seas upon the outer borders of the continent which were not
drained by the recession of the oceanic waters, and in such mod-
erately deep seas as became shallow by reason of the depression
of the ocean level, conditions favorable for the development of
shallow-water marine life persisted during this period of read-
justment, and in such areas the evolution of marine life con-
tinued without interruption. A notable example of such a border
province at this time, was in eastern Canada, in the region of
the St. Lawrence embavinent. Here the shallow-water marine
lifz continued its evolution without the wide-spread extinction
caused by the intervention of non-marine conditions such as oc-
curred in the interior of the continent.

This period of readjustment of the eartl’s crust coustitutes a
natural geologic time division which is believed to have a world-
wide significance. Just as the non-mnarine deposits of the Medina
epoch represent the natural division between the Ordovician and
Silurian periods, so these non-marine water-lime beds represent
the natural division between the Silurian and Devouian. On the
borders of the continents in the “harbors of refuge” where the
shallow-water marine conditions were coutinuous, the conspicu-
ous life-breaks which are so noticeable in the interior of the con-
tinents are not present; so in the eastern provinces of Canada
there is no such discontinuity between the Stlurian and Devonian
life as is recognized iu the interior.

After the accomplishment of the readjustment of conditions a
eradual transgression of the sea upon the continent was initiated.
"his transgression was cansed (1) by the slight settling of the
continental borders which may have been forced ont of isostatic
equilibrium during the period of readjustment; (2) by the land-
ward cutting of the continental border, and (3} by the transporta-

* For o further discussion of this, see ©* The Ulterior basis of time divisions and the classification of
Geologic History,” by T. C. Chamberlin. Jour, Geok,, Vol VI, pp. 449~45a.
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tion of materials from the continent and their deposition in the
occan.  With the extension of the shallow marine waters towards
the interior, a union was at last established between the exterior
and interior shallow seas.  With the renewal of this connection,
the marine, Devonian, interior, epicontinental sea came into ex-
istenee and the shallow-water marine life again found its way to
the interior of the eontinent, the derivation of this life being
from those faunas which had persisted in the shallow waters on
the outer borders of the continent during the readjustment
perford, This relutroduction of nariue faunas into the interior
initiates the Helderhergian epoch and the Devonian period.

Formations of the Devonian System.

AMANLIUS LIMESTONE.

Sperifes canevenmi zore.  Lying upon the Rondout Water-
lime form~tion in the Nearpass section there is a series of 22
feet of thinlv-bedded, knotty, dark blue or almost black lime-
stones, referable to the Manlius or ¥ Tentacnlite ' limestone of
the New York scetion.  This is the bed which constitutes the
guarry stonge, and its outcrop may be traced throughout the
entire length of the Walpack ridge in New Jersey by the line of
quarries and limekilns, it being the ounly* limestone of the
region suitable for the manufacture of lime.

The fauna of the Manlius limestone is not a large one.
Ostracodes siill persist, but associated with them are several
spectes and many individuals of brachiopods, gasteropods, and
some cephalopods. The fauna represents the first return of
marine conditions after the non-marine Water-lime epoch.  In the
Nearpass quarry, fossils were collected from two horizons in this
formation, one near the base and the other near the summit,
Erom the lower zone at this locality the following species have
boen identitied :

1o Straplicadanta varistriata (Con).
20 Spratcr e vendd Hall,
# At Flatbroukville the Bo-sardville limestone and the calcareous beds of the Decker Ferry forma-

tion arc occasionully burnt fur lime  Neur the Delaware Water Gap in Peunsylvania, the Bossard-
¥ille limestone ™.~ hevn 2sed for years in making lime both for building and agricultural purposes.
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Megambonia avicilordea Hall?
fHolopea anitigua (Van.).
Tentaculites gyracanthus (Eaton).,
Cephalopod (gen. and sp. undet).
Leperditia alta (Con.).

Ostracodes (several species).

RN

From the upper zone at the same locality the following
species have been identified :

Stropheodonta varistriata (Con.).
CGypidula galeata (Dal).
Sparifer vanuvemt Halk
(asteropods {several species).
Orthoceras, sp. undet.
Ostracodes (several species).

FAR AN ol ol S

The most conspictous species in this fauna are Speiryfer
vanuxemi and Stropheodonta varistriata, and for the lower beds
Leperditia alta may be added to these. All the other species
are more or less uncommon. In the upper half of the formation
there are various thin bands closely crowded with gasteropod
shells, but they are so firmly imbedded in the matrix that their
characters cannot easily be made out, and as a usual thing they can
only be recognized in cross section on the weathered surface of
the quarry face. At various localities aloug the entire length
of the Walpack ridge the Spirifer vanuxemi fauna of the
Maulins limestone was observed, but it will not be necessary to
give further lists of species.

There has been, and is at the present timme, some diversity of
opiuton among American geologists and paleontologists as to
the proper line of separation between the Silurian and Devonian
svstems. In the past this line has usually been placed between
the Helderberg and Oriskany formations, but more recently
Clarke and Schuchert®* have become the chief advocates of
placing it down so as to include the Helderberg formations in
the Devonian. ‘T'he impracticability of drawing any line of
demarcation between two of the major divisions of the geologic
time scale at the Helderberg-Oriskany contact horizon, is strongly
brought out to any stndent of the stratigraphic paleontology of

*Science, N. §., Vol. X, pp. 8;4-878,
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eastern New York or New Jersev,  ‘There is at this horizon no
stratigraphic Dreak, impure shales and cherty limestone beds
being continnonsly represented in the section, and the differen-
tiation of the fossil faunas is no more satisfactory. “I'he faunal
break is more conspicuous in New Jersey between the Coevinans
Limestone and the New Scotland beds than between the summit
of the Helderbergian series and the Oriskany beds.  The alli-
ance of the Helderbergian faunas is upward to a far greater ex-
tent than downwand, amd in the uppermost faunal zone there is
a conspictions mingling of species which have usually been con-
sidered cither as eharacteristic of the Helderberg or of the Oris-
kany faunas.

Amonyr those opposed to the inclusion of the Helderbergian
sories in the Devonian, the chief ground of appeal is to the
original Silurian syvstem in England as described by Murchison,
the contention being made that faunas equivalent to his highest
Silurian fauna are present above the Helderberg in America.
But cven if this contention is true, it should not of necessity
cstablish the Silurian age of the Helderbergian series. In the
classification of geologie time into its major subdivisions, it is
possible to push the doctrine of priority too far,  What the pres-
ent day weologist is seeking is a natural and satisfactory classifi-
cxtion of geologic time, not what was the classification of Mur-
chison or zny other of the fathers of geology.  With our vastly
nereased insight into paleontology and stratigraphy, it is uurea-
soable to hold that the present-day geologist -is not able to
improve on the classifications of the past.  No one should allow
his sentimental respeet for the labors of the fathers of geology,
important as they undoubtedly were, to stand in the path of
improveniont and progress. It is, of course, best to adopt the
carlier elassification in so far as it can be adjusted to our more
perfeet understanding of the facts, but it is not in the line of
progress to bind ourselves to the arbitrary limits established long
ago for the major divisions of the time scale, when we are now
able to establish more natural ones.

In the present report the Helderbergian formations are con-
stdered as of Devonian age, but the writer differs from Clarke
amd Schehert in Tis estimate of the Maunlius limestone.  These
authors have placed this formation at the summit of the Silurian,
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linking it with the subjacent Water-lime formation as has been
the usnal custom in the past, rather than with the superjacent
fortmations. ‘The fauna of the Manlius limmestone, with its ma-
rine types of life, differs conspicuously from that of the Water-lime
formation which is characterized by its non-marine life. On the
other hand the two most characteristic species of the Manlius
limestone fauna, Spirifer vanuxemi and Stropheodonta vare-

striata are hoth preseut in the Gypudula galeata fauna of the

superjacent beds, the first one being rarely represented and the
second often being abundant in the higher fauna. Then again,
(rvpedula galcata, the most characteristic species of the beds
superjacent to the Manlius limestone, is sometimes present in
the Spirifer vanuwvem? fauna.  Under these conditions it seems
as difficult to draw one of the najor division lines of the geologic
time scale at the summit of the Manlius limestone as at the

summit of the Helderbergian series,

It would seem to be far better for the purposes of a natural
classification of geologic time, to consider the non-marine Water-
lime formation as the division between the Silurian and Devonian
periods, beginning the latter period with the first re-initiation of
marine life into the interior of the continent. This non-marine
horizon is a widespread one in eastern North America, and it is
believed that it will be found to represent a terrestrial period
which was more or less world-wide in its distribution. In Europe
this non-marine horizon is indicated by the presence of strata in
Scotland and on the continent containing a peculiar Eurypterus
fauna similar to that in the American Water-lime formation, but
the symmetrical continental development of Europe was far less
perfect than that of North America, and there are in England
no marine beds correspouding to our Helderbergian series.

It is believed that a complete elucidation of the earth's history
will show an alternation of terrestrial and marine conditions upon
the continental platforms, and that these alternations will be
found to be more or less world-wide in their distribution.
These alternations, then, will forin a basis for a natural classifica-
tion of geologic time, as has been suggested by Chamberlin*
If this livpothesis shall prove to be tenable, it will be seen that
the paleontologic record of the continental interior will usually

@ Jour, Geol,, Vol. Vi, p. 449.
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exhibit an alternation of marine and non-marine faunas, the
terrestrial periods being represented either by sediments with
nonamaringe life or by no sedimentation at all.  On the conti-
nental horders, however, marine conditions will have been cou-
tintous il no such great life-breaks may be looked for.

In North Americe this contrast between the interior and
border provinees is strikingly brought out, both in the Ordovico-
Silurian and the Siluro-Devonian transitions.  In the first in-
stanee we Tnive the continuity of {ife in the Anticosti formation
of castert Canada, while the Medina formation, probably non-
marine in origin, ills the interval in the continental interior.®
In the same horder provinee there is a continuity of Silurian
amd Devontan 1ife, while in the interior the transitional terres-
trial period is indicated by the Salina and Water-lime formations
with non-marine life.

COEYVMANS LIMESTONE.

(rvprdula galeata ~one. At the top of the bluff in the Near-
pass quarry, lving upon the Manlius limestone and scarcely
separable from it stratigraphically, are other limestone beds
which gradually assume a coarser texture and often become
more or less cherty, This formation is what has usuall:- been
known as the * Lower Pentamerus limestone,” but for which
Clarke and Schuchert® have recently proposed the more satis-
factory mame Cocvmans limestone.  This formation differs from
the Manlins lintestone not only in texture and other lithologic
characters but also in containing a far more prolific fossil fauna.
The moest charzetoristic species of the fauna is Gypidula galeata,
a speetes formeniy included in the genus Pentamerns, hence the
older name of the formation,

[t the Noarpass section the thickness of this formation has
been estinmatad at jo feet, though only the lower beds are here
actually oxposed. There are in the formation as it is exhibited
in the various onterops in the area under discussion, several more
or less distinet sulweones of the Gvpadula galeala fanna. All of
these sulkzones contiadn the type species of the formation, but not

. Sev ' The Suurian | v Interpreted ou the Fpicontinental Basis,” by Stuart Weller, Jour. Geol.,

Vol. VI, pp €.=7.7
1 8ewnee, N8B, Vol X, pp 874-8;R.
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all of them contain it in the same relative numerical abundance.
Only the lowermost of these sub-faunas has been traced with any
degree of continuity through the entire length of the Walpack
ridge, and even this one has not as yet been so clearly recog-
nized in the extreme southern portion of the area as it has at
the north.

The fauna of the basal portion of the Gypidula galeata zone
is characterized by its large number of corals of the geuus
Favosites, and by the genus Stromatopora. 1t is really a
southern extension of the coral bed, recognized at the base of
the same formation in New York. Near the top of the Nearpass
binfl this bed mayv be easily traced by the large number of
Tavosites which have become conspicuous in the weathered sur-
face. In the Nearpass quarry the following species have been
identified from the Favosites bed :

Favosites helderbergia Hall.
Favosttes sphericns Hall,
Stromatopora concentrica Goldf,
Stropheodonta varistriata (Con.).
Stropheodonta decked Hall.
Strophonclla punctultfera (Con.).
Dalmanella perelegans Hall.
Cypidula galeala (Dal.).

9. Rhynchonella sepuplicata (Con.).
10. Rlynchonella transversa Hall,
11. {wernuius mntabidls Hall
12. Atrypa reticularis (Linn.),

13. Spirifer octocostatus Hall.?
14. Meristella levis (Van)?

15. Lichenalia forta Hall.

16. Ptilodiciva 2 sp. undet.

17. Pterinea of. P textiliss (Hall).
18. Capulus sp. undet.

19. Dalmanites sp. undet.

20. [hacops sp. undet.

N

At Peter’s Valley the Coeymans limestone is well exposed in
the hiltside above the large spring one-half mile northeast of
the village, and again in the hillside above the schooi-house.
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The coral bed is not so well exposed in this loeality, but Gypidnla
galeata i remarkably abundant, it being represented by hun-
dreds of individuals, while most of the other species present are
more or less rare. The following species have been identified
from Peter’s Valley above the large spring :

Zaplrentis sp. undet.
Stropleodonta varistriata (Con.).
Strophonella punctulifera (Conl).
Dalmanclla perelegans Hall,?

. Gypidula galeata (Dal).

. Rhvuchonella semiplicata {Con.),
{ ncinulus mutabdlis Hall.
Lissopleura cequivalvis (Hall).
Afrvpa reticularss (Linn).

1o, Sperdfer vanwvem! Hall.

11. Jeristella levds (Van.)? small form.
12, Riynchospira formosa Hall,

13. Lwchenalra torta Hall,

Ly. Conocardium sp. undet.

15. Megambonia 7 sp. undet,

16. Yentacnlites sp. undet,

17. Dalmanites sp. undet.

18, Ostracodes {several species),

SN N

FoliNe S

At Flatbrookville the Coeymans limestone is well developed,
and in a bed Iying near the top of the formation the species col-
lected were the following :

Stropheodonta varistriata (Con.).
Straphe odonta beckei Hall.
Straphonclla punctuiyfera (Con.).
Ortiothetes weoolworthanus Hall,
Schizophoria multistriata Hall,
(rypidula galeata (Dal.).
Rivuchonella semiplicata (Con.).
{ wecinalus mutabiles Hall,

O. Cucinnlus pyramidatns Hall.
. L Atrvpa reficulares (Linn).

L. Spirifer octocostatus Hall. ?

12, Cvitina dalinan? (Hall).

Lo b
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13. Meristella lezis (Van.)? small form.
14. Rhyuchospira formosa Hall,

15. Lickenalia toria Hall.

16. Fenestella ? sp. undet.

17. Plerinea sp. undet.

18. Zrnlaciulites sp. undet,

19. Dalmanites sp. undet.

20. [hacops sp. undet.

At a single locality, north of Hainesville, a fauna was col-
lected which is believed to have come from the very summit of
the Coeymans limestone. The particular variety of Gypiduia
galeata which is present in the lower portion of the formation is
not abundant in this locality, although it is rarely represented.
Most of the spectmens of this spectes which do occur here have
a more pronouticed fold and sinus which is marked by coarser
plications, the sides of the shell being uearly smooth. The fol-
lowing species have been identified from this locality :

Zaphrontss rocmeri B, & H.?
Favestics helderbergia Hall.
Coral (gen. and sp. undet.).
Grypidula galeata (Dal).
Riyuchonclla senmiplicata (Con.).
Rhvuchonella sp. undet.
Uncinatlns pyramidains Hall.
Atrvpa reficularss (Linn.).
Spirifer octocostatns Hall.
Spgrrifer concinnus Hall.

. Cvrtina dalmani Hall,

. Nucleospira cl. V. concentrica Hall.
Rhynchospira formosa Hall.

. Meristella lewis (Van.).

. Lechenalla torta Hall,
Fencstella sp. undet,

. Cornulites sp. undet.

. Plerinea textidis Hall.?
Rhombapteria of, R. mira Barr.
Capulus gibbosunt (Hall),

. Holopea ? sp. undet.

. Murchisonia sp. undet,

PN g P B
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This fauna is quite different in its general composition from
any of those in the lower beds of the Coevmans limestone, one
of its most conspicnous characteristics being the entire absence
of the genera Stropheodonta and Strophonella.  Tn the increased
representation of the genus Sperg/er, the fauna shows its approach
towards those of the superjacent New Scotland beds, but on
account of the presence of Gypidula galeata the beds containing
it are included in the Coevinans limestone.

NEW SCOTLAND BEDS.

It New York the Coevinans limestone is followed by a serics
of heds formerly known as the Catskill or Delthyris Shaly
limestone, but for which Clarke and Schuchert® have proposed
the mame New Scotland beds.  This formation contains a
wontderfully prolific fauna, especially characterized by the large
representation of the genus Spirifer, standing in sharp contrast
i this respect to the faunas of the Coeymans limestone.  The
Now Scotland beds are extended into New Jersey, where they
are well represented and contain a fauna which is in general
identieal with that in New York., In New Jersey this fauna as
a whele is differentiated into three more or less distinct faunal
zottes, while in New York, so far as can be deterntined from the
literature, the species constitute one general assemblage of life.

These beds are well exhibited in the Nearpass section, although
they are not exposed at any point in the quarry bluff. At this
locality three distinet beds are recognized in the formation as a
whole, 2 cherty limestone at the base and another at the snnnnit,
with a shale bed between. These three beds have been recog-
nizd thronghout a large part of the area under discussion, but
thoy have not heen so clearly differentiated at the extreme
<mthern end of the ridge as at the north,

Each of the three beds of this formation is characterized by
some species which are more or less restricted to it, and these
somewhat distinet faunal zones will be spoken of as the Spirifer
peirlaincllosus zone, the Spirifer macropleurus zone, and the
Sperifir evelopterns zone, from that species of Spirifer which 1s
maost characteristic of each,

* vcience, N. 8., Vol. X, pp. 874-8)3,
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Toward the southern part of the Walpack ridge in New
Jersey there is intercalated between the Coeymans limestone and
the New Scotland beds a sandstone formation which continues
southwestward into Pennsylvania, where it becomes couglom-
eratic in places. ‘I'o this formation White* has given the name
Stormville conglomerate. At Flatbrookville this sandstoue
scems to replace the lower cherty limestone member of the New
Scotland beds. A few notes upon this formation will be added
after the discussion of the New Scotlaud beds.

Spirifer pevlamellosus zone,  'The lowest member of the New
Scotland beds is an impure cherty limestone, some beds of
which in certain localities are constituted almost entirely of
chert. ‘The cominonest species of .Spirtfer which has been
found in this bed is .S. perlamellosus, and from this species the
faunal zone has been named. This species, however, is not
restricted to this horizon alone, as it also occurs in the super-
jacent shale beds.

In the Nearpass section this bed is for the ntost part covered
with drift, but just above the quarry of Mr. Sanford Nearpass a
good outcropping ledge is exposed, from which the following
species were collected :

Hindia fibrosa (Roenv.).
Strepielasma stricium Hall,
Lecanocrinus sp. undesc.
Pholidops ovata Hall?
Stropheodonta becker Hall.
Stroplonclie punctulifera (Con.).
Strophoncila sp. undet.
Leptaona rhomboidalis (Wilck.).
Dalmanella perelcgans Hall.
Ruipidomella oblata Hall.

11. Bilobites varicus (Con.).

12. Scentdinm insigne Hall,

13. (neimielus pyramidatus Hall
14. Latonta medialis (Van.).

15. Spirifer periameliosus Hall.
16. Spirifer cyclopterns Hall.

OV PV AP D
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* 2d Geol, Surv, Peun,, Rep, G6, p 132.
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17, Nwcleaspiva concentrica Hall.

1S eristedla feeds (Van).

19. M%rineca sp, of. 2 textiles (Hall),
20, f¥atrostoma sp. undet.

21, Delirandtes pleuropteryvy (Green). ?
22, /hacops sp. undet,

Just below Hatnesville there is another good exposure of this
bed and from it the following species have been identified :

HHindia fibrosa (Roenv).
(lonsena spatiosa (Hall). ?
Ntreploodonta becker Hall,
Strupleneella punctulifera {Con).
Nevoplanelta fevenweorthana Hall.
L plecira vhomboidalis (Wilek.).
Dalwanclia perclegans Hall,
Lalveanclla subcarinata Hall
Rhipidomella oblata Hall,

- Nleipidoneella eminens Hall,

. Orthathete s woolecorthanuns Hall,
{ucrnndns vellieatus Hall,

FT O B o
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L Fatoria sengalarss {(Vai).
Lortanra medialis (Van).

15. Spervifer perlamellosus Hall,
16, Meristella lecds (Vanl,

17. Dterinea spinnlifera (Hall),
18, Arerdnca spo undet.

1. Megouthonio ovata Hall.?

. Cvpricardinia sublamellosa Hall.?
2t. Jovewcma attenuale Hall, ?
Steophostvins gebhardi (Con.).
Orthocras sp. undet,

Phecope forans Hall,
Frafieaiites sp. undet.

-
—+ G
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Spirdte s wtacioplorus zone. 'The intermediate member of the

New Scotlatd beds is usvally a rather soft earthy shale. In
most Tocalitics this hed is drift-covered, but several good expos-
ures ol it have boeen observed, it seeming to exhibit greater con-
tinuity thau vither the subjacent or superjacent beds of the
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formation. This shale is particularly characterized by the pres-
ence of Spirifer macropleurus, a species which has not vet been
observed at any other horizon in New Jersey, and therefore this
horizon has been designated as the Spirifer macroplewrus zone.

In the Nearpass section this shale bed occupies the first hollow
beyond the summit of the Nearpass quarry bluff, only a few
limited exposures of it being visible. The following species
have been collected at this locality :

Streptelasma stvictum Hall,
Strapheodonta beckei Hall.
Leptaena rhombordalrs (\Wilck.).
Rhipidometla oblata Hall.
Fatonia medialis (Van.).
Spirifer macroplenrus (Con.).
Spirifer cvelopterus Hall,
Spirifer perlamellosns Hall,

9. Trematospira muliistriata Hall.
10, Meristelle arcreata Hall.
11. rlunoplotheca concava (Hall).
12. Mterinea communis (Hall.)

13. Cypricardinia lamellosa Hall.
14. Zentfaculites sp. undet.
15. Dalmanties sp. undet.

e al R

About a mile and a half south of the Nearpass quarry, in the
east side of the ridge, a small excavation has been made in this
shale. At this locality fossils are preserved in abundance and
the following species have been identified.

Stropheodonta becker Hall.
Strophonclla punctulifera (Con.).
Leptana viomboidalis (Wilck.).
Rhipidometla oblata Hall.
Latonia medialis (Van.).
Spirifer macroplewrus (Con.).
Spirefer cyclopteras Hall,
Sperifer perlamellosns Hall.
Atrypina fmbricata Hall,
Meristella arenata Hall,
Anoplotheca concava (Hall).

il
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Below Hainesville, lving above the bed from which the fauna
of the Sprrifei perlamcllosus zone has already been recorded, this
shale bed I8 well exposed and has furnished the following
spueies

Stropheodonta becked Hall,
Leptena rhomboidalis (Wilek.)
}\'/H-j"l'rfulﬂr la nbiata Hall.
Foatonra medialis (Van).

{ ncinulns cellteatus Hall,
Spivifer macroplearus (Con.).
Sperifer cyclopterus Hall,
Trematospira nadtistriata Hall,
Atrvpiua tmbricara Hall,
Meristedfo arcnata Hall,

11, Anoplotheca concava (Hall).

—
SO 2N ow b N

About one mite below Peter’s Valley, in the side of the road
crossing the ridge, an excavation for road material has been
made in this shale.  Some of the beds at this locality are fossilif-
erotts and the following species have been identified :

Stropheodvita becked Hall.
Leptana rhomboidalis (Wilek.).
Nhipidontedla oblata Hall.
Crthostrophia strophomenoides Hall.
[Frtonda mediafes (Van,),
Spirifer macroplenrns (Con,).
Spirifer cvdopterns Hall,
Spirifer perlamellosus Hall,
Tromataspiva multlsiriata Hall,
vo, L Airvpina fatbricata Hall,
11, Jevistetle arceata Halll

A N

-
i

At Flathrookville, just below the village, the Sprrifer macro-
plenrus bed is exposed, lying direetly upon the Stormville sand-
stone, indicating that at this locality the sandstone has replaced
the basal, cherty Limestone member of the New Scotland beds.
These shale beds at this point are a much tougher and more
calcarvous rock than at the localities that were examined further
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north. The following species of fossils were collected at Fiat-
brookville :

Streptelasma strectum Hall
Stropheodonta becker Hall,

Leptana rhomboidalis (Wilek.).
Orthostrophia strophomenoides Hall.
Rivpidometla oblata Hall,

Fatonia medialis (Vain.).

Spirifer macroplenrus (Con.).
AMeristella arcuata Hall.
Palmanites sp. undet.

W ET A B e

Spirifer cyclopterus zone.  The uppermost member of the New
Scotland beds in the Nearpass section, is exposed along the
crest of the first low ridge back of the sunumit of the Nearpass
quarry blufl.  This bed is an extremely cherty limestone, which
makes a rather continuous outerop because of its power of re-
sistence to the weather. It is often highly fossiliferous, but the
fossils are usnally so firinly imbedded in the cherty matrix that
it is difficult to make satisfactory identifications of the species.
This cherty limestone has been observed at several points along
the ridge, but the only locality where the fauna has been made
out with any degree of satisfaction is in the Nearpass section
from which locality the following species have been identified :

1. Zaphrentis sp. undet.

2. Stropheodonta becker Hall,

3. Stropheodonta planuiata Hall,
4. Strophonella punctulifera (Con.).
5. Leplana vivombordalis (Wilck.).
6. Rhipidomella oblata Hall.

7. Uncinilus vellicatus Hall,

8. Rivnchotrema formosum (Hall).
9. Rhynuchonclia dralzeata Hall.
10. Sparifer cyclopterus Hall,
11. Meristelia levis (Van.).
12. fAerinea fexdddes (Hall).
13. Lhacops logani Hall.
14. Homalonotus vanuvem: Hall,
15. Lichas pustulosus Hall
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16. Dalmanites sp. undet.
17, Ostracodes (several undet. sp.).

Fortical rapge of species i the New Seotfand beds.  For the
purpose of comparing the faunas of the three members recog-

nized in the New Scotland beds, the following table has been
preparad

S, perlamellosus lS. macropleurus | S, cyclopterus

LIST OY SPECIES Zone. zone. zone.

Hindw fihrosa,

Strept-lusina striciiu,
Lecanecrinus sp. undet.,
Fhleoledopy ozatns,

Glossiig paliosa,

‘Tfrupr vodonte becke s .
Strapheodonts /‘)/m.'n/u.*u
Stroplionella punclulirera,
Strophoncihy le;onemrthana,
Lepticua riginboidulis,
Ihilmanclia porcligans,
Dhilianclla subeurinaty,
Rlupidometia oblata,

Rilapidowe e viginens,

Bilvbites caricus,

Scewtdiia tusigue,

Ortiolict, s wooolavor thanis.
Oitdsensfaopiziu stropionrnoides, .
Cneinulns pyrawmidatus, .
Eneiunlns Jollealus, e - S I
Flyuciiotreme pforinosa, e e e e e e e
Khyuchoudlta hralicata,
Fatouia e dialls, |
Fatovia sivzalaris,
Atrypina sitricata,
Spivtfor poifaiuetiosus,
SpIFife s vpacroplenras, |
Spirifor crdfoplories,
Nucleospirg concenirica,
Tromatospiva sundtistriata, |
Merite ila la: is, .
Moristotfa vrviata,
,]ﬂup.’(#!m Cd GRedid,
Dlerinea bovtitin

Plortnea ope Hu’ﬁm
Pleviacy conniiis,
Megandonnr olada,
Crprivardinia Ja /mur
Cvprivardiiis snbhaue /!ma_
Fovoncie attennata,
Stroplroitvlas gobhundi,
flinanites sp -

Fhacops Loga ;
Homtlonodus Sanit v n:t N ..
Lichay pactaloss, o T

X XXX
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STORMVILLE SANDSTONE.

This formation is present only in the sonthern half of the
area, wheie it lies immediately above the Coeymans limestone.
It makes its first appearance just south of Hainesville, where it
occurs as 2 thin sandy laver in the top of the Coeymans lime-
stone. South of this locality, for some distance, this sandstoue
is not a conspicuous formation. It is too thin a bed aud is too
heavily drift-covered to afford noticeable exposures. Below
Peter’s Vallev, however, it becomes more strongly developed
and is frequently met with. A good exposure of it may be seen
in the side of the road crossing the ridge at Walpack Center,
At one locality above Walpack Center this formation contains
numerous fossils, but they are all imperfect casts and cannot be
identified with any certainty, though most of them appear to be
identical with species which oceur in the Sporifer perlamellosys
zone of the New Scotland beds. At Flatbrookville this sand-
stone occurs, and from the base of the formation specimens of
Gypidula galeata were collected, while the beds lying above it
contain the fauna of the Spirifer macroplenrus zone, which indi-
cates that at this locality the Stormville sandstone has replaced
the lower cherty limestone member of the New Scotland beds.

According to the report on Pike aud Monroe counties, Penn-
svlvania,* the Stormville sandstone becomes more and more a
conspicnous formation to the south, and gradually replaces the
remaining members of the New Scotland beds and also the
superjacent strata nntil it becomes continnous with the Oriskany
sandstone,

BECRAFT LIMESTONE.

Dalmanites dentatus zone.  In the Nearpass section the upper
cherty members of the New Scotland beds is followed by a
series of more or less calcareous shaly beds, at the summit of
which are some well-defined beds of limestone filled with fossils.
These limestone beds form the crest of the high ridge to the
northwest of the Nearpass quarry, and are a southern extension
of the beds which form the crest of the ridge in New York

¢2d Geol Surv. Penn,, Rep, G6, pp. 132, 133.
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State cast of Tri-States, which has been called ““Trilobite ridge
by those who have colleeted in that region. These upper beds
are characterized Iy the great number of trilobite fragments
which are preservaed in them, the most abundant species being
Daluanites deptotes, The trilobite remains are not restricted to
the limestone hads at the summit of the formation, but occur
alse i the more shaly heds below, although they are nowhere
so abnudant as in the upper beds,

The fanna of these trilobite beds s somewhat peculiar, being
a mingling of Lower Helderberg and Oriskany spectes, and is
pethaps equivalent to the fauna from Becraft Mt., in New
York, which has beon notieed by Beecher and Clarke™ and has
been referred by them to the Tower Oriskany,

The following specics have heen identified from the trilobite
beds in the erest of the high ridge in the Nearpass section

fevamepora sevpulordes Hall.
Ioruipora s tfortiosa Hall.
Cibicnlomleo ampla Hall.
Lorirendu sp.undet,

Steoplecodonte finckiaens Hall, ?
Ntvopledoitr magnifica Hall.
Ntrapleadminta sp. undet.
hounstroplia sp. undet.

O. honostroplier complanaia Hall. ?
10, La ptacna rlonthoidalls (Wilck,).
11, Dulirand o subcarinata Hall.

12, Dadinenclia perclegans Hall,

13. Nhipidoeclla discres Hall.

1. Ahvachowclla several undet. sp.

15, Avarssolarea mntabilis Hall,

10, Spirdfer airectns Hall,

17, Spicifer sp. undet.

I8, st vostiata Hall

1. dristelle prineeps Hall,

200 N raihonda bollistriata Hall? (small form).
A raihonde fanellosa Hall ? (small form),
- Medivmns plie 2 sp. undet,

3. Ftosdnca fetds (Hall)

'.ME\)—-‘
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“Am. Jour. Scl. {5), Voi. XLIV, pp. 410414,
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24. Plerinea sp. undet.

25. Goniophora sp. undet.

26. Loxoncma sp. undet.

27. Strophostylus transversus Hall?
28, Capulus sp. cf. C. dilatatum (Hall).
29. Fyolithes centennialis Barrett.
30. Tentaculites acula Hall.

31. Zentaculites sp. undet.

32. Dalmanites dentfatus Barrett.,
33. Fomalonotus vanuxem: Hall.
34. Deyrichia sp. undet.

Aside from the trilobite remains the most abundant and char-
acteristic species of this zone are Rensscleria mutabiiis and the
undetermined species of Chonostrophia. ‘I'he specimens of
Rensseleria are much larger than those figured by Hall in the
Paleontology of New York, volume Iil, but in volume VIII of
the same work larger specimens of the same species have been
illustrated which correspond more nearly with the specimens
from New Jersev. The species of Chonostrophia is probably an
undescribed one. 1t resemibles C. complanata, but is always
smaller and is marked by finer radiating coste.

These trilobite beds can be traced throughout uearly the
entire length of the Walpack ridge in New Jersey, but are less
easily distinguished toward the southern part of the region. At
Peter’s Valley, opposite the residence of Mrs. Coss, the highly
fossiliferous calcareous beds at the summit of the formation are
well exposed, and the following species have been identified
from that locality :

. Schizocrania superincrela Barrett,
. Pholidops sp. uudet.

. Strophcodonta magnifica Hall.
Stropheodonta sp. undet.

Lepterna rhombordalls (\Wilek.).
Anoplia nucleata Hail.
Dalmanella subcarinata Hall.

. Chonostirophia sp. undet.

. Rensselaiia mutabilis Hall,

10. Spirifer arvectus Hall,

DLW O B B

el

NEW JERSEY GEOLOGICAL SURVEY




42 ANNUAL REPORT OF

L. (vrtinn rostrata Hall

12, Mevistella princeps Hall,?
13 J%ivaca foatddis (Hall),

Vo Dadmanites dentatus Barrett,
13, A posaditin 2 sp, undet,

south of Walpack Center these caleareous beds are again
I 4
expaosed and have afforded the following species of fossils :

Vo Sdatbanie i subearinata Hall,

2 R o sp. andet,

Aweseloerin nudabitis Hall,

S goichoitia bollstiedata Hall? (small form).
Crtloc s sp, undet.

O, Fhilinetes dentatns Barrett,

AL vnaliaioties s onnxenms Hall,

R RS

~1

ORISKANY BEDS.

Spriiferairectus cone, The Oriskany formation in New Jersev
is constituted of two sharply differentiated members, a more or
less siliccons limestone which is often somewhat shaly, and a
welldefined sandstone. In the northern portion of the district
the sandstone is not represented, but near Peter's Valley it makes
its first appearance at the top of the formation as a whole, over-
Iving the stliccons Hmestone beds. The fanna of both the lime-
stone and the sandstone beds is approximately the same, although
the fossils 0 the sandstone are less perfectly preserved and are
less ehundant.

In the Nearpass seetion, at 2 point about one-half mile north
of the Nearpass quarry, the following species have been identi-
fied from the siliccous Hmestone :

Vo Ntopleadvata pragnifica Hall,
Flovtoiiio peciddis 1s 1Con,).

Npfeiter arecctas Hall,

(:1‘.'/{.11“ Fntoefa Hall,

Mecistc i Toter 2l

Aterinea fovtilis var. arenaria (Hall),
Dlotvestaier centricosa Con.
Dalianites sp. undet,

joo B IR SN M

=

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 43

On the road leading from Layton to Dingman’s Ferry a highly
fossiliferous outcrop of the impure, cherty, limestone beds of the
Oriskany, is exposed, and has afforded the following species of
fossils :

Stropheodonta magnifica Hall.
Leptaena rhombordalis var. ventricosa Hall.
Rhipidomella sp. undet.
Anoplia nucleata Hall,
Chonastrophia complanata Hall.
Spirtfer arrectus Hall,

Spirifer arenosus (Con.).

Cyrtina rvostrata Hall.

9. Metaplasia pyridata Hall.

10. Anoplotheca flabeliites (Con.).

11. Meristella inta Hall
12, Plerinea textdss var. arenaria (Hall).
13. Platvostoma ventricosa Con.

14. Dalmanites sp. nndet,

LN A L B

At Peter’s Valley, on the hill opposite the residence of Mrs.
Coss, weathered masses of the siliceous Oriskany limestone are
strewn over the surface, and the hill itself is doubtless consti-
tuted of this rock. Some of these loose masses of rock are
highly fossiliferous, and the following species have been
tdentified :

Fdriocrinus saccnlus Hall.
Stropheodonta magnifica Hall.
Leptana rhomboidalis var. venfricosa Hall,
Pholidops ovata Hall
Hipparonyx proximus Van,
Chonostrophia complanata Hall.
Fatonia peculiares (Con.).
Spirtfer arrectus Hall.

9. Spirifer arenosus (Con.).

10. Sprrifer tribults Hall,

11. Anoplotheca flabellites (Con.).
12. Merisiella lata Hall.

13. Megambonia bellistriata Hall.
14. Platyostoma ventricosa Con

R s
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15. Ftvecras fopticasiin Hall,
16. 73 idaendites cloneatus Hall.

Near Peter’s Valley the sandstone member of the Oriskany
formation makes its appearanee lving above the siliceous lime-
stone beds, and from this point south its outcrop is more or less.
continuous.  Fossils are poorly preserved in these sandstone
beds, but those that have been observed are always identical
with speeies which have been recognized in the calcareous beds.
below, although nat nearly ~o many species have been collected
from the sandstonce as from the siliccous limestone beds.

At alocality just below Walpack Center the follow1mr species
were collected from the Oriskany sandstone :

L Laptecn pluoniboidalis var. ventricosa Hall.
2. Spiriter airectns Hall,

3. Auoplotheca flabellites (Con).

Lo Jeristedfa fusa Hall,

ESOPTS GRIT.

This is the formation which has usually been known in the
past as the ** Cauda-galli grit,” but for which the members of
the New York Geological survey have adopted the name Esopus.
grit. It is one of the most persistent formations in the region
under disenussion, and forms the crest of the Walpack ridge
throughont the wreater pari of its entire length. It is a gray or
nearly black gritty rock in which cleavage is frequently devel-
oped to a high degree. When the cleavage is not too strongly
developed, the fucoid ™ candaqralli” markings are frequently
abundant along the hodding planes, but other fossils are almost
entirely abscu, 2 single specimen of Zingula from near Flat-
brookville hoing the emly one whieh has been found.

In the report on Pike and Monroe counties, Pennsylvania,
L C. Whitei muntions the presence of fossil brachiopods, iu this.
formation, but a careful scareh in New Jersey has failed to bring
to light any otlier than the one specimen already mentioned. Tt

*15th Ann. Rep. N, V. State Geol,, Vol I, p. 209; 47th Rep, N, Y. State Museum, p. 403;

Science, N. 5,, Vol. X, No. #57, pp. $34-574.
12d Geol, bu.rv Penn., Rep. Gi, p. 122
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is possible that the fossils mentioned by White were from the
shalv beds at the base of the superjacent Onondaga limestone,
as these beds frequently resemble, in a measure, some of the
beds of the Esopus grit, and they are usually more or less fossilif-
erous. ’

OXONDAGA LIMESTOXNE.

The Onondaga limestone lies above the Esopus grit, and
covers the greater portion of the northwestern slope of the
Walpack ridge. “L'owards its base this formation is somewhat
shaly, and sometimes has a slight resemblance to the upper
beds of the Esopus slate. These shaly beds, however, soon
pass upward into the limestone. The limestone is a hard, regu-
larly bedded rock, the beds ranging from three inches to a foot
in thickness. Some of the beds contain large quantities of
chert which gives to their weathered surfaces an extremely
rough and jagged appearance.

Fossils are not abundant in this formation, and those that are
present are usually too firmly imbedded in the matrix to be
satisfactorily studied. Along the river road about three and
one-half miles below I'ri-States, New York, there are several
outcropping ledges of this formation from which the following
species of fossils were collected :

1. Stropheodonta sp. undet,
2. Atrypa reticidlaris (Linn.),
3. Loxonema sp. undet.

In a field west of Peter’s Valley there are some good exposures
of the Onondagh limestone in which some fossils were observed ;
but aside from numerous corals too firmly imbedded to be col-
lected and some crinoid stets, the only species recognized was
Leptana rhomboidalis (Wilck.).

One of the hest fossiliferous localities of the Ouondaga lime-
storte which has been observed is along the river road about one
aud one-half miles southwest of Peter’s Valley. From this
place the following species have been identified :

1. Stropheodonta perplana (Con.).
2. Rhipidomelia vanuxem: Hall.?
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3. Chonctes arcuatus Hall. ?

. Ateypa reticwlaris (Lion.)
Aioticnlaria fimbriata (Con.).
o Awnaplotheca camilla (Hall).
foncatdlla ? sp. undet,

| T

>

~T

Anather Toeality where several species of fossils were secured
from the Onondago limestone, is along the river road about four
miles above Flatbrookville.  From this place the following
speetes huive heen identified :

Aaphrentis sp. undet,

Lingula sp, undet.

Leptena vhomboidalis (Wilck,).
Osthothetes pandora (BRill.).
Spviter caricosus Hall, ?

O, Auoplotivcca canedlla (Hall),

7. Cotpardiy sp. undet.

EAR ol Sl

Along the river hank about two miles north of Flatbrookyville
the following species were collected ;

L . lwoplotheca acutiplicata (Con.).
2. Orthothetes sp. undet.

In the shaley beds at the base of the Ounondaga limestone
fossils are sometimes present, and in the side of the river road
about oae mile north of Flatbrookville several specimens of
Auoplitver acntiplivata were collected from this portion of the
formation.

NEW JERSEY GEOLOGICAL SURVEY



Descriptions of Cambrian Trilobites from New
Jersey, with Notes on the Age of the
Magnesian Limestone Series.

By STUART WELLER,

Cambrian Trilobites have been recognized in New Jersey at
two distinet horizons, (1) in the quartzite near Franklin Fur-
nace, between the crystalline pre-cambrian rocks and the blue
maguesian Hmestones, and (2) in the blue magnesian limestone
at Carpentersville on the Delaware river about six miles below
Phillipsburg.

In the first of these localities, trilobites belonging to the
genus Olencllus occur in an exceedingly hard, bluish, caicareo-
siliceous bed, which has been traced by its weathered fragments
on the surface, from Hardistouville on the north to some dis-
tance south of Franklin Furnace. This same bed has been
noticed again north of Andover. The actual thickness of this
fossiliferous bed has not been observed, but it cannot be more
than a very few feet. The trilobites can be recognized only in
the weathered portion of the rock, from which the calcareous
matter has been dissolved. This weathered rock is of a decp
brown color, arenaceous and friable, and it splits along the
planes where the trilobite tests have been removed by solution
during the process of weathering. A careful search in the fresh,
unaffected portion of the rock failed to disclose any sign of fossil
remains, but that they are really present in abuundauce is shown
by their frequency in the weathered portions.

The Hardistonville Quartzite, as 1t has been named by Wolff
and Brooks* in the region of Franklin Furnace, has been known
to contain the remains of trilobites of the genus Olenelins, for
some time. They were first discovered by Beecher, ¥ who made

#;8th Ann, Rep. U, 5. G, 5., Pr. 11, p. 442.
tAnn. Rep, State Geol, N, J. for 1850, p. 49.
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an cxamination of the rocks for fossils in connection with
Nason's stndies of the white erystalline limestone at Franklin
Furnace,  Later, Foerste® found nuimerous fossil localities during
his studies with Wolff, for the United States Geological Survey.
The accompanying illustrations, however, are the first figures
that have been published of these New Jersey specimens of
e s,

The seeond locality, in the magnesian limestone at Carpen-
tersville, has not hitherto been recognized ; in fact, no trilobites
have previously been recorded from this magnesian limestone
serics in New Jersey,  The locality where the fossils occur is in
Robinson Brothers” quarry south of the village of Carpenters-
ville,  In this quarry the strata dip to the northwest at an angle
of from 65 to 7o', with the strike N. 60° E. Most of the
fossils were found in the quarried stone at the north end of the
quarry, hut a carcful scarch located the fossils /7 situ in the upper
part of the north end of the quarry, in a bed which, if con-
tinted, would pass abont ten or twelve feet north of the north-
ernmost of the three kilns by the railroad track. The speci-
mens are apparently all of a single, sinall and somewhat varia-
ble species which is referred to the somewhat doubtfully valid
genuns Liostracus,  ‘T'he only other American species which have
been placed 1n this genus have been described from the middle
Cambrian of New Brunswick, and although the species from
Carpentersville is not closely allied to any of those previously
recogmized, it will perhaps be safe to refer tle beds containing
it to the middle Cambrian.

The Hardistonville quartzite, with its Olenellus fauna, is refer-
able to the lower Cambrian, and similar quartzite having the
same position between the magnesian Hmestone and the crystal-
line rocks ocenrs at frequent intervals and is perhaps continu-
ous throughout the whole length of the paleczoic area in New
Jerseve Delow Carpentersville no actual outerop of this quartz-
ite was observed between the fossil locality in the magnesian
Limestone and the erystalline rocks; it may be present, how-
ever, covered with drift. The actual position of the fossil bear-
ing bod at Carpentersville, within the limestone series, was not

* Am. Joor. Sci. {3) vol. ALVI, p. 438.
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definitely fixed, although it is probably somewhere in the lower
third of the entire series.

If the lower portion of the magnesian limestone series be
middle Cambrian, as the fossils seein to indicate, the age of the
higher beds still remains to be determined. Lying on top of
the magnesian limestoues at many localities in New Jersey is
a thin bed of highly fossiliferous limestone, free from magnesia,
whose age as indicated by the fossils is Trenton. This fixes the
age of the uppermost magnesian limestone beds as at least pre-
Trenton. This Trenton limestone has usuatly been considered
as directly continuous with the subjacent beds, but there is
always present in the basal portion of the formation, where it
can be observed, a conglomerate bed in which the pebbles are of
the subjacent magnesian limestone and the matrix is the purer
Trenton limestone. This conglomerate bed is best exposed cast
of Branchville, but it was also noticed near Belvidere, near
Andover, and near Newton. The presence of this conglomerate
bed at the base of the I'renton limestone, indicates that there
must have been a time hiatus between the deposition of the
magnesian and the Trenton limestones. In order to determine
the length of this time interval it will be necessary to secure
fossils from the uppermost beds of the magnesian limestoune,
Until such evidence can be secured, however, considering the
fact that the only fossils as yet found in the magnesian limestone
are of Cambrian age, it seems best to consider the entire series
as Cambrian, allowing the lower Ordovician time to he repre-
sented by the time interval which elapsed between the deposi-
tion of the magnesian and the Trenton limestones. This inter-
pretation must be held as a tentative one, however, subject to
corroboration by the discovery of Cambrian fossils in the upper
strata of the magnesian limestone.

DESCRIPTION OF SPECIES.
Olenelins thompsoni (Hall)?
{Plate I, Figs. g-10.)

Head, without the genal spines, subsemicirenlar in outline.
Glabella elongate with subparallel sides, depressed convex,

4 GEOL
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marked by four pairs of furrows of which the anterior pair is
sitnated about twofifths the length of the glabella from the
anterior end and the others arranged about equidistant from
cach other, the posterior pair usually the most pronounced.
The eve-lobes Tevel with the glabella and separated from it by
rather broad furrows, their anterior extremities opposite the
anterior pair of glabella furrows. Eyes elongate, reaching
nearly to the posterior margin of the head, narrowly crescentic
in outline.  Checks sluping away from the glabella and eves to
the lateral and anterior margins, with a gentle convexity at first,
but becoming slightly concave near the margin. The margins
bordered by a narrow, scarcely elevated rim.  The head alone of
this species has heen observed in New Jersev.

REMARKS.—For a complete discussion of the members of this
genus, with hilliography, reference is made to Walcott’s Bul-
letin No. 30, U, 8. Geological Survey, and to the 1oth Annual
Report of the U, 8. Geological Survey.

From the head alone it is difficult to identify the species of
this genus with entire certainty, but the New Jersey specinens
seem to agree most closely with the typical species of the genus,
Olenclins thowpsoni. Al the species of Olenelfus and the allied
genera or subgenera Flolmia and Mesonacts, are remarkable be-
cause of the apparent absence of facial sutures upon the
dorsal side of the head.  This characteristic is well shown in
the New Jersey specimens.  The heads are either complete as
in Fig. 10, with no indication whatever of facial sutures, or if
the outer portions of the checks are detached they are always
broken along irregular lines as in Fig. g, being very different in
this respect from trilohites in general, whose detached cheeks
are separated from the cranidinm along definite lines.  Holmes’
study of the Seandinavian specics, O, Holmia Lyjeruifi, indicates
that that species does possess a true facial suture along the
doublure on the ventral side of the head.  Beecher* has recently
made the character of a marginal or ventral facial suture the
chicf characteristic of the order Hypoparia in his admirable
classification of the trilobites, and Veweliies and its allies should,
on this hasis, he included in this order rather than in the order

*Am, Jour 5S¢l 0y), Vol I, p 285,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 51

Opisthoparia, in the same family with Paradovides. Walcott*®
suggests a family separation of Olenclins and its allies from
Paradoxides under the family name Mesonacidize, but the sepa-
ration seems to be of even more than family importance. 1 the
Mesonacidise be considered as a family of the Hypoparia they
differ conspicuously from other members of that order in the
remarkable development of their eyes, but these eyes of Olenelius,
under this interpretation, cannot be cousidered as analogous to
the eves of other trilobites, which are always borne upon the
free cheeks.

Liostracus ? jerseyensis . sp.
(Plate I, Figs. 1-8.)

Species known by the cranidium and pygidiuin alone.  Crani-
dinm, exclusive of the lateral angular extensions of the posterior
margin, and the posterior spine of the occipital ring, longitudin-
ally semi-ellipitical in outline. Glabella large and prominent,
longer than wide, sub-quadrangular or sub-elliptical in outline,
marked by two pairs of faint furrows, of which the anterior pair
are transverse in their direction, each one extending to about
oune-third the width of the glabella, sometimes nearly or quite
ohsolete ; the posterior pair always present, although sometimes
nearly obsolete, arching backwards towards the occipital furrow.
Occipital ring separated from the glabelila by a deep and rather
wide occipital furrow, extended posteriorly in a broadly triangu-
lar spine which is slightly attennate towards the extremity.
Fixed cheeks somewhat convex, bending downward to the lateral
margins ; the anterior margin of the head bending upward and
forming a rather conspicuous elevated rim in front. Facial
sutures slightly curved inward anteriorly and bending outward
posteriorly to the posterior margin, their direction being some-
what sigmoidal. No free cheeks have been recognized and the
position of the eyes is not definitely shown on the margin of
the fixed cheeks, but they are appareutly nearly opposite the
anterior furrows of the glabella.

Pygidium small, much broader than long, obtusely sub-
angular at the posterior extremity ; axis prominent and strongly
convex, consisting of five segments, with indications of a sixth

* 10th Ann, Rep, U, 8. G, 8., p. 635.
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one posteriorly, its posterior extremity abruptly rounded and
reaching to the posterior margin of the pygidium ; plure nearly
flat, with a slight marginal groove, cousisting of five segients.

ReEMARKS.—The genus Liosfracus is closely allied to Plycho-
paria, and has not alwavs been considered as distinet by Amer-
ican palcontologists.  In his list of paleozoic fossils Miller®
records the following six species of the genus, hesides four vari-
eties: L. awrora Hartt, L. linnarsont Brog., L. neglectus Hartt,
L. onongondianns Hartt, 1. guadraius Hartt, and L. tener Hartt,
all from the Cambrian strata of New Brunswick. Walcottt
refers all these species except f/unarsoni, which he does not notiee,
to the genus FYvchoparia. Matthew,t mn his studies of the New
Brunswick Cambrian faunas, refers Zinnarsoni to Plychoparia,
but retains vweugondianns and fener in the genus Liostracus, the
chief gencric Characters recognized being the absence of genal
spines, the faint glahella farrows, and the small number of seg-
ments in the pygidium.  If the genus Liostracus, based upon the
characters enumerated by Matthew, is really valid, then the New
Jersey speciinens here described should probably be included in it.
The presence or absence of genal spines, however, cannot be
determined because the free cheeks have not been observed, but
the faintness of the glabella furrows is a conspicuous character
in all the specimens, and the pygidium contains but few
segtients,

The specimens referred to this species exhibit considerable
variation, cspecially in the form of the glabella, as is indicated
by the accompanying figures, but they do not seewm to represent
distinct speeies.

*North Am. Geol. and P.l., p. 533.
1Bull, U, §. Geol. Serv., No, 10, .
1Trans. Roy. Sot. Can., 1837, pp. 133-152.
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Explanation of Plate 1.

Liostracus @ jerseyensis n. sp.  All enlarged 5 diameters.

. Dorsal view and profile in outline, of the largest specimen ob.
served, showing the subquadrangular glabella and the
obsolete anterior glabella furrows.

Dorsal view and profile in outline, of 2 smaller specimen with
elliptical glabella and one entire fixed cheek.

Dotsal view and profile in outline, of a specimen retaining the
spine of the occipital ring.

. Dorsal view and cross-section of a pygidinm.

. Olenellus thompsoni (Fall)? Natural size.

. Tmperfect head of the largest individual observed.

. A perfect head of average dimensions.
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Artesian Woells.

OUTLINE.

INTRODUCTION.

I. Wells in Southern New Jersey.

Sec. 1.—Wells in Cretaceous Strata.

At Hancock's Bridge.

At Pennsville, Two wells,

At Perkintown Station. Ote mile east of.
At Perkintown Station, Qne and one half miles east of.
At Pedricktown,

At Mickleton. Four iniles west of,

At Mickleton. Northeast of.

At Laurel Springs.

At Westville,

At Camden, 17th and Stevens streets.
At Pensauken.

At Colestown.

At Mariton, Northeast of.

At Marlton, Southeast of.

At Milford

At Riverton.

At Burlington. Three wells,

At Smithville.

At Columbus.

At Lakewood. Two wells,

At West Ashury Park.

At Seabright

At Port Monmouth.

At Rumson Bluff,

At Little Silver,

At Babylon, N. Y.

At Woodside, N. Y.

At Kennedyville, Md.

At Centreville, Md.

At Chesapeake Beach, Md.

(57)
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N , These two wells may draw from horizons
At Tilghman's Island, Md. % above the Cretnceoits. the oneat Taylor's
At Taylor's Island, Md. Island possibly above the Eocene.

At Norfolk, Va, Lambert's Point, north of,

At Norfolk, Va  Moore's Bridges, east of.

At Severn River, Va

See. 2.—Wells in Miocene Strata.

At Bridgeton,
At Cedarville.
At Greenbanlc,
At Smith's Landing. County Asylum
At Atlantic City :
At the Traymore.
At the Waldorf- Astoria.
At the Gas Works,
At Ocean City
At Sea Isle City.
At Mahon River, Dol
At Bowers Beach, Del.
At Madison, Md.
At Delmar, Md.
At Kalishury, Md
At Pokomoke City, Md. Two records.

Sec. 3.—Wells in Post Miocene, or Surface Strata.

Philadelphia Navy Yard, Pa.
Northficld,

Absecon.

Atiantic City.

Shinnecock Hills, L. 1., N. Y.
Sciasconsctt, Nantucket Island, Mass.
Laurel, Del,

Seaford, Del.

II. Wells in Northern New Jersey.

Sec. 1.—Bored Wells reported by Stotthoff Bros.
At Huntsville, Two wells,

At Sparta,
At Bernardsville, Three wells,
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At Flemington. Two wells.

At Readington.

At Three Bridges.

At Liberty Corners.

At Somerville,

At Goodman's Crossing.

At Maywood. Two wells,

At Trenton.

At Martingville,

At Union.

At Linden.

At Elizabeth.

At Passaic. Five wells.

At New Dorp, Staten Island, N. Y. Two wells.
At Burdette, N. Y.

At Woodside Long Island N V.
At Whitestone, Long Island, N. Y.
At Fairfield, Conn.

At Easton, Pa.

At Bethlehem, Pa.

At Rose Glen, Pa.

At Seigfried, Pa.

At Yardley, Pa. Two wells.

Sec. 2.—Bored Wells reported by P. H. & J. Conlan.

At and near Summit. Two locations.
At Newark. Two wells.

At Harrison.

At Kearney.

At West Orange.

At and near Passaic. Five locations
At Pompton.

At Rahway.

At Jersey City.

On Shooter's Island.

In New York City.

At Rockaway, L. I, N. Y.

Sec. 3.—Wells reported by The Joseph Dixon Crucible Co.
At Jersey City. Two wells.
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ARTESIAN WELLS.

INTRODUCTION,

We present for this year records and geological data respect-
ing well borings, first in Southern New Jersey and then in
Northern New Jersey.  With the former we also include some
wells at a few points bevond the State, both to the east and to
the south,  The wells beyond the State are introduced becanse
of the correlation of the beds penetrated by them with the same
beds beneath the Southern New Jersey coastal plain.

I. Wells in Southern New Jersey.

The records of wells in Southern New Jersey naturally fall
into three heads, nnder which we treat them in the succeeding
pages, viz. :

1. Wells drawing water-supply from Cretaceous strata.

2. Wells drawing water-supply from Miocene strata.

3- Wells drawing water-supply from Post-Miocene or surface

strata.

The wells noted to the eastward of the State are on Long
Island, with one exception {a well on Nautucket Island), and
those to the southward are, with the exception of two wells
near Norfoik, Va, on the Delaware—Maryland peninsula, which
itervenes between the Delaware and the Chesapeake bays.

The strata penctrated by the wells to the eastward and south-
ward are, in cither direction, more or less identical with, and the
continuation of, some of the beds on the coastal-plain portion of
New Jersey. The data are of value in correlating the various
geological sulklivisions and their interbedded water-vielding
horizons,
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Sec. 1.—Wells in Cretaceous Strata.

ARTESIAN WELL AT HANCOCK'S BRIDGE, A'l' FOGG & HIRES'
CANNING FACTORY.

Elevation, 5 (?) feet; diameter, 4% inches; depth, 53 feet.
Water rises within 5 feet of the surface

Haines Bros. furnish the following record of strata penetrated
in a well bored by them at the above location :

Made ground, . . . . . Vet e s e e s e e s e s . Sleet= g feet.
Grayish-whitesand, . . , . . . ..., ... .. 47 " =52 ¢
Skells, *' 6inches,” say, . . . . . . . ... I 4 (1

Sand, . . . ... e e e 1% feet =54 *°
Skells, “10inches,” say, . . . . . . v 4 4o 04 0. 1 foot =55 *
Sand, say, . . . . L . 0 i i i e e e e e e e e e 2 feet =57
Shells, " 12 inches,” say, . . . . . . .. .0 000 1 foot=358 *

This well was cased to the depth of 52 feet and required no
casing below that depth. “An elegant supply of good water”
was obtained.

We have included this among Cretaceous wells, but it may
possibly draw from a somewhat higher horizon. We are not
informed as to the character of the shells noted in the three
separate but very close layers near the bottom. If the species
were known they would doubtless determine the geological posi-
tion of the beds.

TWO ARTESIAN WELLS AT PENNSVILLE,

Elevation, ro feet; diameter of each, 3 iuches; depth of each, 33 feet.
Water rises in each well to within 8 feet of the surface.
The water in both wells rises and falls 8 inches with the tides.

At Pennsville, also for Fogg & Hires, Haines Bros. have bored
a well to the depth of 33 feet, of which they furnish this record:

Clay, . .. ... .. e e e e e e e e e e e, 10 feet = 10 feet,
Grayishsand, . . . . . v v L o 4 v v s v 0 v s 0. 23 " =33

m

At the same place and for the same firm, Haines Bros. have
also bored to the same depth (33 feet) a second well, this time ou
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land where guite recently the river flowed, that is, since the
settlement of the reprion by the white man.  In this well the
material is deseribed as “sand all the way down.”

In both these wells Haines Bros. note that * the water rises to
within cight feet of the surface and also rises and falls eig/s
inches with the tides.”

These wells are evidently supplied with filtered river water.

ARTESIAN WELL, ONFE AND ONE-HALF MILES EAST OF PERKIXN-
TOWN STATION, DELAWARE RIVER R. R,

" FElevation, 15 (?) feet; diameter, 3 inches; depth, 115 feet.
Watcer rises to within 14 feet of the surface.

From Haines Bros. we have learned the following respecting
a well bored by them for Thomas Berry, on a farm between
Anburn and Perkintown Station, the last-named place being on
the Delaware River Railroad.  The well has a depth of 115 feet
and passed through the following strata:

Clay, « v v v v v o s e e e e e . 8Bfeet= 8§ {eet.

Marl,, o 0000 .. . .........37“:45“31-P
B!nck sand mixed with slimy marl, . . 45 '* = go * Matawan
Finegraysand, . . ... ... e .. 20 Y =110 *f
Coarsesand, . . . . . .. v s e 5 =0z "}

The water is “clear but irony and there is plenty of it.”
This well was pumped 1,000 gallons per hour.  The supply is
probably from the base of the Woodbury-Wenonah water-hori-
zon, as defined in the Aunual Report for 1898 and as shown ou
the Artesian Well Section, Plate ITI, of that report.

ARTESIAN WELL, ONE MILE EAST OF PERKINTOWN STATION.

Flevation, 1o feet; diameter, 3 inches; depth, 41 feet.
\Water rises to within 8 feet of the surface.

Haines Bros. have also drilled a well for George Gaventa about
one-half mile west of the last well reported herein, and about oue
mile east of Perkintown Station.  This well was bored to the
depth of only 41 feet.  Haines Bros. say the material passed
through was * pure white sand all the way to the bottom, where
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the sand was mixed with coarser sand and gravel,” in which some
of the pebbles are described as being as large as hens’ eggs.

This well furnishes “ plenty of clear water” and was tested
by pumping 1,200 gallons per hour. The supply may possibly
be from the Woodbury-Wenonah water-horizon.

ARTESIAN WELL, THREE-FOURTHS OF A MILE SOUTHEAST OF
PEDRICKTOWN.

Elevation, 3o feet; diameter, 2 inches ; depth 180 feet.
Water rises to within 3o feet of the surface,

Haines Bros. have furnished the following data, which we copy
verbatimn, respecting a well bored by them for Ebenezer Sparks
at a point about three-fourths of a mile southeast of Pedricktown.

Soil, sand and loam, . ... ... .. 2feet = 2 feet,

Blueclay,. . ... .. e e e e e 4 = 6 " FAge?
Marl, . . . ... ....... v .. .39 Y = 45 *° } Matawan,
Iron-stone, 3 inches, , . . . . . ... .

Graysand, . ... ... e e e e . 8 ¢ o= 53 * |

Sand with white plasticelay, . . . . . . 2 ' = 8z Raritan.
Plasticelay, . .. ... ....... 20 ** =102 ‘! r

Sand, water-bearing, . ., .. .. .. Io ¢ =gz *

The watersupply is just below the base of the clay marl or
Matawan division and from the upper part of the plastic clay or
Raritan division of the Cretaceous.

Subsequently to the receipt of the above record we have
learned that this well was afterward deepened to 180 feet, increas-
ing the amount of water supplied. We are not mformed as to
character or succession of the material below 112 feet, but the
continuation was doubtless within the Raritan beds.

ARTESIAN WELL FOUR MILES WEST OF MICKLETON.

Elevation, 15 (?) feet ; diameter, 3 inches ; depth, 43 feet
Water rises within 14 feet of the gurface.

From Haines Bros. we have obtained the following informa-
tion respecting a well bored by them for E. G. Miller, on a
farm located between Asbury Station and Gibbstown and about
four miles west of Mickleton.
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Soil, .. .o .o 2 feet == 2 feet
Clay, . . v v v v v v v oo Ve e . B =8 "

I\.I.arl, ................. 12 'Y =20 ‘¢ Matawan.
Finegraysand, . . . .. . ... ... 15 Y =35 ¢

Coarse sand, . . 0 . . 0 . . .. se e 8 =93 "

This well was cased to the bottomn. The water rises within
14 feet of the surface and is “‘soft and good.” The well was
pumped for two davs at the rate of 1,200 gallons every hour.
The supply is probably drawn from the Woodbury-Weunonalt
water-horizon.

ARTESIAN WELL, ONE-HALF MILE NORTHEAST OF MICKLETON.

Elevation, so feet ; diameter, 3 inches; depth, 183 feet
Water rises within 45 feet of the surface,

For Howard Bushy, of Philadelphia, Haines Bros, have hored
a well, located as noted above, to the depth of 183 feet. Of this
theyv have furnished the following description of strata, which
we quote verhatim :

Loam, « « v « 4 v 4 e e e e . 3feet,= 3 feet. ‘
Clay, « v v v e v e e e e e e 15 ¢ = 18 “

Blackmarl, . . . . ... ... ... 20 = 38 “

Black sand, mixed with slime, , ., ., , 20 * = 58 *° { Matawan
Running marl, . .. ... .. oL I115 Y =173 ¢ .} Clay Marls.
White sand with water, . . . .. .. 1o ** =183 “ |

We are informed that *“the water rises within 45 feet of the
surface,” also that it ““is soft,” and that “there is plenty of it.”
The source of supply is probably in the Woodbury-Wenonal
water-horizon.

ARTESIAN WELIL AT LAUREIL SPRINGS.

Elevation 8o (?) feet: diameter, 3 inches; depth, 48 feet,
Water rises within 18 feet of the surface.

A well has been put down by A. G. Dunphey for Col. John
A. Wiedersheim near Laurel Springs Station, on the Reading
Raiiroad Company's route to Atlantic City.
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The well was finished at the depth of 48 feet. 'The water
rises to within about 18 feet of the surface, whicli has au eleva-
tion of about 8o feet.

The water-bearing stratum in which the boring stopped is
described as a “ pepper-and-salt sand.”

ARTESIAN WELL AT WESTVILLE.

Llevation, 14 feet ; diameter, 6 inches; depth. 241 feet
Water rises within 11 feet of the surface.

In the Annual Report for 1897, page 268, there are noted two
wells at this locality, put down to supply the town with water ;
their depths are respectively 112 and 114 feet. The well now
under notice was put down the present year, adjacent to the two
former wells, for the supply of the same water-plant, but to a
lower horizon.

The former wells (18g7) draw from an horizon at the base of
the Matawan clay marls; this well draws from a still lower
stratum which is quite within the upper portion of the Raritan
formation.

Through the courteous co-operation of the American Pipe Co.,
contractors for the water-plant, and of Jos. WV, Pratt, the well-
driller, we have been furnished with an unusually liberal supply
of the borings, at frequent intervals, from which we compile the
following record :

Surface soil, . . . ., . I ofeet to 2 feet } Pensauken.
Coarse yellow gravel with large pebbles, 2 ** = 22
Blackelay, . . ... ... ..,.... 22 " oge
Bluish-white coarse gravel, . . ., . . 46 ** ¢ go “
Mixture of coarse gravel and fine sand,

bluish-white in shade, . . . . . . 6o ' g5 v
Mixture of clay, coarse gravel and very

large pebbles, . . ..., .. ... 5ttty o v - Matawan.

Mixture of fine sand and very coarse
gravel, with large pebbles and cob-
bles, containing a clay streak at 129
feet. First Water-Horizon, , . . . g ‘Y gy ¢ ]

5 GEOL
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Streak of sticky red plastic clay, at . . 155 feet. ]
Mixture of fine sand, coarse gravel, with

a little clay, the whole yellowish-

whiteincolor, . . . + . . « . .. 155 feet to 170 ©
Solid bed of red, sandy, plastic clay,. . 170 ** ‘<217 * } Raritan
Decidedly white, coarse gravel, water- :

bearing, Sceund Waler-Flovizon, , . z17 ** 228 ¢
Redclay,. . . . . . . Ve e e e e 228 " ffe23r ¢
Sand, . . .. .. e 0. RN X 1S *

An abundance of water was had in this lower sand, but it was
found impracticable to free it from the red color contributed by
the red cliy, and the well was therefore not put into use.

ARTFESIAN WELL IN CAMDEN AT SEVENTEENTH AND ‘STEVENS
STREETS.

Depth, 81 feet.
Water riscs to within 3 feet 6 inches of the surface
*Vas pumped 250 gallons a minute.

Homn. George Pfeiffer, thréngh W. H. Boardinan, C. E., fur-
nishes the following record of a well put down by him at the
Keystone Morocco Works, at Seventeenth and Stevens streets,
Hast Camden:

Thickness Intervals of
of Strata. Depth.
3 fect, Surface sand, ., . . . . . .. e e e e e e oto 3 feet.
4 ' Sanmd, . . . ... .. e e e e e e e e e e 3“7
4 Coarsesand, . « « « - . . e e e e e e s 7 Yo
30" o M e e e e e e e e e R § SRR P A
6 " Dark e e e e e e e e e e e e 14 ' 20 **
4 ' Coarse, dirty s'md ...... e e e e e e 20 ‘" 24
3 Verycoarsesand, . . . . . o 0. . RV AR A
4 " Cogravel, oL L0 e e e e 27 31 ¢
& Lightyellowelay, . . . . o o o v v 0 v v v vt 31 ' 39
2 * Fincclayeysand, . o . 0 v 0 00 e e 0. 39 ' 41 ¢
18 * Redplastieclay, . . .« 0 o 0 oo W . .41 " sg
2 *  Redund white clay, . . . . . . e e e e e 59 't 61 **
30 Finesand, .. o0 o e a0 e e e 61 64
t Fine white sand, . . . . . -« « . .« - vo. .64 70 0t
3 Caarsewhitesand, . . ..o oo e 70 't 73 ¢
8 4 (Coarse, clean, whitesand, . . . . . PP X SRR - ) B
Black clayat . . . . . s e s e e s e v 81
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This well was finished with an eighteen-foot strainer, whose
base rests at the depth of 81 feet.  The well was pumped 2350
gallons a wminute on 18-foot draft.”

ARTESIAN WELL NEAR PENSAUKEN.

Flevation, 4o feet; diameter, 4 inches ; depth, 102 feet.
Water rises within about 41 feet of the surface.

A four-inch artesian well has been put down for John Collins
by A. G. Duuphey, near Pensauken station, northeast of Mer-
chantville. The locality has an elevation of about forty feet and
the well a depth of 102 feet. ‘The well is nearly on the line of
strike (northeast and southwest) with the wells at Jordantown,
which supply Merchantville with water and which are about
one mile to the northeast. This well and those at Jordantown
both draw from the Raritan group of water-horizons, but fromj
higher beds within that formation thau are utilized by the wells
at Morris Station for the supply of Camnden. In the sinking of
the wells at Jordantown, two water-horizons were encountered,
viz.,, at 58 to 78 feet, and at 128 to 140 feet, but the uppetr one
was there cased off and ouly the lower one used. 'The well at
Pensauken, however, was not prospected so far as the lower
horizou, but was finished in the upper one.

At the locality of this well, as likewise at the locality of the
Jordantown wells, the clay marls are absent, although a short
distance to the eastward they overlie the Raritan formation. In
both cases the quality of the water is said to be excellent, and is
so probably because of this fact. ‘I'he water obtained from
many of the beds within the Matawan clay marls is apt to be
“irony ", probably from the presence in these clays of iron pyrites.
The contamination from this source seems to be sometimes con-
tributed by seepage therefrom into the upper portion of the
underlying Raritan beds.

From an excellent series of samples furnished by A. G. Dun-
phey, and taken every two or three feet as the drilling progressed
we are able to report the following record of strata :
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Orange-yellow sand, with a streak of iron

stone at 8 fect, and a second streak } Pensaukeu
of iron stoneat guteet, . . . . .  ofeetto 38 feet.
Yellow gravel and sand with large peb-
bles, . . . o o000 e e e e e .- 38 53 ]
White gravel, large pebbles, . . . . .. §3 Y ogs '} Raritan.
White fincsandy clay, . . . . . . . .. 75 ¢ 83
Fine vellowish white waler-dcaring sand, 83 *° '* 1oz |}

ARTESIAN WELL NEAR COLESTOWN.

Elevation, 4o fret ; diameter, 3 inches ; depth, 347 feet.
Water rises within 24 feet of the surface,

W. C. Barr has put down a well on the farm of the Sharpless
Brothers, near Colestown, of which he has furnished the follow-
ing record .

Top soil and greenish clay, . . . . . . 6feet= 6 feet.

Grecnish-gray quicksand, . . . . . . 12 ** = 18 "

Black clay, . . . . . e e e e e e 100 '* =118 )} I

Greenclay, . » « . . o . . - e . .20 =138 Y .

Blackelay, . . . . . . .. e e e e .. I2 Y =150 =

Greenelay, . « o v o o v v v e e e .10 " =160 2

Water bearing loamy sand, . . . . . . 1 Y =161 * =

Chocolate clay stratum, 4 inches thick =

White sand and gravel with '‘irony" o
water, .. oo . - C e e e e L1304 oi=a2g1 ) §

Whitcelay, . « « « « v« - . e e e 5 =296 ) { &

Coarse white sand with “irony” water 10 "' =306 “ §

Whiteelay,. . - . o« 0 o v o L. 8 ' =314 " . v

Fine whitesand, . . . . . . . . . .. 6 ° =320 *° g

Redclay, . « . o v - - e e e e e e 10 ** =33 ‘‘ } '§

Coarse sand with unsatisfactory water, 6 ** =336 * o |

Whiteelay, . « .« v v o v o v o v v s 2 =338

White sand with wood (hgmte), e e 7 =345 ¢

White clay and large boulders, . . . . 2 * =347 | )

This well has not yet been finished. Excepting the water
from the one-foot stratum at 160 feet, which is said to be good,
all the water found proves quite “irony ” and uusatisfactory.
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ARTESIAN WELL, TWO AND ONE-HALF MILES NORTHEAST OF
MARLETON.

Elevation, 65 feet ; diameter, 3 inches ; depth, 6¢ feet
Water rises within 7 feet of the surface.

A. G. Dunphey has bored a well on the property of Jacob I.
Evans, situated on the road from Evesboro to Medford at point
about two and one-half miles slightly north of ecast from Marl-
ton. ‘The well has a depth of 60 feet. It is about one-fourth of
a mile northwest of a bored well on the farm of Josiah Ballen-
ger, on ground a few feet higher, and whicl has a depth of 76
feet, as noted in the Annual Report of 1894, page 210.

From specimens of the borings we make the following record :

Irod rusty, sandy clay, from near the surface to . . . . 7 feet
Greensand marl light greenincolor,. . . . . . . . . 7 feet to 50
Greensand, dark, olive green, . . . . . .. . . .. 5o 4 ottty o
Olive-colored sand, with comminuted shell ...... 54 0 58
Belemnites at 58 feet,

Water-bearing sand, . . ., . ., ..o 0L 58 ¢ 6o ¢

The water rises within seveu feet of the surface, the supply
coming from the Marlton water-horizon, as designated in former
annual reports. This horizon furnishes most of the wells in the
region about Marlton.  The well for the town supply, however,
taps a lower water-bearing bed, viz., the Cropwell horizon, which
is about 100 or 110 feet deeper.

ARTESIAN WELL TWO MILES SOUTHEAST OF MARLTON.

Elevation, 65 feet ; diameter, 3 inches ; depth, 83 feet.
\Water rises within ¢ feet of the surface.

A, ). Dunphey has put down a well for Joseph K. Evans at a
point about two miles southeast of Marlton and about one-half
mile south of a well at the residence of the late Benjamin
Cooper. The well has a depth of cighty-three feet. This bor-
ing was discontinued in sand immediately under a stratum con-
taining  belemanites, which occurs at and marks the division
between the base of the marl series and the top of the Matawan
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clay wmarls.  No specimens were preserved, but the record of
stratn wonld doubtless he the same as has already been noted in
past annnal reports for other wells near by,

ARTFSIAN WELL AT MILFORD,

Flevation go fiet ; diameter, 3 inches ; depth, 58 feet.
Water rises within 6 feet of the surface

A well has been put down for Adam Olt at Milford. From A.
(v, Thnphey, who bored it, we have received specimens of the
borings, from which we make the following record :

Surfuare s0il, v v v v v e e e e e e e e e e o feet to 4 feet,
Orange-yollow gravel, o ., o . o .. - T
Fine light yellowsand, . . .. . . . .. .0 .. R ¥ I
Dark micaceons clay, . . . b e e e e e e e e e e 14t ‘g0
Olive-colored sand, contammg some greensaud (glauco-

nite), . .. L. e e e e e e .40 Y 50
Lime-sand, contains Bryorea, also Echinus plates and

SPINCS, L 0 L s e e e e e e e e e e e e e o ' ‘g6

Gray sand, consisting of white quartz and greensand
grains resembles a mixture of pepper and salt,
waler-bearing, . . . ... .., B TR -t B

This well is supplied from the Lindenwold water-horizon,
which is interhedded within the limestone lavers above the
middle marl.

ARTESIAN WELL, ONE AND ONE-HALF MILES EAST
OF RIVERTON.

Elevation, 8o feet ; depth, 117 feet.
Water rises within 69 feet of the surface,

This well was put down by A, G, Dunphey, who furnishes by
letter the data tabulated above. He further says the well was
finished at the hase with a ten-foot strainer and has been pumped
15 wallons a minute without lowering the natural level of the
water.  He also states that the water was found in a “ fine free
white gravel amd sand mixture.”
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TWO BORED WELLS AT BURLINGTON FOR H. F. POTTER, TO
SUPPLY AN ICE PLANT.

Depths, 58 and 71 feet,

These wells were bored by Stotthoff’ Bros., who furnish the

following record : \

Record. Well No, 1. Well No. 2.
Farth, . ... .. .. e e e e e e e 6 feet, 6 feet
Gray quicksand, . . . . ... ... .. R v 50 *
Coarse gray sand, with water, . . . .« . . . . 5 15

58 (¥ 71 (R}

Well No. 1 produces 18 gallons a minute, and Well No. 2 60
aallons a minute. These wells are 100 feet apart, but are on
ground of the same level.

ARTESIAN BORING AT KAST BURLINGTON.
Elevation, 10 feet ; depth, g5 feet.

Hon. George Pfeiffer, contractor, made a well-boring near the
railroad station at Fast Burlington, N. J., the purpose being to
find a water-supply for the intended plant of a prospective ice
manufacturing company. The well was not completed, how-
ever, as the enterprise was abandoned. The following accurate
record of strata penetrated, furnished by Wm. H. Boardman,
C. E., is interesting and valuable :

Thickness Intervals of
of strata, depths,

6 feet topsoil, . + . . . . oL h e e e o to 6 feet,
13 '* clayey gravel,. . . . . C e e e e e e e e e 6" 19 v
6 ' coarsegravel, . . . . ... L0 o0 0L g ‘* 25
7 ‘ coarseredsand, . . . .. ... ... e e .o.o25 f3a
4 ' fimeredsand, . . . ... L0000 . 32 36 ©
14 * coarsewhitesand, . . . .. . ... .., e vw . 36 g0
12 ' finedark sand, . .. ... .. 0000, 50 't 62
5 “ stifgrayelay, . . ... o o v 000 62 ‘‘ 67
18 ¢ stiffredcelay,. . . & o v v v o 0w oo 67 ** 8
5 ' sandy grayclay, ... .. ... e e e e e . 835 “o0
4 slush gray sand, very little water, . . . . . . .. g0 “ g3 "
1 foot soft [disintegrated] micacecus rock, . . . . . .. 94 ‘g5 "

NEW JERSEY GEOLOGICAL SURVEY




72 ANNUAL REPORT OF

ARTESIAN WELL NO. 2, AT SMITHVILLE.
Elevation, 2o feet ; diameter, 6 (?) inches ; depth, 110 feet.

This is the second well put down at this place for the H. B.
Smith Machine Company.  The former one was noted in the
Annnal Report for 187, page 278, The present well, as also
the former one, was drilled by W. C. Barr, who furnishes the
subjoined record of this one, which he states differs from the
previons well in the oceurrence, near the top, of an 8-foot bed of
gray sand shmilar to that of the first water-bearing sand at
Marltom, which, indeed, it probably represents, and which had
evidently bheen eroded from the place where the other well was
put dowu, although the wells are probably not more than roo
fect apart. The loeation of these wells is on the flood plain of
Rancocas creck.

Madeground, . . . .. ... ... ... 10 feet = 10 feet.
Gray sand, same as in the first water-horizon at

Marlton . . . . . .. .. ..... ... 8 o= 18 f
Black clay, . . . o o o & o 0 0 o oo e s 2 = 20 “
Green quicksand, . . . .. oL L0 33 ‘=55 *“
Blackelay, . . . . . .. e e e e e e e e 55 =110

Watirbearingsand at. . . L. 0L L 0L L L 110

At the hase of this well, as alse in the former well, there were
found fragments of fossil bone, probably representing some
extinet Cretaccons reptile. Soume teeth also, probably reptilian,
were obtained at the same horizon in the first well,

ARTESIAN WELL AT COLUMBLUS.

Flevation, 7o feet ; diameter, 4 inches; depth 225 feet,
Water rises to within 6o feet of the sutrface,

An artestan well with a depth of 225 feet has been put down
the past summer at Coelumbus,  The work was doue for the
Columbus Water Company, by A G, Dunphey, from whom we
have received saumples of the borings.  From these specimens
and  {rom information verbally received from several of the
directors, also from Edgar .\, Alcott, C. E., and from A. G.
Dunphey, wo have computed the following record :
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Soil, ... .. e e e e e e e s , 2feet, = 2 feet.
Orange-yellow sand and gravel, . . . 8 “ = 10 *
Orange-yellow sand, light in shade, . 8 ' = 28 *
Graysand, . . . .. .. ... .. .2 = 30
Black clay with coarse sand, . . . . . 2 ©* = 32 *
Flat stone concretionat . . . . . .. 32
Olive-colored sandyclay, . . . . . . . 4 4 o= 46 "
Bluish or blackelay, . . . . . . . . 1 Matawan.
Greenish, marly clay, with glnuco-} 74 =120 * Cretaceous.
nite, . . . . . .0 .. .. .-
Bluish clay, . . . . . . . . . o . .. 76 ¢ =196
Bluish-white sand, with lignite, wate--
bearing, . . . « .« . . . . v .. 29 v =225 % J

This well was finished at the bottom with a Cook strainer
twenty feet in length. This strainer or sieve consists of a brass
tube with fine horizontal slits, about one-fourth of an inch apart,
which are arranged around its circumference in parallel perpen-
dicular rows.

The water obtained is described as “ clear, cool and quite soft.”

The water-horizon is the same as that at the dwelling on the
Lorillard stock-farm, east of Jobstown,* at the depth of ;36 fect,
the elevation there being about 85 feet.

TWO ARTESIAN WELLS AT LAKEWOOD.

No 7.—For the Lakewood Water Company,

Elevation, 3o feet; diameter, 6 inches; depth, 600 feet,
Water rises zo feet above the surface.
Overflows at the surface 150 gallons a minute,

No. 2.—Tor the Lakewood Hotel and Land Association.

Elevation, 3o feet; diameter, 6 inches; depth, 600 feet,
Water rises 20 feet above the surface.
Overflows at the surface 100 gallons a minute,

Kisner & Beunett inform us that in November they sank a
well at Lakewood for the Lakewood Water Company, the loca-
tion being ““just below the dam and about 150 feet north of the
tail-race and 300 feet north of the pumping station.” T'hey also
state that ‘ the ground is 25 feet lower than the Laurel House
and 10 feet below the surface of the lake.” The well flowed

® There ia at the barn on this ateck farm another well to a much deeper horizon, the depth of this
water horizon being a1 about 650 feet, although the boring was prospected to 715 feet,
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abont 130 gallons 2 minnte, and produced by pumping about 300
gullons a minute.  The water rose 20 feet above the surface of
the grond and 10 [eet above the level of the lake.

Kisner & Bennett also inform us that in December thev
sank a sceond well at Lakewood, this time for the Lakewood
Hotel and Land Association,  This well “is located about 100
fect west of the N J. 8, R, R, under the hill, on the same level
as the first well”  The flow of this well is not as strong as that
of the first well, being hut * 100 galtons a minute,” and “the
prunping capacity alont 200 wallons.™

T'he snecession of strata, and the depths and thickness i1 each
well are the same, and are, as deseribed by Kisner & Bennett, as
follows:

Sand and sandy elay, . .. .. .. e e e e 8o feet = 8o feet.
Marls, . o L e e e 332 ‘Y =412 ‘¢
Yellowsand bed, . .0 00 0 00 oL, co3 Y =442
Muddysand. ., . .. ... ... ... ‘e .. 55 Y =4qu7
Hard blackelay, . .« . . . .. . . .. e e e 40 " =537
Fine white samd with abundance of water, . . . . . 53 " =zg0 *

Both the above wells were finished at the bottom with strainers
60 feet longr,

FOUR ARTESIAN WELLS AT WEST ASBURY PARK,

Elevation, 20 fect ; diameter of each, 6 inches.
Depth of Well No. 1 —508 feet.
Depth of Well No 2 —3542 feet,
Depth of Well No. 3—558 feet.
Depth of Well No. yj—z50 feet +.

The Amcrican Pipe Co. has put down four artesian wells at
Woest Asbury Park. The wells are arranged nearly in a straight
line on ground abont 20 feet above mean tide, and are about
200 feet apart. The drilling was done by Kisner & Bennett,
Throngh the co-operative courtesy of the officers of the contract-
g compam and of the well-drillers, we have been furnished
with data respecting these wells and with one full series of the
borings taken every ten feet in depth. The wells are said to
vicld, by prunping, about 150 gallons each per minute with a
23-inch vacimum.
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After inspection of the specimens, both with and without the
| microscope, we present the subjoined record :

Soil, . . ... ... ofeetto 6 feet

Brown clay with }Miocene.

sponge spicules, . . 6 " Y oag "
Greensandmarl, . . . 14 ** * 50 ) 1 4
Ash marl, . . . . .. s0 Y ogo i g
Greensandmarl, . . . go ** ‘100 { 8
Micaceous sand, . . . 100 ' ‘130 : =
Greensand, . . . . . 150 ¢ 160 P2
Ash mari, . . . . . .160 " 170 ¢ j
Sand, consisting of

greensand grains )

and white quartz ,

grains mixed, . . . 170 Y ‘190 '

Ash-colored clay, . . 190 ** ‘* 210

Sand, cousisting of
greensand grains
and white guartz
grains mixed, . . . 210

Dark greensand,
{glauconite), large
Nodosarta and
other Foramintfera |
throughout, . . . .230 < ‘‘ 260 * ]

At 250 feet, KEchinus
spines.

Greensand similar to

" next above but
slightly darker, . ., 260 *“

At 260 and 270 feet,
Echinus  spines and
Bryozoa.

Mixture of white
quartz sand and
greensand grains, . 310 ¢ ‘< 360

Echinus  spines and Middle marl and lower *

comminuted skell at t marl beds,
330 feet; also frag-
ments of flat forms
of echinus at 340 !
feet.

White quartz sand
with a little green-
sand . . ... .. 360 ‘¢ ‘400 "

A little comminuted
shell at 330 feet. J

L

Upper marl bed.

230

—— ——————e

3o )

Cretaceous.
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Water-bearing at 380 1 1
to Joo fuet,
Micaceous sand with a
little groensand, . . 400 feet to 420 feet,
Nearly purcgreensand,
glivconite matl, , , y20 * * 430
Dark micaceous sand,
with  very little

greensand, ... 430 Y Y450
. wr
Darker micacceous Clay marls. 2

L

saml  with much Matawan formation b
[ ]
greensand L L L 450 0t 470 ¢ T
Same shade micaceous o

sancd, with little

groemsamd, . L . o470 Y 't 500
Dark hut lizhter col-

oruvd micuccous sand,

with very little
greensand—water-

buaring, . _ ., . . gop o 558 )

ARTESIAN WELL AT SEABRIGHT.

Ilevation, 15 feet ; diameter, 6 inches to 344 feet, 414 inches to 650 feet ;
total depth 715 feet.
First water-horizen at depths of from 260 to 300 feet,
Sceond water-horizon at depths of from 350 to 390 feet,
Third water-horizon at depths of from 683 to 715 feet,
Watcr from the last horizon rises within g feet of the surface

This well was put down by Uriah White, and is much deeper
than any well, so far as we know, heretofore sunk at this locality.
It 15 on the Rumson road about one mile west of the draw-bridge.
The record as turnished is as follows, no specimens having been
nhtained

Succession af strata same as in former weils on Rum-
=om Neele already noted in previous annual

reports, tothe depthsof . 0 0 L L, L L L L 1go feet to 230 feet.
Dark black mud, froom ., . . . . .. . ... .. 230 *° to b6y
Clav, 1o feet thiek, from . . . ., . ... .. « « . 675 ' to68s
White sand. 3o feet thick, from . . . . . . ... . 685 ' tomig ¢

A Bluish stone was found at the depth of 375 feet, and sea-
<hells are said to have occurred more or less throughout the
dark black mued.
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Numerous wells, many of which have been noted in the annual
reports for 18g7 and 1898, have been put down in the vicinity of
Seabright—reaching two higher water-horizons, the first at
depths varying from 260 to 300 feet, and the second also varving
from 350 to 390 feet. These are evidently in the upper portion of
the clay marls and represent the 525 to 60o-foot Asbury Park hori-
zon. The supply of this well, however, is in the lower part of
the clay marls, and is probably the equivalent of that at 1,083
feet at Asbury Park. It is also the same horizon as that which
supplies wells at Atlantic Highlands, depth 465 feet; at Holm-
del, depth 575 feet ; at Brookdale, at the depth of 660 to 715 feet,
and at Barren Island, N. Y., at the mouth of Jamaica Bay, L. I,
at 720 feet.

Wells Reported by Matthews Bros.

The four following wells in Monmouth county, ali of which
draw from Cretaceous strata, are reported by Matthews Bros,,
who drilled them :

ARTESIAN WELL AT SEABRIGHT.

Elevation, 6 feet; diameter, 6 inches; depth, 275 feet.
Overflows 15 gallons a minute. Yields, when pumped, 69 gallons per
minute.

Matthews Bros. have drilled an artesian well for the Seabright
Hygeia Ice Company. The location is in the borough of Sea-
bright, on Church street, about 100 feet from the South Shrews-
bury river. The well is 6 inches in diameter, and has a natural
flow of fifteen gallons per minute, and yields, when pumped, 69
grallons per minute. The elevation is 6 feet above tide-level.

T'he strata penetrated are:

Whitesand, . . . . . . ... .0 0. . v+ . « . 4o feet = 40 feet.
Marl, . o e e e e e e e e e e e e 47 = 8§ ¢
Cemented skells, . . . . . . ... e e e e e e 4 "= g1 “
Gravel, . . . . . .. o0 oo e e e e e s 4 " = o5 "
Dark-colored sand, . . . . . . e e e e e e e e 74 =169 "
Whiteclay, . . . . . . -« . o oo e 14 ** =183
Marl, . . . . . L o e e e e e e e e e e . 47 " =230 ‘'
White sand and wood, watex:—bearing, ......... 45 =275 *

NEW JERSEY GEOLOGICAL SURVEY




.

78 ANNUAL REPORT OF

ARTESIAN WELL AT PORT MONMOUTH.
Elevation, 8 feet; diameter, 44 inches ; depth, 240 feet.

Matthews Bros, write: We have suitk an artesian well for
the Port Monmoutlh Steamboat Co.  ‘The location is near the
steamboat landing, the surface being 8 feet above tide-level.
The well s 47, inches in diameter and yields a supply of 45
gallons per minate.  The water is used to supply the boilers
and for other uses on the boats.”

The strata drilled through were :

Madewround, . . . ... .. ... ... ... 6 feet = 6 feet.
Saltmesdow, . . . . o oL L oL Lo L. 3" = g “
YVellowsand, . . . . . .. 0 0 o . 12 Y = 21
Marl, .~ oL 29 ' = go “
Blacksand, . . . . . o . .o ..o .. 47 ' = g7
Whiteclay, . . . . ... 00 oL L. 20 'Y =117 *
White sand and wood, water-bearing but salt, . . . . 43 “ =160 **
Blucelay, .. .. ... e e e e e e e .. 035 Y =145
Gray sand, water bearing, . . . . . .. ... ... 45 ' =240 *

ARTESIAN WELL ON RUMSON BLUFF.
Elevation, 12 feet; diameter, 3 inches; depth, 282 feet,

Matthews Bros, write that they have put down an artesian
well for Dr. Seman. The location is on the Rumson bluff,
about '; of amile west of South Shrewsbury river ; the elevation
ahove tide-level 1x about 12 feet 5 the water rises to within 3 feet
of the surface ; the well is 3 inches in diameter,

The strata penctrated were

Sand, . . ... ..o L Lo 2 feet = 2 feet.
Clay, . « v v o v e e e e e e e e e e e e 3 4= 5
Brownsand, . . .. .. .. e e e e e e e 9 " = 14 *
Blacksand,. . . . . . . . ... 000 29 = 43
Marl,. . . . . .. e e e e e e e e e e 42 " = B3 *
Y 2 Ve e e e e e e e e s 5 " = go "
Pebhles {calored), . . . v 0 o L L L L oL oL L. . 3" =93 "
Datksand, . . . . . .. .. ... e e e e 70 Y =163 *
Whiteeclay,. ... ... .. ... e e e 22 * =185 *
Marl,. . . . o v v v s e e e e e e .« .. 39 Y =224
Whitesand, . . . . ... .. .. S e e e e e 58 ' =282 **

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 79

ARTESIAN WELI, AT LUTTLE SILVER.
Tlevation, 18 feet ; diameter, 4)4 inches; depth, 280 fect.

Respecting this well, Matthews Bros. write as follows: “We
have bored an artesian well for Dean & MecMahon. ILocation
about !{ of a mile south of Little Silver depot The elevation
above tide-level is 18 fect, and the water rises to within 2 feet
of the surface.

“The diameter of the well is 414 inches, and 1s about 280 feet
deep. We are not in possession of the different strata passed
through in this well and so cannot seud a better report.”

[End of Matthews Bros.’ records.]

ARTESIAN WELL SOUTH OF BABYLON, L. I, N. Y., ON MUNCIE'S
ISLAND, GREAT SOUTH BAY.

Elevation, nearly at tide level ; diameter, 3 inches to the depth of 200 feet,
and two inches below that ; total depth, 270 feet. Countinuation
of the Matawan-Cretaceous belt eastward beneath the
southern border of Long Island,

An artesian well was finished iu the spring of 1898 for Dr. C.
E. Muucie, at his sanitarimm, on a meadow island in the Great
South bay, inside of the Great South Beach, about three and
one-half miles almost south of Babylon. From E. K. Hutchin-
son, of Oyster Bay, N. Y., who bored the well, we have received
the following record:

Muck and sand, with shells, . . . .. e e e e e o feet to 10 feet.
Heavy yellow micaceous (?) sand and gravel, with

water salt as the ocean and which stood nearly at

the surface of the meadow. This stratum is very

similar to that obtained from most of the shallow

wellson Long Island, . . . .. . . . . . ... o ooy
Clay and fine sand, like beach sand sand and clay
mixed. The color was blue and gray, . . . . .. 45 " ' orso

Clay sand etc.. much like the last only darker, with
water which flowed 14 gallons a minute over the
top of the casing, which was two feet aboue the
ground. This water was fresh, but was colored
black : pumped out much wood [lignite], about
three wheelbarrow loads. The pipe seemied to be
inwood, . . . v 4 s v e s e e e e e e 150

[FET?

200 **
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Lightur colored sand and clay mixed ; amount of lig-
nite pradually deereased.  Sand a little heavier
at the base, where good water was obtained.  Water
flawed from 2 inch pipe two feet above the surface
% gallons a minuate, . . . . e e e 200 feet to 270 feet.

This woll probably draws from sands within the clay marls or
that division of the Cretacrous known in New Jersey as the
Matawan {ormation, and which has been heretofore demonstrated
by wells hored in the vieinity of Jamaica and on Barnum and
Barren Islands, to pass northeastward across Raritan bay and to
underlic a belt on the southern side of Long Island.

The well on Barren Island at the entrace of Jamaica bay was,
however, bored much decper (depth, 720 feet) and opened an
horizon prohably also stratigraphically much lower than that of
this well south of Babvlon, The latter probably draws from an
horizon nearly eynivalent to that of the wells of the Brooklyn
water department in the vicinity of Jamaica, whose depths vary
from about 150 feet to nearly 300 feet. ‘The records of these
wells are briefly tabulated on pages 162 and 163 of the Aunuat
Report for 1896, In the same aunual there is a very full strati-
graphical record of the well on Barren Island.

ARTESIAN WELL AT WOODSIDE, L. I, N, Y.
Depth, 227 feet.

Stotthioff Bros, write that late in the vear they commenced a
horing for the Citizens Water Co., at Woodside, Long Island,
N. Y., of which they furnish the record below :

Earth, clay and houlders, . . . . .. . . s e« v - .38 feet = 38 feet.
Hard clay mixed withsand, . . . . . . .. ... .60 o= g8
Quicksand, + o v v s v v v s e s e e e e e . 20 * =18 *
Blueclay, . + o v v v v o v v v e e e e .20 Yo=138 ¢
Rock 'gmneiss layer, &e,”” .o . - - 0oL o .. .8 Y =227 ¥

Of the above section, the beds below g8 feet, and perhaps
below 38 feet to the rock at 138 feet, probably represent the
castward continuation of the New Jersey Raritan Cretaceous,
which is now known to skirt the northern border of Long

Island.
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ARTESIAN WELL AT KENNEDYVILLE, MD.

FElevation, zo feet ; depth, 100 feet.

A few years since a well was drilled for the Baltimore and
Delaware Bay Railroad at their station at Kennedyville, Md.,
which place is located slightly east of the 76th parallel of longi-
tude, and about 414 miles south of the Sassafras river. Thomas
B. Harper, the contractor, reports the depth at about 100 feet,
and the strata mainly clay till a gravel was reached at the bot-
tom, in which he says there was plenty of water that came within
ten feet of the surface.

ARTESTAN WELL AT CENTREVILLE, MARYLAND,

Elevation, 1o feett; depth as finished, 428 feet, Boring was prospected
beyond this to the depth of 665 feet
Water-horizons at 428 feet and 665 feet. Water rises nearly to the surface
from hoth these horizons. The upper one only was,
however, utilized.

Lucina crenulata Conrad,at . . . .. .. s -« e e e ... 150feet
Cylichna~-sp?at . . ... . .. .. ......... .. I70 "
Terebratula harlani, Morton and Gryphea vesicularis, Lamarck, at 365 °
Exogyra costata, Say., and Pecten—sp? at . . . .. . .. .. 428 *¢

Early in the present vear J. H. K. Shaunahan contracted tosink
a well at Centreville, Md,, for the supply of the public water-
works plant there. The work was done under the immediate
supervision of Norman M. Shannahan, who has courteounsly fur-
nished some data respecting the borings. A full series of speci-
mens of earths from below the depth of 150 feet has been kindly
furnished by the water company’s engineer.

This well was finished with a depth of but 428 feet, but was,
liowever, prospected beyond this to the depth of 665 feet, where
another water-horizon was found, whiclh, however, was not
utilized.

After a careful study of the borings in the light of data fur-
nished by N. M. Shannahan, supplemented by the lithological
appearance of the various earths and the evidence presented by
the fossils, we present the following record, with our geological
interpretation upon the right:

0 GEOL
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Madeground, . . . . ... .o
Marshmnd, . ., . . . .. .
Green clay, not very hard, . .
Material described by the well
driller as *a kind of gun-
powder stuff,”” Speciinens at
150 and 170 feet were a mica-
ceous, sandy clay, both cen-
taining Foraminifera. The
miollusk, Cardita 7 granunlata,
Say,occurred at 1sofeet, alsoa
Cylichna—sp.? at 170 ieet,
Olive-yellow, coarse sand, con-
sisting of a mixture of green-
sand and white quartz grains,
somewhat finer at the base, .
Nearly pure greensand (Glau-
conite)., A few white quartz
sand grains, . . . . .. . .
Olive-colored sand, same shade,
composition and texture as
at 170 to 230 feet, .
Very decidedly darker olive-
colored mixture of green-
sand and yellow quartz sand
grains, . . . ... .. ..
Graysand, . ... ......
Stony lime sand (concretions),
consisting of greensand and
ye'low quartz sand cemented
with a whitish material, .
Terebratula harlani, Morton and
Gryphea wvesicularis Tamark,
in a stratum, say, . . . . .
Mixture of greensand and yellow
quartz sand, contains MNodo-
saria and other Foremini-
Jera, varying from fine to
coarse sands and from quite
light to medium dark olive
color. At j281f there was
brought up an £rogyre and a
Feelen, . . . . . L.

17
81

64

o

40

60

Thickness.
§ feet

i

4

1]

il

Total

= 25
= 106

is

= 210

= 370

il

=430

Depths,
= 8§ feet,

lf‘ Recent.
1
i
+ Miocene.
P
]
1
Eocene,
i = 186 feet.
3 1

L Rancocas.

Cretaceous,

J J
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Reddish mixture of greensand ! )
and reddish-yellow quartz
sand, . . .. ., .. ... 30 feet = 460 feet.
Very dark olive-colored mixture
of clay, greensand and olive- &
colored quartz sand, . . . . zo0 "' =485 §
Light olive-yellow mixture of b Matawan, g
greensand and yellow quartz | o
sand, . ... .. ... .. 10 ‘Y =y4go “* o
“ Light clay, 4g0 to 530 feet,” . 40 ** =330
‘ Greenish clay, 530 to 650 feet,'” 120 ** =650
Light sand with water that stood
3 feet below the surface, . ., 3 ** =655 * | }

A well has recently been put down at Chesapeake Beach on
the opposite side of the Chesapeake bay, through beds which we
correlate with those penetrated by this well. For such correla-
tion and for remarks upon the dip of the beds, read the succeed-
ing record.

ARTESIAN WELL AT CHESAPEAKE BEACH, MARYLAND.
Elevation, 10 feet+; depth, 295 feet

A well has been recently put down at Chesapeake Beach, a
new pleasure resort on the western shore of Chesapeake bay,
nearly four miles south of Herring bay. The locality is the
terminus of the recently constructed Chesapeake Beach Rail-
road, whose line runs nearly southeastward from Washington,
D. C ‘

From Dr. W. B. Clark, who informed us of this well, we learn
that it has a depth of 293 feet, the first 6o feet being in Miocene,
the remaining 235 feet being mainly Eocene.

The writer’s study of wells in this region i which he has
been aided by some vertical sections prepared by him from vari-
ous data in hand, inclines him to the view that the following is
probably the correct correlation of the strata in this well and in
the one of the preceding record at Centreville, this well being
say eight or ten miles further up the slope of the beds. ‘I'otal
depths from the surface are given :
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Chesapeake Beach, Centreville.

Miocene from near the surfaceto, . . . . . . . . 6o feet. 170 feet.
Eoceneto, . . . . . .. .. e e e e e e 250 " 356
The Rancocas division of the Cretaceous here in-

tervenes.

Water bearing horizon, at . . . . . . e e .o295 Y 428

The writer's seetion indicates the dip of the Miocene beds
to be 10 to 12 feet por mile, towards the ocean, and the dip of
the Cretaccous bed to he about 235 feet per mile in the same
dircction,

ARTESIAN WILLS ON TILGHMAN'S ISLAND, MD.

Depths, 370 to 420 feet.
Water rises 12 {eet above tide.

I A, Harrison, of Tilghman, Md., reports having sunk a
number of wells on Tilghman'’s Island, on the eastern side of
Chesapeake bay and north of the mouth of the Choptank river.
He savs *the depths of these wells vary from 370 to 420 feet,
according to the location™ of each, and that ““the dip s about
30 feet per mile to the southeast.” He also says the strata in
alt the wells are very much alike, and deseribes the general sec-
tion as follows

Clay or sand of a greenish eolor, . . . . . . . . . . 1o 150 feet,
Three or four thin “ pans™ of rock imbedded in
black sand.
Continuation of black sand and clay, . . . . . . . . to 370 and 420 feet,
“The water-hearing sand at the base is a thick
black sand, very coarse, interspersed with a
shelly formation, the whole seeming like soft
sandstone.”

In all the wells this basal sand produces an abundance of

water, which has been noticed to rise 12 feet above tide-level at
the south end of the isiand.
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ARTESIAN WELLS ON TAYLOR'S ISLAND, MD.

No 1.—Elevation, 5 feet? depth, 155 feet,
No. 2.—FElevation, 5 feet ? depth. 390 feet.
Water frotn No. 2 rises within 2 feet of the surface.

Hon. Levi D. Travers some vears sitice furnished us with data
respecting two wells on Taylor’s Island, Maryland, on the east-
ern side of Chesapeake bay.

No. 1, the more shallow well (depth 155 feet), he says is on
his brother’s place, near the river, while No. 2 {depth 390 feet) is
on his own property, one mile from the former, and in the mid-
dle of the island, the whole of which is elevated only a few feet
above tide.

Of his own well he makes the following statement : “ Within
the first thirty feet water was abundant but brackish, and between
20 and 30 feet was strongly impreguated with iron. Scarcely
any water was found between 30 and 250 feet, and only four
gallons a minute at that depth. Between 250 and 390 there was
no increase of the flow of water.”

He also furnishes the following stratigraphical data for this
well :

Quicksand, . . . .. . ... ... 0000 8 feet to 30 feet
Norecord, . v v v v v vt e e e e e e e e e e 30 ‘Y Y 4o

Whitishsaud....................40““50"
Gravel, marl, clay and sand mixed, . . . ... ... 50 * ‘100 *
Somie gravel, clay and greenish sand, . . . ..., ,100 “ “150 *
White sand, Haler-horizon of well No. 1, . . . . . .150 " " 155 “

Gravel, clay and sand similar to that at 100 to 150 feet 155 ‘¢ ‘200 **
Clay and sand, without marl, piineipally black and

brownsands, . . . . .. ... .. e v s e . 200 Y tgg M
Whitesand with waler, . . . . . .. ... .. ... 235 Y ‘2o
Clay and sand without marl, principally black and

brownsand, . .. .. ... .... e e e 270 ‘¢ ‘‘3g0 “

At the depth last named, on “what is called black sand,”
further boring of No. 2 was abandoned. The water-supply
probably comnes from the white sand at 243 to 270 feet.

Leach Brothers, who drilled this well, describe the beds be-
tween 50 and 150 feet as mainly “blue clay,” and the material
entered at zy7o feet as “hard clay.”
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ARTESIAN WELL ON THE SEVERN RIVER, GLOUCESTER
COUNTY, VA,
Elevation, g fect ; diameter, 6 inches ; depth, 716 feet,
COverflows at one foot ahove the surface, 50 gallons a minute.

Overflows at 23 fuot above the surface, 7 gallons a minute,
Terebratula harlani, Morton, at about 570 feet.

In 1898 a sin-inch well was put down in Gloucester county,
Va., on the Scevern river, an estuary of Mobjack bay, which is
itself an indentation on the western shore of the Chesapeake,
north of the mouth of the York river. The well was bored for
Alfred W, Withers, of Roanes, Va., who has furnished the data
tabulated above, and who further states that shells were found
at different depths, and that deep strata of blue clay and fine
packed sand were penetrated, and also that water was found at
varions other depths than that above noted, which in some cases
wonld rise within a few feet of the surface and afford a consid-
erable quantity for pumping purposes, while at other depths it
would flow small, thin streams, not enough to be of any prac-
tical us.

From .A. W. Withers, and also from A, P. Sharp, a chemist to
whoin a sample of the water from the stratum at the base of this
well was sent, we learn that the water is quite strongly charged
with mineral matter, consisting in part at least of * chlorides of
soda, potash, lime and magnesia.”

N. H. Darton, of the UL 8. Geological Surveyv, has also sub-
mitted to the writer specinens of fossit mollusks believed by him,
from information he has received, to have come from the depth
of 560 to 573 feet. Among these mollusks are numerous shells
of a bracliopod, Yerchratula harlani, Morton.

There are also two other bivalves represented, neither of
which we are able certainly to identify. One of these is a cast
that somewhat resembles a Calrséa, but that this is the correct
gemis we cannot he positive.  The other is represented by a
number of shell fragments of a Pecten, the specific form of
which we are as vet unable to determine.

Respecting the oceurrence of Zerebratula harlani; Morton,
southward from New Jersey, the writer would state that he has
so far had this fossil placed in his hand from well-borings at
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Centreville, Md., depth 365 feet; from Fairport, Va., depth 640
feet ; from this locality, depth 560 to 573 feet; and from a well
at the Hotel Chamberlin, at Old Point Comfort, Va., depth said
to be 840 feet, though it is possible that at the'latter place its
true position was somewhat higher.

At all the localities, except Fairport,* this 7erebratula was
associated, in the specimens received, with a conglomerate of
greensand grains and quartz sand grains cemented together;
the color, however, of the conglomerate varied at the several
localities. We are inclined to consider that this conglomerate
represents the limesand layer that occurs above the Terebratula
horizon of the Middle Marl bed in New Jersey.

ARTESIAN WELL, NEAR NORFOLK, VA, AT LAMBERT'S POINT.

Diameter, 8 inches to 400 feet ;
Diameter, 7 inches to 616 feet ; } Depth 616 feet.

Water flows 65 gallons a minute from the top of the casing, seven feet
above the surface.
Upper two-thirds mainly through the Miocene,
Lower one-third throngh the Ripley or Matawan Cretaceous.
Ripley—Matawan fossils.
Dip of Miocene beds about 14 feet per mile.
Dip of Cretaceous beds about 30 feet per mile.

Elevation, 1o feet ; {

About the year 1890 an artesian well was sunk for the use of
the Norfolk and Western R. R. Co. at Lambert's Point, some
two miles northwest of Norfolk, Va. The well draws its supply
from a fine sand, “apparently silica and mica,” between the
depths of 610 and 616 féet. The quality of the water is not,
however, -entirely satisfactory, being somewhat saline. 1t is,
however, nsed by the workmen in preference to other water
obtainable at the locality. We are informed that “sixty-five
(65) gallons a minute is discharged (by overflow) seven feet above
the ground,” and that the “temperature of the water is 7o
degrees Falirenheit.”

From Charles S. Churchill, the compauy’s engineer for main-
tenance of way, the writer, early in 1891, received small por-
tions of the borings from various depths, representing, however,
nearly a full series. . This series is a duplicate of a somewhat
larger one retained at that time in the office of the company.

* The conglomerate may or may not ¢xist at Fairport, but if so, no specimens of the rock wese sent us.
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Fither this retained series or another duplicate one has since
then been placed in the hands of N. H. Darton, of the U. S.
Geologrieal Survey, who has noted the occurrenice in the lower
strata near the hase of the well of Ripley Cretaceous fossils.*
These we will again refer to in this record, corroborating his
observations as to their age by additional ones of our own.

Below we separately present for each stratum a triple record.
The first is that made by N, H. Darton,t from an examination of
the horings submitted to him. We have added thereto his
initials, N, IL DD,

The sceond s that of George S. Churchill, the company's
engineer. We also add thereto his initials, G. S. C.1

The third consists of notes and comments by the present
writer, and are the results of a study of the borings in his pos-
session. Mention is made therein of fossils, both microscopic
and macroscopic.

A hed of clay sparingly diatomaceous oceurs at a depth of 17
to 44 feet, containing mixed marine and fresh-water forms of
both Pleistocene and Miocene species. This bed we correlate
in age with a similar bed that occurs at Moore's Bridges between
the depths of 21 and 63 feet.  (Sce last paragraph, page 93.)

The specinwens from the central or lower portion of the
borings fail to reveal the occurrence of the great Miocene diatom
bed that exists in the deep wells at Norfolk and Old Point
Comfort. .

It 1s interesting to note in the basal beds penetrated by this
well coertain Ripley or Matawan Cretaceous marine fossils, as
noted in the succeeding record,

Fhe writer has made a very careful comparison, stratum for
stratum, of this well and of one at Moore's Bridges, six and one-
half miles cast, to the depth in the latter of 815 feet, and finds
that thic Trls of the npper two-thirds or thereabouts on both wells
are Miocone and Eocene, s exeepting the first so or perhaps 63 feet,
which in hoth exses probably represents quite recent Pleistocene.
The lower one-thind or less in both wells is of Ripley or Mata-
wan Cretaccotus age. The dip of the Miocene beds near their
base e finds to e about 14 feet to the mile, and of the Cretaceous

¢ Bulietin Geol, hoc. L. America, 16,8, Vol IX, page 414 to 416.

t Bulictin Noa. 133 U, 5, Geol. Survey, 1896, page 172,

{ This we copy verbatum trom a record furnished by G. S, Churchill to the present writer in 1891,
i Tie Eouene, however, compare with the Miocene, Is relatively quite thin in these two well-sections.
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beds beneath to be about 30 feet per mile, the dip being east-
ward. Iu the succeeding record of the Norfolk waterworks deep
well (1,760 feet), at Moore’s Bridges, we note more particularly
the correlation of the strata and of their contained fossils.

The clays in the well-borings at the base of the Miocene and
occupying the interval between the depth of 475 and 625 feet
{including the great Mioceue diatom bed at 580 to 625 feet) seem
not to occur at all in this well, thus evidencing considerable
unconforinity between the Cretaceous and the overlying post-
Cretaceous beds.

The water-bearing horizon is probably the equivalent of that
the depth of 803 to 810 fect at Moore's Bridges (see page g2),
and at the depth of 562 feet at Money Point,* on the southern
branch of the Elizabeth river, five miles south of Norfoik.

The writer deems it very probable that the same Cretaceous
beds that occur at the base of this well were entered by a boring
made many years since at Newport News? to the depth of about
600 feet.

‘“Beach sand, shell fragments™ (N. H. I.).

“Clean sand " (G. S. C.).

Sand slightly yellowish, shell fragments, Turri-
tella — Sp. 7 &e.

Surface to 17 feet,

‘‘ Bluish clay, shell fragments ' (N, H, D.).
“Stiff blue mud”’ (G. S. C.).
Dialoms, sponge spicules and broken shell,

17 feet to 44 feet.

“*Gray micaceous sand fine; skell fragments”
(N, H. D.}).

**Fine gray sand” (G. 8. C ).
Contains foraminifera and echinus spines.

[V N T S ——
£
£
—
o
[#)

" Greenish gray sandy clay’’ (N. H. D.).

‘* Sand mixed with blue mud ™ (G. 8. C.).

Contains sponge spicules some of them pin-head
forms.

183 i i 19] (X}

[

' Gray micaceous sands’’ (N, H. D).
“ Fine sand mixed with some mud” (G. 8. C.), (<) SERANIANE- £ & T
No organisms observed in this,

* Artesian Wells, &c,, N, H. D. Darton,
Bulletin 138, U, 5. Geol. Survey, pages 166, 173, 183 and 188,
t Same Bulletin, pages 166 and 173.
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*Fine sand and clay, greenish gray, tough when )
dry, shell fragments, Fecton, enus (N, H. D). |
* Cemented mixed mud sand and shelts” (G S.C).
Clay with comminuted sk/f exactly identical in i‘ 233 feet to 264 feet.
all respeets with clay and small broken shell |
from XNorfolk water works well at the depth of
325 feet, )

“Gray clay " (N. H. .Y,
St blue mud T (G S, Cl).
Contains sponge spicules.

264 o oage

*Fine gray sand, shell fragments” (N, H, D).
“Mixed fine gray sand and blue mud > (G, 8. C).
Contains greensand grains or glauconite.

236 T 355 s

** Cemented blue mud " (C. S. C.). 355 377

“Fine gray sand, shell fragments " (N, H. D.)

“*Fine sand and mad ' (G. S, C.). T .\
377 397

Contains echinns spincs, spouge spicules and frag-
ments of weollusks.

““Dark gray clay " (N. H. D.).
** Cemented blue mud” (G, 8. C).
No specimen received by the writer,

“Grayclay " (N. H. D)) }

]

1

r

} 397 it [ 407 (X}

" Gray sand, moderately coarse; some glau-
conite ' (N, H. D).

*Fine dark-gray sand, consisting of a large

amount of white particles mixed with black |

particles ' (5, 8. C). rodo7 ' 526 v
The ** white particles ™ are the shells of foramini. |
Joa. the “'hlack particles” are glauconitic
greensand  This stratum also contains echinus
spines. J
* Small gravel, s&e// fragments ™ (N, H D),
* Very coarse, clean saml mixed with pieces of'} 526 ' ‘534
shells™ (Gl 8. C).
“Rock (no sample)” (N H. D). \
“ Half formed stone made of blue mud, sand and
shells " ({5, 8. C.). |
Rock, two speeimens furnished the writer, one of i. 534 ¢ ‘530
them a fine stone without fossils, the other con- |
sists largely of very small fragments of mol- I
lusks unidentifiable. ]
" Gray clay ' (N, I1, D),
*' Cemented blue mud ” (G. S, C.). } s40 ' ‘563 M
Clay contains foraminifera.
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* Rock stratum ; shei! fragments ' (N. H, D.). j]

“ Same material as 534 feet to 540 feet”” (G. 8. C.).

Rock stratum. Specimens received contain casts
of what C. W. Johnson refers to a young Axinea
—— Sp.? and also one individual form which he |
identifies as probably Gewldia decemnaria Con h
rad. There was also a single guite perfect flat
valve of Gryphea vesicularis, Lamarck. This was
received separate, however, from the rock ma-
trix N. M. Darton reports Exogyra from the
depth of 563 feet.®

" Gray clay” (N. H. D.) ]

“Half formed stone made of compressed blue !
mud ; stone cuts like chalk " {(G. 8. C.). b

Dark, hard, fine micaceous sandy clay, well lami-
nated ; does *“cut like chalk.” J

' Rocky strata, with thin layers of clay and shell
fragments " (N. H. D.),

“ Same material as between 534 and 340 feet inter-
spersed with thin layers of clay " (G. 8. C.).

No specimen furnished the writer. This is proba-
bly the stratum from which T, W. Stanton de-
termined the following Marine Ripley Creta-

563 feet to 56, feet.

564 T 568 44

cecus fossils as noted by N. H. Darton :* ¢ 568 ‘¢ ‘6oz

“ Astarte octolirata, Gabb, i
Ostrea plumosa, Morton.
Gryphea vesicularis.

Liopistha (Cymella) bella, Conrad
Corbuta Sp. |
Modiola, Sp.

Baculite ? 7 J

+ Small gravel in coarse sdnd ; skell fragments,
water ”” (N. H. D.).
* Medium coarse sand with broken skells™ (G. 5.

C). }_ 603 4 606 1]

The writer’s specimen agrees with both the above !
descriptions. ‘The skell fragments are not iden-
tifiable. J

“*Rocky stratum " {N H. D.). 1
Same as between 534 and.gq0 feet (G S C).
“The writer's specimens show comminuted shell, }

one individual form being an Exegyra, a genus
also noted at this depth by N. H. Darton.* J

® Butletin Geol, Soc, of America, 18¢6, Veol. IX, page 415.

606 ‘¢ ¢ 6[0 1
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*Gray sand; moderately coarse; micaceous ; |

oyster shell (N, H. D).
“Wuler-beaving stratum of fine sand (silica and
mica apparently) ' (G, 8. C.).

Fine siliccous gray sand with considerable mica, } 610 feet to 616 feet.

closely similar to a specimen the writer has from
the depth of Koz feet, at Moore's Bridges Norfolk
watet-works, six and one-half miles eastward

and which was there also water-bearing. J

ARTESIAN WELL NEAR NORFOLK, VA., AT MOORE’S BRIDGES.

BORED FOR THE NORFOLK CITY WATER DEPARTMENT.

Elevation, 10 feet: depth, 1,760 feet.
Diameter, 12 inches to 780 feet
Diameter, 10 inches to 1,210 feet.
Diameter, 8 inches to 1,539 feet.
Diameter, 6 inches to 1,708 feet.
Diameter, 31f inches to 1,760 feet.

Water flowed over the surface at the following depths: *

At

At
At
At
At
At
At
At
At

At
At
At
At
At

734 feet 10 gallons a minute ; salt, 112 grains per gallon.
The interval hetween 7,3 to 775 feet is described as containing water its entire Jepth.

785 feet 35 gallons a minute, Salt, 125 grains per gallon.

o3 fret to $10 fect 25 gallons a minute. Saline.

930 feet 75 gallons per minute.  Slightly salt.

w75 feet to gmn fuct 10 gallons per minute.  Slightly sait.

N5 feet 16 pallons per minute. Slightly salt.

3 feet 25 gallons per minute,  Salt, 159 grains per gallon.

1,072 fuet 150 gallons per minute.  Salt, 164 grains per gallon.

1,190 feet 330,000 rallons per 24 hours. Fresh at first but afterwards
beeame salty,

1,235 feet to o fect, some water.

145 fiet good flow of very salt water,

1,510 fuet to 1,517 fect salt water overflowed

1,535 fvet =alt water overflowed,

L7142 to 160 fect, or immediately below, there was evidently a water-
yiclding horizon, as indicated by the sand risiog upin, and choking
the casing, doulitiess caused by strong pressure of water rising and
carrying the sand with it.

“la s w: i driled some years previously, on the same premises, to the depth of 730 feet, water was

obtalaed thi: faws over the surtace. This must be the same horlzon now noted at 738 feet, The water
from the farner well, we have beoa infarmed, * has 262 parts per 100,000 of mineral matter—rgz ¢common
salts, 12 ~od, 7 Lme sl some magnesia, also 3 of a part of free ammonia,”
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Beds of diatoms and sponge spicules occur at the following

depths:
. Late
Bed No. 1, Diatomsat . . . . .. .. 25 feet to 65 feet. } Pleistocene
Bed No. 2, {S;?o:lge spiculesat ., . . 3355 °° ‘' 580 _
Diatomsat . , . . . .. 580 ' ‘' 6235 " Miocene,
Bed No. 3, Diatomsat . . . . . .. . 665 ¢ ' 685 "

Dip of Miocene strata about 14 feet per mile.
Dip of Cretaceous strata about 3o feet per mile

During the vears 1896-97-08 a deep artesian boring was
made at Norfolk, Va.,, for the water department of that city.
The well is located at Moore's Bridges, five miles eastward -from
the city. Through the courtesy of the contractor, C. L. Parker,
of Ithaca, N. Y., and of George W. Wright, chief engineer of
the water departmmeunt, both of whom have an appreciation of
geological science, we have been furnished with specimens of
the borings, taken every ten feet from the depth of 25 feet
downward, and also with records of strata and other information.
The boring was made by the use of the drill and sand bucket, a
process which furnishes unusually good specimens for geological
study, much better, in fact, than the various hydraulic or jetting
methods that are often employed in drilling through soft beds
such as were penetrated by this well. The diameter of the
boring at the commencement was 12 iuches; this was sue-
cessively reduced to 10, 8, 6 and 44 inches at the depths noted
in the above outline,

The various depths to water, its quality and the amount of
flow in each instance, are as tabulated at the head of this record.
The strong flow of 75 gallons per minute at g50 feet, doubtless
represents the lhorizon, the top of which was met with at the
depth of gz0 feet at ** The Chamberlin,” at Old Point Comfort,*
eleven miles nearly due north of the locality of this well.

From a careful study of the samples of earths and of the con-
tained fossils, both macroscopic (s#ef/s) and microscopic (spenge
spicules, dratoms and foraminifera and coccoliths), supplemented
by information contained in various letters from G. W. Wright
and C. L. Parker, the author is enabled to present the subjoined
detailed record:

* Consult record of the well at Old Point Comfort, Ann, Rept, Geol, Survey, N, J, 1898, pages 122
to 126,
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Usual surfacesand, to. . . . ., . ... ... ... 18 feet.
Sand, water bearing, . . . .. W e e e e e o, 18 to 21 feet.

Bluish clay, with fossi! diatoms and NUMerous sponge
spicules of recent geological age ; also one spec men

ofasmall Mactra, . . . .. 0 0.0, 21 ¢ gy
Bluish clay, without diatoms, . . . . .. . ... .. 65 ¢ '* 85
Small streak of gravel, at So feet,
Clayey sand and gravel, . . . . L . v e e e e .. 8 " *r05 t

Peclen Aadisonrus Say, at 105 feet.
Clayvy sand with some rather large white quartz peb-

bles small cckinus spines, . . . . . . . . . . . . 105 4 a1y M
Clayeysand, . . o . . oo o o oo oL 115 125
Rangia* cancata Gray (- - Rangia dlathrodonta Conrad)

at rz; feet,
Clayey sand, with comminuted shell but no micro-

OTEANISIUS, .+ + o « ¢ o v v o v o v v o u . - 125 ** CC 163
Fine bluish clay, no micro-organisms, Pecten Clin-
tonins Morton, at i8sfect, o . . oL o L. L 165 ‘' 250 ¢

Clay, with much sand, described as consisting of ‘10
fuet of shells, each shell being about five inches in
length, the boring for 10 to 2o feet would not stand
up to drill through. The shells fell in and had to
becasedoff”” o . . . o ..o L oL v e e w250 ' 260

Sandy clay, decidedly darker than at 165 to 250 feet
and of a somewhat ;;"reenish cast, no micro-

Organisms, . . o v v v i a i e e e e e 260 'Y 283 v

Twenty fect of soft clay, “hlch ‘ran up into the well
for 20 fvet or so till cased off by the pipe,’ . . . . 285 * *' 305

Clay, . . + « « v+ v v . - . . e e e e e e 305 ¢ 310 **
Ten fect of very sandy clay that H would cave in and -
had to he cased off, as nt 285 to 3o5 feet,”” . . . . . 310 ' tf 320 0t
andy clay, no micro-organisms, . . . . . .. .. 320 ' 355 M

Note—No micro-organisms in any of the above
beds {from 2600 to 355 fect.

Sandy clay, with a few sponge spicules, . . . . . . . 355 375
Fine clay, less sandy, sponze spicudes, plentiful through-
R v TR T L
Fine clay, sponge spicales, but less plentiful  Some
comminuted sheff at gos to gys feet, L L L L L 445 ¢ ¢ 485 ¢
Finc clay, with vnly a few sponge spicales, . . . . . . 485 ' 505 ¢
Fine clay, no micro organisms, . . . . . .505 ‘' 555 *f

Fine clay, with small microscopic blacL objects either
discs or globules, nature not understood. . . . . .355 ** ‘3%

* The grons Rangiy was formerly known as Gnathodon, a name that is now relegated to the synony-
my, because pre-occupied in another group of the animal kingdom.
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Fine c'ay, slightly lighter in color, deseribed by the
well driller as **brown mud," contains marine dia-
foms throughout: also sponge spicules and forami-

BIfEFE, . . . . o e o e e e e e e e e s e 550 feet to 6og feet.

Fine clay, similar to next above, also contains dititoms,
sponge spicudes and foraminifera, but with the addi-
tion of coccoliths, . . . . . . . . . e e e 603

Greensand marl (glauconite) mixed with white quartz
sand and an abundance of the white shells of
Texinlaria and other foraminifera, . . . . . . . . 625

Dark greenish clay with foraminifere, . . . . . . . . 635

Sticky, hard clay, with occoliths and foraminifera, also
afewdialoms, . « - v v v« v e e e e e e e 665

Similar clay, with foraminifera and greensand or glau-
conite grains but no diatoms, described by the
driller as '‘sand gravel and marl,” . . . . . 683

¢ Sticky bed’ of lighter colored fine clay, with for-
QIINTEr@, « o« « o 4 - o e e e s e e e e s 705

Specimen from 715 feet showed much commi-
nuted shell, some of the fragments consist-
ing apparently of fine lamine with an
irridescent nacreous lustre.

Sand seam, a small flow of water, with 11z grains of

salt per gallon . . . . . . . oo oo . 728,

Soft clay more sandy, with much comminuted skeli, . 730
Seamof small gravel, . . . . . . . . . o 735

Water flowed at 738 feet, sally.

Very sandy greenish elay, . . . . . . . . A |

Wateral g0 fo 750 feely, « o v v v v v v 0 0w b s ]
Comminuted shell at 755 to 765 feet; also one lower'} 745

valve of an Zxogyra. J

Gray sand, with a little glauconite, flow of water at
780 to 783 feet, . 763

All the sands between 750 and 783 feet are said

“have run into the well.”” This indi-

cates an abundance of waler belween these

depths.

Both upper and lower valves of several indi-
viduals of the two following mollusks were
received labeled * from above 780 feet,”’ to
wit numbers of specimens of a small young
Exogyra, surface of the lower or convex
valve mostly smooth; a few, however,
showed faint costre, as in E. costata, Say ;
the upper or flat valves are rugose.

And smali or young forms of Gryphea wvesicu-
laris Lamarck.
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** White sticky clay.”” No specimen,. . . . . . . 783 feetto 38s feet.
Gray quartzose sand without any greensand, at times

claye -, contains aufer al 786 lo Sos feet, which

flowed over the surface 35 gallons a minute;

slichtly salt, 125 grains per gallon, . . . . . . 78y ¢ 815 ¢
Decidedly darker gray sand, also without greensand, S15 ' ' 835
Lighter colored sand, . . . ... ... ... .. 835 " 8o ¢
Gray very sandy elay, . . ... ... L. L. 8o ** * S8go *
* Bluek sticky mud,” so described, but of this no

specimen was received, . L L, L L L Sgo ** ' Bg8
Clayey samls or alternations of sands and clays, . Sg8 ** ** ggr

Liguile at g2z and gog feet,

Iater flowed over the surface at g5o feet 75
grallons per minute, stightly sait.

Water also flowed over the surface at g73
to o%0 feet 10 gallons per minute
stightly salt, and at ¢85 feet 15 gallons
a minute, also slightly salt.

Slightly yellowish sandyelay, . . . . . . .. .. g9 *‘ ‘1,033 *°
Gray sands, water-bea ing, .. L L L L L L L L. 1033 ' " 1073 *

Wuter flowed over the surface at 1,038 feet
2; gallons a minute, salfy. Pebbles at
1,060 and 1,070 feet. Waler again
flowed over the surface at 1,072 feet, 150
gallons a minute; sal, s60 grains per

wallon,
Gray sands and clayey sands, . . . . . . . .. .1,008 “ 120
Darker s md) clays, texture fine to coarse, contain
no micro-organisms, . . v e e ... L1200 1160 Y
Ieavy pebbles at 1,130 fcet
Coarsegravsand, . . . .. ... .. ... .5L16o Y " 1690

Lirnite at 1,160 feet,
Heavy pehibies at 1140 vet from which waler
rose to the surface but, it is said, did
not overflow,  (uantity, 350,000 gallons
per 24 hours fresh at first, afterwards
became safiy.
Reddish and reddish-yellow clays and clayey sands.

Heavy pebblesat 1,210 fect, o 0 0 0 . . . L . 1,190 ‘* *“ 1,230 **
Dark fine clay, described by the driller as ** black
marl.” hut it is not a greensand marl, , . . . 1230 ' * 1,255
Saud slightly \'e]luwish-ulivc in color, yielded
frome water,” oL L. L L. L0 L. .. 1,255 ** ' 1,290 *
““AWhite ntarl,” () so deseribed. ’\’o specimen re-
T Y 1,290 ** 1295 *
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Reddish and yellowish clays and sandy clays de-

scribed as *‘ red marl,”’ though not a glauconite
marl. . ... L L e e e e e e e e e 1,295 feet to 1,330 feet,

G. W. Wright states that at 1 320 feet he

obtained ** a fossil shell with a peculiar

curl to it [an Exogyra). and had sent it

to Prof. Darton, who, he further states,

** was surprised at its occurrence at this

point,'" a surprise in which the present

writer also shares. .
Alternations of sands and clayey sands varying from
whitish to yellowish incolor . . . . .. . .I330 " 1,580 *

Heavy pebbles at 1,470 to 1,480 at 1,540 and
1,570 feet,

The following clay seams, of which no
specimens were received, were described
by the well-driller for this interval, viz.;

Clay seam, 1 356 to 1,353 feet,

- Blue marl," {?) 1,400 to 1,410 feet.
‘“Black marl,” (?) 1,557 to 1,560
** Blue marl, (?} 1,568 to 1,57t **

The water-bearing horizons were as follows :
“Good flow, wvery salt waler. at 1,450
feet.,”” Flow of self water at 1,510 to
1,517 feet, and also at 1,535 feet,

Dark clay, slightly variegated, . . . .. e o . .1,580 % 1600 *f
Yellowish or slightly reddish-yellow coarse sands
and clayevsands, . . . . . . .. v e -« 4 JI,600 ' Y1680

The following, of which no specitiens were
received, except one at 1,680 feet, were
described by the well drilter:

Blue (inarl ?), 1,640 to 1,647 feet,
Blue (marl ?), 1,650 to 1,654 **
Blue (mart ?), 1,677 to 1,680 ‘¢

The specimen at 1,680 feet shows these seams
to be a fine non-glaucenitic clay, which
was doubtless blue in shade when wet,
as it came out of the well,

Dark, coarse, very sandy clay, slightly variegated
with red, similar in most respects to that at
1,580 to 1,600 feet, but coarser and more sandy, 1,680

The following thin seams, of which no
specimens were received, are described
by the driller :

Blue (marl ?), 1,683 to 1,685 feet.
Marl (?) and clay, 1,693 to 1,695 feet.

Y] '

[,700

7 GEOL.
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Reddish variegrated clay, . . . . . . . « . . Lyoo feet to 1,742 feet.
* Sand, which ran up some 150 &et or more into the
well with great pressure,” w:den!ly strongly
aler-hoaringy L0 0 0 0 0 . . . - .. L I,742 Y 1,760
No speeimen was recen’ed of tlns

Having reached the depth just noted, 1,760 feet, the further
drilling was discontinued and the pipes cut at certain of the
witter-harizens, which, in passing downward, had been cased off,
This permitted the water to enter the well so that it now, we
are informed, * produtees by natural flow, some 60,000 gallons
of water cach dav, which is used with the city water-supply.”
Respecting the gnality of the water from various depths, C. 1.
Parker recently writes, *large and small veins of water were
found, some flowing and some non-flowing, nearly all of which
were more or less saline in character, but otherwise of good
guality,”  After noting that “a flowing water at 730 feet had
112 grains of salt per gallon, one at 1,038 feet had 159 grains and
another at 1,072 feet had 164 grains, as per analvsis made at
Richmoml.”  He states that “a gradual reduction in the amount
of salt shows as time passes,”

It may he proper to state respecting the occurrence of Exogyra
that Dr. N, H. Darton, in a comununication before the Geological
Socicty of America,” at the Montreal meeting, 1889, savs:
*The fossils from the depth of 715 to 775 feet were all of one
specivs, which is a small Zrogyra precisely similar to 2. Cos-
AotV bt having a simooth surface and showing only verv faint
costations,  They vary in length from Y inch to 1l inches.
The shell from 1,320 feet clearly is of the same species, and,
although it is claimed by the drillers there can be no mistake
about the depth stated, T do not feel convineed as to its authority.
However, it cannot be ignored.”

Three beds containing deatoms and more or less sponge spiciles
have been revenled by microscopic examination; two of these
also contain foswaninifera, and one, the lowest, contains coccoliths
in addition.

The first of these beds occurs at the depth of 21 to 65 feet,
and contiains an asscimblage of marine diatoms mixed with a few

¢ Hulietin Geolagical Society of America, Vol. IX, pa‘gcs 414 to 416, Discovery of Marine Cretaceous
in a boripg at Norfolk, Va. N, H, Darton,

+ As rezorded alove, cur specimens (rom doubtless the same horizon showed, asscciated with the
Exogyta, alsa Gryphea vesicularis,
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fresh-water species. It also contains a mixture of recent dia-
toms, such as are now living on the Atlantic coast, and also of
Miocene forms which have probably been coutributed by the
erosion and re-deposition in geologicully recent times of Miocene
clavs. These peculiarities have also been noticed by the writer
as pertaining to a deposit shortly below the surface of the Dis-
mal Swamp.*  The bed is probably continuous between the two
localities. ‘The presence of 7riceratinm favns, Ehr,) a diatom
which does not occur in the Miocene, indicates a recent age for
this bed. It is probably late Pleistocene.

The second infusorial bed occupies the interval between the
depths of 355 aud 625 feet, and presents three phases or sub-
divisions, as follows:

At 355 to 580 feet, sponge spicules only,
At 580 to 6o5 feet, diatoms, sponge spicules and foraminifera.
At 6os to 625 feet, diatoms, sponge spicules, foraminifera and coccoliths,

The assemblage of diatomns includes the characteristic forms
especially indicative of the great 300 to 4oo-foot Mioceue diatom
bed of the Atlautic coastal plain.

The third diatom bed is sparingly diatomaceous. It occurs
between the depths of 665 and 685 feet and probably marks the
division line between the MMiocene and the underlying Eocene
formation.

After a final careful comparison of the specimens of the
borings with the above record, which, as already stated, has
been made from a separate study of each specimen and com-
parison of the same with several descriptions received from
those who personally supervised the drilling, the writer con-
siders the various beds peuetrated by this well as the equivalent
of and extension southward of the following geological subdi-
visions known and heretofore described by Prof. G. H. Cook and
others as underlving southern New Jersey. The iutervals of
depth occupied by each of these divisions is noted on the right.

* Proceedings of the Academy Natural Sciences, Philadelphia, 1898, pages 422 10 427. Fossil Mol-
lusks and Diatoms from the Dismal Swamp, Va. and N, C, &c. Lewis Woolman with Notes on the
Diatoms, C. S. Boyer,
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Intervals of depih.
Pleistocene, Reeent, o o0 0 . oo L o 0 ..., ofeet to 65 feet.
MIOCENC,., + v i v s e e e e e e e e e e P L -1
Miocene mollusks clearly defined at ros, '
125, 183 feet, and prodably at 250 feet,
&ec. .
Sponge spicules at 355 to 535 feet,
Characteristic Miocene marine diatoms at
583 to tizg feet,
(Sec details in record above.)

Eocene, © 0 o 0. 0 L P, PO
fRawveocas, . . . . v v 0 o oL .. 625 feet to 715 feet.
!llata\van,with Fxoryre and Gryphea, 715 ** ** 783
Cretaceous, 1Mutawan (yorRaritan (), . .. . %83 * ‘1,320 *“
I Frogyra at 1,320 (?)
| —Raritan (&e.?), . . .. . . . .. 1,320 % Y1740

oo other oclls have heen put down in recent years in this
region, one on cither side of the James river, from each of which
the writer has an ample series of specimens of the borings which
have been used for comparison with those from this well.  One
of these wells is at Lambert’s Point, a short distance north of
Norfolk, (see record, page 87,) and the other at the Hotel Cham-
bertin, Old Point Comfort, adjacent to Fortress Monroe.*

Ou comparing the borings from Old Point Comfort and those
to the depth of g0 feet in this well at Moore’s Bridges, Norfolk,
there is found to be considerable correspondence in the succes-
sion of strata, with, however, but little variation in depth to cor-
respending changes in material, say not over from 25 to 50 feet,
the depths being the greater at Norfolk.  Tle Old Point Com-
fort well is eleven miles slightly west of north from the Moore's
Bridges well, while the strike of the beds is probably nearly
north and south.  In this connection we may note that the great
Miocene diatomaceous bed of the Atlantic coastal plain occurs
at the following depths in these wells, viz,, in the Old Point
Comtfurt well at 530 to 60 feet, in the Norfolk Moore’s Bridges
well at 580 to 625 feet.

On comparing the borings from this, the Moore’s Bridges, and
the Lambert's Point wells, there is also seen to be a close corres-
pondency, lHthologically, in the succession of the materials pene-
trate, but a decided difference in the depths to corresponding

* Agnual Report Geol. Survey of N, J, 1858, page 123,
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changes, the depths being much greater at Moore's Bridges and
about twice greater for the lower one-third next above the depth
of goo feet than for the middle one-third.

These two wells are approximately east and west of each
other. The comparisons show that the lower portion of the
AMiocene beds dip about 1oo feet between the two localities, or
about 14 feet per mile eastward. Similarly the underlyving Rip-
ley Cretaceous beds dip some 200 feet or more, or about 30 feet
per mile, likewise eastward.

Below we correlate the beds in these two wells, stratum for
stratum.  The depths at Lambert’s Point are as marked on each
specimen, all the specimens being described. Those noted at
Moore's Bridges are also as they were marked when received,
but have beeu selected from among numerous others at various
intervening depths as most nearly resembling those from Lam-
bert’s Point.

Depths at Lambert's Depthy at Moore’s

Point. Bridges,
Yellowish sands, . o to 17t equivalenttospecimensfrom oto 181ft
Bluectay, . . . . 17"* 44" ' L o2r *t 6

Gray micaceous
sand with shell

fragments, . . . 44 ' 183 * ‘o ¢ at 205
Greenish gray

sandy clay, . .183* 191 * " “ from 260 '* 285 **
Gray micaceous

sand, . . ... 191 ** 233 ¢ H “ at syt
Fine sand and

clay, ... .. 233 ‘263 " H “ from 325 ** 345
Gray clay, . . . 264° 286 " t ‘ at 385
*Fine gray sand

with skeld, . . . 286 ‘" 355 *
Gray clay, . . . .355" 377 ¢ ! * at 475 "

*Fine gray sand, . 377 *' 397
Dark gray clay, . 397 ‘' 407
Gray sand mixture

of glauconite

sand and Jfora-

miniferal shells, g07 *' 326 '*

*The specimens reccived from the depths marked 286 to 355 feet, ap7 feet, and 197 to 407 feet wer
too minute and unsatisfactory for correlation.

‘i ¥ at 625 it
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Excepting the first 50 or 65 feet, which probably repre-
sents the Pletstocene, the strata noted adowe are mainly Mio-
cene in g

The strata noted Aencath represents the Cretaceous, and judg-
ing by the fossils, mainly the Matawan or Ripley division
thereof. The Miocene interval of 150 feet between the depths
of 475 feet and 623 feet at Moore's Bridges, which ineludes the
great Miocene diatom bed, seems wanting at Lambert’s Point.
Thix indicates considerable unconformity hetween the Miocene
and the nidderlving Cretaceous.

Depth at Depth at
Lambert's Point, Moore’s Bridges.

Small gravel, . . 526 to 534 feet, equivalent to specimen at 733 feet.
fRock stratum, . 534 ‘540

Gray clay, . . .540 ' 563 * " ' sy
‘Rock stratum, | 563 ** 564 **
Gray elay. . . .56 ‘568 ¢ " “ t76s

Rock stratum, . 568 to 603 “
Ripley or Mata-

wan fossifls .

from, . . . 563 ‘608 '‘ equivalent to fossils from 715 to 780 feet
“Small gravel in

coarse sand, . . 603 ** 6ob
Rock stratum, . 606 ' 610 **
Gray sand mica-

ceous,  oxactly

identical at

hoth places, . 610 ' 616 ¢ H ‘e 8oz

Sec. 2. Wells in Miocene Strata.

ARTESIAN WELL AT BRIDGETON.

Elevation, go feet ; diameter, 6 inches ; depth, 126 feet
Water 1ises within 66 feet of the suriace.

Joseph W Pratt furnishes the following record of strata in a
well hored Dy him at the Cunbertand connty asvluu, near the
old fair gronnds, at Bridgcton:

* There wert ng rpck mor grave! specimens from the Moore's Dridges well with which to correlate.

thuse Lihelgleally.
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Surface and vellowgravel, ., . .. . ... .. ... o feet to 12 feet.
Yellowloamandsand, . .. ... .. ... .. .. 12 'Y Y 48
Sand, colorof brown sugar, . . . . . . . .« v . .. 79 ' ' 88
White pebbly gravel, . . . . . . .. ..., .., . 88 ¥ g2
Stightly waler-bearing, at 7o fo 92 fect

Light brown quicksand, . . . - . . . . . . .. I §

Open quality sand, color of brown sugar, waler-bearing, 118 * *' 126

This well was finished with an S-foot strainer at the base.
The guality of the water is said to be excellent, and there is also
said to be plenty of it; as a test was made, when 40 to 50 gallons
a minute were pumped, this amount being up to the capacity of
the pump used.

The location is not far from that of a well put down at the
residence of Orlando Cook, on the western border of Bridgeton,*
and which was abandoned at the depth of go feet, because of the
small amount of water obtainable, which water was first noted
at the depth of 8o feet. ‘The saime scaut water-supply was found
in this well at an equivaleut depth—the surface at both wells
being said to be of about the same elevation,

No specimens of the borings were preserved, and without
these the writer would not, with present data in hand, venture
to certainly determine the geological age of all the strata
penetrated, but as the lowest of these are possibly Miocene, he
includes it under the heading of * wells i Miocene strata.”
The more shallow well of 18g3 was reported under the heading
of “Wells in the Superficial Strata.”

ARTESIAN WELI, AT CEDARVILLE.

Elevation, 15 (?) feet ; diameter, 3 inches; depth, g3 feet.
Water rises within 12 feet of the surface.

Haines Bros. report a well bored by them for John H. Dia-
ment, at Cedarville, Cumberland county, eight miles south of
Bridgeton. Its depth is g3 feet. Haines Bros. say the material
passed through was all white sand to the bottom, where a black
clay was touched. Water was first found at a depth of 20 feet
and continued the rest of the way down.

The black clay touched at the bottom was probably Miocene
clay. The \\'ater—beqriucr sand is probabiyv also of Miocene age,

* Erroneously stated to be a1 Eas? Bridgeton in the Annual Report for 183, page 518,
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and if so, the horizon would scem to he the same as supplies
wells at Wevtmonth (depth, 4o feet, elevation, 23 feet), and Mays
Landing (depth, 196 feet, clevation, 20 feet).

WHELL AT GREENBANK, N, J.

Elevation 20 feet; depth. 54 feet °
Water rises 10 feet above high tide.

This well is located on the banks of the Mullica river at the
store of Win. Svoyv, who some vears since furnished the writer
the record helow :

Taotal

Thickness Depth.

Gravel and sand, with hard water, to . . . . . . . .. 13 feet = 13 feet
Clay, . . v vt b e v s n e e e e e e e e e e 20 ' =33 %
Black clay, . . . . . . . . .0 oo e e 5feet to 12 ** =45 **
Gravel withwaterto . . 0 . . 0 0 0 0 L 0 0 0 o0 L, 54 ¢

It may be remarked that a dack fcnaccons clay outcrops at
Herman City, also on the Mallica river, oue mile westward.

ARTESIAN WELL AT SMITH'S LANDING.

Elevation, 3o feet ; diameter, 6 inches; depth, 703 feet.
This well was prospected beyond this to the depth of 715 feet.
Water rises to within 17 feet of the surface.

During the summer Urialh White put down a well at the
Atlantic connty asyvlum, near to and south of Smith's Landing,
the location being more accurately stated as at Dolphin station,
on the branch railroad from Pleasantville to Somer’'s Point.
The depth of the well as finished is 704 feet, though the boring
was prospected hevomd this to 715 feet, where the top of a clay
stratnm was found.  The top of the water-bearing sands occur
at 6o feet. The well is six inches in diameter and is finished
at the base with a gfo-inch strainer 41 feet in length. This
draws water from hetween the depths of 663 and 704 feet.  The
water rises to within 17 feet of the surface.  When pumped at
the rate of oo eallons a minute the water level was lowered to
23 feet from the surfiace, but quickly rose again to 17 feet when
the pumping was stopped. The water-horizon is the equivalent
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of that which we have heretofore designated as the 8oo-foot
horizon at Atlantic City, which is four miles to the eastward,
nearly directly on line with the natural dip of the beds.

Through the courtesy of the contractor and his assistants we
have been furnished with a full series of the borings taken every
1o feet in depth all the way down., From an examination of
this series, supplemented by considerable information verbally
obtained, we make the subjoined record.

Loamy soil underlaid by yellow gravel, o feetto 15 feet. | Recent.
Yellowish sands, ranging from fine to
.very coarse sand and fine gravel, 15 ¢ ‘' 173 }Age @
Yeltow sandy clay seams at 4o
to 45 feet.
Decidedly orange-colored coarse
sand at 140 to 160 feet.
Clay streaks at 161 to 173 feet,
Darkelay, . .. .« . . L1730 180 M 1
Alternations of sands, clayey sands, and
sandy clays all brownish in shade
and varyiug from fine to medium
in quality. No micro-organisms, . 150 ' ** gio *
Decidedly sandy clay at 280 to
300 feet.
Nearly solid clay bed containing diefoms
and some sponge spicules throughout, 310+
Sand with shell, 420 to 430 feet.
Diatoms especially plentiful be- . Miocene.
tween 490 to 570 feet.
Comminuted shell, 560 to 370
feet.
1.,00se rock described as boulders, at . . 570 *¢
Alternations of clayey sands and sandy
ciays ; no diatoms nor other micro-

o
~I
(=]

OTZAMISINS, + « o « v « o« &+ o - g70 ** b
Water bearing sands decidedly coarse at
the bottom, . . . . . .. T B L
Clay beneath, ., . ... ... .. .. 713 ") -

The upper or the great diatom bed of the Atlautic coastal
plain Miocene deposits is 260 feet thick in this well, and occu-
pies the interval between the depths of 310 and 570 feet. In
this conection we may state that well-borings at Wildwood,*

* Annual Reporl Geol, Survey, N. J., 18g4, foot of page 164, Diatom bed No. 4, at Wildwood.
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N. Joand at Lewes, Dl have revealed at those places a lower
diatom bed within the Mioeene and about 200 feet below tlie base
of this hed. This second or lower bed probably exists beneath
this locality and also Atluntic City, but at a still lower depth
than the horizons ithe 700 and the 8oo-foot Atlantic City hori-
zons) that are ntilized for water-supply, and for the same reason
has therefore not been reached by the numerous borings aloug
the coast from Brigantine te Avalon, these having been made
only to the depths of these two (Foo and 8oo-foot) water-hori-
Zoms,

It wus, however, probably penctrated by two extra deep bor-
ings at Atlantic City that were at first unsuccessfully made, so
far as obtaining water was concerned, to the depths of about
LIoo and 1, oo feet in the carly efforts to obtain water there, as
stated fn the Annual Reports for 1887, page 265 1888, pages 72
to 75, md 188q, pages 8¢ to gg, the latter with an illustrated
vertical sceetion.™  The existence, however, of this second or
lower diatom hed was not then learned, probably for the reason
that speetmens of the borings covering this interval were not
preserved,

ARTESIAN WELLS AT ATLANTIC CITY, N. J.

At The Traymore, . . . . . Depth, 830 feet
At The Waldorf-Astoria, . . Depth, 837 feet.
At the Gas Works, . . ., . Depth, 790 feet.

Deep wells have been put down at Atlantic City during the
past yvear at The Trayvimore, at The Waldorf-Astoria and at the
Gus Works,

* Anma! Report Geal. buryey, No J., page By, Marine Fossil Diatoms at Lewes, at the depths of
1,000 Lo 1,00 heet.

4+ Nuted also with Mustrated vertical section in Proceedings of the Academy of Natural Sclences,
190, pages t ;s 1o 147, Geolagy of Artesian Wells at Atlantie City, by Lewis Woolman,

Both of these wells afterward obtained water, one of them, on the meadows, by parting the casing and
opening thy Sac-foot water-horizon, and the other, at the gas works, by withdrawing the casing o short
distance am! opeuing a water-horicon s:ill deeper, but one the exact depth of which has oot been cer-
tainly learnm). [0 the Annna Keport for 1885, itv depth was stated to be at 1,121 feet, and in the Annual
Repart lor 18-, this depth wis revised and stated to be probably at about gas fect, A deep well ac
Young's ocean picr, in process of boring as this goes to print and which has reached a depth of about
1,500 feet, shows, however, that prebably neither of these statements i3 correct It is hoped this well,
when finizhed, wili reveal its true depth.  This boring also shows that the records furafshed the sorvey
of the fir: two deep wells iv piore or less incorrect, An entive revision of the vertical section beneath
the depth of :30 fect is beeded, but must be lelt for the future, however,
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From Uriah White, who put down all three of these wells, we
Tave received data respecting them, which we report below, the
succession of strata penetrated being, of course, identically the
same as has been heretofore frequently noted in these aunual
reports for other wells at this locality. Those especially inter-
ested can consult these reports for the years from 1889 to 1898
inclusive.

At the Traymore,

Elevation, 1o feet +; diameter, 6 inches; depth, 830 feet.
Water rose to the surface, but did not overflow.
Was pumped 225 gallons a minute, lowering the water to 11 feet
from the surface.

Uriah White, the contractor, furnishes the information tabu-
lated above. The well draws from the 8oo-foot Atlantic City
water-liorizon.

At the Waldorf-Astoria, at Beach End of Ocean Avcnue.

Elevation, 10 feet ; diameter, 6 inches ; depth, 837 feet,
Water rose to the surface, but did not overflow.
The well was pumped 140 gallons a minute, lowering the water 8 feet
below the surface.

Trinh White also furnishes the inforination tabulated above.
This well likewise draws from the 8oo-foot Atlantic City water-
horizon. ’

Al the Gas 1Works, Corner of Mickigan and Arctic Avenies.

Elevation, 16 feet ; diameter, 6 inches to 505 feet; 4% inches to 720 feet;
3 inches to 790 feet ; depth, 7go feet.
Water harely overflowed at the surface
Was pumped 1oo gallons a minute, lowering the water to zo feet
from the surface.

This well had been suuk with a six-inch bore previously to
1888, by another well-driller, to the depth of 505 feet and
abandoned.* Uriah White continued the boring the present
vear to the depth of 7go feet, inishing it at the bottom with a
strainer 50 feet in length and procuring a satisfactory supply of

* No record of this old well has heretofore appeared in these annual reports.
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goud water from the “8oo-foot” Atlantic City Miocene water-
horizon.  The wells at Atlantie City vary in depth in accord-
ance with the dip seaward and the depth to which they are con-
tinued into the water-bearing sand, which is about 60 to 8o feet
thick, The variation in depth ranges from a minimum of
about 750 feet on the meadows to a maximum of about $6o
feet on the heach front.

ARTFSIAN WELL XO. IV, AT OCEAN CITY.

Elevation, 5 feet - ; diameter, § inches ; depth, 830 feet.
Roek band, 2 feet thick, at 629 feet, below which the diameter was
reduced to 6 inches
Water overflowed, but amount not ascertained.

There are now at Ocean City four artesian wells, all belonging
to Ocean City Water Company and all drifled by Uriah White.
This, the fourth well, was put down during the early summer.
All the wells are located on the west side of the Penunsylvania
Ratlroad Company’s track, and are distributed between Eleventh
and Fourteenth streets, each being a few hundred feet apart ; this,
the fourth one, being about soo feet south of well No. III. The
diameter of well No. IV is 8 inches to the depth of 629 feet,
where a rock band about 2 feet thick was encountered, below
which the boring was reduced to six inches. The well has a
total depth of 830 feet and was finished with a go-foot slotted
pipe that answers as a strainer at the bottom.

The water overflows at the surface, but on account of the
hicavy and nearly continuons pumping from the other wells, its
amount could not be ascertained.  The beds penetrated, as should
be expected, were essentially the same as in the forer wells, for
the stratigraphical record of which the interested reader is
referred to the Anunal Reports for 18g2, 1893 and 1896.

We may, however, mention that in this well a black or very
dark clay was observed at 300 to 330 feet, below which was a
4o-foot Ted of sand to the depth of 370 feet, where the top of
the wreat goo-foot diatom clav-bed that occurs beneath the
Atlantie coastal plain was met with,
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ARTFESIAN WELL AT SEA ISLE CITY.

Elevation 10 feet; diameter, 6 inches; depth 825 feet.
Water rises within one foot of the surface,
Fossil mollusks at the depth of 795 feet.

In the spring of 1898 Uriah White finished the sinking of a
six-inch well at Sea Isle City.

This well has a depth of 825 feet and is finished with a 70-
foot strainer at the base. A rock stratum was met with at 6go
feet, and the top of the water-horizon at 730 feet. The well
has a natural overflow of 60 gallons a minute. The water-hori-
zon utilized is probably the equivalent of the Soo-foot Atlantic
City Miocene horizon,

We have been favored by the contractor with samples of the
borings. One specimmen from the depth of 795 feet, a grayvish,
medium, coarse, free sand, without anv mixture of clay, contains
exceedingly great numbers of the shells of two small bivalves,
with the nacreous lustre as well preserved as it is on the small
clam shells that may now be picked up on the beach. The
species, however, are different from those of the present day.,

These shells have been referred to Dr. W, H, Dall, who writes
as follows:

“One is an Lrwilra not far from £, concentrica Gould, but a
distinct species.  The other is 2 Crassinella, but not, I think, the
genuine C. lunwlata Conrad, though allied to it* Tt is very like
some | have named /unnlata in the past, but T am now in doubt
as to whether the determination was correct. Conrad’s species
came from Suffolk, Va.,and as all the species are closely related,
it will take a close study to determine them,” for which he fur-
ther states time is not now at connnand.

Associated with these bivalves were a zery few univalve or
gastropod shells, which time does not permit us to identify.

From a well at the same place, reported in the Annual Report
for 1896, page 176, the same two specific forms of bivalves were
obtained from the depth of 8oz feet, doubtless representing the
same bed. This shell-deposit is within the water-bearing sands,
but toward their base. '
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ARTESIAN WELL AT MAHON RIVER, DEL.

Elevation 3 feet  ; depth 310 feet.
Water rises 16 feet above tide,

From I. .\, Harrison, of Tilghman, Md., we learn that in the
vear 1897 he bored a well near the mouth of Mahon river, Dela-
ware, on Delaware bay, to the depth of 350 feet, where he says
he found *a hard sand almost like stone, which afforded an
abundance of water of exeellent quality, which flowed 16 feet
ahove tidelevel” e also furnishes the following deseriptive
record

Sand and elay, surfaccto o . . 0 ... 0 . 200 feet.
Solidgreenclay, . . . . . . . .. e« =+ . . .200 feet to 350
Then hard sand, water-bearing,

The wuter-horizon is doubtless in the Miocene,

In the Annual Report for 1893, page 4or, there is a record of
a well at this locality with a depth of only 206 feet, thus showing
two water-horizons at this locality.

ARTESIAN WELL AT BOWER'S BEACH, DEL.

Elevation, 3 fuet - ; diameter, 34 inches ; depth, 500 feet.
Water at 230 feet that rises 2 fect above tide-level. Very little water
’ lower than 240 feet,

[. A, Harrison also informs that he has bored a well at
Bower's Deach, Delaware, about eight miles south of Mahon
river.  This location is on the Delaware bay, at the mouth of
the Murderkill creck.

He states that at the depth of 240 feet he found water that
rose ahout two fuet above tidedlevel and that vielded, by
pumping, about 20 gallons a minute. It is said this boring was
prospectaed to the depth of 500 feet and that but very little addi-
tional witer was obtained below the 240-foot horizon.  The water-
horizon of this well is probably in the Miocene. Had the well
been prospected a short distance further, it is probable the hori-
zon met with at Mahon river at the depth of 350 feet, as
noted in the preceding record, would have been found.
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FIVE ARTESIAN WELLS TWO MILES NORTHEAST OF
MADISOXN, MD.

Elevation, 5 feet -+ (?j ; depth, 320 feet.
Wates rises about 4 feet above tide

The locality of these wells is near Madison, Md., aud about
eight miles southwest of Cambridge and near Little Choptank
bayv, on the Chesapeake side of the eastern shore peninsular part
of AMarvland, ‘

The wells were put down by L. A. Harrison, of Tilghman, Md.,
who furnishes from memory the following record, which may be
regarded as approximately correct :

Sand, .. . . . . .. .. . e+« + . . 20fect= 2zo0 feet,
Thin stratum of shells hard packed.

Sandyclay, ... ... ... ... 60 ‘“ = 8
Soft stone stre'IL

Sandyelay, .. ... .. ....... e e e e Io ' = go *“
Harder stone streak,

Sandyeclay, .. .. ... b e e e e e e e e 20 Y =110 *
Very hard stone streak.

Clay, . v v v vt i e e e s e e e e e . 190 Y =300 ¢

Sand, water-bearing, . . . . . . e e e e e e e 20 'Y =320

The water-horizon opened is doubtless the same as that de-
veloped by an artesian at Cambridge, at the depth of 360 feet,
as incidentally noted in the Annual Report for 1890, page 275,
last paragraph but one.

ARTESIAN BORING AT DELMAR, DEL.
Depth, joz feet.

In the vear 1885 the Delaware division of the Philadelphia,
Wilmington and Baltimore Railroad Company had a well drilled
at their station at Delmar, Del,, to the depth of g0z feet, when
the work was abandoned without having obtained a supply of
witer.

Of this boring the writer, in the early go's, obtained, at the
company’s office, at Clavton, Del., copics of three records which
had beeu separately kept by three of the company’s eivil engi-
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neers who had been interested in the work. No specimens,
however, of the horings had been preserved, and until the
writer came recently to study the record and specimens from
a well foir miles south, at Salisbury, Md., he was unable to
harmonize the three records,

It is. however, now found that all three records are in substan-
tial agreement and «differ only in that the three observers each
noted and deseribud separate phases of the strata and at different
depths,

Below we present a revised record compiled from the three
records already noticed

Finesandat . . ... ... ... e e e e e e 48 feet,
Coarsesand, .. . .. ... e e e e e e e 48to 83
Water at 8o feet,
Sand, . . . . .. e e e e e e e e e 85 ‘136 ¢
White sand and soft sand (rock?) . . . . . e e e 136 ** 157
Black samdyclay, . . « ¢ . o« v 0 o s s s e 157 ** 168
Sand, gravel and pebbles ; sand at top and bottom, reddish, 168 ** 207 “
Light-colored bluish sand, very hard, . . . .. . e+ . 207 220 '
Finesand, . « v v v o v v o e b e e e e e e v . 220 *“ 264 "
Lightgrayelay. . <+« - - - o o o v vt oo v v o 264 ' 306
Fine white skells at 300 to 304 feet.
Mardsand, . . . . & v v v v 0 0 v v e 0 v e e e e . 306 *f 341 "
Marl or clay with fineskells. . . . . . . .. Ve e e .. 3413730
Samd, . . v e e e e e e e e e e e e e e e e e 374 Y 386
Clay, + . v v o o v o e e e e e e e e e 386 ' 402

ARTESIAN WELLS AT SALISBURY, MD.

15 gang wells for water-works—Elevation, 5 feet ; depths, 18 to 75 feet.
One well—Elevation, 5 feet; depth, 1or feet,
One well=Elevation 30 feet: diameter, 4} inches; depth, 7z feet.
Yields, by pumping, 42,300 gallons a day.
One well—Elevation, 3o feet ; diameter, 6 inches ; depth, 267 feet,
The last named well was prospected to the depth of 424 feet,
Water overflows from the 1o1-foot well, having an elevation of but about
five feet, while from the wells with an elevation of thirty feet
it rises to within 3 to 5 feet of the surface

Salisbury, Md., is supplied with water “from a gang of 13
driven 6-inch wells to depths of 18 to 75 feet.  They yield i all

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 113

about 200 gallons a minute.”*  T'he level isabout five feet above
tide, while from about the same level “a deeper boring was
made to 101 feet for lower waters, but the result was not satis-
factory, because the water was strongly impregnated with min-
eral matters.” *

During the vear 1893, Dr. L. S. Bell put down for an ice fac-
tory, on somewhat higher ground, estimated at 3o feet above
tide, two other wells, one of which was prospected much deeper,
or to the depth of q24 feet from the surface, although this well
was afterwards finished so as to draw water from about the depth
of 267 feet. The other well at the ice factory reached the depth
of 72 feet only.

Dr. Bell courteously furnished a full series of specimens of
the borings from the second or more shallow well and a nearly
equally full series from the first or deeper well from below the
depth of 105 feet, together with quite complete stratigraphic
data. From a careful study of these data and of the specimens
from the two borings, we have compiled the following record,
in which, wherever we use Dr. Bell’s exact language, we
enclose the same in quotation marks, and wherever we have
inserted a word in his description we place the same in brackets.

Toral

Thickness, depths,

“Surfacesand,” . . . . . . v v i e v v e e -« v .. Gfeet, 6 feet.
“Darkelay,” . . . . v v v v v v e e e . Ig 25
Whitesand,¥. . « o o v+ v & v v s v e e sl 0 35
“Fines:md"....................9“ 44 !
* 8and gradually getting coarser and more }e]low 21 65 "

Fossilferous pebbles at go to 6o feet, is a zoater-
horizon.

“ Hard pan, iron formation,” . . . . .. . ... ... 2 Y 67 ¢
‘' Light strata of white, smd; loamy clay,”. . . .. . 1foot, 68
“ Iron (colored) sand,” is a waler-horizen, . . . . . . . 25feet, o3 "
Fine clayey sand, with lignite, . . . ... ... ... ¢ “ 102 ™
Fine gray sand, furnishes pwrewaler, . . . . . . . .. 14 ' 116 *“

H B]ue sticky clay, strongly mixed with gray S’ll‘ld AR 1+ TR & -
Fine gray sand, with water, which comes near the sur-
face and seems to be colo ed by rotten wood,” . . . 25 “ 160 *
“(ray sand gradually getting coarser,” . . . . . . . . 25 *° 185 *

#RBulletin r38, U. 8. Geol. Survey, page 132. Artesian Wells, &¢., N, H, Darton.
4Dz, Bell informa that this white sand occurred only in the 72 f:cl. well and not in 424 feet well
althsugh the two wells are scarcely 25 Teet apart,

8 GEoL
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Total
Thickness.  depths.

" Very coarse gravel mixed with much fine gray sand,” . 7z feet, 257 feet.
Haler-boaring,
* Clay and fine sand full of small sea-shells,’” deseribed
in a letter received as ** Conck and other snaif and
clam shefls, but nooysters,” . . . . L 0L L. L, 6 265
None of these shells were received with the bor-
ings, having been previously given away.
* Solid blue clay,” containing much greensand or glau-

conite grains.,  “ Clam shells frequent at 274 feet,” “ 330
Streak of yray, conrse gravelly sandat . . ., . . . . 350 "
' Clay mixed with fine black sand,”™ ., . ., .. .. 5 ‘Y 355 ¢
* Black marl mixed with clay and gravel,” decidedly
glaveonitic, . . . ... ... e e e e e e e e 21 'Y o376 ¢
* Struck hig cobble stones at 376 feet.””
Marl slowly changing to gray, gritty sand, . . . . . . 12 "t 388 ¢

Swell anofiusks in the two last-named strata (see
specific description in a later paragraph).
Graysand, . . 0 0 0 0 0 b o e e e e e e . 36
‘ Struck other cobblestones at 4oy, gt0 and 4zo
fect,™

421 "

Dr. Bell writes that * there was a great deal of water in the
wells at the ice factory at about 48, 8o, 158, 214 and 250 feet.
Also that the water-horizon at about 8o feet in the water-works
wells was met with at 103 feet at the ice-factory, and that the
latter 1s on ground about 235 feet higher than the former.”

On studving carefully these two records (at Delinar, Del., and
Salishury, Md.), we find that the upper strata, say probably to the
depth of about 185, or possibly to 200 feet, lie nearly level, while
below that depth the beds dip decidedly toward the ocean. If
we gsstne these underlving beds to strike northeast and south-
west, which they probabiy approximately do, their distance
apart, along the line of dip to the southeast, would be about four
miles.  As noted in the records, marl with shells oceurs at Del-
mar between 280 and 332 feet, while at Salisbury marl with
shells, prohably the same bed, occurs at 350 to 388 feet, making
adip of yo feet between the two poiuts.

These faets, considered in connection with our knowledge
respeeting wells at Lewes, Del., and at Wildwood and Avalon,
N. J.. indicate that the upperinost beds of the Miocene in ]ower
Delaware and in the Cape dlay peninsula dip seaward at the
rate of about 17 feet per mile.  This is somewhat less than our
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previous studies show to be the case along the coast, say from
Ocean Citv aud Atlantic City northward, where we calculate the
dip at about 23 feet per mile.

Dr. Bell, in a letter, describes the shells noted above at 257 to
263 feet as “ couch and other suall shells and clams,” and states
that there were no ovsters.

The shells noted at from 3355 to 388 feet were taken out by
the writer from the borings received. T'hey were mostly small,
sonletinies nearly entire shells, and at other times broken and
very fragmentary, C. W, Jolinson has identified the following
forms, which, collectively, may be considered characteristic of
the upper Cliesapeake Miocene, or the equivalent of the St.
Marv's fauna:

Teinostoma umbilicata, H. C. Lea. Nassa peralta.

Turritella plebeia, Say. Crucibulum Sp.?
Turritella variabilis, Conrad. Cardinm laqueatum (?) Conrad.
Turritella altjcostata Conrad. Anomia Sp.?

Dentalinm Sp.? Solen ensiformis, Conrad.

From the same fossil-horizon we obtained a small otolith or
ear-bone of a fish. Judging from the size of this otolith the
fish to which it belonged was probably not over three or four
inches in length. We are, however, unable to make out the
species. :

There were also small fragmentary specimeuns of a Crustacean,
probably Balanus protens, Conrad.

The nearest deep well suitably situated for cotnparison of
strata, from which the writer has specimens of the boriugs, is at
Lewes, Del.  Here the top of the great 300 to goo-foot Miocene
diatomaceous bed was met with at 407 feet. The spectinens
from Salisbury, as already stated, show, however, on microscopic
examination, no diatoms. It is therefore probable that this well
does not reach that bed. The clay at the depth of 402 feet at the
bottom of the well at Delmar probably represents the top of
the diatomn bed, so that it seems quite possible (on calculating
the dip) that had the well at Salisbury heen prospected some
70 or 75 feet deeper, the top of the great diatom bed would
have been found there likewise.

NEW JERSEY GEOLOGICAL SURVEY




110 ANNTUAL REPORT OF

ARTESIAN WELL AT PPOKOMOKE CITY, M.

Diameter, 2 inches ; depth, 105 feet,
Water rose 18 inches above the surface, or about 5 feet above high water,

In 15g5 2 triad well was drilled at Pokomoke City, of which
specimens and some data were furnished the writer by W. J.
Young, C. 1. From these the following record has been com-
piled:

1zfeet Sand and loam, to . . . .. .. .. . 12 feet.
3 ' QCoarse vellow gravel, large as shellbarks, w 1t11

plenty of water (surface water), . .. .. 1z feetto 15
28 Y Fineblueclay, o . 000 00w oL I3 M gy
10 Clay with shedls, o 0 0 0 00 0 o 0 e .. 43 Y 53 0
15 Clay, with preater numbers of shells, ., ., 53 ** ' 68 ¢
27 Fine gravel and sand, not much water, . , . . 68 * ** 94
1 Graveland clay, . . . . . B S I L
11 Finequicksand, . .. . ... .0 oL L 95 ' ‘105 *

Abundance of waler al 97 feel.

TWO ADDITIONAL ARTHESIAN WELLS AT POCOMOKE CITY, MD,

Depth of each about 2go feet.
Once of these wells was prospected to 496 feet.
Diameter of each, 6 inches.

*

Five water-horizons, as follows :

" Good water ' between the depthsof . o . o . . . 75 feet and 35 feet,

* Hard water® " . Y e e e 120 4 ' o123 ¢
Water utilized between thedepthsof B {1 - - S

X Ly (X K] e e e e e e e 247 it [} 2g) (X}
“Sulphur water'" ** ‘- o e 1 L T [ R

During the present vear, J. H. K. Shannahan, coutractor,
drilled for the Pokomoke water-works two much deeper wells
at Pocomoke City, Md., than the one noted in the preceding
record.  From Norman M. Shannahan, in immediate charge of
the work, we have received the following description :
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Madegroundto . . . . . . . . .o v oo v 15 feet.
Yellow and brown mixed clay, . . . . . . . . . .. 15 feet = 30 **
Darkclay, . . . . . . o v v v v v v e i e 45 o= 7y M
Gray sand with good water, flowed 3 gallons a minute, 10 * = 83 *
Greenclay, . . . . . v« v v v o v v o0 v 35 ' =120 ‘'
Coarse sand with water, which overflowed ; pumped

60 gallons a minute. Water was very hard, .., 3 “ =123 “
Darkgreenclay, . . . . v v v v v v v u v s o oo 063 ¢ =18 "
Gravel and sea shells, . . . . o v v v v o0 o0 a 3 " =18g "
Sandrock, . . . ... ... e 6 ' =195 **

Light-colored coarse sand; when dry nearly white;
contains wafer which flowed 45 gallons a minute
and from which there was pumped about 150 gal-

lonsaminute—(salty), . . . . . . .. .. ... 30 " =z225 Y
Dark greeu clay with some seq skells, . . . . ... 20 " =235 "
Very hard fine-grained sandstone rock. . . . . . . 2 o=y "
Sand like that at 200 feet, only this ]m(l sca s/ie!ls in

it, also contained wafer of quality same as at 200

feet. TFlowed 45 gallons and pumped about 173

gallonsaminute, . . . . .. ... ... ... 43 “ =200 *
Light gray clay, likeputty, . . . . . . .. .. .. 180 ' =470
Hard and seft martbeds, . ... ... ..., .. 1§ * =48; "
Coarse sand with water; flowed 50 gallons and

putiped 100 gallons a miunute. Strong with

S“sulphur, oo 0000w d s s e It =406 **

The water of the last horizon not being at all potable the first
well drilled was finished to draw from the two higher water-hori-
zous at 195 to 225 feet and 247 to 290 feet. Afterward another
6-inch well was put down to the same two water-horizons, Tlhe
two wells together, since being finished, flow about 150 gallons a
minute. ‘I'he water-horizon not used but noted above at about
83 feet is evidently the one reached by the well (depth, 105 feet)
in the preceding record (see page 115} as occurring at the depth

of 97 feet.

Sec. 3. Wells in Post-Miocene ot Surface Strata.

TEST BORINGS AT PHILADELPHIA NAVY YARD, ON LEAGUE
ISLAXND.

Elevation, 10 feet 4 ; diameter, 4 inches ; depths, 25 to 38 feet.

During the latter part of the vear 1898 a number of test borings
were made for the United States government on League Island,

NEW JERSEY GEOLOGICAL SURVEY




118 AXNTAL REPORT OF

preparatory to the construction of a dry-dock at the Philadelphia
Navy Yard.,  These test borings were made near the location of
a deep well thoo feet deep) at that place, of which records appear
in the Annual Roeports for 1896, page 114, and 1897, page 270,
amd which entered the Plastie clays and gravels of the Raritan
formation at the depth of about 50 feet. As the record of the
well then reported affords but scant information of the upper
portion of the horing which penetrated the much more recent
depoesits that overlic the Cretaceous, and as through the kindness
of C.Co Waleott, CLE., U, 8. N, in charge of the engineering
work, we lave heen firrnished with a complete series of speci-
mens from one of the test borings, as also several specimens from
others of these test borings, we insert their record and particu-
larize the results of our study of the saine, in which we have
been aided Dy the microscope. '

We may, however, first state that these test borings reveal a
depth of alluvium or quite recent mud or clay along the Dela-
ware river front, ot cast side of the mouth of the Schuvikill,
varving from abont 23 feet to 38 feet, and that this alluvium
contains, throughont its eutire vertical extent, the siliceous cases
or remains of single-celled plant organisms, known as diatoms,
These diatoms present a mixed assemblage of fresh-water and
marine speeies, among the latter being a triangular form, 7r#
ceratitin faiaes, £, whicl is found living today in the Dela-
wire river at the latitude of Philadelphia, and also occurs in the
muds on the river margin from the Breakwater northward to
that city, but which the writer has been unable to find, either
burted 1 the muds or living in the water, at Burlington. T'his
particnlar fossil is indicative of deposits of quite recent geologi-
cal awe, say Pledstocene, and possibly also Pliocene ; this Navy
Yard ailuviium being, however, certainly decidedly late Pleisto-
Cuotte,

Atits hase this marshy alluvium rests upon a coarse gravel
with pebbles of considerable size, as revealed by the test
burings and also by the dredgings brought up by a rotary
dredging machine from the depth of 25 feet in the back chanmel.
This eavy wravel, from an examination of its constituent peb-
hios, the writer deems to be Pensauken in age.
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It nay be interesting, for comparison, to note the depth of
sinilar alluvial deposits at the debouchure into the Delaware of
other tributaries, all of which exhibit a similar mixed assem-
blage of marine and fresh-water deposits. They are as follows:

Depths Noted in
Location, of marsh Annual
in feet. Reports for
Newtown Creek, Gloucester well record, . . 15% 1893, page 404
Pensauken Creek, . . . . . . . . .. ... 25 to 41 1808, page 111
Hog Island, at Tinicum Creek, . . . . . . . Jo 1366, page 11§

We now insert the record in detail. The first column on the
right gives the number of the borings in the order of the time
when they were made, while the second gives the deptl, in feet,
of each specimen.

Result of Alicroscopic vamination of Late Pleistocene Alluzvivm
(marsh mud) in Test Borings at Philadeiphia Nazny Yard,
League [sltand, Fa.

Noa. of TDepth= of
Well. specimens,

IX. 2 feet. Piunularic and some discoid diatoms. .
IX. =z '*  Ewunmofig and circular discoid diatoms ; also pin-hread sponge

spicules,
IX. 4 ' Diatoms, fairly plentiful.
IX. 6 * Diatoms.
IN. 8 ©  Diatowms, circular discoid forms noticeable,
IX. 10 ¢ Diatoms fairly plentiful in a fine, sandy, micaceous silt.
IIT. 10 ** Diatoms and a few sponge spicules,
IV. 1o “ Diatons.
III. 12 ‘'* No diatoms observed ; silt quite sandy.

IX. 12 ¢ Diatoms, a few small discoid forms.

IV, 12 “ Diatoms, a few, with a few sponge spicules in fine silt,
v, 14 ¢ Diatoms, a few.

IX, 14 v Diatoms.

III, 14 *  Diatoms and sponge spicules.

IV. 16 Y  Afewspongespicules; noother micro-organistns observed.
IX. 16 '* Diatoms. Large discoid forms plentiful,

HI. 16 ** Diatoms.

V., 17 Diatomns.

IX. 18 ' Diatoms in a very fine sandy silt.

1II. 18 **  Diatowms Ennolia, &c.; also a few sponge spicules.

* This bering was made quite close te the ioner margin of the marshy flat; had it been farther out
toward the stream and the centre of the marsh, it would probably have shown a still greater depth of
alluvium.
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No.ef Depths of
Well, specimens,

IX. 2ofret. Diatoms,
IV, 20 *  Diittoms, large discoid forms,
I, 20 ¢ Diatoms,

V. a2t ¢ Diatoms, a fow,

IV, 22 ¢ Sponge spicules ; no diatoms seen.

IN. 22 v Iatoms,

I, =2 Diatoms and sponge spicules.

V. 23 " Diatoms, Triceiatinm favus, &e.

IX. 23 Diatoms,

ITL. 23 ** Diat s lirly plentiful,

IV, 23 ' Diatoms fairly plentiful.

V. 23 " XNomicroorganisms seen—sand and very sandy clay,
V. 29 ‘' Nonieroorganisms seen ;) very sandy, gravelly clay.
IN., a0 ¢ Diatoms, a fow,

T, 26 * Diatoms, a few in a mixture of gravel and sand, with a
little clay.

IV, 26 * Diatoms,

V. 27 Nomicre-onganisas seen ; very sandy clay.

IN, a4 ¢ N miero-orzanisms seen ; coarse sand with a little clay.

IV, 24 v Diatoms,

IV. 29 **  Dututoms and sponge spicules.

IV, 30 *f No micro-orgunisms ; gravel and sand.

IX, 30 ¢ No micro-arganisms ; sand, with a little clay.

INX. 32 **  Diatoms, a fiw, |

IX. 31 * No micro-organisms. |

IN, 36 v No micro-organisms. i

IX. 39 ** No microorganisms. |

Coarse sand, with a little clay.

DUG WELL AT NORTHFIELD), ATLANTIC COUNTY, N. J
Elevation, 30 fuet; depth, 30 feet.

Earlv in 185 a well was dug at Northfield for an Atlantic
City organization, the Northficld Country Club. This well is
located on the shore road near Northfield Station, on the
Somer's Point braneh of the Scashore Railroad, about one mile
south of Smith's Landing,

The recond is satd 1o have heen about as follows :

Yellowlonm and vravel to . . o . o . o . o . o . . . 21 feet = 21 feet,
Whitishelav, . . . . o v v v v o o v v v v s . 5 Y =26
Yellow sand amd hard prravel, with water, . . . . . . . 4 =30 *
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The water is said to he good and to stand 7 feet above the
bottom of the well. ‘I‘he supply is entirely from the superficial
sands or beds known as the Cape May formation.

ARTESIAN WELLS Al ABSECON FOR ATLANTIC CITY
WATER-SUPPLY.

Elevation, 5 feet +.
Two wells—Diameter, 43 inches; depth, 100 feet.
One well—Diameter, 10 inches ; depth, 7o feet.
Three wells—Diameter, 434 inches ; depth, 23 feet.

All the above wells were drilled by Uriah White.

In the Annual Report for 1892, pages 282 to 283, there is an
extended uotice with record of strata of a considerable number
of wells with a depth of 24 feet. These wells have an elevation
of about 5 feet above tide, and are located within the area occu-
pied by a receiviug basin, into which they naturally overflow.

Three additional wells of 417 inches diameter have been sunk
the past vear within the same basin to the depth of 25 feet, the
lower 6 feet being through a clay containing a mixed assemblage
of marine and fresh-water diatoms of recent geological date.
The water from these wells, as‘iu those formerly sunk, flows
directly into the basin.

Also, within the past vear two other wells, 417 inches in diame-
ter, have been put down outside of the basins and at about the
same level to the depth of about 100 feet, inding water in a
coarse gravel, while one other 10-inch well has been put down
on the top of the retaining bank of one of the receiving-reser-
voirs to the depth of only 78 feet, the elevation being ahout 15
feet.

'wo series of the borings were received, one from oue of the
414-inch wells, depth 100 feet, and the other from the 10-inch
well, depth 70 feet. Allowing about 10 feet for the difference
i the elevation of the surface at the two wells, we have com-
piled the following stratigraphical record, the depths being from
the elevation of 15 feet:
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Heavy white yrrave! with fossiliferous pebbles, . . . . o feet to 18 feet.
Blue clay containing sponge spicules and marire dia-

fovrs, preolugically very reeent, , . ... L. .. 6 ¢ 25
Orange-vellow coarse sand with water, . . . . . . . 25 Y Y 70 v

Streak of whiteclayat . ., . . . . . g0
Gravel with large white pebbles and water '1t the b'lse 70 ' Y100

Our recent study of the borings at this location confirm what
we had formerly written in the hefore-mentioned Annual Report
for 1892, and as we cannot now do better, we quote as follows
from that report respeeting the diatom bed and other associated
and correlative facts:

“This seetion is especially interesting, since the marine diatoms
noted are generally of so reecent an appeararce as to indicate at
once to any expertenced diatomist that the clay in which they
are found was laid down not only comparativelyv recently, geo-
logically, but. alse that it must be an entirely different stratum
from the great goofiet diatomaceous clay bed associated with
the numerows deep wells in southern New Jersey.

“T'he conclusion, furthermore, seems irresistible that the heavy
gravel with fossiliferous pebbles must have been placed on the
top of the clay by a working over and re-depositing of the
Quaternary yellow gravel and sands of the higher ground to the
westward.

* The author has traced for three miles along the shores of the
Great Eur Harbor river, near Mays Landing, a bed of clay con-
taining a somewhat S‘:Illl]ﬂt assciiblage of diatoms, and likewise
overlaid by gravels with fossiliferous pebbles.

*COWL Coman has also furnished the Survey with specimens of
clays from near the bunks of the Maurice river, at Buckshutem,
and {rom the banks of the Cohansey river, at Bridgeton, which,
on examination under the microscope, also exhibited diatoms.

*The distoms at these three localities were mixed marine and
fresh-water forms, the marine predominating; but few fresh-
water forms owever, were seen in the Absecon wells deposit.
Strewn mounts of the diatens from Absecon were submitted to
C. H. Kain, an acknowledged authority upon their specific
form<. Ie writes: “The species are almost exclusively
marine; very rarely a fresh-water form is seen, I can discover
no species not now to be found in the mud of Absecon marshes.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 123

‘The abundance of circular [disc] forms, however, suggests a
fossil deposit, although I can find no form which is now only
found in the fossil state. T should suspect the deposit to be of
comparatively recent formation. It greatly resembles in this
respect the Bridgeton and Buckshutemn deposits, although both
of the latter contain a much greater proportion of {resh-water
forms. ‘T'he Absecon deposit may not be any more ancient, but
probably it was not so much within the reach of fresh-water
mfluences.”

“These facts suggest some interesting relations between these
various deposits. Additional careful investigation, especially in
the field, will be needed, however, before their exact bearing
upon e’tch other can be full\ defined,

“The wells at Atlantic City, after penetrating about 4o feet of
beach sands and 10 feet of umd, the probable bottom of an old
chanuel, enter a succession of gravel and clay beds which the
author deems the equivalent of these at Absecon, a conclusion
reached after careful study.

“ S much of the Atlantic City section as may be needful to
show its relation to the Absecon wells will now bhe given:

Record. Age
“*Beachsand, . . . . . .. e e to 4o feet. .
Mud fommmzﬁm and dmtams ..... 40 50 } Very recent.
Heavy gravel, fossiliferous pebbles, . . g0 ** 58 " ]
Clay, recen! marine dicloms, . . . . . . . 5863 |
Heavy gray gravel, fossiliferous pebb]es L Recent
freshwater, . . . . . . . . ... S 630 g2 ’
Clay, recent marine dmtams ...... 72 't ogs !
Gray sand and gravel, water, . . . . . . 75 % 8 '
Fine and coarsesand . . . . . . . .. 8 ‘105
Heavy gray gravel, . . . . . . . . .. 105 “ 109 ¢ } ferc‘);:&my also
Streaks of gray clay andsand . . . . .109 ‘116 * '
Alternations of fine and coarse sands and 1
gravels . . . . .. e oo . .16 263 |
Most of the strata of tluq dlvlSlOl‘l are ¢ Quaternary. -
yvellowish in color and contain no |
micro-orgatisms. ]

“The similarity of the assemblage of diatoms in the clays from
the Absecon wells with those noted above in clays at 58 to 63
feet, and again at 72 to 75 feet, considered in conmection with
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the alternations of gravels with fossiiiferous pebbles, stiggests an
identity of sirata at the two localities.

“The water at the 21-foot wells at the water-works plant at
Absceon is fresh and wholesome, as proved by its long use at
Atlantie City, It uriginal source where it enters the sand that
dips bencathh this reeent diatomaceous clay bed is probably not
very distant,. This water-horizon, however, under the beaches
has not Teen consiilerad atisfactory, and it or some horizons very
closely related to it have been tried at a number of points
botween Atlantic City and Cape Mav., It was met with in
Fificld's horing at the depth of 8y feet, associated with a simi-
lar succession of hods as at Atlantic City. In the absence of
specimens of the clays, however, the presence of diatomns, which
most likely ocenrred there, cannot he positively asserted.

* Freslewater springs, long known and used by boatmen for
Alling their casks, ocetr at various points in the marshes between
the beaches and the mainland. One such may be noted on Bar-
rel dsland, in the bay ncar Beach Haven, and another, until
recently, on Peter’s Beach, near Atlantic City. The storms,
however, have washed away a large portion of this beach and
buricd this spring heneath the waters of the inlet. These springs
are probably fed from this Absecon artesian liorizon,

" The writer is inclined to class as of the same geological age
with these reeent diatom beds the gravels and sands below them
to the depth, at Atlantic City, of at least 125 feet.”

SHALLOW ASTESIAN WELLS AT ATLANTIC CITY, N. J., AT
ATLANTIC CITY COOLING CO.'S PLANT.

Elovation, 5 et diameter, 47 inches; depth, g3 feet,
Witer rises barely to the surface.

During the past year four wells have been put down, to the
depth of about 43 feet cacly, into a water-bearing heavy gravel.
The water obtained, Deing several degrees lower in tempera-
ture © than that frum the deeper wells, is better adapted for

= Antal Kepert, 172, page .56

1 The temperature f the decper wells var'es from 58 to 6a degrees according to depth—that of the

deepest wells being the highest. We have been unable to learn the exact temperature of these shaliow
wells above repartrd,
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the cooling and condensing purposes, for which the company
requires a considerable amount of water.

At the depth of 50 to 6o feet a bluish eclay or alluvinm was
penetrated, which, on inicroscopic examination, we find to con-
tain dratoms of fresh water and marine forins.  Tlie assemblage
of diatoms shows this to belong to one of the most recent geolog-
ical deposits along the coast, one of probably late Pleistocene
age. Below the biue clay fairly heavy gravel was encountered
wlitch contains water that just rises to the surface. This gravel
occupies the interval from 6o to g3 feet.

BORED WELLS AT SHINNECOCK HILLS, NEAR MONTAUK POIXNT,
LONG ISLAND, N. Y.

Depth, 6o feet.

P. H. and J. Conlin inform “that thev have sunk wells at
Shinnecock Hills, near Montauk, and found gravel and water at
6o feet from the surface.”

BORED WELL ON A HILL NORTH OF SIASCONSETT, TOWARD
SANKATY HEAD, NANTUCKET, MASS.

Elevation, 7o {eet ; diameter, 414 inches ; depth, 103 feet.
Water rises within 7o feet of the surface.

This well is located at the cottage of S. Murray Mitchell and
was bored by George H. Orcutt, who in 1896 furnished the above
information, and who sayvs that the boring was in sand through-
out, and that he did not cbserve the occurrence of any sea shells.

ARTESIAN WELIL, AT LATUREL, DEL.

Elevation, 26 feet above mean low water.
Diameter 4 inches; depth, 115 feet.
Water rises within 1g feet 6 inches of the surface,
Yield, 110 gallons a minute.

During the summer of the present year a well was put down
by J. H. K. Shannahan at Laurel, Del., to furnish that place
with a public watersupply. From Charles S. York, C. L., we
have received the following record :
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Ydlowelay, . .. .. .. t e e e e v s e 2leet=2fect.
Light gray sand, . . . . .. Gt e st e s e s e . B =8¢
Yellowelay, . . . . . . . . .. ... ... 15 4 = 23 Y
Coarse yollow sand ; yieliled water, 10 gallons a minute, 40 ¢ = 63 “
Yellow elay, aodnches, sav, o 0 0 0 0 0 L. L L, L L. 2 % = 65 "
Small flinty yravel; viclls water, 6o gallons a minute, 6 * = 51 *
Yellowelay, . . . . . . 0 0 o o 0 0 e e e . 2 = g3
Small pebbly grave], with water, . . . . . 0 . . .. 8§ * = 81
Yellow clay, ginches, say, . . . . . . . . .. ... 1 foot= 82 *
Water-bearing samd with pebbly gravel, . . . . . . g feet= o1 "
Water-bearing sand, . . . . . ... 0.0 L. 14 =g

The horizon gt to 113 feet yielded 110 galtons a minute,

This well was finished with screens so as to draw from
between the depths of G4 to 7o feet and of 72 to 85 feet.

ARTESIAN WELLS AT SEAFORD, DEL.

Two wells—Depths, about 65 feet each,
Elevation near high-tide level.
Overflow, at high tide, 15 gallons each per minute.
Overflow at low tide, very little

J. H. K. Shannahan reports having put down two wells at
Seaford, Del., the location being a little above high-water mark
and the depth of cach about 65 feet. The wells were finished
with sereens so as to «draw from between the depths of 53 and
65 feet.

This horizon is evidently the same as that supplying the wells
of the preceding record at Laurel, seven miles southward.

IV. Wells Mostly in Northern New Jersey.
Sec. 1. Wells Reported by Stotthoff Bros.

The following 36 wells were put down the past vear by Stott-
hoft Bros,, who liave courteously furnished the data respecting

them.
Most of these wells are in northern New Jersey; a few are,
however, on Staten and Long Islands, N. Y., and a few others in
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Pennsylvania, the latter mainly in the Delaware valley. ‘T'he
well at New Dorp, Staten Island, with a depth of 600 feet, is
noticeable, since all below the depth of 28 feet was through
serpentine.

Besides these the records of two other wells bored by them at
Burlington appear with the wells classified under the heading
“Wells in Cretaceous.”

BORED WELL AT HUNTSVILLE, SUSSEX COL’NTY, FOR E. E. HAWK.

Earth, . . . . . .. ... . ... 0. ... 16 feet = 16 feet,
Limestone, . . . . . . . . . . v 170 ‘* =186 *

Practically no water ; not more than one-half gatlon per minute.

BORED WELIL AT HUNTSVILLE FOR W. ]J. YOUNG.
Sand, . . . .. ..o oL o . 95 feet = g3 feet,

Supply, 15 gallons per minute at 6o feet from the surface.

BORED WELIL AT SPARTA FOR C. C. COX.
" Gray mixed rock or soft granite with flint and limestone, . . to 55 feet.

Supply, 5 gallons per minute.

BORED WELIL AT BERNARDSVILLE FOR MISS M. APPLETOXN.
Depth 128 feet.

Yellow clay and loose stonestorock at. . . . . . . . 30 feet.
Gray rock, with seams of much softer yellow rock, . . 8g feet = 128

This well produces 35 gallons a minute at 29 feet below the
surface.

BORED WELL AT BERNARDSVILLE FOR MISS S, F. CONDICT.
Depth, 224 feet.
Earth, . . . .. ... .. ... .. ... .. 2 feet = 2 leet.
Grayrock, . . . . ... ... e e e e e e e e 222 ‘Y =229

Supply, 7 gallons per minute at 140 feet from the surface.
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BORED WEL! AT BERNARDSVILLE FOR GEORGE B. POST.

Depth 621 feet.
Liarth and loose stontes to rock, . . . . o . v . . v 4 . o ., . 26 Teet,
Dark gray rock, . . . . . W e e e e e e s s 4 .. 5950

621
Supply, 3. vallons a minute.
BOREDY WELL AT FLEMINGTON FOR GEORGE C. PEDRICK.

Depthtosolidrock, . .. .0 ... .. e e e 15 feet = 135 feet.
Redshale, . . . 0 v v v v v c 0 o v v v v v s v v w36 =51 "

Supply, 18 rallons per minute,

BORED WELL AT FLEMINGTON FOR FLEMINGTON WATER CO.

Earth . .. ... ... ..... e e e e e 4 feet = 4 feet.
Gray and blue mck *very seamy, similar in clhiarac-

ter to what is called blue jingler,” . . . . . . . . 164 ¢ =168 "
“Neinofclay ™ (2) . o v v v o o o w o e o e § 4 =176 "
Redshale, . . . . .. e e e e e e o .. L2299 Y =405

Supply, 107 gallons a minute at 161 feet from the surface.

BORED WELL AT READINGTOXN, FOR JOHN E. HOAGLAND.

Harth, .. ... .. ...... e v e s s s e+ . 20feet = 20 feet,
Redshale, . ... .. oo o000 o000 67 =87 **

Supply, 15 gallons per minute,

BORED WELL AT THREE BRIDGES FOR FARMERS' DISPATCH CO.

S 1 ) 6 feet.
Cascdand eemented to . 0 . 0 o oL 000 oL 0. L 30 "
Balwnee red shale tototal depthof . L 0 0 0 0 00 0 0 0 0 4 o9t

Supply, 15 gallons per minute.
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BORED WELL AT LIBERTY CORNERS FOR FRANK BALLEXNTINE.

Earth, . . .. .. ... e e e e e e e v .. . G5feet= g feet.
Redshale, . . . . .+ ¢+ . o D T

Supply, 7 gallons a minute at 65 feet from the surface.

BORED WELL AT SOMERVILLE AT CHILDREN'S MEMORIAL
HOME.

Depth, 152 feet.

This well was drilled 8 inches in diameter to the depth of 51
feet and then cased with a six-inch pipe and cemented. The
boring was then continued bevond this entirely in red shale to
a total depth from the surface of 152 feet. The vield is 25 gal-
lons per minute at 125 feet from the surface.

BORED WELL AT GOODMAXN'S CROSSING, L. V. R. R,

Earth,. . .. ... .. ... e e e e e e oe s 233 feet = 33 feet,
Redshale, . . . . . ... v oo v o v oo, 73 "t =100 '

Supply, 20 galtons per minute at 40 feet from the surface.

BORED WELIL AT AMAYWOOD FOR MRS, C. M. GOMEZ.

Farth . . .. .. . oo v v v . e e 15 feet = 15 feet,
Red'shale, . . . . . v v v v i it et e e 104 ' - 119t

Supply, 18 gallons per minute at 43 feet from the surface.
BORED WELL AT MAYWOOD, BERGEN COUXNTY, FOR
JOHN ENGLISH.

Red sandstone, . . . . . . .« o . 000 e e e e e

Supply, 10 gallons a mimte.

9 GEOL
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BORED WELL AT TRENTON FOR R, M. JONES.
Earth, . . . . . .

e e e e e e e e e e 3 feet = 3 feet.
** Hard but fine grained red and blue sandstone,” 4o Y =13

Supply, 10 gallons a minute at 125 feet from the surface.

BORED WELL AT MARTINVILLE, SOMERSET COUNTY.

Diameter, 8 inches; depth, 114 feet,
Harth, . . . . .. .. ... . ... .. .. ... 10 feet = 10 feet.
Cased and cemented to keep out surface water to . . . 50 °*
Balance, blue and red shale to a total depth of ., | .

iy -
Supply, 15 gallons a minute at 60 feet from the surface.

BORED WELIL AT UNION, UXNION COUXNTY, FOR C. H. JOHNSON
....................... 23 feet = 23 feet
Red shale, . . . . ., . . . e e e . 153 ' =176 *

Supply, 10 gallons per minute at 6o feet from the sutface,

BORED WELL AT LINDEN FOR THE P. R. R.

Depth, 122 feet,

This well was drilicd 8 inches in diameter to the depth of 40

feet and then cased with a 6-inel pipe and cemented to prevent
surface drainawe,

The boring was continued bevond this to a total depth of 122

fect, praducing 15 gallons a minute at 22 feet from the surface.

HBORED WELL AT ELIZABETH FOR WILLIAM HEILICH.
Earth and hard pan,
Red shale,

59 feet := 38 feet,
............. v L I58 Y =216

Supply, 1o gallons a minute at 125 feet from the surface.
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BORED WELL AT PASSAIC FOR CHARLES E. BELL.

Earth, . . & . v« v v v v e e e e e e e . . .26 feet = 26 feet.
Red sandstone, . . . .« .+ . v v v v v 0 o e e a0 e 36 " =62

Supply, 2o gallons a minute at 26 feet from the surface.

BORED WELI, AT PASSAIC FOR ISADORE DBRAVEMANXN.

Earth and quicksand, . . . . . . . . . oo 46 feet = 46 feet.

Y] e

Red sandstone, . . . . « « .« « o o e 0o o 101 = 147

Supply, 14 gallons a minute at 27 feet from the surface.

RORED WELL A'l' PASSAIC FOR MOORELAND BROS.

Earth, stonesand sand, . . . . . .« . . .0 o 52 feet = 52 feet.
Red sandstone, . . . . . . . . . . . e e e e e 168 'Y =220 V'

Supply, 10 gallons a minute at Go feet from the surface.

TWO BORED WELLS AT PASSAIC FOR THE BOTAXY WORSTED

MILLS.
Diameter of each, § inches ; depths, No. 1, joz feet: No. 2, 558 feet
No. 1. No 2,
Sandand gravel, . . . . . . . . oo 20 feet. 35 feet.
Quicksand, . . . . . . .. .. e e e e e e 3o 7
Clayand sand torock, . . . . . .« o v 0 oo - 5z ‘!
Sandstone rock, . . & . . - v e s 0 e e e e e s 3o 464
Totaldepths, . . . . . . - . . .. .. . . .do2feet. 5353 feet.

Well No. 1 was bored last vear (1898).

BORED WELL AT PASSAIC FOR A. EHRHART,

Earthandsand, . . . . . .« o« « o o v v o 0 v 35 feet == 35 feet,
Red sandstone, . . . .+ o« v« e e e e e 11§ =150 "'

Supply, 10 gallons per minnte at 88 feet from the surface.
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BORING AT NEW DORP, STATEN ISLAND, N. Y., FOR CHARLES
¥. SCHMEIDT.

Earth, . . . ... .. ... ... ......... 28fecet= 28 feet.
Seapstone, soft "Serpentine], . . . . . ., .. .. .72 © =6po ¢

No wat.r.

DBOREDN WELL AT NEW DORP, STATEN ISLAND, N, Y
WILLIAM ARNDT.

., FOR

Sandandgravel, . . ... oL 000 o 00000 o0 Bsfeet.

This well produces 1o gallons a minute at 68 feet from the
surface,

BORING AT BURDETTI, N. V., FOR FARMERS' DAIRY DISPATCH.

Earth, 58 feet

53 feet,
Gray samdstone or flaging, . .0 . 0 0 . 0oL L 236

294 "

No water fommd. - Gas in the lavers at 250 to 270 feet.,”
BORED WELL AT WOODSIDE, LONG ISLAXD, N. Y., FOR THE
CITIZENS' WATER CO.

This well has adepth of 227 feet and enters Gneiss rock at
13% feet. .\ detailed record appears on page 8o in its proper
place with the records of other wells on Cretaceous.

HORKED WELL AT WHITESTONE, LONG ISLAND, N. Y., FOR
GEOURGE KNEUPERT.

Depth, g6 feet.

Commenced in dug wellatadepthof . 0 L 0 0 0 L L. 16 feet.
Clay, . .. .. e e e et e e e e it e e e e s cqofeet =356
Quicksamd, o . . o o v v s o i e i e e e v s T4 =0
Medium coarse gravel, water-bearing, . . . . . . . . .26 " =090 "

This well was finished with a sereen and produces 10 gallons
a minute at 6o feet below the surface.
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BORED WELLS AT FAIRFIELD, CONN., FOR MRS, O. B, JEXNINGS.

Well No. —Sand and gravel, . . . .. .. ... ... 39 feet = 39 feet,
Gneisstock, . . . . . . .. e e . .10 " =349

Supply, 6o gallons a minute at g feet from the surface.
Well No. 2—On nearly the same level, but 350 feet from well No. 1.

Earthandsand, . . ., . . ... vooos . 42 feet = 42 feet,
Gueissrock, . . . . . .. .o ... 16 -=38

e

Supply, 60 gallons a minute at 6 feet from the surface.

BORED WELIL AT EASTOXN PA., FOR VEILES BREWERY,
Diameter, § inches ; depth, 500 feet.
Earth, . . . . o v v o o 000 i v v e o . . 31feet = 31 feet.
“Limestone,” L. L L . . o e e e e e e e . 469 ‘' ==gzoo

Supply, 105 gallons per minute at 43 feet from the surface.

[

BORED WELIL AT BETHLEHEM, PA.,, FOR T. C. CAFFREY.

“Hardpan,” . . . .00 .. 30 feet == 30 feet.
Toose vellow sand, with clay, . . . . . . . .. .. R (TR T
Yellowsand, . . . ... ... G e et e e e . .20 oG

Supply, 35 galtons a minute at 27 feet from the surface.

BORED WELL AT ROSE GLEN, PA., FOR J. N. MEGARGEE.

Earth, ... ... b e e e e e e e e e e e 11 feet = 171 feet,
Micarock, . . . .. ... L. e e e e e e e e e 88 " =gg "

Supply, 10 gallons a minute at 28 feet from the surface.
BORED WELL AT SEIGFRIED, PA., FOR THE LAWRENCE
CEMENT CO.

Rock, “'all cementstone™”to . . . ... .. ... ... ... 194 feet.

The well produces 10 gallons of water a minute; the boring,
however, was not completed.
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RBORED WELL AT YARDLEY, PA.,, FOR FRANK ANDERSOXN.

Earth, « . . vt v i i i v e v s v s v v a v s 15feet =15 feet.
Redshale, . .+« v v o o v v v v v v v s s v v v v v v 30 0 =145

‘o

Supply, 3 wailons per minute.

BORED WELL AT YARDLEY, PA.,, FOR R. C. BELVILLE.

Sand and loose stones, o . . o o 0 v v . .o . o . . . 37 feet = 37 feet.
Redsandstone, . . . ..+ v oo v v v v v s v, 20 ' =58

L

Supply, 15 gallons per minute at 33 feet from the surface.

Sec. 2. Bored Wells Reported by P. H. and J. Conlan.

The following records of wells put down during the vear by
P. H. and J. Conlan have been courteously furnished by that
firm. Among them the well records at Summit and vicimty
are cspecially interesting, and supplement those reported last
year by C. L. Trilus at Chatham and Madison, in that they
demonstrate a phenomenal and abundant overflow of water in
this region at depths of from 8o to 150 feet in gravel overlving
the Newark red sandstone rocks, and apparently overlaid by an
impervious bed of clay,  (Sce note by H. B. Kammell, second
paragraph, next page.)

TWO BORED WELLS NEAR SUMMIT, BETWEEN SUMMIT AND
CHATHADM.

Depth of each, 120 feet,

Near Summit, N. J., remarkable water-bearing strata were
cencountered in the ylacial drift. T'wo wells were sunk near
the old miil, on the Passaie river, midway between Summit and
Chathain.  Both wells are 120 feet deep.  Glacial till and clay
formed the overlving beds, beneath which a water-hearing bed
of gravel, resting upon the red shale, was struck. The water
rase 10 fect above the surface. Owing to the large amount of
free ammonia present, the water was unfit for use and the wells

have been closed.
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WO BORED WELLS THREE MILES NORTHEAST OF SUMMIT,
ALONG CANOE. RROOK.

Depths goand 125 feet.

Two wells were put down along Canoe brock about three
miles northeast of Suminit. The first well was 125 feet deep
aud the second go feet, the latter with an 8-inch hole. The
overlyiug strata were mainly till and clay, beneath which the
water-bearing gravel bed was struck. The water rose 25 feet
ahove the surface.  One million gallons per day is the estimated
flow from these two wells. The water is excellent.

(All four of these wells, together with those near Chatham
reported by Mr. Tribus in the Anunal Report for 1898, are in
the basin of the glacial lake Passaic, and the impervious clay
beds overlving the water-bearing gravels may in part be the
lacustrine deposits. H. B. K.)

WELL IN NEWARK, N. J.,, FOR THE CELLULOID MFG. CO.
Depth, 827 feet

“We put down a 10-inch well for the Celluloid Mfg. Co. to a
depth of 827 feet; it is 100 feet to rock aud there is a ro-nch
hole in the rock. ‘The well vields a verv large gquantity of
water, over 200 gallons per minute. It is situated on Ferry and
Fillinore streets, at their works.”

WELL IN NEWAREK, N. J.,, FOR CAULEY, CLARK & CO.
Depth, 400 feet

“In the Newark meadows, near the Lehigh Valley Railroad
track, we sunk a well for the firm of Cauley, Clark & Co. We
went down to a depth of 4oo feet, obtaining but a very poor
supply of water. It is 225 feet to the red sandstone, which is
the prevailing rock all along that district in Newark.”
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WELL AT HARRISON, N. J.,, FOR PETER HAUCK & CO.

Depth, 4oo feet.

This well, which we put down for Peter Hauck & Co., is
sttuated on the cast side of the Passaic, and is 400 feet deep. It
is 135 feet to tock, the remainder being in soft red shale. "The
vield is about 100 gallons per minute.  The water is of a very
excellent quality,  Harrison avenue and sth street.

WELL AT KEARXNY, N, j.,, FOR THE LINOLEUM WORKS.
Depth, 335 feet.

The depth of this well is 335 feet; 35 feet to rock. A 12-inch
pipe is sunk to rock, which is a red sandstone. ‘I'he water is
very good in quality and the yield is over 150 gallons per minute.

WELL AT WEST ORANGE FOR K. V. CONXNETT.
Depth, 384 feet,

The well for this firtn was sunk to a depth of 384 feet andis$8
inches in diameter. It yields about 100 gallons per minute.
The water is of excellent quality. Tt is 50 feet from the surface
to rock, which consists of red shale and sandstone.

TEST BORINGS TO ROCK ALONG THE PASSAIC RIVER.

We have recently made several test borings along the Passaic
ardd at the Dundee dam for the U. S. Engineer Corps, and find
that the rock lies about 20 feet from surface at the dam, and 50
feet from surface at the Passaic bridge of the Frie Railroad.
Those tests were made with a view of finding the depths to
rock incidental to mmaking the Passaic river navigable as far as
Paterson,
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WELL AT PASSAIC FOR THE OKOXNITE CO.
Depth, 492 feet.

We sunk this well to a depth of 492 feet. It is 110 feet to
rock, which is red shale. ‘The vield is about 6o gallons per
minute, and the water is excellent.

TWO WELLS AT PASSAIC FOR THE PATERSON PARCHMENT
PAPER CO.

Well No. 1—Depth, 1,000 feet.
Well No. 2 (not finished)—Depth joo feet.

The first well we sunk for the Paterson Parchment Paper Co.
was 1,000 feet deep; pipe was sunk to rock, 55 feet. Well
vields a very small quantity of water. We are at the present
time sinking a second well for the same company and have
already drilled to a depth of over 4oo feet. So far we cannot
give full account, as well is only nearing completion.

WELL AT PASSAIC FOR ACHESON, HARDEN & CO.

Depth, 352 feet.

About a half-mile north of the paper factory we have just
completed a well for Acheson, Harden & Co. The well is 352
feet deep; rock is 75 feet from surface. It is a remarkably good
well and yields about 100 gallons per minute, while the water
is of an excellent guality.

TEST BORINGS AT PASSAIC FOR THE GARA MILLS.
Depth to rock, 65 feet.

We also imade test borings for the Gara Mills and found rock
to be 65 feet from the surface, and the water seemingly of a
good quality.
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WELL AT POMPTON FOR J. D. STRATTON.
Depth, zo0 feet.

At Pompton, N. J., we sunk a well for J. D. Stratton, east of
railrond station, 200 feet through a close stratum of blue rock.
Very little water was obtained and the well is not used.

TEST BORINGS AT RAHWAY FOR MERCHE & CO.
Depth, 100 feet,

W have made some tests at Rahway to the depth of 100 feet,
near where we drilled wells for the Pennsvlvania Railroad Co.
at their water-scoops.  The rock is the usual kind found between
Paterson ated Trenton—that is, red shale.

RORED WELIL AT JERSEY CITY FOR T'HE GREENVILLE
BREWING CO.

Depth 63 feet.

I Jersey City, on the west side, near Newark bay, we sunk
a well for the Greenville Brewing Co. to a depth of 64 feet and
encoitntered the blue trap-rock of the Palisades; no water was
ohtained,

WELL ON SHOOTERS ISLAND, SOUTHERN END OF NEWARK
BAY AND XNEAR ELIZ:\BE’[‘I‘I.

Depth 200 feet.

For the firm of Townsend & Downey we suunk a well 200 feet
deep, 33 feet to rock, and met with very peculiar strata, con-
sistings of heds of a yellow, hard rock, interspersed with lavers
of black slate. We drilled to a depth of 200 feet, hut found
no water.  (These are probably the metamorphosed shales over-
Iving the Palisade trapsheet.—H. B. K.)

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 139

BORED WELL IN NEW YORK CITY AT BOULEVARD AXND
72D STREET.

Depth, 700 feet.

This well was put down for W. E. D. Stokes, and was drilied
to a depth of 700 feet in gneiss rock with micaceous strata, and
the vield is about 25 gallons per minute. The water is of a
hard quality.

WELL AT ROCKAWAY, L. I, N. Y., FOR WlM. 5 ROGERS,

This well we sunk for Wm. S. Rogers, at Rockaway, L. L.,
and is a remarkably good one. The water was found in great
abundance in sand and gravel near the surface. The quality is

good.

Sec. 3. Wells at Jersey City.

Two wells are reported by the Joseph Dixon Crucible Co. as
having been put down at their works at Jersey City.

Well No. 1.~1,205 feet yields 22 gallons per minute,
Well No. 2.— 400 * wo,e « 0" G

No report was made of the strata penetrated, but they were
probably glacial drift and red shale and sandstone.
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Chlorine in the Natural Waters
of the State.

By WILLIAM S. MYERS,
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Chlorine in Natural Waters of the State.
By WILLIAM S. MYERS.

The well-known significance of chlorine in potable waters is of
sufficient importance to render the adducement of theories relat-
ing to it unuecessary. Sanitary authorities are in agreement as
to the value and importance of the chlorine factor in the forma-
tion of a judgment as to the quality of a water-supply. As
supplementary to the Geological Surveyv's studies of the water-
supplying of the State, analyses have been made with a view to
securing data for a map of the State, showing the normal chlo-
rine in its potable waters in each locality throughout the State.
Satisfactory progress has been made and valuable data secured
during the past ten months. Considerable data are vet to he
obtained and the variation in chlorine content is so wide as to
well warrant the coutinuance of the work; and a map, at least
a preliminary one, can soon be made,

The data, as published, will be useful, it is hoped, to sanita-
rians; and it will invite the attention of every one interested in
water-supply ; a subject of evergrowing importance to all com-
munities.

As an illustration of the use of the map, for example: Should
examination show the chlorine content of a given water to be,
say, ten parts per million, and the normal for that place be
kunown, from our map, to be several parts less per million, some
explanation of the difference would be necessary, otherwise the
quality of the water wonld be regarded as impaired. In the
absenice of adequate explanation, sewage or other contamina-
tion might properly be suspected.

If the sources of pollution could not he discovered and
removed, the water should be rejected. Ou the other hand,

(143)
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should the content fall helow the normal, or equal it, the fact
would he stronye evideney in favor of pronouncing the supply to
he a good one.

In short, the data which we are securing will serve, we believe,
to render the results for the chlorine determination in waters of
New Jersey of more valne and importance than ever before.
Instead of more or less conjecture as to the significance of the
figrures for chlorine, we shall have more rigorous and exact inter-
pretacion of results, and consequently more trustworthy opinious.

As to artesinn supply and waters not regarded as strictly
surface-waters, a separate table of analyses is given. These are
to he taken as a separate study, but only after more complete
data can be had of surface supplies.

In regard to the surface supply, when rivers and small
streams are recorded, the particular places will be indicated
when the map is pubiished. .

The data for tota] solids in the surface waters will be inter-
esting to those who study the Surface Geology of the State, and
the anmount of annnal erosion and weathering may be considered
it this connection.

Chomical sanitary analvses are given of certain waters, and
these will e studicd in conneetion with the analyses for total
wlids and chilorine, Taken as a whole, the standards for this
State mav he found to he somewhat different from other local-
itics. The data are as vet not complete enough to enable one
to draw fnforenees of a trustworthy nature,  As our data increase
we expeet that careful eomparative studies will throw some
additional light on the relativns of surface, ground and artesian
supplivs.

Rolorriny to the general subjeet of water-supply, it may be
well to note that in @ reeent station report the Vermont official
clietmists state that, of the large number of waters examined by
them dnring a period of five years, 20 per cent. of the spring
watoers exanined were impure. Of the wells, 50 per cent. were
impure.  Of the pond and stream supplies, 41 per cent. were
imnure or unfit for usce

In view of the steady inerease in the population of our State
and of onr adjvining great cities, and in view of the steady
increase in per capita daily consumption of water, it is difficult
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to overestimate the importance of couserving our present sup-
ply. Equally essential is the completion of the Survey’s
investigation of the whole subject as a matter of vital import-
ance to our commonweatth.

All the samples were taken with great care; some by Pro-
fessor Smock, State Geologist ; some by Professor S. R. Morse;
some by Mr. W. C. Hawley; others by Mr. Kimmel, assistant
State Geologist, and Mr. Smith of the Survey. A number of
the waters were also sampled by the writer.

RUTGERS COLLEGE CHEMICATL LABORATORY, DECEMBER I, 1899

WiLLIAM S. MVERS,
Department of Chemistry.

Table of Analyses of Surface-Waters.

Port Jervis, N. Y. Delaware Rlver. | Spring Holmdel,
Delaware River. Delaware Water Gap. Motmouth County.
1159)
Total Solids, . ., . . 36.10 43.00 .
Chlorine, . . . . . . 1.20 2.90 6.80
Cllnton Reservolr. Macopln. Intake Reservelr,
(167} (168) (r6q)
Total Solids, . . . . ' 63.20 71.80 60.00
Chlorine, . . . . . . 2.80 2.60 270
Lake Hopatcong. l Hurd’s Hopatcong. South Rlver
(1Bs} (172) al Spotswood.
Total Solids, . . . . 45.00 9o 00 25.00
Chlorine, . . . . .. 2.350 2.40 5.30
Lake Mashipacong. Sand Pond. Swartswood Lake,
{175) (z76) (177)
Total Solids, . . . . 16.00 48.00 71,00
Chiorine, . . . . . . o.8o 1.20 2.10
Culver's Lake, Big Flatbrook. Spring, Culver's Gap_
{118) (179) (180)
Total Solids, . . . . 73.00 30.00 38.20
Chlorine, . . . . .. .50 1.10 1.20
Bevan's Spring. Red Medina,
Pater's Valley. 134 ml. 5. W, Wallpack. Budd’s Lake.
{181} ? (182) (183)
Total Solids, . . . . 194.00 23.00 100.00
Chlorine, . . . . .. 2.40 ©.70 2.40

10 GEOL
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Matchopanlx  Ambrose’s Brook Robinson'’s

River. at Bound Brook. Brook. Morristown Clty.
{réo) (187) (188) (190)
Total Solids, . . 55.00 90.00 167.00 110,00
Chlorine, . . . 0,40 5.60 6 z0 2.90
Semerviile, Trenton, Lambertville, East Millstone, Stony
Rariin Riser. Delaware River. Delawnare River.  Millstone River. Braok.
{t.7) {161) (160) * (193) {162}
Total Solids, ., g8.co 80,00 75.00 63.00 75.00
Chlorine, . . . 5.20 1.8 3.70 6.60 5.90

Table of Detailed Analyses of Surface Waters Submitted for Chemical
Sanitary Analysis.

Detaware River Delaware River  Delaware Rlver
at at at
Diclaware Water Gap, Lambertville. Trenton, Cathoun St.
Total Solids, . . . . . . 45.00 78.00 J0.00
Total Organic and V olatlle ‘

Matter, . . . . ... S.00 38.00 40.00
Total Salts, Mineral Matter, 40,00 40.00 40.00
Chlorine, ... . .. .. 2.90 3.70 4.80
Free Ammionia, . . 0.04 0,11 0.12
Albuminoid Ammionia, . . 0.07 0.05 0.08
Nitrogen in Nitrates, . . 0.12 0.005 0.01
Nitrogen in Nitrites, . | | 0.00] 0.003 0.01

Clinton
Reservolr
near
Raritan Rlver, Newfoundtand, Intake Macopin
Somenville. N. L Reservoir, Lake,
Total Solids, . . . . . 40.00 63 20 60.00 74.80
Total Orgzanic and \'ulatllt.

Matter, . . . 42.00 I1.20 25.30 28.00
Total Salts, Mineral \Iattc.r 56.00 52.00 31.20 46.80
Chlorine, . ., .. ... ;.20 2.50 2.70 2.60
Free Ammonia, . . . ., 0.16 0.14 o.12 0.09
Albuminoid Ammeonia, . . 0.04 0.06 0.19 0.23
Nitrogen in Nitrates, . . . 0.02 0.00 0.00 0.00
Nitrogen in Nitrites, . . . 0.0r1 0.00 0.00 0,00

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 147

Table of Analyses of Artesian Well Waters.

Lakewood, Asbury Park.
Briganiine. 6oo feet. boo feet, boo feet, 1.100 feet
{150} (151} (132} (153}
Total Solids, ., . . 12500 11g.80 108.60 126.00 136.00
Chlorine,. . . . . 1020 3.90 4.91 5.90 7.10
Atlantlc Chy.
“ Consumers” Atlantle City, Hotel Dennls. Camden.
pumping statlon.”  Gen’l Supply. 850 feet. Artesian.
(154} (x53) {156) (158)
Total Solids, ., . . . 128.80 42.00 150,00 32.00
Chlorine, . . . . . 9.82 13.30 10.12 5.73
Jersey Clty and
Mariton Well, East Orange. Dlxon Ave.
{r21) (170) (x74)
Total Solids, . . . . . .. . 200.50 238,00 216.00
Chlorine, . . . + .« + «+ « o & 6.80 16.10 40 52

Detailed Analyses of Waters Submitted for Chemical Sanitary
Examination— Artesian Wells,

~~—Lakewood—— —Asbury Park——
L. M. 1 18
Total Solids, . . . . . . . 119 So 18,60 126.00 136.00
Total Organic and Volatile
Matter, . . . . . .. 39.30 13.10 28.40 40,00
Total Salts, Mineral Matter, 8o0.50 go 50 97.60 95.00
Chlorine, . . .. . ... 3.90 4.91 5.90 7.10
Free Ammonia, . . . . . 003 005 o 04 0.03
Albumineid Ammonia, . . 0.05 0,07 0.08 0.05
Nitrogen in Nitrates, . . . 010 o012 0.02 0.02
Nitrogen in Nitrites, . . . 0 25 0.25 0.02 0.04
Depth of Wells, . . . .. 600 ft, 6oo ft. 6oo ft. 1,700 ft.
Adantic City,  Atlantic City.
Brigantine Co. General Consumers’ Atlaniic Clty
Brlgantine, Supply. Suatlon. Hotel Dennis.
Total Solids, . . . . . . . 125.00 42.00 128.80 150 00
Totsl Organic and Volatile
Matter, . . . .. .. 25.00 S.c0 38.40 46.00
Total Salts, Mineral Matter, 100.00 34 co 90,40 104.00
Chlorine, . . . .. . .. 10.20 13.30 g.82 10,12
Free Ammonia, . . . . . 0.24 0.04 0.24 006
Albuminoid Ammonia, . . 0.00 0.04 0.04 0.03
Nitrogen in Nitrates, , . . 0.00 0.0001 0.00 0.06
Nitrogen in Nitrites, . . . 0.003 0.0000 0.60 0.00
Depth of Wells, . . ... 7ooft, 30 ft. 856 ft.
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Camden Marlton East Orange
Supply. Town Well, Generzl Supply.
Total Solids, . + » . . . . 32.00 200,80 238.00
Total Organic and Volatil
Matter, . .. .. L. 16.00 53.00 86.00
Total Salts, Mineral Matter, 16,00 142.80 152.00
Chlorine, . . ... ... 373 5.90 16.10
Free Ammoenia. , ., .. 0.05 0.00 0.08
Albumineid Ammonia, ., . 0.07 0.02 0.08
Nitrogen in Nitrates, . . . 0,02 0.10 S.00
Nitrogen in Nitrites ., . 0.00 0.00 0.00
Depthof Wells L . L L.

.

NEW JERSEY GEOLOGICAL SURVEY



PART 1IV.

" THE MINING INDUSTRY.

II. Notes on Copper Mines,

By HENRY B, KUMMEL.

|
|
I. Report on Iron Mines,
|
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By GEORGE E. JENKINS.
|
|
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Review of the Iron Mining Industry.

By GEO. E. JENKINS, C. E.

During the past vyear the iron-mining industry has ex-
perienced one of the most remarkable revivals in its history, for
at no time were there fewer mines in operation and prices s0
low as at the close of last vear’s report. At that time pig iron
was commanding only ten dollars per ton at the furnaces, and
New Jersey ore sold at an average of two dollars per ton. In
January of this year, after a long period of extremely low prices,
pig iron began to advance, and in less than six weeks the price
had risen more than one hundred per cent. A cousequent rise
in the price of iron ore took place, and has continned, so that the
average price of ore to-day is about three dollars and one-half
per ton.  All the mines that were in operation last vear have put
forth every effort for an increased yield, and many of the enter-
prises which had been closed by low prices have resurned opera-
tions, and several sales of mining property have taken place at
something like the old-time prices. Many leases have also been
made, and, on the whole, the industry is probably in as satisfac-
tory a condition as ever was known in 1its history,

The question of the concentration of the large quantities of
lean ores has also received closer attention, and there certainly
is a wide field open for investigation along this line. The con-
centrating plant at Hibernia, in addition to the one at Tdison,
has been operated most of the year on the lean refuse from the
Hibernia vein and Beach Glen ore. At the closc of last vear the
following mines were in operation: Hurd, Richard, Edison,
Lower Wood, and Wharton, on the Hiberuia vein, and the new
Sterling Slope, at Irondale. To this list is to be added, as now
in operation, the Ringwood mines, Green Pond, Beach Glen,
Ford, Weldon, Kishpaugh, Oxford mines and the Mt. Hope

(151)
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mines, and the following notes are a more extanded review
of these several enterprises as well as references to a number of
promising prospective ore properties.

The Iron-Mining Industry,

HURD MIXE, HURDTOWXN, N, J-

The owners of this property did some prospecting with a dia-
mond drill tn scareh for new shoots of ore, but nothing very
promising was secured from the tests, and the results of this
work were reported last vear.

In the spring of 189y a lease was made with Pilling & Crane,
of Philadelphia, and they have been mining, from old workings,
abont two hundred tons of ore per month, and iu addition have
heen exploring for new shoots of ore. This work consists in the
driving of a cross-ent from the old working, kuown as the “Clay
shaft,” in a southeast direetion toward the old Hurd shoot of ore
for a distance of 120 feet, where a deposit of ore was cut, but it
proved to be small and to have been previously worked upon.
A shaft 2o feet deep was sunk so as to come down upon the off-
set, and 2 cross-eut or drift is now being driven along the throw
of the offset toward the large deposit of ore presunted to have
been broken off from the old deposit.

RICITARIY MINES,

During the vear the work on the very remarkably large deposit
of ore which has heen developed in the past four vears has shown
that the size and extent of the deposit has not vet been deter-
mined. The large quantity of ore found on the foot-wall side of
the vein has during the past vear been duplicated by the discov-
ery and working of an equally large deposit on the hanging-wall
side.  TTe drifts driven in an easterly direction along the hang-
ing-wail have shown ore from fifteen to twenty feet thick, and
as much as conld be safely removed has been taken out, but a
very large amount stiil remains.

The ore in the foot-wall in No. 2 mine has been blasted dow,
and carricd with it the smali * horser,” or rock, so that the dis-
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tance from wall to wall is very near one hundred feet, and con-
sequently too wide a gap to keep up by timbering.

The drift six hundred feet east of No. 2 shaft has gone for-
ward and pressed through the pinch or roll in the deposit, and
from present indications the vein is returning to its regular dip.

No work has been done in No. 3 shaft during the past year,
because of the unsatisfactory condition of the shaft near the sur-
face, and all the energy possible has been devoted to the sinking
of the new slope, known as No. .

The product of the mine has been curtailed about 36,000 tons,
owing to the shut-down of the No. 3 shaft.

In the No. 1 mine some explorations were made on both the
foot-wall and hanging-wall side of the vein, and ore was discov-
ered which ran about ten feet thick in both drifts.

No sinking has been done during the past year, as it will take
at least two years to retmove the ore standing in sight on the foot
and hanging walls.

The No. 5 slope, which is to be the main outlet of the mine,
is now down 700 feet, and at the soo-foot level a cross-cut 110
feet long was driven to the Mount Pleasant vein, and a deposit
eight feet thick was cut. The drifts east and west are now being
planned, and i all probability ore will be mined from this part of
the vein before the vear 19oo closes. '

The slope known as No. 6, which was planned to strike the
AMount Pleasant vein, has been put down 550 feet and “holed
through ™ to the present easterly working on this vein. ‘This
will put an end to the long * tram ” of more than a thousand feet
to Slope No. 1, through which the ore now finds an outlet to
the surface.

A large amount of money is being expended in the introduc-
tion of new machinery, cousisting of a nest of beilers haviug a
capacity of 1,500 lhorse-power, and a large, latest-improved In-
gersoll Sergeant air-compressor of 750 horse-power. A new
puuiping system will also be installed in No. 5 slope, and a
modern hoist-way and equipment will all add to a very decided
increase in the ore tonnage of this property.
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MOUNT HOPE MINES.

The property of the Mount Hope Mining Company was pur-
chased early in 1899 by the Empire Steel and Tron Company of
New York City, and during the year the working in the Eliza-
beth mine has been unwatered and about 3,000 tons of ore re-
moved from the western end of the mine adjoining the ‘T'eabo
property. .\ new shaft which was put down to the face of the
eastern stope from the tunnel level has been opened to surface,
and this shaft will give improved facilities for removing the ore.

The ore mined was found on analysis to contain :

Metalliciro, . . . & v v v v 0 i v e v e e s e e e 61.822
Siliea, + v o v . v ... f e e e e e e e e e 6 700
Lime, o v v v e e e h e e e e e e e e e e e e 1.600
MAZNESIA, 4 v v v v v e n e e e r e e e e e e e trace
Sulphur, . . . . . - v s vt o e e e e e "

Manganese, . . v v v v 4 4 s v e e e e e e e e e e e

ATUIMHNUIN, o 4 v v v s e v b e e e e e e e e e e e 150

This is the richest of the five veins of ore existing on this
tract.

The deepest working in the Elizabeth vein is 195 feet, and
the deposit has been worked 200 feet along the vein in its north-
ast southwest trend.  The width of the vein is from 4 to 6 feet.
The Taylor mine and the Side Hill mine have not yet been
freed from water, but these two mines will be pumped out dur-
ing the coming year.  The workings in the Tavlor vein are 576
feet along the vein, and the present ore-shoot has a height, from
the top to the bottom, of 240 feet and an average thickness of
10 feet. The Side Hill vein is 480 feet deep to the bottom
working, and the ore-shoot is 192 feet high and average 6 feet
thick.

The Brennan vein and one other vein are both small, and pay
to work only when prices are high,

The Hickory Hill ore-deposits have not been worked for some
vears, and some plan will be fixed upon to give this property a
thorough test. It is the intention of the present operators to
make this property yield at least 100,000 tons of ore a year.
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NEW STERLING SLOPE AND HURD MIXNE,

The work during the vear has consisted in developing the
ground between the eastern offset and the Hurd workings. The
old Hurd slope has been pumped out and a drift driven to inter-
sect the old workings in Hurd mine, thus affording much needed
relief in the way of veutilation, and enabling a change in the
pumping arrangements which will reduce the present water-lift
185 feet. The amount of water is 6o gallouns per minute, and
it is all pumped by steam pumps.

On No. 5 level, in driving toward Hurd 1ine, a large body of
ore, g feet wide, 6o feet high, was opened upon, and in No. 6
level the vein is 6 feet wide. On No. 8 level, in the drifts east
of the offset, the vein showed a width of 12 feet of clear gran-
ular ore. ‘

The Sterling slope was sunk 3o feet, mostly in barren ground,
but the sink is to be put down 6o feet or more in order to test
for a lower shoot of ore underlying the old No. 13 shoot.

These developments show what mayv be expected under the
old Hurd slope, and adds considerable encouragement to the
operators of this and adjoining property—the Orchard mine.

BEACH GLEN AIINES.

The prospecting work carried on by the Beach Glen Mining
Company in the year 1898 was stopped after a few mouths, and
a lease made to Joseph Wharton, who has been operating the
mine for the purpose of concentrating the ore in the works at
Hibernia. The method of mining cousists of open cutting, as
the deposit is nearly thirty feet wide. The aterial, as it is
mined, vields 30 to 40 per cent. of iron, and the coucentrate is
6o per cent. The material crushes and separates well, and, as it
is a Bessemer to start with, the final product is verv low in phos-
phorus.

The mill was put in operation during the summer of 18gg,
and 3,750 tous of concentrates obtained from the refuse rock of
Hibernia vein. The Beach Glen ore has been used only in the
fatter part of the year, and about goo tons of crude material put
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through the mill] vielding joo tons of concentrates, which ran
6o per cent. in metallic iron and .0og phosphorus.

HIBERNELY JMINES,

The group of mines along this deposit consists of the follow-
ing:

THE LOWER WOOD MINE.

Aswas stated in last year's report, the amount of work done
on this property s very limited, but as it is the outlet for all the
ore mined from the adjoining Church or Crane lot, it is of coun-
siderable interest and value to the operators on this account,
The work for the year in actual mining has been confined to the
Church or Crane lot, and it consists of the driving of stopes No.
1g and No, 20 toward the De Camp line to the eastward and
sinkitig on No. 21 levell This is the deepest working on the
Hibernia vein, and is 831 feet below tunuel level and 268 feet
below sea level.  The width of the vein in the present stopes is
about thirteen feet, but there is more or less rock in the vein,
amd it is not at all regular, being very “bunchy.” The ore-
shoots are lenticular in form and have a pitch of about 27 degrees
to the northeast,

CHURCH OR CRANE MINE.

This mine lot owned by the North Reformned Chureh, of New-
ark, N. J.. and Jeasad by the Andover Iron Company, was pur-
chased by the lessees during the past vear and has been operated
througit the Lower Wood AMine.

DECAMDP MINE,
| The owners of this property have not had any mining done
sinee 18gn, but during the vear 1899 Mr. Joseplh Wharton

hecante the owner, aud the mine will, without doubt, be a pro-
dutcer next vear,
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UPPER WOOD MINE,

The Glendon Tron Company formerly operated this mine, but
during the vear Mr. Joseph Wharton secured the title to the
property, together with the Glendon utine lot, from the receiver
of the Glendon Iron Company. The underground railroad tun-
nel is being driven iu the foot-wall rock so as to connect with
the shafts on the Upper Wood and DeCamp properties, and the
mine no doubt will be in operation next year.

WHARTON MINE,

At no time in its history has this mine been so great a pro-
ducer as during the past vear, and the future is most
promising. During the vear every available stope has been
worked and these nine stopes have vielded a large tonnage of
ore. In addition to the regular stoping a sink of 50 feet was
put down and the ore body continued to show the same regu-
larity of width. .

The improvements in the mine plant, made note of in last
vear's report, have been completed. and two well-equipped
heistways are now available, through which the mine’s product is
hoisted to surface.

The new shaft on the eastern end of the property has been
sunk an additional depth, but no great quantity of ore lias been
discovered. At a depth of 105 feet a shoot of ore was cut, but
it lacked continuity and spon cut out. It is the purpose to con-
tinne the sinking and “hole” through to the drift which is
being driven eastward to intersect the shaft, thus giving an
additional outlet for the eastern end of the mine. ‘The recent
purchases made by Joseph Wharton now give himm control of
3,300 feet along the Hibernia vein and practically consolidating
the whole mining interest in one operator. This will certainly
lead to valuable results and increase the product of one of the
most persistent ore-deposits in New Jersey.

GREEXN POXD MINE.

For almost twenty vears the Green Poud iines have been
idle, principally because of legal difficulties and the inability of
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the conflicting intervsts to get together upon some satisfactory
basis. In 1598 The Carterctte Steel Company, of 31 Nassau
street, Now York eity, began to acquire interest, and the whole
tract of the Copperas mine is now owned by this company.
The mine has been pumped free from water and a new plant is
being ereeted with which to actively work the mine,

The several lines of attraction across this tract have been
opencd upon by shallow test-pits, but the work has been done
without definite aim or plan in mind, and hence no very satis-
factory data is at hand from which to draw accurate conclusions.
The workings in Slopes Nos. 1 to 6 have been carried deep
enotgh to wive some idea as to the length, width and continuity
of the ore body.  Slope No. 1 is the deepest working, bemg 210
feet vertical and 300 feet on the angle of the slope.  The deposit
is shown to be zo feet high and from 20 to 25 feet thick, but the
material in both the bottom of the slope and overhead carries
ore, and no defined eap or bed-rock has yet been found.

Opening No. 3 is 74 feet to the northeast of No. 1, and the
ground between these two openings is ore, so that practically the
two opettings are made in the same shoot of ore.  The bottom of
No. 3 is 70 feet helow the outerop, and the slope is 170 feet long.
At the face of the breast the workings are 6o feet high and 20
feet thick. Nos. 4 and 5 are openings of shallow depths, but
large quantities of ore were mined by the previous operators
from these two openings.  The foot-wall in all these openings
is elewn, but the hanging-wall is not, and the amount of mag-
netite in the mass would indicate that the true wall has not been
found. The deposit was from 20 to 25 feet wide.  The resuits
from the magnetic-needle observations, together with the iufor-
mation gained from  test-pits along the out-crop, show this
deposit of ore to be continuous to the northeast. ‘There is very
little water to contend with and very little timbering is neces-
sary, thus making fixed mining charges very light.

The vein to the northwest, as well as the one to the southeast,
has been worked only to a very limited degree, but ore of vary-
iy width has been found to exist. The ore from the main
deposit is a dense magnetite, high in sulphur and so low in
phosphorits as to pass the Bessemer limit. The property has.
alwavs heen looked npon as a most promising deposit, and the
work now installed will be watched with great interest.
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FORD JMINE.

‘There has been some work upon this property, under the
direction of Isaac Hance, of Dover, but it lias been confined to
recovering ore above water-level and cobbing the refuse ore-
lieaps from previous operations.

OXFORD MINES.

The Empire Steel and Iron Company purchased and has
operated this property duriug the vear 18gg.

On July 1st, work was begun in repairing the furnace and
ptfmpiug out the mine. Only the Washiugton Mine and Slope
No. 3 have been put in working order, and Slope No. 3 is the
only one through which ore was mined. TIn Slope No. 3 the
workings are 700 feet long and an east and west stope. On
the west stope the vein is 4 feet wide, but the eastern stope has
widened out to 10 feet of ore, and a product of over So tons per
day is being taken out.

FELLOWS AXD QUEEN MIXES.

The Fellows Mine has been purchased and a lease secured on
the Queen Mine by this company, and these mines are both
being put into mining shape. Neither of these two mines pro-
duced any ore in 18¢gg, and the condition of the workings has
not changed since last reported upon, just before they suspended
operations owing to the low prices then in command.

KISHPAUGH MINE.

The firm of Pilling & Crane re-opened this mine under lease
during the past swmmer and have been mining about 250 tons
of ore per month. The present workings are all on the Cook
farm. The depth of the workings and the extent of the deposit
are the same as noted in the report of 18g6. But the ore is not
as rich in wetallic iron and is higher in phosphorus and sulphur
than what was found in the more shallow workings on the
Kishpaugh farm, as is evidenced from the following analysis:
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Metallic iTOM, © 4 v v 4 v v v o v v e v o 0 o v v oo« 48516
Phosphotus, « v v v v o o v 0 o v o o 0 v s 0 v o s 042
Sulphur, . . v v v v v i i e e e e e .930

RINGWOOD MIXES.

The activity of the iron business has had the effect of re-open-
inge the Ringwood mines, and the two large shoots of ore worked
hefore the mines were closed are producing ore. The product is
cold in market, and the most of it has been used at the Pequest
Furnace, by Joseph Wharton, lessee.

As a result of the study of the mining enterprises the facts are
very prominently brought out that many of the deposits which
Lave been idle for vears past were not exhausted, but were closed
principally by reason of the remarkably low prices that have
been in command.

The acquisition of many of the mining properties by one indi-
vidual ur corporation, such as has been taking place during the
past vear, will certainly result in a reduction of operating ex-
penses, and will ultimately be beneficial to the general mining
interests of the State. In view of the revival of mining industry,
ane for the parpose of directing the attention of those seeking
iron-ore properties, the following list of mines is republished,
with sueh information as conld be gathered in reference to the
ownership, size of deposit and accessibility of product to points
of shipment, cte.

DALRYAMDPLYE JMINE, SOUHWEST OF DOVER, RANDOLPH
TOWXNSHIP.

The developments made upon this property have thoroughly
tested the denosit, and a continuous vein of more than 500 feet
in length, and averaging four to five feet of ore, was worked by
the lost operators. The high royvalty and distance from the rail-
road are the two items of expense which closed the mine. With
these ont of the way, the property would be a mest promusing
one,  The following is an analvsis of ore as shipped:
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Metalliciraf, .« « v v v v 4 4 0 e e e e e e e e e e e s 54,004
SIliCA, « v v s i e e e et e e e e e e s .. 1800
Phosphorus, . + . . « v v v a o v v o v o 0+ o w e s <23
Sulphilf, . + « .+ - &+ s . v e s e s w e s . . . frace

BROTHERTON MINE, RANDOLPH TOWNSHIP, MORRIS COUNTY.,

"Ihis property was last worked in 1882, and the parties now
controlling it are negotiating a lease.

BILACK HILLS MINE.

The Dickerson Succasunna Mining Company renewed opera-
tions here in the fali of 18g99. Several of the pits have been
pumped out and preparations are being made for active mining.
The previous work showed that there are four small veins and
the deepest is only 100 feet. ‘The material was rich in iron and
very low in phosphorus.

ORCHARD MINL.

Some negotiations are now under way through which this
mine will probably be leased and put in operation. The develop-
ments ou the adjoining property of the New Jersey Iron Mining
Company throw considerable light upon the future prospect of
this mine, and afford encouragement to the owners.

ERB AND SCRURB QAKS OR DELI MINE.

The large body of ore known to exist on these properties
owned by the Andover Iron Company is probably one of the
best ores in New Jersey for concentration. ‘The magnetite 1s
found associated with a gangue made up principally of feldspar of
a granular strneture which crushes easily and is in every way,
so far as its physical structure goes, well adapted for separation
and concentration of the magnetite. ‘The general run of the ore
is about 40 per cent., and very low in phosphorus.

Negotiations are now under way for a lease to a party of capi-
talists, who propose opening the property and comstructing a
concentrating plant. The shipping facilities are of the best, as
the mine is accessible to two railroads and canal.

II GEOL
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HOFF MINE.

The Chester Iron Company operated this mine for a long term
of years, hut finaily gave up the lease, and in 1885 and 1886 it
was operated by Oram Hance & Co. There are two veins and
the works are not leased.  The property is worthy of more care-
ful attention.

ALLEN MINE.

Now owned by Joseph Wharton, and some work is to be done
in hopes of finding the remarkable body of ore which has been
developed on the adjoining property. A careful study of the
Richard mine nnderground workings, in connection with the
Allen workings, will surely throw some light ou the probability
of finding the ore hody on this property.

HIGH LEDGE MIXNE.

The analysis of the ore from this mine shows it to run 58 to
6o per eent., and the property is worthy of consideration at the
hands of parties looking for iron ore.

DEKAY FARM, VERNON TOWNSHIP.

Observations by magnetic needle show a well-defined line of
attraction along the strike of the rock, and here and there an
outerop of ore. A sinall test-pit was put down about 6 feet and
a deposit of ore of workable size was uncovered.  ‘The following
is an analysis of an average of the vein. The high percentage
of titaninm and silica, and the leanness of the ore, operate
agatnst it as a very promising mining property :

Metalliciron, . . . . . . .. e e e e e e Ve -« . 4575
Silica, . . . .. ... e e e e e e e e e 31.40
Phosphorus, . . . .. ... . ... ... e e e e . LI
Sulphur, . . .. .. ... P e e e e e e e e e e e 41
Titanium, . . . v o b e e e e e e s e e e e e e e e 2.81
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Hematite Otre.

T'he quantity of hematite ore, in comparison with the magnetic
deposits in New Jersey, is of very limited area, but there are
some localities where large hodies of this ore have been worked,
notably the one at Beattystown. Some prospecting shafts were
sunk during the past year, and ore in paving quantities found at
a depth of about 20 feet from surface. It averages 40 per cent.
of metallic iromn, and, if the heavy stripping charges could be
eliminated, the property would develop into a valuable one.
A modified plan of the “long wall” system of coal mining,
which has been used so successful at the Kishpaugh mine, is
worthy of careful consideration. The property is close by good
hipping facilities and the royalty asked is not excessive. The
product of the mine in times past was as high as 4,000 tons per
month. Some carbounate of iron was discovered at the bottom of
the mine about the time the mining was closed down, but its
extent was not determined.

Other hematite deposits which have vielded very considerable
ore in times past are the old Pochuck mine near MacAfee, in
Sussex county, and the several openings along Marble monntain,
near Phillipsburg.

The Zine Mines.

The New Jersey Zinc Company has operated its mines at
Franklin Furnace, during the year, to their full capacity, and a
large sum of money has been spent for the erection of a new
coucentrating plant of a daily capacity of 1,000 tons. The old
mill at the Parker shaft, which has been in operation all the yvear,
has a capacity of 500 tons. These two mills are intended to
handle product from all the company’s mines, both at Franklin
Furnace and Sterling Hill, and the entire zinc product, from
this district, is passed through the concentrating mill. The
quantity of zinc ore mined has been larger than ever before and
the future is as promising as ever.

The high prices in the zinc market have stimulated search for
new deposits and on the Neighbor farm, near Vernoy station,
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in Hunterdon county, High Bridge Branch of C. R. R. of N. ],
some work has been done in the hope of finding a paying
deposit. The work consists of the sinking of a shaft in the
limestone and the discovery of some zine ore in the shape of
“blende.”  The amount found has not been very considerable
and it is in isolated bunches without any well defined line of
continuity,  The developments had not been carried along very
far, Imt, at the time of our visit, the prospect was not very
creotnyning.
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Analyses of New Jersey Iron Ores.

A knowledge of the chemical constituents of the iron ores
used in a modern blast-furnace has becomie a very important
factor in the management of such enterprises, and the Geological
Survey in previous reports has published numerous analyses of
the ores from the different mines in the State for the purpose of
throwing all the light possible upon the value and economniic use
of the ores. The following collection of analyses, which has
been placed at the disposition of the Survey by Mr. B. F. Fack-
enthal, President of The Thomas Iron Co., is published by his
cousent and with the hope that the information will be of value
to the general iron-miing industry.

MATTISON OPENINGS NEAR ANDERSONTOWN, HUNTERDON
COUN'TY.

Sampled by Mr. Fackenthal; tested in the Hokendauqua
Laboratory, March, 1886.

Silica, . 3015
Titanicacid, . . . ¢ v ¢ ¢t i e et e e e e e e e Trace,
Metalliciron, . . . . . . . . . . . . o 0o 35-42
Phosphorus, . . . . . .. Ve e e e P o
Sulphur, . . . .. e e e e e e e e e 4.03

Other analyses furnished by Dr. Mattison showed 37.37 and
37.3¢ per cent. metallic iromw.

HAGER MINE, HUNTERDON COUNTY,

Durham Iron Works found :

Titanicacid, . . . . . . e s s . F02 5.64
Phosphorus, . . . .. .. ... .. .19
Silica, . . .« . oo i v e e 6.64
Metalliciron, . . .. ... .. .. 56 39

\’.-\NS\'CKLE’S, OR CHURCH MINE.

Contains .31, .38 per cent. of vanadic acid.,
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PETTY MINE, NEAR BLOOMSBURY.

Sample taken from 25 or 30 tons on dump, shows :

Metalliciron, + + « v v ¢ ¢ & v v 0 v o
Phosphorus, . .. ... .. .. .. ..
Sulphur, . ... ... .. e e e

MaBgamese, « « . v v o 0 v s 0w b o s

Silica, « & v v o 0 v v f e e e e
TAME, & v v v e v e e e e e e e e

.......

.......

nickel.

Magnesia, . . . .. v 0 v v o v v C e e
AMIMING, © v v 4 4« 4 s v s s 0 e e s e s .
Titanicacid, . . . . . . . « . « . . . e e e .
Oxide ofnickel, . . . . . . . .. e e e e e e

Magnette Ore.

Mr. Fackenthal will comfirm analvsis of the above ore

LEBANON MINE.

r

Ownner claims to have 1,200 tons on dump at mines.

Silica . . . . e el e e e e e 20,40
Titanic acid, ... . .. e e e e e e 47
Metalliciron, . . v ¢« v v v v o 4 0 0w . 41.50
Phosphorus, . . .+ . « v 000 1.66
Sulphur, . . . ..« oo 2.74

Property belongs to J. C. Cougle, Bloomsbury, N. J.

for

South of New Jersey Central road. The property belongs to
the estate of D, K. Hoffinan, 117 iles from Lebanon, N. J.

BEDELL MINE.

Operated and owned by Cooper & Hewitt.

Metalliciron, . . .« v . . .. e e -
Siliea, . + 4« ¢ &+ o
Lime, .. . .. e e e e e e e e s
Mapgnesia, « « v v v e 0 e e e e s s e e
i Aluming, « « « v v o v v 0 00 s e .,
| Phosphorus, . . . . . . v o« o o 0. o
| Sulphur, . .. ... 0000
Titanicacid, . ... ... e e e e e

Manganese, o v ¢ 4 ¢ 0 6 s v oo o o4 .

|
|
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34-93
29.54
10.09
2.89
584
.012
.380
.21
34
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BEEMER MINE.

Analyses made by Cooper & Hewitt, Durham Iron Works,
1886-1887:

Blue. Red. Red.
Metalliciron, . . . . . . . .. . . 4110 54 23
Phosphorus, . 7 v - . -+ « .« . .o« . 135 078 .10
Sulphur, . . .+ ¢ oo 000 e e 2.958

LII"I'LE MINE.

Owned by Fellows. Sometimes called “ Fellows” Mine. 531
cars mined by the Thomas Iron Company during 1893 shows:

Metalliciron, . . . . ¢ . o v v o s 0 e e e e 56.29
Silica, « & ¢ v v 0 v s e e e e e e e e e 704
Phosphorus, . . . . . e e e e e e e e e e e e e .103

The Thomas Iron Company found in a shipment of 375 cars
of ore from this mine in 1891 an average analysis of 55.34
metallic iron, which included ten cars of unwashed ore in the
shipment.

In July, 1891, a shipment of 23 cars showed the highest iron
fotund by the Thomas Iron Company, which was 62.25 per cent.
metallic iron. The lowest analysis was found in two cars of
washed ore in 1891, which only gave 37.94 per cent. metallic
iron.

QUEEN PROPERTY.

343 cars shipped to Thomas Iron Company during 1892 shows
55.29 per cent. metallic iron; 16 cars shipped to Hokendauqua
(Thomas Iron Company), February 11, 1893, showed :

Metallic iron, . . . . . e e e e s e e e e 55.12
Imsoluble, . v ¢ o o v v o b v o o v e e e e e e e g.81
Phosphorus, . . . . . . . ... e e e e e .229

Sample from stock-house at Hellertown, Thomas Iron Com-
pany, 1893 :

Metalliciron, . o+ « o v « o o o o s o = s o =+ s o« » 5435
Manganese, . . « . « <« e e e e e e R - X1
Phosphorus, . .« « « ¢« « v« 4« v - Ch e e e e 1.52
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SHOEMAKER MINE, BELVIDERE,

125 cars to the Thomas Iron Company, October, 1893, shows
46.73 per cent. metallic iron.  Other shipments to the Fhomas
Iron Cempany show

Metalliedron, o . . . . . .. . 5Lz 46.48 51.87 50.05
Silica, . ... ... . ... 8.835
Phosphorus, . . ... .. .. 1.048
Manganese, . . . . . . . . . 17
Alumina, , . .. ... e e .. 386
Lime, o v 0 o v o v v o s v . 168
Magnesia, TN « .18

RAT'R FARM, NXEAR BUTTZVILLE.

Fine Ore.

Metalliciron, . . . o0 . o L 0 0 0 0oL Cew e 3380
Silica, . . . .. ... .. e e e e et e e e e e e 24.82
Phosphorus, . . .. .. .. e e e e e e e - 192
Mangumese, .« . 4 v v h e L e e e . v .. . . 1836

Metallic ivon, . . . . . . . . ... e e e e e e e . 63.87
Silica, . .. .. . 2.97
Phosphorus, . . ... ... e e e e e e e e 118
Manganese, . o o . 0 . 0 .0 . . e e e e e e e e .512

"This property contains zine-blende and has been noted in pre-
vious publications of the New Jersey Geological Survey.,

OSMUN MINE.

Shipments to Cooper & Hewitt, four carloads.

Metalliciron, . . . .. .. Lo, . 58.302 55.73
Phosphorus, . ..., ......... . 033 .083
Manganese, . . . . . . . v v oo h . 1.084
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LIT'T'LE MINE.

Little ore, all black, was shipped to Cooper & Hewitt.

Metallic irotl, . + « « « « ¢ v v v o e e e e e e s 67.54
Silica, .« v v v v e e e e e e e e e e e e e . 1.20
TANIE, . o v 4 eve o e x e e e e e e e e e e e e .31
Alumina, . . . . . 0o oo e e e e e ... 2
Magnesia, . . . ... .o e e e e e e .51
Phosphorus, . . . - « + « & o v v u o e s .02
Sulphur, . . . . .. e e e e e e e e e PO .08
Titanicacid, . . . « « v o0 - e e e e e . . . Trace.
Manganese, . o o v o+ o4 4 moww o om e e s e s e .90

BROTHERTON MINE.

Samples tested by Booth, Garrett & Blair, for Pullman &
George, show o.11 per cent. of phosphorus.

JOHXN H. SLACK PROPERTY.

- Brown hematite, 2} miles east of Bloomsbury, N. J. Shaft
814 feet deep, of which 5% feet is through ore. Ore in bottom
of the shaft. Shipped from near Central Railroad of New
Jersev.

Analyses of ore sent to Hokendauqua, Pa.:

Metalliciron, . . . . . . . .+ . ... v e e e . . 4433
Silica, . . ... . e e e e e e e e e e e e e e 21.31
Phogphorus, . . . . « . . .+« o v oot . 17
MANGaneSe, . o o o« v 0 b o f e ox e w e e e e e e e a6

CHARLES T'"HATCHER PROPERTY.

Brown hematite. Between Stewartsville and New Village,
N. J.,on D, L.and W. R, R.

Metalliciren, . . . . . . . .. oo . e e e e $3.64

FORD MINE.

Shipped to Thomas Iron Company during 1899.

Metallic iron, . . . . . . . « . oo . e v v v 5380
Sulphur, . + . .. ..o e a e e e e e 498

‘ Phosphorus, . . . « « v ¢ « « v v v b b i v h e e 319
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Other tests show :
Metalliciron, . . . . . . .. 52.76 5045 46.87 49.72

Roasted magnetic ore from Mt. Arlington, N. J., sent to
Thomas Iron Company by O, W. Davis, August zoth, 189g.

Metallic iron, . . . . . e e e e e e e e e e s . 438
Silica . . . ... e e v otae - . 2143
Thosphorus, . . . . .. .. e e e e e e e e .. .213
Sulphur, . . . . . . .. ... L .783

Dalrymple ore shipped by Mrs. Richard May to Thomas Iron
Company during 1goo.  Dump at mine sampled by L. C. Bier-
wirth.

Mctalliciron, . . . . v . . v o o v v .. e e e v e . . 58.61

Phosphorus, . . . . .. e e e e e e v e e . 296

Sulphur, . . . . . . . ... ... e e e e e .. 026
EDISON.

Looo tons Edison briquettes shipped to Thomas Iron Com-
pany, Jannary, 1849,

Metalliciron, . . . . o . 0 vt f e s e e e e e . v .. 0283

MARCUS SAYRE PROPERTY, NEAR EDISON, () N. J.

Sample sent during May, 1899, by M. S. Higbie.

Mctalliiroen, . . . .. ... ... e e e e e e e e 40.58
Silica, .« .. e e e e e e e e e e e 35.34
Phosphorus, . . . . .« v v . v v o v v oo v .. .o 326
Sulphur, . . . ... L Lo e .106
Titanicaeid, . . . . . . . 4 0 v . . . e e e e .. 227
Copper, . . ... .... e e e e e e e e e e e e .08o
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Notes on Copper Mines.

By HENRY B. KUMMEL.

The recent rise in the price of copper has attracted renewed
attention to the copper deposits of New Jersey. These occur
chiefiv in the red shales and sandstones of the Newark forma-
tion, nearly always in close proximity to the trap-sheets, or
dikes. Somie of these localities were opened and ore mined as
far back as colonial dayvs, and in a few cases the ore was shipped
to Eugland. For many years the low price of copper has ren-
dered it impossible to work these low-grade ores at a profit and
the mines have all been closed. In many cases so long a time
has elapsed since they were worked that the dump-piles are over-
grown with vegetation and the tunuels are filled witl fallen
rubbish. With the increased price of copper and the modern
methods of handling and reducing ores, whereby material form-
erly thrown away is utilized, it may be possible in some cases to
work profitably these low-grade deposits.

SCHUYLER MINE, ARLINGTON.

This mine is the oldest of the copper mines in the State, and

among the earliest mining enterprises in the country. It has

| been worked more or less frequently since 1719, but for the past
' thirty vears nothing had been done, until a few months ago
when a party of Boston capitalists secured an option on the

property. They are now (November, 1899) engaged in prelimi-

nary operations to determine whetlier there is a sufficient amount

of ore to warrant the erection of a large separating and leach-

ing plant.* ‘T'wo of the old shafts are being cleaned out and

# As this report is being printed, it has been reported that a company capitalized a1 g2,500,000 has
secured these mines and is to operate them,
(171)
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timbered and the water is to be pumped out of the lower levels
of the mine, .\ tunnel run into the hillside at the level of the
Newark meadows aflords drainage for the upper 100 feet, but the
lower levels—reported to be something over 300 feet deep—are
full of water.  From present indications it seems probable that
a large amount of lean ore will be available.  Narrow
trap«likes  ramifv through the sandstones and shale, and
the rock adjuining the trap, particularly where it has been
shattered and erushed so as to form a breceia, is impregnated
with the copper ores- —chiefly the sulphide and the carbouates.
Scleeted Tuts of the ore also carry 71{ ounces of silver. per ton.*
There is 1o true ore vein with well marked boundaries but the
coppet minerals oceur in strings and bunches, or as finely scat-
tered particies, or as thinly diffused coloring matter.  Unless the
ore is treated on the spot, a large amount of it must be thrown
aside as too poor to pay the cost of transportation.  Nuterous
analyses made of the material of the old dump-piles have led
the present partices to believe that the ore, if mined on a large
scale and treated ceonomically, is rich enough to pay a good
retirn on the investment.

AMERICAN COPPER MINING COMPANY,

This mine is located at the base of the trap-sheet of First
mountain, about three miles north of Somerville, and was
formerly called the Bridgewater mine. The first opening was
made during the last century, and mining has been carried on at
intervals since. About 1881 work was renewed by A, H.
Hovev,v and a tunnel was driven into the hillside for a distance
of 22% feet, Tollowing the dip of the shales and along the base of
the trap=hect. Side-drifts to the linear extent of 240 feet were
opened about that time from the main tunnel.  Average sam-
ples of ore from these galleries vielded 19 per cent. of copper
and H ounces of silver to the ton of ore.”

Fora few vears following 1883, work was continued and the
main tunnel was extended several hundred feet down the dip,
but the operations as conducted were not profitable and work

# Aanual Heport of the State (eologist, 1880, p. 175
t Annual Report of the State (eologist tor 1881, p, 39 and Report for 1883, p. 164,
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was abandoned. For the past two vears or more, exploration
has been carried on and a number of short galleries at right
angles to the main tunnel have been opened at frequent intervals.
All the openings are in the red shale at the base of the trap-
sheet. At the time of writing (November, 1899) the work is
being pushed with energy and the side galleries are being
lengthened.

Above ground, at the mine entrance, a steam plant and air-
compressing engine furnish power to operate the drills used
in the mine. A small crusher and separating ptant have been
put up, and tubs for leaching the ore and precipitating the cop-
per are in operation. The work so far has been for the purpose
of thoroughly developing the mine and determining beyond a
doubt the extent and value of the ore deposits; but the company
has in contemplation the erection of a large separating and leach-
ing plant, capable of treating economically a large output.

The large extent of the preliminary operations has disclosed
the exact mode of occurrence of the ore. The shale for a dis-
tance of from one and a half to two and a half feet from the hase
of the trap has been slightly altered from its normal condition. )
Within this altered zone the copper minerals occur.  The altera-
tion of the shale is due in part to its impregnation by the copper
minerals, and in part to a slight baking, accompanied by a change
in color from red to purple. The copper minerals occur in
strings or bunches, or disseminated particles. "They are usually
more abundant near the trap, and when a well-marked pocket
or sheet of ore occurs in this position, the adjoining part of the
ore rock (14 to 214 feet in thickness) is very lean. In other
places the mineral is somewhat evenly disseminated throughout
the entire ore-rock. Very frequently thin films of ore occur on
the faces of cracks and joints in the shale, or along bedding
planes. Locally it occurs in the basal portion of the trap, par-
ticularly where the latter is somewhat broken, and is of a spongy
or vesicutar texture. RBut the thickness of the trap thusimpreg-
nated is rarely more than six to eight inches.

Owing to the method of occurrence there is considerable vari-
ation within narrow limits in the richness of the ore rock.
Seams and pockets of rich ore may end suddenly and be sue-
ceeded by several feet of verv lean rock. But in spite of these
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local and constautly recurring variations in the disposition of the
ore, there 1s 0 marked uniformity in its distribution, when the
whole area explored is considered.  “T'he rock along one gallery
is about as rich as that along any other gallery. The openings
already made render it practically certain that ore of the same
grade as that already exposed will be found in the rock hetween
cach pallery. Furthermore there is no reason for thinking that
the galleries mav not be extended for some considerable distance
hevoud their present limits with the same results. That there
is a much larger body of ore than is visible can hardly be
doubted.  On the other hand, the results already attained give
no reason for believing that any marked increase in ricliess
must necessarily be found with increasing depth. Nor in our
opinion is there anvthing in the known or theoretical relations
of the trap and shale necessitating or implving a richer ore-
deposit at greater depths. This is not saying that the ore cannot
become richer. It may or may not- become high-grade, as it is
followed down the dip.

A fuult plane lics a few yards to the right (south) of the main
tunnuel, and the ore-hearing rock in each of the galleries on that
side is lost at the fracture.  The south side of the fracture has
been uplifted, but there is strong evidence that the amount of
dislocation is small, probably only a few feet, and that the ore-
rock can readily be found again by extending the galleries a few
vards to the castward, 7 ¢, in the direction of the dip.

The ores are chicfly the red oxide and the green carbonate.
Strips and sheets of metallic copper, however, are not uncom-
mon.  Small specimens of rock can be obtained giving a very
high per cent. of copper. The average for the entire ore-rock is
high enough to warrant the hope that, with the present high
price of copper and with economical treatment, the mine will
pav.  The fact that it is necessary to take out almost an equal
thickness of harren red shale, in order to work the ore-rock, is,
however, a drawhack and adds considerably to the expense.

Fast fersey Water Company's Reservorr, Greal Notch.

In cexcavating for the reservoir of the East Jersey Water
Company, ncar Great Notch, Passaic county, a copper deposit of
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considerable richness was exposed. 'The reservoir is situated in
a longitudinal valley on the back of First mountain, just west
of Great Notch. As was pointed out in the Annual Report of
the State Geologist for 1897, pages 121-123, this valley is
located along the line of the Garrett rock-Upper Montclair
fault, and owes its existence to erosion along the line of weak-
ness prodiced by the fracture. In the bottom of the valley,
beneath the accumulations of glacial drift, which are of con-
siderable thickness, the red shale was found on the west side of
the valley, dipping westward so as to pass beneath the ledge of
trap which there bounds the depression and on the east abutting
against the opposite ledge of trap along the line of fracture.

The copper ores were found along the fault in the sandstone
adjoining the trap. Through the kindness of Mr. Clemens
Herschel, Chief Engineer, a'number of samples of the ore were
furnished the Survey, and analysis showed 9.32 per cent. of
metallic copper.

The trench was afterwards filled with concrete in the con-
struction of the dam and the locality is not accessible for further
investigation.

Zinc.

The attention of the Survev has again been called to the zinc
ores found at Neighbor’s hematite mine, one and one-half miles
northeast of Califon, in Lebanon township, Hunterdon county.
A brief note respecting these ores is given on pages 119 and 120
of the Annual Report for 1880. 'They ocenr in counection with
limonite and iron pyrite, and are chiefly zinc sulphide and zinc
carbonate, although other zinc minerals oceur. A much-weath-
ered specimen contained 8.42 per cent. of zine and 3.10 per cent.
of sulphur, and a fresh unaltered piece of ore showed 34.76 per
cent. of zine and 2r1.go per cent. of sulphur. Some lead is also
found associated with the zinc,

No commercial use has as yet been made of these ores, and,
indeed, it is as vet impossible to sav whether the ore occurs in
sufficient abundance to render such use possible and profitable.
In his report on the iron mines, Mr. Jenkins has a note concern-
ing more recent operations at the mine,
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Mineral Statistics
For the Year 1899.

Iron Ore.

The total production of the mines, as reported by the several
mining companies, was 269,293 gross tons.

The total shipments from mines in the State, as reported by
the railway companies, and reported to the office of the Geolog-

| ical Survey, amounted to 300,757 gross tous.

The increase in the amount of ore shipped is considerably
larger than that reported in 1898,

The table of statistics is reprinted, with the total amount for
1899 added.

TABLYE OF STATISTICS.

Year. fron Ore, Authority,

1790, . . . lo,000tons, . . ., Morse's estimate.
1830, . . . zo,000tons, . . , Gordon's Gazeteer,
1855, . . . Ioo,000 tons, . . . Dr, Kitchell’s estimate,
1860, . . . 163,900 tons, . . . U. S, census.

1864, . . 226,000 tons, . . . Annual Report State Geologist.
1867, . . . 275,067 tons, . . . t t t
1870, . . . 362,636 tons, . . . U. 8. census.
1871, . . . 450,000 tons, . . . Annual Report State Geologist,
1872, . . .6ooco0tons, . . . H ¢ o
1573, . . . 665,000 tons, . . . ' " H
1874, . . . 525,000 tons, . . . H i L
1875, . .3go,000tons, . . . . " “
1876, . . . 285,000 tons ® , | |

L 1877, . . . 315000 tons,*, . .

| 1878, . . . 400,674 tons, . . , ‘o t ¢
1879, . . . 488,028 tons, . . . H i v
1830, . . . 745,000 tons, . . . o ¢ 4
188r, . . . 737,052 tons, . . . “ “ “
1882, . . .93z2,762 tons, . . . ‘o . i
1883, . . . 521,416 tons, . . . " o .
1884, . . . 393,7I0tons, . . . “ “ “

* From stasistics collecied later.

I2 GEOL (x77)
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Year. Iron Ore. Authority.

1885, . . a3o,000 tons, . . . Annual Report State Geelogist.
1880, o . . 500 501 tons, L . . " “ '
1847, . . . 547 H8g tons, .. o ‘e “
ISNN, . L . 7738 toms, . . s o v
i880, . . . 152,109 tons, ” ' “
18ga, . . 552,996 tons, “ " v
1896, . . 551,358 tons, “ ' '
1842 ., . 46%,155 tons, " " ‘e
1893 . . . 330,150 tons " H ¢
1893, . . 277 483 tons, L - H
1895, . 282,433 tons, v L “
1806, | . 261,40 tons, v £ !
ING7, . . . 247,235 tons, . . o * '
1598, . . . 275378 tons, .. . ¢ v i

I8¢y, . . . 300,757 tons,

Zine Ore.

The production of the zine mines is shown by the vearly
shipments of zine ore. The total shipments of zine and frank-
linite ores, as reported by Mr. A, Heckscher, General Manager
of the New Jersey Zine Company, amounted to 134,447 gross
tons in 18guy.

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

ZINC ORE.

1868, . . z5.000 tons,* . Annual Report State Geologist.
tH7L, . . . 22,000 tons, t “ “
1873, . . 17,500 tous, o o ‘o
1874, . . 13,500 tons, “ . t
1878, . . . 14,467 tons, o *f “

LX) i i

1974, . . . 21,037 tons, . . .
880 . 283 1tons, . . " " H
881, . . . 49,178 tons,

1882, . . . 40,138 tons, ‘ ‘s s
1883, . . . 56085 tons, . ‘ * .
1883, . . . jo.09% tons, . o ' L
1885, . . . 38526 tons, L ‘ " ‘o
1886, . . .43 877 tons, ... ' * *

[ 1Y (1) .

1887, . . .50 z220tons, L .,

* Estlmated for 1354 and 1571, Statistics for 1873-18y0, inclusive, are {or shipments by railway com-
panies. The later reports are from the zinc-mining companies,
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1888, . . . 46.377 tons, . . . Annual Report State Geologist;.
188g, . . . 56,154 tons, ‘ e “

1890, . . . 49,618 tons, . . . L T s
1891, . . . 76,032 tons, . . . ‘o ‘e "
139z, . . . 77,208 tons, . . . “ £ ‘e
, 1893, . . .g5852tons, . . . “ “ ‘
1804, . . . 59,382 tons, . . . o ' e
18g5 * '
1896, . . . 78,080 tons, . . . “ i e
1897, . . . 76,973 tous, ., ., “ “ £
1898, . . . 99,419 tons, . . . “ ‘o ‘“
1399, 154,447 tons. . . . b i ¢

% Na statistics were published in the Annual Report for 18g5,
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Publications.

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

It is the wish of the Board of Managers to complete, as far as
possible, incomplete sets of the publications of the Survey,
chiefly files of the Annual Reports in public libraries, and libra-
rians are urged to correspond with the State Geologist concern-
ing this matter.

By the act of 1864 the Board of Managers of the Survey is a
board of publication, with power to issue and distribute the pub-
lications 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 documnents. They are distributed largely by
members of the two houses. Extra copies are supplied to the
Board of Managers of the Geological Survey and the State
Geologist, who distribute them to libraries and publie institu-
tions, and, as far as possible, to any who may be interested in
the subjects of which thev treat. Several of the reports are out
of print, and can no longer be supplied by the office.

The first volume of the Final Report, publislied in 1888, was
mostly distributed during the following vear, and the demand
for it has been far bevond the supply. The first and second
parts of the second volume and the third and fourth volumes
have also been distributed to the citizens and schools of the
State, and to others interested in the particular subjects of which
thev treat. The fourth volume includes, in an appendix, all the
valuable tables which were in the first volume of this series.

The appended list makes brief mention of all the publications
of the present Survey since its inception, in 1864, with a state-
ment of editions that are now out of print. The publications
of the Survey are distributed without further expense than that
of trausportation, excepting the maps, where a stated price
covers the cost of paper and printing, as stated.

(181)
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CATALOGUE OF PUBLICATIONS.

GeoLocy or NEw JERSEY, Newark, 1868. Svo., xxiv + 899 pp.
Out of print.

PoOrRTFOLIO OF Mars accompanying the same, as follows :

1. Azoic and palvozoic formations, including the iron-ore and limestone
districts ;: colored. Seale, 2 miles to an inch.

2. Triassic formation, including the red sandstone and trap-rocks of
Central New Jursey ; colored, Scale, 2z miles to an inch.

3. Cretaceous 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. Scale, §
inches to 1 mile.

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

8. Map of the zinc mines, Sussex county ; colored. Scale, 8 inches to
1 mile, A few copies are undistributed.

REPORT ON THE CLAv DErosits of Woodbridge. South Amboy and
other places in New Jersey, together with their uses for fire-brick, pot-
tery, &c. Trenton, 1878, $vo.. viii + 381 pp., with map.

A PRELIMINARY CATALOGUE of the Flora of New Jersey, compiled by
N. L. Brittoa, Ph.I). New Brunswick, 1881, §vo., xi + 233 pages.

Out of print.

Finar RrrorT oF THE STATE GEOLOGIST. Vol. I. Topography.

Magnetism. Climate. Trenton, 1888, 8vo., xi + 439 pp. Very scarce.

FixaL REFORT OF THE STATE GEoLocIsT. Vol. II. Part 1. Min-
eralogy, Botany., Trenton, 1889, 8 vo.. x + 642 pp.

FIixaL REPORT OF THE STATE GEOLOGIST. Vol. II. Part I1. Zool-
ogy. Trenton. 18yo, Bvo., X - 824 pp.

REPORT o WATER StprLy. Vol. III of the Final Report of the State
Geologist. Treanton, 1894, 8vo, xvi - 352 and g6 pp.

REPORT ON THE Pivsical. GEOGRAPHY of New Jersey. Vol IV of
Final Report of the State Geologist. Trenton, 1898, 8vo., xvi-170+200 pp

BRACHIOPODA AND LAMELLIRANCHIATA of the Raritan Clays and
Greensand Marls of New Jersey. Trenton, 1886, quarto, pp 338, plates
XXXV and Map. (Paleontology, Vol, 1.)

GASTEROPODA AND CEPHALOPODA of the Raritan Clays and Greensand
Marls of New Jersey, Treaton, 1892, quarto, pp. 4oz, plates I.. (Paleon-
tology, Vol. IL}
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ATLAS oF NEw JERSEY. The complete work is made up of twenty
sheets, each 27 by 37 inches, including margin, intended to fold once
across, making the leaves of the Atlas 18)4 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

valtey.

No. 3. Central Highlands, including all of Morris county west of Boon-

ton, and Sussex south and east of Newton.

Neo. 4. Northeastern Highlands, including the country lying between

Deckertown, Dover, Paterson and Suftern.

No. 5. Vicinity of Flemingion, from Somerville and Princeton westward

to the Delaware.

No. 6. The Vallzy 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. Vicinily of Trenton, irom New Brunswick to Bordentown.

No. 9 Monmonth Shore, with the interior from Metuchen to Lakewood.

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

the Delaware. '

No. 11, Vicinity of Camden, to Burlington, Winslow, Elmer, and Swedes-

boro.

No. 12, Vicinily of Mount Holly, from Bordentown southward to Wins-

low and Woodmansie.

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

No 14. Vicinity of Bridgeion, from Allowaystown and Vineland south-

ward to the Delaware bay shore.

No. 15. Southern Interior, the country lying between Atco, Millville and

Egg Harbor City.
No. 16. Egg Harbor and Vicinity, including the Atlantic shore {rom
Barnegat to Great Egg Harbor

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

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

No. 1g. New Jevsey Relief Map. Scale, 5 miles to the inch. Hy psometric.

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

The maps comprising T'HE ATLAS OF NEW JERSEY are sold
at the cost of paper and printing, for the uniform price of 23
cents per sheet, either singly or in lots, Payment, invariably in
advance.

TOPOGRAPHIC MAPS, NEW SERIES.

The economic topographic maps of the Survey, on a scale of
one inch to 2,000 feet, are sold at 25 cents per sheet. The fol-
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lowing sheets are ready : JErsEY Crry, NEWARK, HACKENSACK,
PaTersox and CaMbex.  They may be had by addressing the
State Geologist, Trenton, N. J., with remittance for amount of
order.

ANNUAL REPORTS.

REPORT O PROFESSOR GEORGE H. Cook upon the Geological Sur-
vey of New Jersey and its progress during the year 1863. Trenton, 1864,
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