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1896.

Administrative Report.

The results of the work of the Geological Survey for the year 1896
are presented in this annual report, and in the administrative part the
more general statement of the progress made and of the more impor-
tant data collected is given, preceding the special reports of the several
divisions of the Survey as now organized.

The survey of the surface formations is in charge of Professor R. D.
Salisbury ; that of the Red Sandstone or Newark formation is being
carried forward by Dr. H. B. Kiimmel ; the study of the crystalline
rocks of the Highlands is being continued conjointly by the United
States Geological Survey and the State Survey; the supplemental
studies of stream-flow and the general topographic surveying are
directed by C. C. Vermeule, topographer of the Survey ; the forest-
survey observations in the southern part of the State are in charge of
Gifford Pinchot; the subject of water-supply from artesian wells
is reported by Lewis Woolman ; the sale of the topographical maps
and the financial accounts are attended to by Teving S. Upson.

SURFACE GEOLOGY.

The survey of the surface formations has for its leading objects
the determination of the areas occupied by them, or their mapping in
detail, so that a complete geological map of the State may be made;
the study of the nature of the deposits forming the surface and of their
structural relations to one another ; and the careful description of the
location and extent of materials of economic importaace to be given
in a full report illustrated by the geological map. This work on the
surface geology was begun in 1891. It has been directed by Pro.
fessor Salisbury, assisted by geological workers trained by him in the
field, and the results have been of a character evidencing the advan.

(xi)
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tages of the upiformity in the direction of the work throughout its
whole course and over nearly the whole surface of the State. The
importance of a detailed map and the advantages of such a survey
have been referred to in the administrative reports during its pro-
gress, The work in 1896 has been in the eastern part of Monmouth
county, aod in the southwestern part of the State, in Camden,
Gloucester and Cumberland counties. The geological mapping in the
latter district has covered the Camden and Woodstown sheets of the
new utlas scheme, and also the sheet lying west of Bridgeton, and in
general may be said to have covered the belt of rich land along the
Delaware and as far eastward as the more sandy and wooded districts
of the southern interior. In Monmouth county the study of the
underlying and older beds of Cretaceous age in order to the identifica-
tion of the pewer surface formations has taken a great deal of time,
and the progress in a real mapping has been slow. The sarvey of the
surfaee hns thrown some light on the structure, relations and subdivi-
sions of the older formations. The larger part of the more fertile
portion of Monmouth county, south to a latitude of 40° 30’ has been
mapped. The more complex part of the work on the surface geology
is done, and that involving the necessity of greater detail, and there-
fore more time in doing it, and the progress in the remaining portion
of the southeastern part of the State can be more rapid.

The results of the work on the Surface Geology have been given in
part in the several anoual reports for the years 1891-1895, but with-
out maps, excepting for illustration of special features, as the terminal
moraine, extra morainic drift, lake Passaie, ice-marks on the Palisades
mountain, and other local phenomena, and oue atlas sheet—No. 6—
which was published in the annual report for 1894, The last named
map shows the scope of the survey of the surface formations and the
extent of detail given by the geological map which is proposed for
the State. The new atlas-sheel has twice as many sheets as the topo-
graphic atlas, and the arrangement is such that, by groups of four and
six sheets, the characteristic and related districts of the State can be
shown on larger maps. The publication of the geological maps of the
new atlas has not been begun. The work has been deferred until the
report could be prepared which they are to accompany and illustrate.
In the meactime, I’rofessor Salisbury is preparing a volume on the
Phywical Geography of the State, which is introductory to the final
report on the Surface Geology. This publication is already, in part,
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yprioted, and a map of the State, on a scale of three miles to an inch,
showing the relief of the surface, to accompany the work, has been
printed. The preparation of the full report on the Surface Geology
is to be begun next year, and some of the maps areto be gotten ready
for engraving early in 1897. The publication of this work is neces-
sarily expensive, on account of the number of maps and the detail
required to show the intricate nature of the surface formations,
although the base is already done in the original topographic atlas-
gheets, The making-up new transfer-sheets is comparatively simple
and inexpensive, but the representation of so many formations
involves the necessity of preparing many new stones and as many
impressions on the base. Inasmuch as the preparation of the report,
consisting of two octavo volumes, with the text illustrated with many
letter-press figures and inset-plates, will require a long tiroe, the large
cost involved in the preparation and publication of the maps may be
distributed through two or three years at least, and the completion of
the geological map be delayed that length of time.

During the year Professor Salisbury was in the field from the first
of April to the end of June. His assistant, G. N. Knapp, was en-
gaged in tracing the formations and studying their relations with the
older beds, from about the first of April to the latter part of
November.

Professor Salisbury gives in lis report further information on the
distribution, constitution, structure and origin of the Pensauken
formation in the northeastern part of Middlesex county and particu-
larly in the vicinity of Metuchen, in the northeastera part of Mon-
mouth county, and in the Mount Pleasant range of hills from the
Navesink Highlands to Freehold. Some general statements on the
correlation and on the formation, as it occurs in Philadelphia and
vicinity, also are given in this report. The more mixed nature of the
mwaterial, and the presence of red shale and sandstone, and some gran-
itic pebbles, as also the arkose sand, distinguish this formation from
the more quartznse gravels of the Beacon Hill formation. The
greater development of the latter in the Mount Pleasant range of
hills alse is notable, particularly in the gravel-caps of this range of
hills, The gravel-capped hills of South Amboy, Sayreville and
Ernston, in Middlesex county, belong to the Pensauken. The exist-
ence of remnants of the Beacon Hiil formation in the eastern part of
Mounmouth county, on isolated hills, shows how large a part of this

B GECQ
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once more or less continuous deposit has been removed, whereas to the
south, in the southeastern part of the county, it is still an almost con-
tinvous formation. The presence of a fine, fluffy sand and a clay,
under the gravel and gravelly-sand, heretofore recognized as distinct-
ively Beacon Hill, is stated in this report, and is indicative of a wide
range of conditions in the original deposition, from a quiet stage at its
beginning to a coarse gravel at the close, The Hominy Hills district.
appears to show the local development of the fine sands and the clay.

The report has an interesting section on the terraces or terrace-like
flats along the Raritan river and southeast in the vicinity of Matawan
and Keyport, and also Red Bank, and along the Navesink and Swim-
ming rivers, amd refers them to a submergence of the land after the
Pensauken time. These flats are at an average height of 40 feet above
tide level. Some higher terraces in the Mount Pleasant hills and in the
southwestern part of the State are apparently of the same age, as are
also the Philadelphia brick-clays, which lie ou the Pensauken forma-
tion and on the goeiss in that city and in the valley of the Delaware
from 30 to 150 feet above tide-level.

The survey of the surface formations has discovered evidences of
great changes of level, and submergences of large areasin the southern
part of the State, alternating with uplifts when the land stood as high
or higher than it does now above the sea. The submergences were
marked by the deposition of materials, as clays, sands, gravels, and eob-
ble-stones and bowlders ; the uplifts by the wearing-down of the land
by strearn action. The history of these changes is an interesting
chapter in the geology of the State, as now nearly all worked out by
the study of these later formations.

Thedistribution of gravels available for road material is an important
part of the economie results of the survey, and the notes on the oc-
curence of gravels in the northern part of Monmouth county, and also
in the soutbwestern part of the State, make one section of Professor
Salisbury’s report. They are sapplementary to the section on road
material in the annual report for 1894. The maps show the distribu-
tion of these road materials. Since the amendment to the State road
law, whereby State aid is given for gravel roads, the importaunce of a
knowledge of the gravel localities is noteworthy, although their large
use must remain for the many public and private roads where State
help cannot be had. The excellence of the common roads in many
places in the southern part of the State is owing to a liberal use of
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gravels. If some binding-material, as iron oxide with lime, could be
had cheaply, so as to make, as it.were, an artificial stone or cemented
sand-rock, like that of some of the stone in the gravel-capped hills,
the use of these gravels might be increased almost indefinitely.

RED SANDETONE—TRIASSIC.

The survey of the Red Sandstone or Newark formation, and known
generally as the Triassic, which was begun last year, has been carried
forward steadily during the field-season of 1896.

Dr. H. B. Kiimme] has been occupied almost exclusively with field-
work. He has not had any assistants. He began work on the Tth of
April, and was engaged until September 10th. He studied in detail
that part of the formation lying southwest of a line from Metuchen
through Plainfield to Peapack. It was found necessary to make ob-
servations on all the outcrops and plot the dips and strike of the
rocks on large-scale maps in order to discover the nature of the rocks
and their relative position, the thickness of the subdivisions and the
faults traversing the formation. All the roads were traveled, and
section lines along nearly all the streams were examined. It was slow
work, bat the results bave justified the method. The subdivision
of the Newark formation into three well-marked groups of rocks, and
the determination of the limits of these groups, is an important ad-
vance and a contribution to geologic science. It helps to explain
many features of the surface recognized, but up to this time not un-
derstood, and the occurrence of valuable building stone among other
facts of economic value is made clear by the recognition of this three-
fold division. Several well-marked lines of faulting have also beew
discovered and have been located on the map, The successful work
in the southwestern half of the belt leads to the patural conclusion
that a like careful study of the northeastern part will yield equally
important results, and in a new geological map the divisions will be
shown extending across the State, and their relations to the economic
resources of the whole belt be explained. The importance of the
work, in its present stage of progress,in the interesting contribution to
geology is enhanced by the fact that nearly one-half of the population
of the State is residential on the red sandstone belt. Another field-
season will suffice to complete the survey. Some of the results are
given in the report by Dr. Kiimmel, but a large part is reserved for a°
full report at the end of the next year,
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REPORT ON ARCHEAN GEOLOGY.

Dr. J. E. Wolff, of Harvard University, in his report gives some
interesting and suggestive notes on the eruptive rocks of Sussex
connty, and in particular the syenitic rocks of Beemersville, The
occurrence of these strange-looking, crystailine rocks, and the altered
slates in contact with them, has attracted the attention of studeants of
geology and practical men, but bo suggestion as to their value or
economic uses has heretofore been made in reports on them, Dr.
Wolff refers to the fresh-looking nature of the mineral composition
when studied in thin slices under the microscope, the besuty of the
massive rock, and its adaptation to use as a constructive material. Its
apparent durability and toughness and its hardness are valuable
features. The situation is favorable to quarrying work. The locality
is not near railroad, being five miles west of Deckertown, and about
the same distance from Papakating, on the New York, Susquehanna
& Western Railroad, bat the transportation by teams over a good
road with easy grades need not be a serious obstacle to the develop-
ment of a quarry of high-class stone, These eruptive rocks are all
well edapted to road-building, and in the absence of other good stone
for Telford or stone roads they have importance as sources of road
material,

The several lozalities are shown by a map which accompanies the
report.

REPORT ON THE TRAP-ROCKS.

An engagement was made with Professor Joseph P. Iddings, of the
University of Chicago, early in the season, to examine the trap-rocks’
of the State and make a report on them, Professor Iddings visited
the quarries and principal exposures of these rocks in the Watchung
mouatain range from Oakland, north of Pompton, as far sonth as
Plainfield, and west to Bernardsville and Livingston. The relations
between the trap and the underlying sandstone, and the evidences of
the extrusive character of the trap, were investigated, and specimens
of the rocks for microseopical study were collected, but the informa-
tion thus gathered is not yet ready for making up in a report. It is
hoped that after another season the results of the survey may be pre-
sented in the annual report.
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ARTESIAN WELLS.

Mr. Lewis Woolman has continued to collect all available facts
about artesian and deep-bored wells, and has given them in his report
for the year, The large number of wells shows the increasing use of
this system of water-supply and the successful results of the borings
for water, particularly in the southern part of the State. As has been
said in these annual reports, the system is capable of great extension,
and is limited by the number of localities only. The multiplication
of wells in close proximity to one another in some places is suggestive
of ultimate failures when the drain from the water-bearing beds shall
have reached the point of partial exhaustion of the available supply,
but there are not as yet any examples of serious interference in the
wells, nor any entire failures or cases of exhaustion. From the thick-
ness of some of the deeper beds which are now furnishing large
volumes of water, and from the more or less porous condition of all of
the beds of the later formations of the southern part of the State
and the easy passage of water downwards from the surface, there is
little possibility of such exbaustion, or at least not until the wells
have a much greater capacily than they now have. [t is possible to
estimate the supply within a given bed or beds of sand, and to ascer-
tain the limit for the wel's which may draw therefrom. The data for
the solution of problems of this kind are at hand, and they indicate
that there is little danger at present of any failures on account of the
exhaustion of the supply. The shallow wells which draw from com-
paratively thio beds and near the surface are exposed to the danger of
pollution from the surface-waters, and do not have eo large reservoira
or sources of supply. The history of these wells in New Jersey is,
however, not suggestive of alarm from this cause, but of caution and
regard to the surface in thickly-populated districts, or within city
limits, that there be no possible contamination by means of polluted
surface-waters reaching the well-supplies. The deep-bored well is so
well suited to many localities for local water-supply that the attention
of parties secking new sources is asked to the report of Mr. Wool-
man as evidence of what may be had. The report includes & great
deal of information given by firms engaged in boring wells, and the
Survey is grently obliged to these firms who have thus contributed
valuable records for this publication. |

A part of Mr. Woolman’s report is given to geological notes on the
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clays, sands and gravels which are exposed in the clay workings at
Fish House, and to records in detail of borings made there and at
Delair, northeast of Camden and nearly opposite Philadelphia. Full
reference to geological notices of the fossils whicli have been found at
Fish House are included in his report, and they show how much has
bheen published on these clays and their fossil contents and their age,
The importance of the determination of the age of the Fish House
clays and of their relation to the other formations in the Delaware
River valley is appreciated by all students of geology. The older
white and red plastic clays of Cretaceous age are well exposed at the
clay bauks on Pensauken creek, within a mile northeast of Delair,
and also the Pensauken formation, so that there is a great deal of
geological interest in this little district between the above-named creek
and Fish Iouse, and it is so readily accessible from Camden, Tren-
ton and Philadelphia that it is worthy of particular notice. The bor-
ings show extensive beds of valuable clays, which are already dug
largely, and the map which accompanies Mr. Woolman’s report pre-
sents graphically the extent of these beds, their position and their
nearness to transportation lines and to market. The details of the
borings are a valuable record for fuiure working, and to all students
of geology who may wish to explore more in detail and study the re-
lations of the veveral beds of this unique geological district.

In addition tu the Fish House clays Mr, Woolman describes a re-
markably large Siurian bone, found near Merchantville, and the silici-
fied trunk of a giant conifer uncovered in a sand-bed near Linden-
wold, in Camden county. These recent interesting discoveries in our
oid settled and apparently well explored districts of the State are
stimulating to per<evering and careful searches and suggestive of val-
uable results to all who are faithful and diligent in pursuing their
expiorations,

DRATNAGE.

The Geological Survey is authorized by law to make surveys and
plans for the draivage of tracts “ subject to overflow from freshets, or
which are in a low, marshy, boggy or wet condition,” whenever
application is received from at least five owners of separate lots of
land in any tract which it is proposed to have drained. Under the
general drainage laws, as amended by supplementary acts, these pro-
visions of the law are applicable to tide-marshes also.
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The Great Meadows, in the Pequest valley, have been improved
in accordance with the provisions of the drainage laws, and the prac-
ticability of the legislation demonstrated. The maintenance of the
improvement by clearing the chanuel of the Pequest river and the
extension of a system of lateral ditches, was referred in the last
annual report.*

The Passaic drainage work was also referred to in the same report.
The general depression of business and the unsettled financial condi-
tion of the country made the sale of bonds impossible, and the work
was suspended on account of a lack of means for carrying it forward
to early completion. The suspension of the work of drainage bears
heavily upon the holders of the bonds, and tends to discourage the
farmers in the valley who have been looking to the drainage asa
relief from the losses caused by the floods. It is also discouraging to
similar enterprises elsewhere.

It is not necessary to re-state the argament for the reclamation of
these wet lands in the upper Passaic valley. The importance of the
work is enlarged with the growth of the towns on the borders of this
valley and the consequent greater necessity for the removal of these
malarial influences, and with the enhanced value of the lands imme-
diately affected by the projected improvements. The effect of the
drainage upon the quality of the water which is now used by the city
of Paterson is another important argument for the early completion
of the work. It is hoped that the commissioners may be enabled, by
the sale of an additional volume of bonds, to get the necessary means
to secure the result.

TOPOGRAPHIC WORK.

The report of Mr. C. C. Vermeule, Consulting Engineer, is given
in two parts, one on the Hackensack and Newark tide-marshes, the
other on floods in northern New Jersey and stream-flows. The high
fioods ip the northern part of the State, in February, afforded excel-
lent opportunities for studying the rate and volume of discharges of
© these streams under remarkable conditions. These studies are supple-
mentary to the Report on Water-Supply, published as Volume IIT of
the “Final Report” series. This flood of February 6th was extra-
ordinary, on account of the frozen ground, the accumulated snow, the

*An. Rep. State Geologist for 1805, page xx,
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heavy rain and sudden melting, and the consequent rapid discharge of
the waters, swelling the streams to a height in some cases sur-
passing any ever before recorded, and causing a large loss of prop-
erty and serious inconvenience to travel. Advantage was taken
of these conditions and occurrences to collect all available facts
as to height of water, length of the flood and results of flooding, and
to the study of their relations to the topographic features of the several
water-sheds, and in particular, the influence of forested conditions
upon floods of this kind. The observations and investigations of Mr.
Vermeule show that * furests do not diminish to an important extent
the height of extreme high floods, but do materially diminish the num-
ber of floods.”  The forests tend to equalize the flow of the streams.
They alsn prevent roiliness of the water. The comparative studies of
the more wonded Pussaic water-shed, and the largely deforested val-
ley of the Raritan, show that the forests in this flood exercised very
little influence in retarding the sudden rush of water due to the melt-
ing of comparatively deep suow by a heavy, warm rain, on frozen
ground. The whole northern part of the State was covered, as it
were, by a sheet of water which could not be absorbed to any ap-
preciable extent either by the frozen ground of the fields or the scarcely
less receptive humus earth and litter of the forests.

These studies demonstrate the great influence of topographic con-
ditions, as for example that of the Paseaic flats and the Great
Meadows of the Pequest, as compared with the rapid discharge of
flood-waters from the upper part of South Branch, the Musconet-
cong river, and the tributaries of the Dasssaic. The comparicon of
the Pequannock and the Musconeteong with the South Branch seems
to show that {opographic couditions are paramount to the influence
of forests,

The study of this flood is instructive in its suggestions on the
necessity of ample waterways for the discharge of the extraordinary
volume of water, and the prevention of losses arising from bridges
and embankments which hinder the free fluw of streams.

The other impartant part of the work of the engineer has been the
examination of the Hackensack tidal marshes with a view of reaching
some practical suggestions for their reclamation. This subject has been
referred to in the reports for 1869, and repeatedly since that time.* In

*An Rep. 1809, pp. 8~-10: An. Kep. 570, pp. 18, 19 and 48-52; 1802, pp. 348-353; and 1895, PP.
xxyi-xxvil,
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the last report the importance of the reclamation of these meadows was
stated in some generalizations as to their value for agricultural uses
and the incidental gain to the country from the smsthetic point of view.
In the report given this year the subject is discussed with the help of a
map of the territory, and with data on the navigable waterways, their
depth of water and their value as channels of communication, on the
various drainage streams, the natere of the surface and the depth of
the mud, on the extent and size of embankments necessary to the pro-
tection against overflow, and on the plant requisite for the pumping of
the water from the iow levels and its discharge into the tidal water-
ways. The statistics show that reclamation by banking and by puwp-
ing out the water is a practicable scheme, and that the cost of the
undertaking and of maintenance is not prohibitory.

The reclamation of this broad belt of tide-marsh between the
Palisades mountain range on the east and the red sandstone ridge on
the west, and intersected by the deep waterway of the IHackensack
river, is suggested by these dominating topographic features. The
courses of the streams and the bordering ridges indicate the natural
plan for the drainage of the waters from the low-lying plain or
marsh levels. These drainage channels are also, for a large part of
their course, navigable; and therefore, their improvement would be a
help to commercial lines and means of access. The permanent
improvement of these lands would be the removal of what is now a
source of malaria and mosquitoes, and therefure of vital importance
to the densely populated uplands on each side of them. The
@sthetic gain need not be considered, although of value in the con-
sideration of the residential property in the market, which is more
or less affected by nearness to these wet meadows. Perhaps the most
effective argument for the reclamation is that thereby these lands
cannot be the last refuge of nuisances and the general dumping-
ground of whatever the upland territory may not tolerate. The real
value of the tidal-meadows improved and in market-gardens alone
would be more than enough to pay for the cost of reclamation, but
the addition of so much tillable land is of less importance than their
value for building-sites and the extent of navigable waterways made
accessible to these sites.

The report of Mr. Vermeule shows that the reclamation is practica-
ble. It discusses the methods which are suited to the couditions and
the importance of a comprehensive scheme or plan of drainage and
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improvement, under a commission charged with the work and with
the muintenance of the whole improvement. The existing drainage
laws are referred to as adequate, with perhaps a slight amendment rela«
tive to the assessments of a part of the costs on the property of the
towns and adjacent uplavds which are to be benefited indirectly by
the removal of the nuisance of mosquitoes, the dangers of malarial
disorders arising from these lands in their present condition, and by
the general enhancement of values on account of the contiguity of
improved lands. It is not an extravagant assertion to make that the
reclamation of these 27,000 acres of tide marsh wonld be the best
investrent which could be made by the cities of Newark, Jersey City
and Elizabeth, and the adjacent municipalities.

NATURAL PARKS AND FOREST RESERVATIONS.

The importance and value of reservations of tracts, marked by
their natural features and situation, for purposes of public health and
recreation, are appreciated more highly as the population of the cities
and the suburban districts of the State increases, and the tastes and
the necessities of erowded conditions call for more room and oppor-
tunities for the enjoyment of the beauties of natural scenery and for
the study of natural conditions as yet uncontaminated or despoiled by
the more utilitarian forces of civilization. The State is fortunate in
the possession of many large tracts and districts vear the cities, which
are hardly atfected by thiese agencies and which are well adapted to
the purpose of parks and reservations for public use. These may be
classified as parks for city use, as reservations whence public water-
supplies are obtained, and forest or timber-land reservations. Of the
first-mentioned class, which relate more particularly to the larger
municipalities, there is little to be said in addition to what has been
stated in preceding reports, and the topographical maps have shown
the location and approximate areas of wooded districts and possible
park sites. The recent surveys for the forestry work of the Geological
Survey have made it pussible to show on maps of larger scale and in
greater detail the wooded distriets and tracts in the northeastern part
of tbe State. The Palisades mountain and the Watchung mountains
are the more promivent of these available sites for large parks, and
comparatively near New York and the cities in the Hackensack and
Lower Passaic valleys, As is well koown, parks enhance the value
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of the real estate of a city, but the acquisition of large areas of land
adapted to such use is a subject of wise administration and com-
prehensive study of conditions, as well as financial consideration,
in advance of the movement of population and the destruction
of many elements of natural beauty. For further information,
reference may be had to these forest surveys, the results of which are
to be published in 2 special report to the Legislature. Reservations
for the conservation of public water-supply sources are of importance
to the cities in their collective capacity rather than to the iundividual
citizen. The Highlands, as a source of nearly all of the water
which is used in the cities of the northeastern part of the State,
should be protected against complete deforestation, and also from the
clearing of the woodland, which is on the steeper mountain-sides
and hills. While it may not be possible, or even desirable, for the
State to own any of these areas whence the cities obtain their water-
supply, there may be occasion for some restrictive legislation to
protect them and keep them in their present wooded condition, To
this extent large parts of the Highlands may be, as it were, public
reservations, and readily accessible to the inhabitants of the cities,
and conducive both in the wholesome water-supply and in the facilities
for contact with beautiful natural scenery to the valuable uses of
health and pure recreation. In this administrative report it is impos-
sible to make other than these general statements about the High-
lands, and to refer to the report on water-supply,* to the topographio
maps; and to the forest maps of the Highlands which are to be pub-
lished at an early date.

The reservation of lands for forest protection and timber culture
has also been referred to in the annual reports for the years 1894 and
1895. The divisions of the State where such reservations may be
made are three: (1) The southeastern or coastal-plain belt, or what
may be called the pines belt; (2) the Highlands; (3) Kittatinny
mountain. Inasmuch as the Highlands is regarded as important as a
source of water-supply rather than as a forest belt, and as it is already
fairly well protected against the ravages of forest fires, it is not prop-
erly of importance in this class of public reservations. The Kittatinny
mountain belt is comparatively narrow, consisting of the summit and
northwestern slope of the same. Although swept by frequent disastrous
fires and so exposed to losses of this nature that some protective meas-

* Report on Watersupply, Vol. FHI[. Fin, Rep. State Geologist.
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ures are much needed, it will necessarily remain in forest because of its
rocky surface and thin and poor soil, which is not adapted to tillage
or even economic pasturage. The timber on it is in many parts
almost inaccessible, and is not large nor of valuable kinds for market,
hence its importance is hardly great encugh to demand the interven-
tion of the State and the creation of a reservation. On account of its
local impartaoce as the tramping-grouad for summer tourists from the
Delaware Water Gap, High Point, and other places, its protection
would appear to be entirely within the sphere of those who are thus
interested and the Jandowners.

The division of the State which may be justly considered as a forest
or timber land reservation is that of the coastal-plain belt and south-
east of the greensand marl. In this part of the State there are pearly
1,000,000 acres of woodland and brushland. Mr. Gifford, in his
notes on Karopean forestry methods, has referred to the necessity of
publie cuntrol and State management of the forests for this part of the
State. The protection against forest fires has been advocated in these
reports, and the urgent necessity on account of the great losses every
year, and the threatened destruction of the whole as a timbar-produc-
ing district, is alniost imperative in the demand for some kind of con-
trol which shall protect it and reduce the losses by fires. The Geo-
logical Survey is not yet prepared to recommend any specific plan or
legislation of any kind until its surveys and stadies which are now in
progress shull have been completed, It is expected that they may be
ready at the end of the next field season, and that the report of the
cousulting botanist, Mr. Pinchot, may afford the data adequate to a
thorough comprehension of the needs of this great forest divigion, and
to its protection and development and the interests of the whole State,

FORESTRY SUGRVEYS.

The work in forestry has been suapended during the year for want
of funds, excepting some local surveys in the valley of the Raritan,
made by Mr. Staats, under the direction of Mr. Vermeule. A few
days were spent in the autumn io an examination of the forest condi-
tions, anid particulurly of the extent to which the forest has been
removed, and the size and pature of the standing timber left in the
few tracts remaining in the Raritau valley. The results of the survey

fAn. Rep. 1534, Fp. 275286 An. Rep. 1603, p. 97 ef £,
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are to be used in making up the report on the forests of the State,
Mr. John C. Gifford, who had been employed in the southern part of
the State in the forest survey, handed in his report in the early part
of the year. That report awaits the further study of forestry condi-
tions and needs, and contains much valuable material for the full
report on the subject. Subsequently, Mr. Gifford went to Europe
aud traveled in Holland, Germany and France, collecting data on
forest problems, and making a general study of the subject in its
bearings upon conditions in New Jersey. He returned home in
November, and the record of his observatious in Europe make a part
of this annual report of the Survey.

The special investigations which the Survey is making are to be
resumed at once, as the appropriation for the work is now available,
and Mr. Gifford Pinchot of New York has been appointed consulting
botanist to the Survey in carrying out the provisions of the law direct-
ing this forestry-work. He is about going into the field, and is pre-
paring to study carefully the conditions in the southern part of the
State and the needs for forest protection. So much has been said in
these reports about the destructiveness of forest-fires and their dis-
couraging influence against all schemes of reforestation, and their
demoralizing tendencies even against mere landownership in the
wooded districts of that part of the State, that it is not necessary to
report these statements. Reference to preceding reports is sufficient,

It is proposed to carry forward, next year, surveys of the forests,
and to present the results and studies in a special report to be made to
the Legislature when the work shall have been done. The interest-
ing and suggestive operations on what wds seen in Europe by Mr.
Gifford are helpful in calling fresh attention to the importance of
saving what we have left, and stopping this great, unnecessary, and
almost wilful waste of our natural resources.

THE IRON-MINIKG INDUSTRY.

Mr. George E. Jenkins, of Dover, was engaged in the autumn to
visit the iron mines and the zinec mines in the State, and to make a
report on the general condition of the iron-mining industry, and on
the active mines in detail as to their extent of working, nature and
occurrence of the ores, structural relations of the ore-bodies, plant and
output for the current year. The prospective revival of business, and

NEW JERSEY GEOLOGICAL SURVEY




xxvi ANNUAL REPORT OF

the inquiry after ores, appeared to indicate the time as opportune for a
report giving facts which would answer inquiries and call attention to
the mines and loealities of ore-deposits of the State, The last notice
of the iron mines was in the report for 1891. Mr. Jenkios has noted
the mines which have been st work since the Jast report, and at times
during this five-year period. The fact that New Jersey has main-
tained Der relative position as an iron-ore-producing State, in com-
parison with the States of the Atlantic coast and middle and central
west, is worthy of note, and is suggestive of the advantages of loca-
tion, economy of working, and excellence of ores, which characterize
the iron mines. In view of a possible demand for ores for foreign
shipment as well as for home markets, the mines of the State are
advantageously situated on lines of easy and cheap transportation,
and with reliable and skilled labor at hand. The report of Mr. Jen-
kins gives much information ou important points of inquiry, and is
commended to the attention of capitalists and all interested in the
industry.

The statistics of individual wmines, and the aggregate production of
the State, are given at the end of this annual report.

CHEMICAL LABORATORY.

The chemical work of the Survey has been done at New Bruns-
wick, in the laboratory of Rutgers College. Prof. William 8. Myers
reports the following list of specimens examined during the year:

One granitic rock tested,

QOne sample pyrites, Green's lake, Warren county, assayed.
One earth analyzed.

Qae pyrites specimen, Stockholm, assayed.

One greensand marl, from Holmdel, analyzad.

Clay from Woodstown analyzad.

Iron ore, Btockholm, analyzzd.

One limestone, Colambis, analyzed.

Ten shales from Red S8andstone belt,

Three sandstones from Red Bandstone belt, } Anpalyzed,
One calcareous sandstone from Red Sandstone belt,

The shales and sandstones of the Red Sandstone or Newark Forma-
tion were analyzed for the report by Dr. Kiimmel, and were for com-
parative study by means of microscopic sections of the same specimens.
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GEOLOGICAL ROOMS.

The collections of the Survey, which are on exhibition in the room
of the rear extension huilding of the State House, remain as at date of
last report, excepting the addition of the minerals which were at the
Columbian Exposition in Chicago. This collection has been unpacked
and put in the table-cases. A few specimens of rock collected
during the vear also have been put on exhibition,

The room is open daily and an attendant is in charge. The number
of visitors is comparatively small, being limited to the ordinary
“State House ” sight-seeing company.

The consolidation of the collections of the State in a general State
museum would probably attract more attention and do good.

PUBLICATIONS,

The publications of the year were the annual report for 1895, and
Volume III of the Final Report of the State Geologist, being a
report on water-supply. These reports have been distributed widely.

The demand for the publications is increasing from year to vear,
and the supply in the case of some of the older reports is nearing
exhaustion. _

The sales of the topographic maps for the year amounted to
$450. New editions of Atlas Sheets, Nos. 7 and 11, being the
Jersey City and the Camden sheets respectively, have been published
since the last annuoal report was issued. The topographic maps are
sold at twenty-five cents a sheet,

STAFF OF THE SURVEY.

Proressor RoLuix D. SALISBURY is in charge of the survey of
of the Surface Formations, He has been assisted by G. N. Kxare.

Hexry Barvarp KumMEL, Ph.D., has charge of the surveys of
the Red Sandstone or rocks of tLe Newark System,

Crargson C. VERMEULE, consulting engineer and topographer to
the Survey, has directed the topographic work on Stream Flows,
PeTeErR D. STAATS is assistant,
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In co-operation with the United States Geological Survey, Dr. J. E.
WoLrr has made surveys in the Archzan rocks of the Highlands,
He has been assisted by A. H. BRroogs.

IrviNg StroNe UrsoN, at New Brunswick, has charge of the
sales of maps. He is also the disbursing officer of the Survey,

HartrreLp SMrTH is general assistant in the office at Trenton.
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REPORT OF PROGRESS.

BY ROLLIN D. SALISBURY, GEORGE N. KNAPP.

During the Summer of 1896, the senior author of this Report spent
about six weeks in the field, and the junior author, about eight
months. During this time, detailed work has been in progress in the
western portions of Gloucester, Salem and Cumberland eounties, and
in the porthern portion of Monmouth county. With the close of this
season, the work in connection with the surface formation, of the State
has been essentially completed in all the considerable areas where it
seems likely to be profitable to prosecute it in great detail. In the
first three counties named, the survey has progressed from the west
toward the east, and has been carried to the limit of the generally cul-
tivated area, In northern Monmouth county, the work has progressed
from north to sonth, and has reached the southern limit (lat. 40° 13%)
of the area which is under general cultivation. The western portion
of Camden, and the northern and western portions of Burlington
counties were treated in a similar way previous to the present season,
80 that from the north and west, work has been pushed south and
east, until the area which now remains unstudied, corresponds, in a
general way, with the great forest area of the southeastern part of the
State. Withia this general area, there are some relatively small tracts
where the land is under cultivation, and where the state of culture is
such that detailed study may be profitable. The most considerable
tracts within the region not yet mapped, which are likely to yield re-
sults of sufficient value to warrant detailed study, are those about
Farmingdale, in Monmouth county; Toms River, in Ocean county;
Vineland, in Cumberland county ; Hammonton, in Atlantie county ;
Winslow, in Camden county, and a narrow belt along the coast from
Toms River to Cape May, lying in Ocean, Burlington, Atlantic
and Cape May counties. The aggregate area which seems likely to
demand detailed study is not great. It is anticipated that the progress
of the work in the future will be much more rapid than in the past.
Indeed, in a very large proportion of the area yet to be studied, little

(3)
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can be done because of the lack of exposures of all sorts. Further-
more, this area has been reconnoitered, so that its general character is
already known, and it seems probable that over much of it the sur-
face geology is simple.

A large body of material concerning the geology of the southern
portion of the State has been collected during the season, and a large
portion of that which bhas been collected in the past two seasons has
been put in shape for future use. This large body of fact is more
appropriate for a final report than for an annual, and will be reserved
for such publication,

The accompanying map shows the portioun of the State in which the
work on the surface formations has been essentially completed.

THE PENSAUKEN FORMATION.

In the annual report for 1895 the general distribution and relations
of the Pensauken formation for a considerable section of the State
were described, and represented on a small map (Plate I). Daring the
past summer the formation has been further studied in Camden,
Gloucester, Salem, Cumberland, Middlesex asd Monmouth counties,
and its distribution, so far as now known, is shown on the accom-
panying map (Plate II). The area to the southeast of that on which
the formation appears remains unstudied, so far as details are con-
cerned, but enough of the region has been seen to indicate that the
same formation which occurs about Glassboro and Bridgeton is wide-
spread in this area.

IN NORTHEASTERN MIDDLESEX COUNTY.

North of the Raritan—Distribution.—North of the Raritan river
the Pensauken formation occurs in several localities which now appear
somewhat isolated. The largest area which it covers is south and
gouthwest of Metuchen, where it has an extent of three or four square
miles. Besides this, it is probably continued to some extent beneath
the drift to the northeast. By compariog the map accompanyiug this
report with the topographic map of the State, it will be seen that the
" rmation occupies an area somewhat above its surroundings, It is
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indeed the divide between the Mill creek, on the one hand, and Am-
brose’s brook on the other. The next most extensive area lies just east
of Mill creek, and is really separated from the first only by the valley
which this creek has developed since the deposition of the Pensauken
formation.

Further west, in Somerset county, there are several small patches of
the Pensauken which have been referred to in earlier reports. In all
cases they cap elevations which are now more or less isolated. Ocea-
sional pebbles, which appear to have been derived from the same for-
mation, are scattered widely beyond the limits here indicated, and
show that the formation originally extended far to the northwest. The
base of the formation about Metuchen has an elevation of a little
more than 100 feet on the northwest side of the area where it occurs,
but declines to the southeast, to 70 feet or less. The isolated
remnants northwest of the Pennsylvania railroad between New Bruns-
wick and Metuchen are somewhat higher than the foregoing.

Constitution.—While in a general way the constitution of the Pen-
sauken of this region is harmonious with its constitution elsewhere,
it yet differs in certain notable and yet very significant particulars.
To the north it contains much red shale (Triassic) and sandstone.
Locally as much as seventy-five per cent. of the stony part of the
material is of this sort. It also contains, as does the Pensauken gen-
erally along its northern portions, a considerable constituent of granite,
or granite-like material, which is uniformly very thoroughly decom-
‘posed. Cobbles six inches in diameter are often soft to their centers.
To the south, both the shale and the granite material, but especially
the former, becomes less abundant. As the shale decreases, sand,
sandstone and quartz pebbles, usnally very well rounded, appear in
greater abundance. The sand is sometimes arkose, but the arkose
character is here less notable than south of the Raritan,

Strueture and Origin.—The body of the Peunsauken was deposited
in sea water during submergence of the area where it occurs. The
Pensauken of this locality differs in stracture from that in many
places, in that it is sometimes notably till-like; that is, it is unstrati-
fied, and contains a good deal of stony material of large size, and this
stony material, in places, bears glacial strie. The till-like structure
and the striated stony material are especially characteristic of the
northern portion of the area here considered. This is the only place
in which striated material has been found in the Pensauken formation,
and the association with till-like structure seems especially significant,
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and seems to point to ice as one of the agencies concerned in the
origin of the formation, at this locality. This seems the most definite
clue which has yet been found pointing to the connection of the Pen-
sauken with an early formation of glacial drift. It has been pointed
out in earlier reports that the constitution of the formation, which
sometimes contains large boulders, would best be explained, if floating
iee could be invoked, but up to this time more definite evidence of
connection with an ice epoch had not been found.

If the Pensauken be the time equivalent of an early sheet of glacial
drift, it constitutes, in its present condition, the strongest possible
argument for the great lapse of time between this drift and that which
is limited by the Belvidere-Perth Amboy moraine. The amount of
ervsion which it has suffered, as shown by its present distribution
{Plate II) is very many times greater than that to whieh the last glacial
drift has been subject, though the situation of the latter favors erosion
as against the former,

South of the Raritan— Distribution—~In that part of Middlesex
county which lies south of the Raritan, the Pensauken occurs in fine
development in the vicivity of South Amboy, Eruston and Sayre-
ville, in addition to areas heretofore referred to in earlier reparts.
South aud east of these localities it occurs in isolated areas only. A
glance at the accompanying map, and a comparison with the topo-
graphic map of the region, show that the relation between the distri-
bution of the Pensauken and the topography of the region is intimate,
It caps the isolated hills which rise above a certain level (80 to 100
feet;, and it eovers the ridges and the limited uplands at the same
level. In short, it occupies the isolated crests, the divides, and the
high level flats which have not yet been brought low, by stream
erosion.

The level of its base in this region is often slightly, and locally
notably, irregular. The normal level of its base may be said to be
from 80 to 100 feet; but in the vicinity of Morgan station it declines
to a level as low as 80 feet. In some other places, also, especially a
mile and o half southwest of Ernston, the level of its base has much
range, varying from an elevation of 35 feet to 100 feet or more within
a short distance. Toward the Raritan river, too, its base oceasionally
runs down to 55 feet. The only other occurrences of Pensauken in
the eastern part of Middlesex, not heretofore described, are small
patches capping isolated hills, as near Morristown (west of Matawan)
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and at a few points southeast of Browntown. It is wanting in the
broad low tract about Keyport, and in the basin of South river, east
of Old Bridge, aud generally in the Mount Pleasant hills.

Thickness,—The Pensauken south of the Raritan, in the eastern
part of Middlesex county, has a greater thickness than in most of the
areas yet studied. The actual thickness is not usually shown by
seotion, but where the formation occurs in a limited area only, the
level of its base on either side of the prominence which it caps may
be determined. Premising that its base is regular, and that the
elevation above its base is composed wholly of this formation, its
thickness can be calculated. On this basis, the formation is believed
to be something like 70 feet thick in the vicinity of Sayreville, and
50 to 60 feet thick at some points in the village of South Amboy.
From these figures its thickness ranges down nearly to zero.

Congstitution.—In the vicinity of South Amboy and Ernston, the
Pensauken is composed largely of coarse sand, made up of grains § to
#r of an inch in diameter. These are chiefly of quartz, and often
well rounded. The grains of sand are very commonly coated
with a light-colored substance, which somewhat resembles kaolin.
This material, mixed with the sand, gives it something of compact-
ness, so that it frequently stands with a more or less vertical face,
and its exposed surface is likely to harden to some slight extent. The
sand contains many tiny bits of distinctly recoguizable granite, but
they are uniformly so soft that they crumble on the slightest
provocation.

With the coarse sand there is more or less gravel. This oceurs in
pockets, or veins, or layers. There is often a bed of gravel a few
inches to a few feet in thickness at the base of the formation, and
this gravel stratum often contains bowlders. These are occasionally
as much as two or three feet in diameter. Among these stony masses
there are often slabs of Triassic sandstone and shale, and occasional
bowlders of crystalline rock of the gneissic or granitic type. Aside
from these materials, the coarse constituents are quartz, quartzite and
sandstone. The sandstone is sometimes, but not always, compact, and
light colored. The quartzite is usually in the form of pebbles or
«cobbles, and appears to have come from various sources. Some of it
is such as might have come from the Green Pond Mountain forma-
tion, Quartz is, on the whole, the most important of the several
constituents of the gravel, and the pebbles are usually well rounded,
resembling the gravel of the Beacon Hill formation.
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In the vicinity of South Amboy the uppermost member of the
formation appears likewise to have been gravel. This is shown by
the fact that gravel remnants cap the finer material at a number of
points in the vicinity. Thus in the 147 foot hill at South Amboy,
where the material is well exposed, there is a gravel and bowlder
horizon at the base, beneath a very considerable thickness of coarse
arkose sand, and this latter is capped again by a thin stratum of gravel.
The same thing is shown at some points about Ernston and Sayre-
ville. In the upper gravel, the Triassic shale and sandstone, and the
granite are wanting. It is uncertain whether this is because these
materials were never there, or because they have weathered to such an
extent as to lose their identity.

IN NORTHEASTERN MONMOUTH COUNTY.

In the belt of highland, running from the Navesink highlands on
the northeast to Freehold on the southwest, there is little of the Pen-
sauken formation remaining in its original position, for while it
occurs at numerous places, its aggregate area is small. The situations.
in which it occurs fall into two groups. These are 1° isolated hill
tops (oot the highest), and 2° the slopes of high elevations which
reached above the waters which deposited it. On the isolated hills,
its height ranges from 60 feet or so, to 140 feet, or in some places
even higher. In general it is to be noted that the remnants occur at
higher and higher elevations with increasing distance from the sea-
shore, or from main drainage lines. Thus, at Morristown (Middlesex
county), the Pensanken occurs at an elevation of 120 to 130 feet,
while near Browntown, three miles further southwest, the remnants
occur at an elevation of 150 feet. In the vicinity of Englishtown,
nearer a main drainage lize, its elevation is again lower, ranging down
to 110 feet. North of the railway, between Middletown and Hazlet,
the base of the formation has an elevation ranging from 50 to 100
feet, and further north and northeast, in the direction of New Mon-
mouth, it sinky as low a5 40 feet,

In the second class of situations, in which the formation occurs, it
forms benches on the slopes of the Cretaceous hills, or constitutes
patches without marked topographic expression, on the slopes of the
higher elevations. This may be seen about some of the Mount Pleas-
ant hills, where the elevation is diagrammatically expressed by the
following figure (Fig. 1).
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/ Pen sauken

Fig. 1. Diagram Showing a Common Relation of the Pensnuken to the
Cretaceous In the Mount Pleasant Hills,

These patches ocear especially on the north slopes of the hills, be-
tween Hazlet and Middletown., Along the upper courses of Willow
brook and Crawford’s brook, on the south side of the Mount Pleasant
1ange, there are gravels ranging up to elevations of more than 200
feet. At first thought these gravels seem capable of reference to the
Pensauken, But on the whole they seem to find their best interpre-
tation as river gravels, accumulated perhaps through a long interval
of time, the later portion of which was very recent. The constitution
and the relation of these gravels, as well as their position, favor this
interpretation. This interpretation, however, does not seem to apply
to the gravels regarded as Pensauken on the north side of the Mount
Pleasant Hills, Here, too, the constitution of the gravel negatives
this conclusion, for at some points they contain material which does
not appear to be of local origin. These patches on the gentler slopes
along the northern side of the higher elevations between Hazlet and
Middletown may perhaps represent the upper limit of the Pensauken
waters.

South of the Mount Pleasant range there are remnants of gravel
on various divides and isolated crests, which are probably to be cor-
related with the Pensauken. Thus along the erests south of Poricy
brook there are remnants of gravel at elevations varying from 95 to
120 feet. The isolated patches are serially arranged and rise to the
northwest, Again, on the crest between Nut Swamp brook and
Swimming river, there are similar gravel remnants, ranging in eleva-
tion from 70 feet on the southeast to 100 feet on the northwest.
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These remuznts also are arranged more or less serially and rise up
strearn.  There is a third row of gravel patches on the summits east
of Hop brook, running from a poinf two miles west of Leedsville to
the latitude of Morrisville. Similar remnants of gravel in similar
topographic situations occur on the northwest side of the brook north
of Holmdel. These remnants occur at elevations ranging from 90
feet on the woutheast to 178 on the northwest. As in the other cases
the existing gravel patches are serially arranged and cap the crests of
the divides. In all cases the material seems to be of local origin.
The pranite, shales, ete,, which characterize the Pensauken further
north do not appear. The gravels here are chiefly of quartz and bits
of water-worn ironstone, derived from the Cretaeous or the Miocene.

-~ Zoroeds —-—-y

% 1

- ] D"
SEE o

¥ig. 2. Diagram Showing a Commaon Positlon of Remnants of the
Pensauken Formatlon, 13use Irreguluar,

Some of these patches of gravel have irregular bases (Fig. 2.), show-
ing that the surface on which they were deposited was not even.
The higher of these patches of gravel may be river gravel, the exact
age of which is difficult of determination. But they appear to be con-
nected in origin with the lower patches which represent the submarine
portion of the Pensauken. The higher patches may have been de-
posited ulong valleys which were in existence at the time of the sub-
mergence which gave rise to the Pensauken formation elsewhere. In
this event they would be Pensauken in age, but accumulated on the
land, while the Pensauken in general was accumulating in the sea,

No Pensauken remains in its original position on Rumson Neck,
and it is wanting throughout the basin of the Swimming river, except-
ing in three small patches near Branchburg and Deal. Its base here
is forty to fifty-five feet above the sea. If it once existed in this
region as a continuous sheet, as no doubt it did, it has been carried
away by erosion,

Constitittion.~—-About South Amboy, Eruston and Old Bridge, the
Pensauken formation contains much granite, shale, and arkose sand,
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but south of Cheesequake creek and Tennent’s brook there is neither
granite nor shale, and only occasionally is the sand arkose. In gen-
eral, the coarser part of the formation is here made up of gravel
which is of local origin, and which appears to have come from the
destruction of the Beacon Hill and Cretaceous beds.

In places between Englishtown and Wickatunk, near the divide
batween Willow Brook and Milford Brook, and near the head-waters
of the latter stream, there is a superficial formation over the Cre-
taceous, which is probably to be correlated with the Pensauken. It
differs from the normal phase of this formation, in that it is more or
less marly.

IN THE SOUTHWESTERN PART OF THE STATE.

The Pensauken formation in this part of the State was described
in the last Annual Report. The work of the past season has been east
of the area which had been studied heretofore, but the character of
the formation, in the area newly surveyed, does not differ from that
in the area which had been previously studied, and will oot be
described in this place.

CORRELATION.

In the Annual Report for 1895, * the question was raised as to
whether the Pensauken, as there defined, did not really consist of two
distinet formations. To this question the work of the present season
seems to poiot to an affirmative answer, and to connect the older {and
topographically higher) division with the Beacon Hill formation. The
sections published in the Annual Report for 1895 illustrate the
topographic relations of the two divisions of the Pensauken, as they
were then called, in the southwestern part of the State. The relations
are more fully illustrated by the sections (Plate III) accompanying
this report, and the topographic discrepancy between the two divisions
is more marked in the central part of the State than to the southwest.
The interpretation which now seems most likely to prove true is
shown on the accompanying map (Plate IT).

The sections (Plate III) show that the base of the Beacon Hill
formation declines notably to the southeast in the direction of dip, and
some of the sections show that its base is notably uneven along the line of

*Ann. Rep. p. 12.
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strike, being highest in the Beacon Hill region, and lower both to the
northeast and to the southwest.

It now appears that the base of the Beacon Hill formation as earlier
defined, with its notable dip to the south, corresponds with the base
of the higher division of the formation previously called Pensauken.
This correspondence is the principal reason for believing that they are
one, though they are also similar in constitution. So strong is this
similarity that when the upper division was regarded as Pensauken,
it was believed that it must have come prioncipally from the Beacon
Hill formation.

It appears that the Pensauken proper, like all other formations of
South Jersey, declines to the southward, and that, in the extreme
southern portion of the State, it will be found to be confined to very
low levels; but its relation to the older division of the Pensauken
(the probable Beacon Hill) in southeastern New Jersey, is yet to be
determined,

THE PENSAUKEN FORMATION IN THE VICINITY OF PHILADELPHIA.X

A few words are here added concerning the Pensauken formation
on the west side of the Delaware in the vicinity of Philadelphia,
The formation here is somewhat sharply limited above, at an elevation
of 120 to 130 feet. It extends from the Delaware river back to this
elevation, but fails to rise above it. This limit is found west of Ger-
mantown Junction, in the western part of Philadelphia. Along the
western edge of the region where it occurs, the base of the Pensauken
has an elevation of 100 to 120 feet. Eastward from its western
limit, the base of the formation declines until it reaches a level which
is quite down to tide level, and sometimes below it, in the immediate
vicinity of the Delaware. In the immediate vicinity of the Schuyl-
kill its base is often 30 or 40 feet above tide.

The upper surface of the Pensanken does not decline to the east-
ward in anything like the same ratio that its base does. It follows
that where it has not been notably eroded, the formation is much
thicker toward the Delaware than near its western limit. In the
western part of its area it reaches thicknesses of ten, and occasionally
of twenty or thirty feet. Toward the Delaware, its thickness often

# These statgment . are based on worlk done for the U. 5. Geological Survey, and are published with the
cor-ent of the Drecter.
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exceeds these figures, Thicknesses of thirty or forty feet are not
unusual, and even these thicknesses do not reach or even approximate
the original thickoess of the formation.

The elevation of the base of the formation at Haddonfield, N. J., is
from 100 to 120 feet, approximately the same as the level of the base of
the formation in the vicinity of Haddington. It is probable that the
area between these two localities was originally filled up with the Pen-
sauken material so that its surface was approximately level. If this
be true, fully sixty feet of the Pensauken formation must have been
removed by erosion, in the vicinity of the City Hall io Philadelphia.
In this vicinity the formation has now a thickness of something like
40 feet, so that its original thickness, calculated as above, must have
been as much as 100 feet. ’

There is abundant evidence that the Pensauken was deposited on
an uneven surface, some parts of which were below the present sea
level, and some of which were considerably above it.

Constitution.-——The Pensauken material o the vicinity of Philadel-
phia is, in a general way, like that on the New Jersey side of the
river, but differs from it in that its coarse material is more angular,
less well assorted, contains a larger proportion of local gneissic material,
and in general a larger proportion of material such as might have
come dowa the Schuylkill drainage line; while that on the New Jer-
sey side of the river above Philadelphia seems to be made up of
materials which, to a greater extent, may be supposed to have come
down the Delaware.

THE BEACON HILL FORMATION AND THE MIOCENE.

The relation of the Beacon Hill formation to the Miocene is diffi-
cult of definition, and seems likely to remain debatable. From the
top of the Beacon Hill formation down to the Cretaceous the gen-
eralized section is as follows, commencing with the top:

1—Gravel, principally of quartz and chert.

2—Coarse sand, with occasional small pebbles.

3—Very fine, fluffy sand.

4—Clay.
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The third and fourth members of the foregoing series have con-
stantly been regarded as Miocene, and no adequate ground for sepa-
rating these two members from the two above has been found. It is
because no adequate ground of separation has been found, and because
the two lower members have been thought to be Miocene, that the
whole of the Beacon Hill formation has been tentatively referred
heretofore to that formation,

The beds which have heretofore been regarded as distinctively
embraced under the name Beacon Hill have been the first and
second of those mentioned above. The question has frequently been
in mind whether the gravel of the Beacon Hill formation (No. 1,
above) and the coarse sand which lies just beneath it (No. 2, above)
are really one or whether they represent two distinet formations.
The former of these alternatives has been steadily regarded as the
more probable. There are not wanting phenomena, however, which
suggest that the division between the Beacon Hill and the Miocene,
if such a division has to be made at all, is to be placed above the
coarse sand rather than below it. Dr. Clark’s work on the Miocene
will doubtless help to settle this question.

The general facts concerning the distribution of the Beacon Hill
formation have already been published. Aside from capping Beacon
hill, Telegraph hill and one or two other hills in the same range, it is
found in the Navesink highlands, at several points in the vicinity of
Chapel hill, at two points just east of Red Bank, on three of the most
conspicuous elevations between Yellow brook and Hop brook a few
miles southeast of Red Bank, on some of the elevations two or three
miles northeast of Freehold, and on the high hill near Qakland Mills.
Aside from these small isolated areas, it forms a nearly continuous
stratum to the southward, commenciog with the line of highlands be-
tween Asbury Park and Colt’s Neck, It also covers most of the area
south of the Manasquan river,

Ot the several beds enumerated above, the gravel has a variable
thickness, and what nuw exists is probably no more than a remnant of
the original bed. Since it lies at the top it has suffered much erosion
and now rarely reaches a thickness of ten feet. The coarse sand
often varies from 10 to 30 feet in thickness, and locally, especially in
the Hominy hilly, is muck thicker, The fine sand which lies next
beneath the coarse is often something like 30 feet in thickness, and for
the clay below it and iato which it grades by interlamination, 10 feet
is a common thickness.
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The clay does not appear in Beacon Hill nor in the other hills of the
Mount Pleasant range, though the fine sand does.* In the Navesink
highlands there is some clay interlaminated with fine sand, though it
is not known that any cousiderable bed of it exists.

The clay bed does not appear to extend so far to the northwest as
the other members of the series. Indeed, it is not traced as a distinet
bed north or northwest of the Hominy hills. It is well exposed at
Ludlow’s pits just west of Asbury Park. The same stratum is seen
again in the railway cut one and a half miles north of Shark River
station, and at several points about the northern base of the Hominy
hills.

POST-PENSAUKEN SUBMERGENCE.

About the Head of Raritan Bay and in Northern Monmouth
County.—Evidence of any considerable submergence in the last glacial
or post-glacial time or, indeed, in post- Pensauken time, is not abuodant
in the vicinity of Raritan river and bay. At various points there
seems to be decisive evidence of submergence up to a level of 40 feet
or g0, within recent (last glacial or later) time. This is shown both
along the Raritan river and further south and east in the vicinity of
Morgan Station, Matawan, Keyport and the Navesink highlands.
About South Amboy, there are phenomena up to heights of 130 feet,
which seem best explained on the basis of late (post-Pensauken) sub-
mergence, but the evidence is not abundant.

In the vicinity of Red Bank there is abundant evidence that the
land has recently been about 40 feet lower than now. This is shown
by the terrace-like flats at this elevation along the coast and up the
streams. For some distance up the larger streams, such as Swimming
river, there are terraces corresponding in elevation with the terraces
along the coast. Still further up the streams, however, there are
terraces which, while not corresponding in elevation with those of the
coast, rise gradually from them to the heads of the streams. Their
relations are such as to indictate that they are to be correlated in time

—"Th_e existence of the fine sand here wns not known when the pame of this hill was given to the
formation.
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with the 40-foot terraces around the coast, These terraces rise to a
maximum of more than 200 feet near the head waters of the drainage
lines which work back into the Mount Pleasant bills, They have
their highest elevation along a branch of Hop brook, near Crawford’s
Corner. These terraces are believed to have been developed by nor-
mal stream action, the process, perbaps, coming down (o the time of
the lower terraces along the coast, and in the lower courses of the
rivers,

In the southwestern port of the State.—Along the lower course of
the Delaware likewise, the evidence of post-Pensauken submergence
is meagre, or fails altogether, at high altitudes. In the vicinity of
Wenonah such evidence is found up to levels of 70 feet; in the
vicinity of Swedesboro, up to 50 feet; and in the vicinity of Salem,
not above 25 or 40 feet. It is possible that greater submergences may
have occurred without leaving indubitable records. This is made the
more prohable by the fact that the Philadelphia brick clays, running
up to levels of 150 or 160 feet, are to be correlated with the loams
and clays at lower levels on the opposite side of the Delaware,

The Philadelphia Brick Clays.—The Philadelphia brick clay mantles
most of the Pensauken formation of the vicinity, and rises on the
crystalline schists 30 to 40 feet higher. In some places on the west
side of the Sehaylkill this clay or loam is traceable, in continuous
development, from levels of 60 feet to levels of 140 or 150 feet. Of
the continuity of the mantle there seems to be no doubt, and this con-
tinuity is the best evidence of its contemporaneity throughout. East
of the Schuylkili, and between that stream and the Delaware, the
same continvity of development is seen wherever exposures, can be
found, Here it commonly overlies the Pensauken formation, but
it sometimes rests on the gneiss, where the Pensauken has been
removed from it. The same loam is found overlying the Trenton
sands and gravels in the lowlands next to the Delaware. This was
seen at Front and Bainbridge streets, Philadelphia, as well as at
several other points in the northern part of the city.

This brick-clay or surface loam varies in thickness from one to
twelve feet. Its greatest known thickness is found just east of the
Schuylkill valley below Gray’s Ferry. 1t is here dug as brick-clay,
and has a depth of 12 feet, 40 feet above tide. It here occurs in the
great valley which the Schuylkill had excavated out of the Pensau-
ken in post-Pensauken time. The loam or clay attains nearly as
great thickness in the vicinity of Haddington, at 59th street and
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Haverford avenue, at an elevation of 100 feet. It here overlies the
Pensauken, where the latter had suffered little erosion before the depo-
sition of the former. Thicknesses of as much as ten or twelve feet
are the exception rather than the rule.

The loam seems to be distinetly unconformable on the Pensauken,
This is shown at many points, and especially by the fact that it lies
on gueiss or schist surfaces from which the Pensauken had been
removed, It is further emphasized by the fact that it mantles
deposits of gravel of last glacial age made in the bottom of the
Delaware valley after the latter had been excavated to a depth of
nearly 100 feet in the Pensauken formation.

The deposit varies from a sandy loam to a heavy clay-loam,
There is no very evident relationship between its character or its
thickness, and its topographic position.

ROAD MATERIAL.

NORTHERN MONMOUTH COUNTY,

The northern part of Monmouth county, including the townships
of Matawan, Raritan, Holmdel, Middletown, Shrewsbury, Eaton-
town, Atlantic, Marlboro, and parts of Manalapan, Freehold and
Howell, has been studied in such detail that it is possible to make
some general suggestions concerning the available supply of road
material. Throughout this region, the available road material is not
abundant, but gravel in small quantities is somewhat widely distrib-
uted. The areas whers it occurs are shown on the accompanying
map (Plate V), where the areas are somewhat exaggerated in size,
To many of these places pits have already been opened and the
materal utilized. It is safe to say that pits have been opened in
most of the areas where the road material is of high grade, but in
some of these situations the supply is large enough to furnish the
necessary material for many roads which have not yet been improved.

In many places the available road material consists of remnants
of the Pensauken formation* which caps some of the isolated hills

*It will be rememyered that reference was made in the Aunual Report for 180410 the fact that the Pen-
sanken formation, as a whole, is capable of contributing much to the available road material of the State
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and ridges of the region, In other places, as alobg the range of hills
extending from Chapel hill to Wickatunk, there is more or less semi-
indurated marl at the surface, which, as a rule, not only constitutes
a good road-bed where it occurs, but has become a local source of
supply of material for roads less fortunately situated.

No estimate has been made of the total amount of the road material
of northern Monmouth county, but the total supply is not great,
probahly not great enough for the needs of the region. There is
enough, however, to allow of great improvement in the roads as a
whole, for while there are already many good roads in this part of the
county, it is still true that there are many others in urgent need of
improvement.

It is unfortunately true that the gravel is not all of the best grade,
though much of it is good, and some of it, like that near Shark river,
is of a very superior quality. By proper management, much of the
waterial which at first sight seems ill-adapted to road purposes may be
used to good advantage. This is especially true of the gravels which
are too lose (too little matrix) for the best results. Anadmixture of
fine material of such a nature as to cause them to pack, is sometimes
practicable.

It should be stated that various parts of the region covered by the
map vary greatly in their needs. In some districts the soil is sandy,
and the road-beds remain poor, except where they have been carefully
attended to. This is true of the belt embracing the following tracts:
The northern and western portions of Manalapan township, the
northern portion of Freehold, the western half of Marlboro, the ex-
treme northern portion of Holmdel, Raritan, and the northern portion
Middletown. The matter of roads in this region is especially im-
portant, since much of the land, though sandy, is well adapted to truck
farming. Much of it is now used for this purpose, but some of it
would have its value enhanced if the roads were so improved that the
products conld be more easily marketed. Throughout this belt there
is more or less road material, but it is not equal to the needs of the
region, nor is its quality so good as could be desived, but there is much
material in this belt which has not been utilized, which would, at least,
greatly improve the roads.

In other districts, good road-beds are secured by simply grading
the natural surface without the addition of any foreign material what-
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soever. This is true of much of the region along the range of hills
running from Chapel hill to Wickatunk. The good road-beds
throughout much of this region are due to the indurated marly sand
which forms the crest of many of the ridges on which the roads run.
This material not only forms a good road-bed where it occurs, but is,
to some slight extent, available for use elsewhere.

In the gravel the largest constituent is quartz pebbles. Much of
it, however, contains bits of ironstone, which crush under the wheels,
and furnish a binding material for the pebbles. I[n other cases there
is some soft chert which serves the same purpose as the iron. A
little clay or loam is sometimes present, which likewise helps to bind the
gravel into a solid mass in the road-bed. In some places there is iron-
stone conglomerate in such quantities as to make the gravel difficule
to work, but even this conglomerate, when not so hard but that it wmay
be broken up, furnishes an excellent material for the road-bed.

WESTERN CAMDEN, GLOUCESTER, SALEM AND CUMBERLAND
COUNTIES

In the Annual Report for 1894 * reference was made to the road
material of the southwestern part of the State, so far as it had then
been studied. What was then said had reference especially to southern
Mercer, northwestern Burlington and the western part of Monmouth
counties, Mention was also made of certain other localities in regions
which had been reconnoitered, where gravel well adapted to road pur-
poses occurs. The area of detailed study has now been extended, and
the maps (Plates VI, VII,) show in a general way the distribution
of the road materials in the area which has been studied since the
aonual report for 1894 was issued. The gravel is already utilized
to a Jarge extent, a fact to which the mauy good roads of the region
bear significant testimony.

It is not to be understood that the whole of all the areas repre-
sented on the map is covered with good road material, but that within
these areas good road material is likely to be found at almost any
point, and that it has actually been found and developed at many
points. The thickness of the gravel is such—often five to ten feet—
that in view of the great area which it covers, the amount is entirely
adequate to the needs of the region, although it is not so well dis-

* Pp, 133 to 142.
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tributed as could have been desired. A somewhat extensive belt next
the Delaware is essentially without road gravel,

The variations in the quality of the gravel are due to (1) the varia-
ble amount ot loam, clay, ete., which serves as a matrix; and (2) the
variable amount of soft material, such as soft cherts, bits of iron-
stone, ete., which crush under the wheels and o help the gravel to
pack in the road-bed. Where both these elements which help the
gravel to pack fail, and the matrix of the gravel issand only, it is too
loose for good results, unless mixed with materials which supply the
deficiency. Within the area shown on the map, however, there is
much gravel ready for the road-bed as it is taken from the pit.
This has been most developed in the vicinity of the more prosperous
cities and villages.

The suggestion made in au earlier report is here repeated, that
much gravel which taken alone is not of the first quality, furnishes a
good road-bed when properly mixed with other materials which sup-
ply its deficiencies, When such materials occur near each other, as is
often the case, they may frequently be combined advantagecusly
without great cost or inconvenience.
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EXPLANATION OF PLATES.
Plate 1.

Map showing progress of detailed work on the surface formations
of the State.

Plate I1.

Map showing the distribution of the Pensauken formation, so far
as now known, and the gravel (upper member) of the Beacon Hill
formation, so far as it has yet been studied. (See page 11.)

Plate 111

A series of sections drawn from northwest to southeast, essentially
at right angles to the strike of the beds. They are designed to
show especially the stratigraphic and topographic relations of the
Pensauken and Beacon Hill formations.

Section 1 extends from Bordentown to Taylor’s Mount (near New
Egypt) and beyond. The topographic discrepancy between the Pen-
gauken and Beacon Hill formations iz here less distinct than in the
other sections. It will be seen that near Bordentown and Chesterfield
the base of the Pensauken has an elevation of less than 100 feet.
Boutheast of Chesterfield it has an elevation of about 120 feet. Its
base therefore rises slightly to the sontheast. At Jacobstown, the base
of the Beacon Hill has an elevation of about 150 feet, and at Taylor’s
Mount an elevation of about 120 feet. Thus the Beacon Hill for-
mation is seen to decline to the southeast, Carried to the northwest,
the base of the Beacon Hill, near Chesterfield, if it were continued
with the same dip, should lie at an elevation of 200 feet, whereas the
base of the Pensauken is very much lower.

Section 2 vepresents a section from a point northwest of Clarks-
ville through Newtown, Allentown to Prospertown and beyond, Near
Clarksville the base of the Pensauken has an elevation of about §0
feet. Between Clarksville and Newtown the elevation of the base is
slightly less, At Newtown its base reaches a maximum elevation of
about 120 feet. Near Davis Station its elevation is about the same.
Two miles southeast of Davis Station the Beacon Hill formation
appears, and its base has au altitude of 195 feet. Southeast from this
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point its base declines, and four miles to the southeast is at an altitude
of about 160 feet. If the angle of slope here indicated be car-
ried to the northwest, the base of the Beacon Hill at Newtown, if it
existed there, should be 275 to 300 feet above sea level, whereas the
Pensauken is only 120 feet.

Section 3 is a section essentially parallel to the preceding, extend-
ing from Sand Hills near Bonhamtown through Beacon hill, Sugar
Loaf (or Polhemus) hill to the Hominy hills, At the north end
of this section, it will be seen that the base of the Pensauken has
an elevation of about 100 feet, at South Amboy 90 to 100 feet, and at
Morristown about 120 feet, The Beacon Hill formation is first shown
in this section at Beaeon hill, where its base has an elevation of about
360 feet, Lt appears again on Sugar Loaf hill, where its base has
an elevation of about 160 feet, while in the Hominy hills its base
has declined to a little over 90 feet. With the elope indicated by the
elevation of the base at these three localities, the Beacon Hill forma-
tion, if extended to the northwestward, should have, in the vicinity of
South Amboy, an elevation of between 500 and 600 feet.

Plute IV,

This plate represents sections essentially parallel to the strike, and
therefore nearly at right angles to the preceding sections, extending
from Salem on the southwest to Pine hill, near Perrinevilleand Clarks-
burg, on the northeast. The three sections presented are continuous,
and follow each other from southwest to northeast. Alwng this
line of strike it will be seen that the Beacon Hill gravels are first
seen in unmistakable development near Harrisonville where its base
has an elevation of about 120 feet, At Jefferson the base of the
formation i3 130 feet. At Burnsborough it is slightly lower. At Marl-
ton hill about 150 feet, In section IVe. of this plate, the Miocene
formation and the Beacon Hill gravel are not separated from each
other, The base of the Miocene in Arney’s mount has an elevation
of about 100 feet; at Sykesville its elevation is about 150 feet; at
Eillisdale about 210 feet; at Imlaystown about the same, and east of
point its base is somewbat higher, ranging between 240 and 270 feet.
It will be seen, therefore, that the base of the Beacon Hill aud the
Miocene decline notably, and together, to the southwest along the line
of strike.
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If these sections be compared with those published in the Annua)]
Report for 1895, further light will be thrown on the relations. It is
explained, however, in the body of this report (p. 11}, that some of the
material classed as Pensauken in the sections published in 1895, is
now regarded as belonging to the Beacon Hill formation.

Plate V.

Map showing the distribution of road material in northern Mon-
mouth county.

Plate VI

Map showing distribution of road gravels in western Burlington,
Camden and Gloucester connties.

Plate VII,

Area showing distribution of road gravels in western Salem and
Cumberland counties.
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THE NEWARK SYSTEM.

REPORT OF PROGRESS.

BY HENRY B. KUMMEL, PH.D,
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Quartzite conglomerates.
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INTRODUCTION.

During the past season I was in the field from the seventh of April
until the tenth of September. With the exception of the latter half
of the month of June, when I was engaged on the United States
Geologieal Survey, my time was spent in detailed work upon the
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Newark system, in the western part of the State. The investigation,
of which the following is a report of progress, was commenced in the
latter part of 1895, and several weeks were spent in the field, chiefly
in reconnaissance werk. Although this preliminary work was, to a
great extent, barren of decisive conclusions, it was of value in sug-
gesting lines along which the solution of mooted questions was to be
sought. It was soon recognized that the only hope of making out the
structure of the beds, their subdivisions and thickness, and of locating
faults, lay in detailed examination and plotting of all the outcrops.
In carrying out this plan, practically all the roads have been traversed,
the sections along nearly all streams examined, and the dip of the beds
carefully observed and plotted on large scale maps. At thesame time
notes were made of the color and lithological character of the beds,
This method of work, of necessity, has been slow, but the results ob-
tained have justified the expenditure of time. In preparing this re-
port I have endeavored to avoid technical terms, or, where used, to
explain them., To make the report of interest to people without
special training in geology, it has been necessary to write more in de-
tail than would be the case were it prepared for geologists only. In
this connection I desire to express my thanks to Dr. C. M. Larison,
of Ringoes, to whom I am indebted for aid in locating several small
trap dikes in that vicinity,

Nomenclature.—Following the ueage established by the United
Btates Geological SBurvey, the term “Newark System” has been
adopted in this report. The rocks which are included under this
term have been called by various names. Russell* gives a list of
over twenty different names applied to these and similar rocks in
other States.

In the reports of the State Geologist of New Jersey, the term
Triassic or Red Sandstone has been most commonly used. The term

" Newark was proposed by W. C. Redfieldt in 1856. It is the oldest

specific title which makes no implication as to the geologic age. It
has been impossible to determine satisfactorily the precise position of
these rocks in the geological column based upon the European systems,
It is, therefore, better to use a name which does not imply a correla-
tion in time, which may or may not be correct.

*1, C, Russell, Bulletin of the U, 5. G. 5., No. 85, pp. 16~18.
1Am, Jour. Sci., 2d Serics, Vol. XXII, 1856, p. 367; also in Am, Assoc. Adv, Sci., Proe., Vol. X,
Albany meeting, 1856, p. 181,
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GEOGRAPHY.

General Area.—The Newark System extends across the northern
part of the State, forming a belt which is about thirty-two miles wide
along the Delaware river, extending from Trenton to within two miles
of Riegelsville, while its width at the New York State line is about
fifteen miles. The southeastern boundary extends from Trenton to
near the mouth of Lawrence brook, below New Brunswick, thence to
the Arthur Kill, three miles northeast of Woodbridge, From this
point the boundary in general follows the waters of the Kill von
Kull, New York bay and Hudson river, For the greater part of the
distance from Woodbridge to Trenton, the Cretaccous adjoins the
Newark rocks and partially conceals the lower beds, The northwest-
ern boundary begios at the Delaware at Holland, below Riegelsvilie,
and passes near Pattenburg, Jutland, Clioton, Allerville, Lebanon,
Apgar’s Corner, Pottersville, Peapack and Bedminster, From Bed-
mioster it extends in'a nearly straight line to Suffern, N. Y., passing
near Bernardsville, Morristown, Boonton and Pompton. The rocks
along this border are all much older than the Newark sandstones.
The formation extends northeastward into New York, and southwest-
ward into Pennsylvania.

That part of it lying southwest of a line drawn from Metuchen
through Plainfield to Peapack has been studied in detail, and it is
with thiy part principally that this report has to do. Parts of Mercer,
Bomerset, Middlesex, Hunterdon and Morris counties are included in
this region, .

The Topography.—In its general features the topography is simple.
It consists of u gently rolling plain, having an average elevation of
between 100 and 260 feet, A. T. Considered as a whole, it is lowest
along the southeastern margin, and rises to the north and northwest,
the most marked exception being found in the region between New
Brunswick, Bound Brook and Somerville. Here the descent is to the
northwest, from an average elevation of about 130 feet, A. T, around
New Brunswick to about 70 or 80 feet about Bound Brook. The
plain is well developed north and west of New Brunswick, although
somewhat disseoted by narrow gullies near the Raritan river. It is
also well shown along the line of the Philadelphia and Reading rail-
road between Bound Brook and Skillman, Between Peunington and
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Lawrenceville, south and east of Flemington, and south of White
House it is well developed.

This plain is more or less interrupted and its continuity destroyed
by valleys, which have been sunk below the general level, and by
hills, ridges and plateaus of harder rock which rise above it. The
latter are more important as topographic features than the former and
will be mentioned first.

Hunterdon Plateau.—Commencing at Raven Rock ou the Delaware
river, a prominent escarpment extends northeastward, past Sand
Brook and Flemington, where it bends to the vorth and then to the
aorthwest, finally terminating near Lansdowne, about eighteen miles
from the Delaware river. North and west of this line is a broad
plateau, in places extremely flat and poorly drained, having an aver-
sge elevation of about 600 feet, North of Cherryville it rises to a
maximum height of 706 feet. It extends westward into Pennsyl-
vania, and is dissected to a depth of from 400 to 500 feet by the Dela-
ware river. Locally, this plateau is known as “ the Swamp,” from the
fact that before it was cleared and drained much of it was wet land.
Its streams, obstructed on the level surface by vegetation, lacked the
fall necessary to drain it properly. Even io this day much of the
goil is heavy and cold.

The highest part of the plateau is along the south and east, about a
mile back from the top of the escarpment. Thence it declines in
elevation very gently northward and westward. Along its margin
and near the Delaware river the plateau is cut by deep, narrow gorges,
whose bottoms ascend rapidly, and rarely extend back into the platean
more than three or four miles. The upper courses of the streams lie
in broad, shallow valleys, but slightly depressed below the general
level of the plateau. The escarpment on the south and east is most
sharply marked in the vicinity of Flemington, where the general ele-
vation of the country at its foot is 200 feet or less, and at its top
about 550 feet. To the southwest, in the vicinity of Sergeantsville
and thence to the Delaware river, the contrast is not so marked, owing
to the greater elevation (340-450) of the country at the foot of the
escarpment.  As will be shown later, this fact finds a ready explana-
tion in the geological structure.

@Qravel Hill and the Barrens.—At intervals aloog the north-
western boundary there occur thick beds of heavy conglomerate,
forming hills which rise 300 to 400 feet above their surroundings.
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The muost conspicuous of these are Gravel hill, northwest of Milford,
elevation 865 A. T, and the line of hills south of Pattenburg, known
a3 * the Barrens,” 800 to 900 feet A. T. From the crests of these hills
the surface descends rapidly to an elevation of about 450 feet, the
height of the northern and lower margin of the Hunterdos platean,
which adjoins the conglomerate hills on_the south.

Sourlend Mountain.—This platean—for it is more a plateau than a
woustain—rises from the Raritan valley near Neshanic, attaining its
maximum elevation of 563 feet two and a half miles south of that
village, and extends southwest to near Lambertville on the Delaware,
seventeen miles distant. Here it has an elevation of 457 feet. The
backbove of the plateau is trap-rock, which forms a belt about a mile
in width, but the hard sandstones, shales and argillites on either side
rise nearly to the same elevation as the trap, and form a plateau having
an average width of about four and a balf miles, For six miles from
the Delaware along the southeast border, Belle mountain, 303 feet;
Bald Pate moantain, 482 feet; Mount Canoe, 480 feet, aund Penning-
ton monuntain, 460 feet, irregular shaped masses of trap-rock, increase
the width of high ground to nearly six miles. They are separated
from the Sourland plateau and from each other by narrow
valleys. Northeast from these hills the escarpment of the platean
rises somewhat steeply above the red shale plain to the east and south-
east, huving a height of over 200 feet near Hopewell, and over 400
feet further north. To travelers on the Philadelphia and Reading
railroad betwern Hopewell and Bound Brook this steep slope is the
most conspicuous feature of the landscape. The descent from the
plateau on the northwest to the low plain about Flemington is too
gradual to be called an escarpment.

Rocky Hill—This trap ridge commences nesr Hopewell and
extends eastward for fifteen miles or more before it finally dis-
appears. Near its western end its width is hardly more than
a quarter of n mile, with a maximum elevation near Mount Rose
village of 415 feet—about 200 feet above the sandstone plain on
either side. Fastward its width increases to over a mile at Rocky
Hill village, where it is cut through by the Millstone river in a narrow
gorge, lts height, however, is declining, and near Monmouth Junetion
it merges into the general level of the plain. A spur, which pro-
jects northward from the main ridge just east of Rocky Hill village,
extends o (Griggstown and thence to Ten-Mile Run, where it also
merges into the plain.
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Cushetunk Mouniain and Round Mouniain,—The former iz a
curved ridge of hard trap-rock, eouth of Lebanon, haviog a maximum
height of 839 feet. Its crest and iuner slope has the exact shape of a
horse-shoe, the toe pointing to the southeast. The distance across,
between the heels, is about one and a half miles and the length is two
and a half miles. The ridge is situated near the northwest boundary
and the heels of the horse-shoe almost touch the erystalline hills, so
that Round Valley, within the horse-shoe, is rightly named.

Round mountain, as its name indicates, is a dome-shaped hill which
rises nearly 400 feet above the general plain. It is situated just south
of Stanton, not far from the southern limb of Cushetunk mountain,

The Watchung Mouniaing.—The southern ends of the crescent-
fhaped Watchung ridges lie in the region which was studied in detail.
These concentric parallel ridges are alike in both having steep, short
southerly faces, gentle, long northern slopes, and remarkably even
crest lines, which are occasionally broken by deep, narrow gorges.
The southern or outer ridge has an average elevation of about 500
feet, whereas the inner ridge is in general from 50 to 125 feet higher,

The Hydrography.—The drainage of this region is through the
Delaware and Raritan rivers and their tributaries, the drainage area
of the latter being between four and five times as large as that of the
former,

The Delaware and Tributries.—The Delaware river in its course
of thirty-eight miles across the Triassic area flows in a narrow trench,
the depth of which varies considerably. Above Milford, bluffs rise on
both sides of the river to a height of over 300 feet, the bottom of the
trench being less than half a mile wide. Between Milford and
Frenchtown, the bluffs are lower and not so steep, but for nine
miles below the latter place, crossing the Hunterdon plateau, the
river runs through a narrow gorge, which increases in depth from
200 feet at Frenchtown to 470 feet at Tumble. Below Raven
Rock, where the platean escarpment reaches the river, the
gides of the trench are lower and less steep, but they rise
again and regain their steepness at the narrow gorge which the
river has cut thraugh the Sourland platean, below Lambertville.
From Titusville to Trenton the trench is shallow, and its sides,
although steep, are never vertical, as is the case where the bluffs are
higher. At Trenton the river is at tide, whereas the average level of
the country a mile back from the river is about 120 feet A. T. In

3 GEO
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general the tributaries of the Delaware are short, swift streams in
ravines or gorges, narrow and steep near their mouths and rising
rapidly to the general level of the country. The larger ones have
developed narrow flood-plains along their lower courses, In many
cases, noticeably in those which drain the Hunterdon plateau, the
upper part of the stream occupies a broad, shallow depression scarcely
sunk beneath the surface of the plateau. From these upper reaches
the streams descend by steep slopes, often tumbling over ledges in
picturesque rapids and cascades to the quieter stretches near their
mouths. The Lockatong and the Wickecheoke are the best examples
of this phase of stream development.

The Roritan.—The two branches of the Raritan river, with its
principal tributaries, the Millstone and the Neshanic, drain the greater
part of the area under discussion, These streams, in general, lie
across the low, rolling plain whose average elevation is, normally,
between 100 and 200 feet A. T., and they, therefore, have had no
opportunity to cut deep valleys, Near New Brunswick the Raritan
valley is o narrow, steep-sided trench, about eighty feet deep. In the
vicinity of Bound Brook and Somerville the general elevation is less
and the trench is wider and shallower. The trench of the Millstone
averages about seventy feet in depth, but at Rocky Hill, where it
crosses the trap ridge, it is over two hundred feet deep. Locally,
along Stony Brovk and the Neshanic, there are biuffs eighty to one
hundred feet high, but, in general, heights above the streams are less
than this, The small side-tributaries, particularly those of the Raritan
below Bound Brouk, often enter the parent stream through narrow,
gteep-sided ravimes, io many cases not more than a mile or two in
length.

GLOLOGY.

It has been found possible to divide the sedimentary rocks of the
Newurk System into three subdivisions. These divisions are not
based upon fussil evidence, but upon lithological differences, which
imply diverse couditions of gedimentation, and which permit the es-
tablishment of recognizable borizons. Although the beds of each
series en nusse are qaite unlike those of either of the others, there are
in each some layers which resemble more or less closely beds in one or
the other series. The three series are not separated from each other
by sharply-marked division planes, but, on the contrary, grade into
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each other vertically through transition zones which are several hun-
dred feet in thickness, so that it i3 nut aiways easy to delimit them
exactly in the field. Moreover, it was found that all three members
losi, to some extent, their distinetive characteristics when traced alung
the strike toward the northwest burder, and that little reason could
be found for there dividing the formation. But with these qualifica-
tions, it is true that the three divisions are distinet from each other.
The accompanying map, plate VIII, shows the position of these sub-
divisions, and the main faults by which they are repeated.

Stockton Series.—The basul beds of the system are found at Tren-
ton, where they rest upon the older crystalline rocks—the Philadel-
phia=Trenton gueiss belt.  They coneist of (@) coarse, more or less
disintegrated arkose conglomerates ; (b) yellow wmicaceous, feldspathic
sandstone ; (¢) brown-red sandstones or freestones, and (d) soft red
argillaceous shales. These are interbedded and muny times repeated,
a fact which indicates rapidly-changing and recurrent conditions of
sedimentation, Althongh there are many layers of red shale in this
division, the characteristic beds are the arkose conglomerates and
sandstones, the latter of which afford valuable building-stones,

The conglomerates and yellow sandstones prevail near the bottom,
and the brown-red sandslones near the top, but the lower beds are
not all conglomerates, as is shown by the fact that the lowest beds
exposed, very near the base of the series, are red shales, interbedded
with conglomerates. Layers of soft, argillaceous, red shale are also
found separating the brownstone beds near the top of the series.
Occasionally, also, there are thin layers of green, purple aud black
shale, but they are inconspicuous.

The conglomerate beds are made up chiefly of quartz pebbles, often
three or four inches in diameter, and fragments of feldspar crystals,
occasionally weasuring an inch or moreacross. As seen with the naked
eye, the cleavage faces of these are generally but little affected by
weathering. Some mica is present and a few pebbles of sandstone
and slate occur, L'he yellow staudstones are composed of essentially
the same wmaterials as the conglomerate but finer,

In addition to the quariz and feldspar, which are the chief constit-
veuts of the browo and grey freestones, there is some mica. Minute
rust colored specks in the sandstone are probably due to some disin-
tegrated ferro-maguesian miverals. It is not uncommon to find
pebbles of varipus kinds sparsely scattered through the saudstones.
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These are mostly quariz, but there are fragments of red shale, often
somewhat irregular in shape, which seem more like masses of clay
depusited with the sand and afterward bardened than water-worn
pebhles of shale.  ("ross-bedding in the sandstone is quite common.

The shale is composed of fine red mud, containing more or less
minute flakes of mica. In some cases it occurs in thick beds, which,
when seen in a freshly-exposed wall in the quarry, appear firm and
massive. However, it splits readily on exposure to the weather,
Rarely, a thin bed of green or black shale occurs with the red.

This series of beds is best shown in the quarries near Wilburtha,
five miles above Trenton, and also in the quarries near Stoekton.
Because of the fine exposures near the latter place this division has
been called the * Stockton series.” In all these quarries the rapid
alternation of beds from shales to freestones and to arkose conglom-
erates is shown. Not infrequently a well-marked bed was seen to
thin out rapidly within the limits of a quarry, or even disappear
eotirely, its place being taken by a layer of a different texture. In
other cases the same bed, although retaining its identity as a distinet
layer, yet changed so in texture or color along its plane that it would
not be recognized as the same bed were it not visible through all this
distance, The individual beds have the shape of thin lenses, which
overlap at their edges where they thin out.

In addition to the cross-bedded structure which often prevails in
the sandstones, ripple-marks, mud-cracks and impressions of rain-
drops have been observed on the shale layers. The conditions under
which these bxds were deposited will be discussed in a final report,
bat it may be raid in passing that there is every indication that they
were formed in the shallow water, in close proximity to the shore,
after the maoner of the seashore deposits of the present day. The
bulk of the material of which they are composed was derived from the
erystalline rocks on the south and southesst.

Distribution—- Trenton- Wilburtha Area.—As shown upon the map
accnmpanying this report, there are four areas occupied by the Stock-
ton series. This is due to the faulting and folding which the whole
formation has experienced. These areas are as follows:

The first belt begins in the western part of Trenton and extends
slong the Delaware to a point about three-fourths of a mile above
Wilburtha station, At Trenton the formation rests upon very much
older crystalline rocks, which have contributed largely to the arkose
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beds. But it is only for a short distauce that the basal beds are
exposed, because a few miles northeast of Trenton, the Cretaceous
elays overlap and conceal the lower part of the Stockton series. The
apper limit of this division extends from the Delaware river above
Wilburtha, through Ewingville, Lawrence and Princeton. At the
Intter place it crosses the college campus, and excavations made for
the foundations of the new college library revealed the upper beds of
this series. Along the Millstone river the line of separation between
the Stockton series and the overlying beds can be quite accurately
located in the line of quarries along the canal, the southern quarries
being in the Stockton series. East of the Millstone river the boundary
line cannot be determined, owing to thick deposits of jthe Pensauken
which mantle ‘the surface of this region. Northwest of Treoton this
belt has a width of about three miles, but to the northeastward, owing
to the overlapping of the Cretaceous and later formations, its width i3
much less.

There are but few good exposures apart from those in the quarries
along the Delaware and the Millstone rivers. Over the greater part
of this area the character of the soil is determined by the coating
of Pensauken and Jamesburg formations, rather than by the rock
beneath,

In the ravine at the western edge of Cadwalader park, Trenton,
there are heavy beds of arkose conglomerate, with pebbles of quartz
several inches in diameter and good-sizad feldspar crystals. The
rock here is firm and might be used for rough masonry.

Near the canal bridge, a quarter of a mile southeast of the Asylum
station, the rock is so completely decomposed that it is spaded out and
used for road material and sand. [n addition to the constituents
derived from the underlying gneissic rocks, there are pebbles of
quartzite and sandstone, probably derived from the southwest, where
in Pennsylvania these rocks rest upon the Cambrian sandstones,

Hopewell Area.—The second area in which the Stockton series
occurs is near Hopewell. Here they form a narrow belt three-fourths
of a mile in width, ou the southeastern face of the Sourland plateau,
extending from Harbourton to near Skillman, a distance of
pearly ten miles, They form ihat part of the escarpment of the
plateau which one sees from the railroad near Hopewell, and north-
east. The upper limit lies a little west of the crest. These beds are
the upper part of the Stockton series, here brought to the surface by
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o great fanlt, located along the foot of the escarpment. The evidence
in support of this ennclasion wi'l be considered later.

These rocks are, on the whole, somewhat harder than the beds near
Trenton and Wilburtha, They are mainly vari-colored sandstones,
rel-brown, grey and steel-blue predominating, although the weathered
frazments are mostly yellowish.  The sandstones are quartzose and
feldspathie, andd, in general, not so free-splitting as those in the Wil-
burtha narries.  Some beds of heavy arkose eonglomerate occur, ihe
most nrirked Joeality being half a mile west of Marshall’s Corner. A
drilled well 106 feet deep, on the Edgerly place, Hopewell, passed
through alternating beds of red shale, hard, grey, quartzitic sandstone,
bmwnstane and arkose sandstone. Considering the rapid changes
noticed in individual beds in the Wilburtha and Stockton quarries, it
is not o matter of surprise that the beds here are somewhat different
from those in other localities. There can, however, be no reasonable
doubst hut that these sandstones belong to the Stockton series. There
are no quarrie< along this belt, aud but few large exposures, The
charac'er of the rock must be judged largely by the weathered frag-
ments found on the surface.  There are a few exposures along most
of the small streams, which have incised the face of the escarpment,

The surface is somewhat sandy, and generally strewn with angular
weathered slabs of the barder layers. The name Peach Ridge, which
in years past was applied to this belt, is indicative of the agrienltural
use to whicl the soil was put, Now, however, the term is not par-
ticularly appropriate, since peach orchards are as numerous on adja-
cent areas, and in all the region they are less abundant than they
were _\'l"ﬂ rs ﬂg(l.

The Stackton Arc1.—A second great fault brings these beds to the
surface again seven miles to the northwest.  This third belt extends
along the Delaware from Brookville (a mile below Stockton), to a lit-
tle beyond Raven Rock, having a maximum width of about three
miles.  Its upper limit extends along the crest of the escarp-
ment ot the Ilunterdon plateau, the steep slope being formed by
the upper beds ot tihe Stockton series, which are here predominantly
red shales, with an oceasional sandy layer, The lower limit of the
beds in this area is formed by the fault, which crosses the strike
obliquely, so that the belt becomes narrower to the northeast and finally
pinches out midway between Flemington and Sand Brook. The
topegraphy of this area is characteristic. It consists of three broad,
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low ridges, trending northeast and southwest, parailel to the strike of
the beds and formed by the harder and coarser ronglomerate mem-
bers of the series. These are separated from each other by wide, shal-
low valleys, opened on the softer sandstones and shales. The ridges
have an elevation of from 320 to 420 feet, averaging from 100 to 150
feet Jower than the neighboring part of the Hunterdon platean, and
rising about 150 to 200 feet above the red shale region across the fault
line. Each ridge falls away as the fault line is approached, each
higher one in the series overlapping to the northeast the one next
lower.

The quarries near Stockton afford unexcelled opportunity for stody-
ing the composition, texture and succession of the beds. The rocks
here are chiefly free-splitting sandstones of various tints of grey, yel-
Jow and red-brown, very similar to those at Wilburtha, DBeds of red
shale and alse conglomerate alternate with the sandstones: In the
bluff between Stockton and Brookville, thick beds of very coarse con-
glomerate occur, the lower beds in this locality being much more

consolidated than those near Trenton.

Apart from the exposures in the quarries and a few vnimportant
outcrops along the streams, the rock is rarely seen. The soil, how-
ever, is clearly indicative of the rock beneath, being rather loose,
sandy, and often pebbly. Slabs of sandstone and conglomerate strew
the surface in greatabundance. In color—mostly a grey—and texture
the soil is in marked contrast with that of the adjoining regions, which
is a red or yellow clay.

North of Fleming’on.—The fourth area in which the Stockton beds
oceur lies north of Flemington, The fault which brought the beds
in the third area to the surface along the Delaware above and below
Stockton, by its oblique course terminated them on the northeast, near
Sand Brook. A mile and a quarter north of Flemington, however,
they re-appear at the surface, owing to a gradual change of atrike from
N. 65 E. to N. and N, 20 W. From this point they extend north-
ward to the limits of the formation near Clinton in a gradually widen-
ing area, which attains a maximum Dbreadth of three miles in the
latitude of Lansdowne.

The beds change in texture and composition within this area as they
approach the northwestern boundary. Where they first oceur, near
Flemington, they consist of coarse arkose sandstones, often much dis-
integrated and interbedded with soft red shales. The transition to the
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overlying series is through several hundred feet of fine-grained, red,
sandy shales, agreeing very closely in texture and composition with
the uppermost layers above Stockton on the Delaware, Nearer the-
boundary of the formation the layers of typical arkose conglomerate
and sandstones diminish in number and thickness. Their place ia
taken by beds of red shale, and sandstone and conglomerate of a dif-
ferent type. For four miles southenast of Clinton the basal beds of
the formation are found resting unconformably upon red, yellow and
dark grey Hudson river slates, Trenton (?) limestone, Cambrian )
quartzites and gneiss. Material from these formations has entered
largely into the composition of the overlying beds, and determined
their character. In place of the free-splitting brown and grey sand-
stones, there occur coarser beds, made up largely of the thin bits of
Hudson river shale and small quartzite pebbles. With increasing
coarseness of material, we find conglomerates «f white, grey and red-
dish quartzites, Although the Stockton beds rest in part upon the
limestone and gneiss, these two rocks occur but rarely in this part of
the newer formation. In a final report, the source and origin of this.
conglomerate will be considered.

Lockatong Series.—Above the Stockton beds there is a series of hard ,
dark-colored shales and flagstones, which I have called the Lockatong
beds. They are, as a whole, much harder and darker than the adjoin-
ing beds. They consist (@) of carbonaceous shales, which split readily
along the bedding planes into thin laminm, but which have uo true
slaty cleavage* ; () hard, massive, black and bluish-purple argillites,
which break sharply in any direction with a marked conchoidal frac-
ture, but never split into thin layers along the bedding planes; (o)
dark grey and green flagstoncs, some layers of which afford slabs nine
or ten feet in diameter and three or four inches thick ; (d) dark, red
shales, approaching a flagstone, (¢) and occasional thin layers of very
impure black and drab limestone, or rather highly caleareous ehales,
There are all gradations between these somewhat distinet types, so
that the varieties of individual beds are almost countless.

Some layers are s0 carbonaceous in appearance as to lead the un-
skilled to look for coal in the formation. Other layers, particularly
some of the argillites, are specked with minute crystals of caleite, and
faces of juint planes and cavities are very frequently covered with

* In this connectin it may be stated that cleavage across the bedding planes does not vecur, so faras £
have ub-rrved, in ooy of the Newnrk bed-,
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deposits of the same mineral. Minute crystals of iron pyrites occur
quite frequently in some layers, but apart from them and the calcite,
secondary minerals were not found microscopically in these beds. The
red shales are much harder and slightly darker in color than the red
shales of the other series. They split into slabs more or less after the
manner of flagstones, but do not crumble to minute bits, as does the
softer red shale. Their weathered surface moreover is a brighter red
than that within, in which respect they are different from the bulk of
the red shales, which become slightly darker on exposure to the
weather. The limestone beds are very thin aud have been uoticed
only in a few cases.

Not a few writers have called these beds * baked * shales, and have
ascribed their hardoess and dark color to metamorphism induced by
the trap-sheets which occur in the Newark formation. One or two
geologists have mistaken some of the exceedingly hard, dense argillite
for fine grained trap. The *‘baked-slate” hypothesis has received
apparent support from the fact that one belt of these argillites oceurs
near the trap of Sourland mountain. There is no doubt but that, in
many cases, the trap has produced profound changes both in the color,
hardness and mineralogical constitution of the adjoining beds, but
the altered beds are not to be confounded with the Lockatong series,
and cap generally be differentiated from them by careful field-work.
That the latter are not * baked ” shales is shown by the facts (a) that
they often occur several miles from any known trap-sheet, and that
they ure just as hard and black at this distance as where near the
trap; (b) that comparatively soft, thin layers of highly carbonaeeous
shales occur between beds of the hardest argillite; if the beds of
argillite were the result of local metamorphism, it is difficult to under-
stand why the interbedded carbonaceous shales were not also altered ;
(c) the texture and stratification of the Lockatong series is such that
they could not have been formed from the red shales by any process
of metamorphism. The supposition made by some that metamorphism
was produced by great masses of trap which nowhere reach the sur-
face, has absolutely no foundation of fact upon which to rest, and
needs no refutation. If any oue fact can be accepted as demonstrated
by this work, it is that the shales, argillites and flagstones of the
Lockatong series are not due to Jocal metamorphism by the trap.

Both ripple-marks and mud-cracks occur at all horizons in the
Lockatong beds, showing that shallow water conditions prevailed,
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although the materials deposited were exceedingly fine, The mud-
erack markings are the more common. Instances were noted where
cracks in green or hlack mud had been filled by red mud, and vice
versa,

Dis'vibution—Fuwi-grille- Princefon. Area.—Owing to faulting, the
Lockatong beds acenr in several areas, as do the Stockton series
Along the Delaware the width of the first belt is about one and three-
fourth miles, commencing three-fourths of a mile above Wilburtha.
The Tower beds are exposed at Savage’s quarry aloog the canal, and
upper layers are shown ar Ayres’ quarry, Somerset, and near the
mouth of Jaeobs” creek,  Small exposures occur along the canal be-
tween these points,  The lower limit of these beds is coincident with the
upper limit of the Btockton series and extends northeastward through
Birmingham, Ewingville, Lawrenceville and Princeton. The upper
limit is approximately parallel to the lower, the average width of the
belt ax fur a4 Rosedale heing about two miles.

North of Princetan, the beds which can be referred with-at any
doubt to this series form a belt less than a mile in width. Here the dip
of the beds is not, on the average, any greater than where the lelt is
wider.  On the contrary, it is slightly less, so that with the same
thickness of beds its width ought to be slightly greater, Between
the upper limit of the beds, eoncerning which there is no doubt, and
the trap of the Rocky Hill ridge—three-fourths of a mile distance—
there nre ~ome green and black shales, which might well be put in
the Lockatong series, hut the bulk of the intervening beds are soft,
crumihly red shales.  These seem rather to belong with the subdivision
rbove the Liockutong beds,  No sueh thickness of soft red shales has
been found in the Lockatong beds, where the section was most com-
ptete.  Next ta the trap there are pale blae-grey and purplish-red
shales, containing amygdules of secondary minerals, the result of meta-
morphism by the trap. Unfortunately, exposures are wanting at
many critical points, so that it has been found impossible to account
satisfactorily for the phenomena. (2) Whether the Lockatong beds
rapidly diminish in thickuness east of Rosedale and north of Prince-
ton owing to unknown eanditions of deposition, (8) whether the beds
change lithologically along the strike, so that the red shales between
Princeton and the trap ridge are the same horizon as the upper beds
of this subdivision further west, or (¢) whether the upper part of the
Linckatong series has been cut out by faulting, it was not possible to
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determine. A few cases of erushed and contorted Leds and slicken-
sides lend a little plausibility to the last supposition.

There are good exposures of the heavy-bedded, black and dark
green argillites at several points along Stony brook below Rusedale,
and the quarries of J. K. Brown and Stephen A. Margerum, Prince-
ton, afford good opportunities of studying the various layers Quarries
along the Millstone above (south of) Kingston also show different
horizons,  Kast of the Millstone the limits of this subdivision can not
be determined with accuracy, owing to the more recent deposits, which
conceal all outerops rave along a few streams. Hard, black shale,
interbedded with red flugs, is found in a small quarry along the rail-
road a mile and a half due east of Kingston, Along Lawrence
brook belew Davidson’s mills two miles east of Deans, there ar®
also a number of exposures of the dense biack argillite, An outerop
of argillite on the Brunswick turnpike sontheast of Franklin Park,
is probably near the upper limits of the belt in this vicinity, as the
region to the north is underlain by soft red shale. The upper limit
probably extends from this point eastward to Lawrence brook, near
the mouth of Beaver Dam brook, and thence northeast along Law-
rence brook, crossing the Raritan river below their junction. The
lowest beds exposed along the Raritan river, however, belong to the
series next above the Liockatong beds.

Sourland Mountain Area —The Linckatong series occurs again along
the southenstern side of the Siurland plateaw, resting upon the narrow
strip of Stockton sandstones, which forms the escarpment of this up-
Jand. They form a belt, which has here a width of about one and
three-fourths miles, the dip being from 15 to 20 degrees to the north-
west. As was said above, the backbone of this upland is formed by
the outcropping edge of a trap-sheet, a mile in width. ¥From the
Delaware river to the village of New Market, the upper limit of the
Linckatong beds lies very near the sontheastern margin of the trap,
the interval being occupied by softer red shales of the third series,
which are somewhat metamorphosed near the igneous rock. Near
New Market, however, the trap makes a horse-shoe curve, crossing
the shales nearly at right angles. As a result of this sharp curve
and of a course elsewhere slightly ablique to the beds, the trap along
a section between Hopewell and Van Liew’s Corners is about 1,760
feet below the upper limit of the Lockatong series. The significance

NEW JERSEY GEOLOGICAL -SURVEY




44 ANNUAL REPORT OF

of this in its bearing upon the conditions of origin of the trap will be
discussed below. .

Northeast, therefore, from New Market the upper limit of the
Lockatong beds is found on the northwestern side of the trap-sheet
and about three-fourths of a mile from it. This belt ends about a
mile south of Flagtown village, where it is cut off by a great fault.
With it termioates the Sourland platean, whose elevation is due te
the hardness and durability of the argillite flagstones and trap.

Numerous exposures of the various beds of this series occur along
all of the brooks which flow off the upland to the southeast. Cou-
tinuons sections are not found, but the outerops are so numerous that
an accurate view of the succession of the beds can be obtained by
combining the observations on several streams, It has been found, as
in the case of the Stockton series, that the individual beds change some-
what along the strike, buth in color and texture, but to a much less
extent than do the sandstones. A section across these beds through
Woodsville, or southwest, shows a considerable thickness of hard red
shales approaching flagstones, interbedded with layers of black and
green shale. These grade into black and green shales and argillites
to the northeast along the strike, so that, on a section near Awmwell,
the beds are almost entirely of the latter class and red shale or flag-
stone layers are very few. Still further northeast hard red-brown
shales appear again, but not to their former extent,

A small area of Lockatong beds lies between the Delaware river
and Dilts Corner. It is bounded by two faults, which have brought
these rocks to the surface. Since there are several trap masses within
this area, there was at first some question whether these rocks belonged
to the Lockatong series or were metamorphosed red shales. Careful
examination shows that they are unlike the altered beds near the trap
in other lucalities, and their extent is to a measure independent of the
trap. They were therefore placed with the Lockatong beds. This
conelusion, bused on lithological likeness, is strengthened by the fact
that they pass downward into the arkose sandstones of the Stockton
series,

Hunterdon Plofeaw Arca~The beds of the Lockatong series have
their most extended outcrop on the Hunterdon plateau, in the region
knowo as “the Swamp.” The conditions which gave rise to this
pawe are due in part to the comparative impenetrability of the rock
and the heavy clay soil, which is formed by its decomposition. Oun
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the Delaware the belt begins near the head jof Bull’s Island above
Raven Rock, and extends to a point half a mile north of Tumble, its
width being a trifle over three miles. The lower limit is coincident
with the upper limit of the Stockton beds until the laiter are cut off
by a fault northeast of Sand Brook. Thence to Flemington it is
limited by the fault by which the hard beds have been brought into
contact with soft red shales. North of Flemington they adjoin the
Stockton beds, resting conformably upen them. Half a mile east of
Sand Brook village an interesting complication in the faulting has
brought a narrow strip of the Lockatong beds east of and apparently
under the Stockton series.

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

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

This belt forms a regular curve, parallel to the strike of the beds,
which changes from N. 65 E. along the Delaware to N. 10 E. mid-
way between Croton and Flemington, to N. 45 W, near Klinesville,
and N. 30 W. near Pittstown. The height of the Hunterdon plateau
is due to the wide outcrop, curving strike and hardness of these
rocks, and the upper layers of the Stockton series, which have
retarded greatly the forces of denudation, so that whereas the adjoin-
ing softer rocks have been reduced to an average elevation of under
200 feet, this belt has an elevation of from 500 to 700 feet.

Along the Lockatong and Wickecheoke creeks, which have deeply
incised the margin of the platean, there are fine sections of the beds.
Massive black argillite beds and very fine-grained green-black sand-
stone prevail, The courses of both creeks are marked by rapids and
falls, where the water dashes over these harder layers. Hard dark
zed slates or flags are common near the middle of the belt, and are
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well shown on the surface near Locktown. It was found possible to
trace some of the more pronounced beds of red fagstove for several
miles ulong their curving strike. This was Jdone in so wany cases, at
ditferent harizons, as to render it almost certain that this belt is not
traversed by faults, and that its width of outerop is due solely to the
great thickness of the beds and the gentle dip.

Modification of the Lockatong Beds.—Midway between Croton aund
Qualkertown these beds begin to lose their typical character, The
chunge is mainly one of texture, but as a result of their increased
coarseness, there is also a change in the color, the manuer of weather-
ing aud the soil furmed by their decomposition. The hard black,
dark green and dark red shales and argillites grade into drab, red-
brown, green and yellow sbaly sandstones,

The prevailing color of the weathered fragments is a light yellow
or yellowish brown. It is certain, however, that in many cases,
although perhups not in all, these rocks when fresh were drab, steel-
blue, grey, buff or even black, and often somewhat calcareous.

Some beds become slightly arkose, resembling closely some mem-
bers of the Stoclkton series. This change occurs along the strike and
increases in amount as the northwestern boundary of the formation is
approached. The change is first noted in the upper beds of the series,
and gradually extends to the lower beds as one approaches the border.
That s to say, the conditions which favored the deposition of the
black shales and argillites extended in the earlier part of the period
nearer to the present boundary of the formation than they did during
the latter part. Alung a seclivn between Cherryville and Quaker-
town, veeasional beds of argillite in the lower half of. the series were
observed, although most of the beds were yellow or green shaly sand-
stones. But along o section from Sidney to Littleton, three miles
nearer the boundary, almost no traces of the black shales and argillite
occur, the nearest approach to them being a very hard, fine-grained
blucle or purple sandstone.  Here the beds are chicly sandstones,
largely teldspathic in the lower part, but less so higher in the series,
Along Cakepoulin ereek there are gool exposures of thick red and
grey sandstones with occasional pebbly bearing layers, which resemble
strongly the Btovkton series, but are often somewlat harder. For
two miles southeast of Siduey the separation of the beds into the two
divisions, Locleatong and Stockton, is almost entirely arbitrary. Yet
the saudstones exposed on the Cuikepoulin between Sidney and Little-
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ton, when traced southward along their strike, are found to grade
into the flags, argillites and carbonaceous black shales which underlie
“the Swamp.”

Pebble-bearing layers, which were first noted along the section
between Littleton and Sidney, increase rapidly in thickness and
number to the northwest, and within a mile or a mile and a half the
series is composed chiefly of massive beds of heavy quartzite conglom-
erates, which continue to the gneissic rocks. There are so many
questions to be discussed respecting the conglomerates along the
boundary of the formation that they will be considered more in detail
below. [t is sufficient to say here that those lying north and north-
west of Pittstown are contemporaneous with the fine-grained, dense
shales and argillite, and can be traced into them foot by foot through
all the intermediate stages. No doubt is held as to the correctness of
this correlation.

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

Brunswick Shales— Lithological Character.—Overlying the Locka-
tong beds comes a great thickness of soft shales, with a few sandstone
layers. They are predominantly red in color, although a few purple,
green, yellow and black layers occur.  These are most common in the
lower thousand feet of the series, but they also occur at higher hori-
zons, The lower red-shale beds of this series resemble somewhat
closely the red shaly flagstones found in the Lockatong series, being
somewhat harder than Lhe typical crumbly red shale. In general, this
geries consists of a monotonous succession of very soft argillaceous
red shales, which crumble readily to minute fragments, or split up
into thin flakes. Maoy of the beds are micaceous, and in these layers
there is a stronger tendency to split regularly along the bedding planes
than in the crumbly layers. More often, the rock will not split
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evenly, but rather break up into small, more or less rectangular frag-
ments. Much of it is porous, containing minute irregular-shaped
cavities, sometimes empty, often partially filled with a calcareous pow-
der. Calcite veins and crystals are common in some layers.

A few small rhombohedral cavities were seen, such as might be
caused by tension in the layers, due possibly to shrinkage subsequent
to solidification. Locally lenticular masses of green shale occur in
the red. In size they range up to a foot or'two in diameter, and vary
in shape from nearly spherical to lenticular masses, narrowing dowa to
thin sheets along cracks. They are undoubtedly due to chemical
changes by which the red coloring matter of the shale has been
leached out.

Although the mujority of this series are goft red shales, there are

some hard black layers, chiefly near the base, and occasional beds of
fine-grained sandstone and flagstones, some of which afford valuable
building material. Massive conglomerate beds occur along the
northwest border of the formation, a part of which are correlatives
of the Brunswick shales.
& Evidence that these beds were deposited in shallow water is
abundant. Ripple-marks, mud-cracks and rain-drop impressions
occur at many horizons. In some quarries impressions of leaves, and
gtems of trees, or the stems themselves, are frequently found.
Their presence in shallow-water formations is to be expected. Beautiful
examples of reptile tracks have been found on some layers of these
beds, although not in the course of this survey.

Distribution.—The Brunswick shales occupy all the region under
discussion, except that occupied by the belts of the other two series
and the trap-rocks. They underlie considerably more than two-thirds
of the whole area, partly because they are much thicker than the
other subdivisions and partly because they form broad, gentle folds.

They are first met with on the Delaware, a short distance above the
mouth of Jacobs’ creek, whence there is an almost continuous expos-
ure along the canal to Washington’s Crossing, a mile and a quarter
above. Beds to the thickness of 1,700 feet are shown in this seotion,
including the harder red shales and black layers just above the Locka-
tong series. They extend along the river to near Moore’s, where they
are interrupted by the trap of Bald Pate mountain, Their north-
western limil is along the fanlt-line, which brings up, first, the Locka-
tong and then the Stockton beds, which form the southeastern half of
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Sourland plateau. These rocks extend northeast, with a width of
outerop near the Delaware of four miles, and underlie the rolling
<ountry from Hopewell to New Brunswick and beyond.

A second belt begins on the Delaware, just below Lambertville,
where the shales next the trap have been much altered and indurated,
Its upper limit is at the southern end of the small trap hill, Mount
Gilbua, & mile above Lambertville, and extends north by east past
Flewington, following the fault-line, which has brought up the Stock-
ton and Lockatong beds of the Hunterdon plateau. The lower or
southern limit of this belt follows the Syurland plateau, the lower
beds forming the northwestward slope of that highland. At its north-
eastern end, the two belts of red shale on either side of the plateau
unite to form oone broad, gently-rolling lowland, the vatley of the
Raritan river. Standing on the northern end of Sourland plateau—
here known as Neshanic mountain—one has a magnificent view of
the fow plain formed by the Brunswick shales, of the trap-ridges
which interrupt its continuity, and of the enclosing highlands, To
the west is the Huoterdon escarpment, forming the westward limit of
the Brunswick shales and marking the line of a great fault, by which
the rocks of the plateau have been uplifted several thousand feet,
Thirteen to sizteen miles to the north, across the low red shale plain,
are the goeiss highlands, and eight miles northeastward are the cury-
ing level crests of the Watchung trap-ridges, which are interbedded in
the Brunswick shales, and beyond which the shale lowland extends.
No high ground meets the eye to the east toward New Brunswick
thirteen miles away, but to the southeast rises the Rocky Hill trap-
ridge, at one point deeply cut through by the Millstone and there
marking the approximate limit of the Brunswick shales.

Owing to the curving fault-lines and the gentle folds of the strata,
only the Brunswick shales are found along a section from New Bruuns-
wick to Pottersville, twenty-five miles, across the whole Newark
formation as here exposed. The basal beds are here covered by
Cretaceous and later formations.* The beds are probably nowhere
better exposed in all thia area than along the Raritan above and
below New Brunswick, where they are easily accessible. Good expos-
ures are found locally along the Millstone, the South Branch and the
Neshanio rivers, and also along many of the smaller brooks which
drain this region, particularly the short and steep tributaries of the

*A few conglomerate beds near Pottersville, which are the shore equivalents of the red shale, are
exceptions to this
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Delaware. The beds are extremely monotonous and one good seo-
tion can serve as a type of them all,

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

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

(Juarizte Conglomerates—At a number of points along the north-
westery boundary of the Newark formation between the Delaware
river and Peapack, there are thick accumulations of massive con-
glomerates. The pebbles and cobbles are chiefly quartzite and hard
sandstone of various colors, usually white, grey or pinkish within,
although reddish on the surface, These are imbedded in s red mud
cement, which, where the conglomerate is heaviest, is just sufficient to
coat the pebbles and fill in the interstices between them. Elsewhere
the pebbles are scattered more or less thickly in the red mud mat-ix.

Altbough the quartzite pebbles are by far the most abundant they
are not the only kind. Many layers contain limestones, gneisses and
shales or slates, The limestone pebbles not infrequently have been
dissolved vut of the matrix, leaviog it more or less houeycombed.
This is frequently the ease where the matrix is sandy and there are
but few other pebbles. The gueisses are generally much weathered
and partly decomposed.  All the pebbles are worn and the hard
quartzites must have undergone much transportation to have been so
completely rounded, The quartzite pebbles in the ledges are traversed
by many minute joint planes, the result of dynamic action since they
were imbedded.  As they weather out, they commonly break withous
difficulty along these joints, so that the surface is strewn with fragments
bounded by one, two or three even-fracture faces and a rounded worn
face,

Localities.—The quartzite conglomerates, interbedded with sand-
stones and shales, are best exposed in the ‘‘pebble bluffs” along the
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Delaware, a mile and a baif above Milford. Of beds here exposed to
a thickness of 1,300 feet, 450 feet are conglomerates, 440 feet sand-
stones, 170 feet shales, and 300 feet hidden by talus. The conglom-
erate beds are more ot less lens shaped, and frequently thin out, to be
replaced by beds of different texture. The alternation of the beds
betokens shore conditions, and the arrangement of the layers is
paralleled by the arrangement of the sand and gravel beds in the
shore deposits of the present day. Back from the river these conglom-
erates form “ Gravel hill,” so called because the surface is strewn with
great nuibers of pebbles and cobbles from the disintegrated conglom-
erate. A mile and a quarter southwest there is another hill of
similar conglomerate, smaller and lower than “ Gravel hill” and
separated from it by red shale.

The heaviest accumulations of the quartzite conglomerate are found
underlying the high region stretching northwest from Pittstown and
lying south of Pattenburg. This region is known as “ the barrens,”
gince the soil is an exceedingly stony clay and the surface is strewn
with countless quartzite cobbles, most of which are broken. The
rock has disintegrated to considerable depths* over all this region, so
that there are no exposures of the conglomerate. There can be no
doubt, however, but that it is the rame as that exposed in the “ pebble
biaffa” near Milford. '

Quartzite conglomerates interbedded with shales also occur south of
Clinton for two or three miles, but they are less massive than those
of “the barrens.” Hills of the same conglomerate occur along the
borders of the formation between a point two miles southwest of
Pottersville and Peapack. Four miles north o Peapack there is an
outlier of the same rock, forming the hill known as “ Mount Paul.”
Here the conglomerate is surrounded by shales, which have heretofore
been considered a part of the Newark system, These beds, however,
belong to another period. They are much compressed and folded, and
cleave readily along planes transverse to the lines of bedding. They
have evidently undergone greater dynamic changes than the Newark
ohales. Examined more closely they are found to be of someswhat
different texture and to present o greater variely of color than the
Newark beds. In texture, color and structure they resemble very
closely the shales between Pattenburg and Jutland, so well exposed in
the cuts of the Lehigh Valley railroad, in which Nason found
graptolites, The shales, therefore, near the conglomerates of Mount

+ Wells 60 fect deep in the steny clay were reported, but these figures could not be verified.
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Paul, which on the geological map of the State are included in the
Newark, are in reality Silurian, probably Hudson river.

Rate of Disintrgration.~—The areas of the quartzite conglomerate
uniformly attain greater elevation than the adjoining shale areas,
This is not altogether because the conglomerates are more resistant
than the shales. Tndeed, the depth of s0il and subsoil is much greater
on the conglomerate than on the sbale, and outerops of rock are prac-
tivally wanting save in the bluffs along the Delaware. The explana-
tion of the greater thickness of disintegrated material on the conglom-
erate, and alsa of the greater height of these areas, is as follows :

As the shale disintegrates the particles are so fine that they can be
reudily washed down even the gentle slopes, which prevail in the
shale areas. Therefore the soil is removed almost as soon as formed,
and the roek is continually exposed to the attacks of the weather. On
the contrary, the disintegration of the conglomerate gives rise to an
execedingly stony elay, containing cobbles eight to twelve inches in
diameter. The finest material——the sandy and clayey matrix—was at
first readily washed away down the steep slopes, leaving behind
the quartzite pebbles and eobbles, which now form a protective cover-
ing and prevent further denudation. The disintegration of the eon-
glomerate gaes an beneath this covering more slowly as the residuary
Jayer becomes thicker, and at the same time transportation has been
hindered and practieally checked by the accumulations of the larger
fragments on the surface. Since these contain little or no soluble
materials, and can be reduced in size only as they are broken by
changes in temperature, the denudation of these areas has been very
slow. They form hills rising several hundred feet above the red
shale areas.

The Calearcous Conglomerates~—1In addition to the quartzite con-
glomerates, there are others along the worthwest boundary composed
almost entirely of limestone fragments. A few fragments of sandstone
and gneiss occur with the limestone, but they ordinarily form less
than one-bLalf of one per cent. of the whole, The limestone pebbles
are of various colors, usually shades of Llue and grey, sometimes
reddish, and set in a red mud matrix, so that the rock has a variegated
eppearance. Where the conglomerate is best developed, the pebbles
are set close together, the interstices between the larger being filled
with smaller fragments of the same material. In other layers the red
mud matrix is more in evidence, and towards the margio of the con-
glomerate the rock becomes rather a shale in which are scattered lime-
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stone pebbles, The cobbles are on the average six or eight inches in
diameter, and in a few localities bowlders three feet in diameter
have been seen. The larger fragmentis are generally worn and
rounded, whereas the majority of the smaller are sharp-cornered or at
most subaogular. This difference was uoted at several points and
appears to characterize the conglomerate as a whole. Compared with
the pebbles in the quartzite conglomerate, the limestones are poorly
rounded, a fact of some significance in conneetion with the origin aud
source of the materials, since with equal transportation, the limestones,
being softer, would have been most rounded. In many places this
conglomerate is so pure a limestone that it is quarried and burat for
lime for local use. ‘

Leealities—A small area is found on both sides of the Delaware
river, at Monroe, Pa., and Holland Church, N. J. Here it rests
against the Paleozoic limestone from which it was probably derived.
Another small area occurs near Amsterdam, a mile northeast of the
above, from which it is separated by a high hill of quartzite conglom-
erate. The structure is so obscure here that it is impossible to deter-
mine, positively, whether these are at the same or different horizons.
The weight of evidence favors the latter view. A third narrow belt
extends along the border of the formation from near Spring Mills to
Little York, two and a half miles, For a part of this distance, the
Paleozoic limestone is Imown to occur between the gukiss aud the
calcareous conglomerate, and probably supplied the materials of the
latter,

In all three of these areas the conglomerate is interbedded with red
shale and sandstone, and contains some gneiss fragments, although not
so many as would be expected from the present proximity of the
gneiss.

The largest area of this conglomerate is found along the border of
the formation, commencing a mile north of Lebanon and extending to
within a mile and a hal{ of Pottersville, a distance of six miles. Its
average width is about three-fourths of a mile. It is within thisarea
that the conglomerate is best developed ; the fragments are larger and
there is a less percentage of non-calcareous matter, It is here, there-
fore, that most of the quarrying has been done,

Although in this area the limestone fragments are the most vumer-
ous and the largest, no limestone is known to exist in the immediate
vicinity, from which the material could have been derived. No lime-
stone was found here between the gneiss and the conglomerate, and
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for much of the distance it is certain that none exists, The nearest
outcrops are at DPotteraville, but here the conglomerate, which ad-
joins the limestone, is composed almost entirely of quartzite.

A wooded hill, a mile northeast of Pottersville, is composed of
limestone conglomerate in which there are some quartzite and gneiss
pebbles, The Paleizoic limestone was found in an excavation along
the brook between the conglomerate and the gneiss, but all traces of it
are concealed on the surface by the wash from the gneiss.

Relation of the Conglymerates to the Shales.—When traced along
the strike the shales and argillites are found to pass into coarser beds,
which at some horizons become conglomerates near the borders of the
furmation. That this is the case has been proved beyond the shadow
of a doubt by detailed observations, Time and again thio pebbly
layers were seen to appear in the shales, and to increase in thickness
and numbers until they became massive conglomerates, This is true
both of the guartzite and calcareous conglomerates.

Since this is the case, it i3 evident that these conglomerates do not
occur al or near the same horizon, but range through the whole
formation. The conglomerates in the bluffs on the Delaware above
Milford and of Gravel hill belobg with the Brunswick shales. So, also,
do a part of those of “the barrens,” southwest of Pattenburg. The
beds of that part of * the barrens ” north and northwest of Pittstown
pass into the Liockatong beds, and are, therefore, older than the con-
glomerates nearer the Delaware. The pebbly beds south of Clinton
belong in the Stockton series. Both the calcareous conglomerates
northeast of Lebanon and the quartzite near Pottersville and Peapack
belong with the Brunswick beds. The discussion of the conditions of
formation of' these beds and of the source of the materials is reserved
for the final report, when the entire field shall have been surveyed.

Soil of the Brunswick Shafes.—The soil of the red shale areas,
except wiere there is a maontle of later deposits—chiefly along the
southeastern part of the belt—is often not more than two or three feet
in depth. The shale disintegrates easily into a red clay containing
minute bits of the rock and but few large fragments. Occasionally a
barder layer yields a few weathered slabs. Where the rock is more
of a sandstone the soil approaches a sandy loam, although in the
majority of the areas where it ia of this nature there has been an ad-
mixture of foreign material.

In spite of the rapid disintegration of the shale and the gentle
elopes, the soil is thin, except in a few localities, This is due to the
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fact that the residuary product is so fine that it is readily washed away,
even on the gentle slopes. Since transportation has so nearly kept
pace with disiotegration the rock has not been protected by a thick
coating of residuary material as is the case in the quartzite conglom-
erate regions. Denudation has, therefore, been rapid. Owing to the
thinness of the soil, which is often hardly more than broken rock, it i8
readily exhausted. In dry seasons crops are apt to suffer.

Thickness of the Niwark System.—The thickness of a series of regn-
larly inclined beds can be determined by a simple calculation based
on the width of the surface outcrop and the angle of dip or departure
from the horizontal position, When the angle of dip varies from point
to point, the calculation is more difficult, but may be sufficiently
accurate provided observations of the dip have been numerous. The
computation becomes more difficult and the results less reliable when
the width of the out-crop has been increased or diminished by faulting.
If the faults can be located and the amount of dislocation accurately
computed, due allowance can be made for them. But when for any
reason this cannot be done, estimates of thickness obtained in this
manner are only approximate and must be subject to large correction.
This is the case with these beds.

As has been already indicated briefly, the Newark system in New
Jersey is traversed by several very large faults. Io addition to these a
number of smaller dislocations have been observed in quarries, railroad
cuts, stream bluffs and other exposures. Most of these could not be
traced beyond the point of exposure. In making the estimates of
thickness about to be given, due regard was had for all the known
faults, but it is not impossible that there are some which were not
detected. It is hardly probable that any fault of considerable magni-
tude escaped observation, but a sufficient number of small fanlts may
be as effective in changing the width of outerop as a single large one.
With these qualifications in mind, estimates of the thickness of the
Stockton series in various parts of the field may be given.

Between Trenton and Wilburtha the thickness is estimated to be
2,300 feet. On this section the underlying crystalline rocks are ex-
posed, and so the base of the formation is known, but there is some
indication that a few of the upper beds bave been cut out by a fault.
‘This, however, is hardly more than conjectural. No estimates can be
made in the area near Fopewell, since only the upper part of the
series, 650 feet or so, is there exposed. At Brookville, below Stock-
don, the base of the formation is again found, and the thickness here
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feems to be 4,700 feet. The area is abont the same width gag
that ahave Trenton, but the dips are much steeper. In the area north
of Flemington the angle of dip is very large. If there are no un-
discovered funlts within this area, the thickuess is not far from 6,700
feet.  Owing to the changing character of the heds along this section
and ditBeulties of structure, to be referved to later, not much relinnce
18 10 be placed upon this estimate,

Of the Loclutong Beds.—The best opportunity for estimating the
thickoess of the Lockatong beds is on the Hunterdon platean. Here
buth upper and lower limits can be carefully located. The dip is
more than usually uniform, and outerops are sufficiently numerous to
prevent any great error in the caleulation. More than this, the eurved
course of the belt, and its uniform width, precludes the idea that it is
traversed by faults, which follow the strike and repeat the beds,

Along a section & mile east of Kingwood village, the thickness is
estimated to be 3,540 feet, Another section, messured near Croton,
gave it a thickness of about 3,450 feet, and a third section, near
Quakertown, showed a thickness of 3,600 feet. The difference
between these results is ot more than is to be expected from the
manuer of computing the thickness (averaging all the dips along the
line of the wection, and multiplying the width of the outerop by the
sine of the angle). The fact that three independent measurements,
made at intervals several miles apart, on a series of strata so curved
as these, agree so closely, is strong presumption that these figures
are not far from the true thickness of the beds,

It is a more difficult matter to determine the thickness in the Sour-
land plateau belt. For a part of the distance the beds are bounded
by & fault, and the lowest layers of the series are not shown, Then,.
also, the trap-sheet has been intruded into these beds for a part of its
extent, and for the remainder it lies Letween layers of red shale, just
above the upper limit of the Lockatong beds. Owing to the exien-
sive alteration that in places has affected the beds adjoining the trap,
it is by no means easy to determine exactly the upper limit of these
beds. Along a scction northeast of Harbourton, the thickness, exclu-
sive of the trap, is estimated at about 3,600 feet ; near Woodsville the
thickness was apparently about 3,650 feet. "I'hese caleulations were
made where the entire thickness lieg below the trap. Along a sec-
tion between Hopewell and Van Liew’s Corner, the Lockatong beds
beneath the trap measure 1,900 feet in thickness, and those above it,.
about 1,760 feet—total, 3,660 feet. According to these estimates, the-
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average thickness of these beds in the Sourland platean belt is some-
thing more than one hundred feet greater than in the Hunterdon
plateau area. This difference, however, is not greater than would
naturally be expected from the difficulty of determining exactly the
upper and lower horizoos,

Fstimates of the thickness of the Lockatong beds in the Ewingville-
Prineeton belt are as follows: on the Delaware, 1,685 feet ; near
Ewing, 1,700 feet; nearLawrenceville, 2,500 feet ; near Princeton,
1,750 feet, and along the Millstone, 1,800 feet. With the exception
of the third (near Lawrenceville) these figures accord fairly well,
although they indicate a thickness only one-half that of the other two
belts. Tt is possible that the apparent thickness near Lawrenceville is
due to a fault which repeats some of the beds, although no positive
evidence of this was discovered in the field. [f these figures, 1,700~
1,800 feet, represent the entire thickness of the Lockatong beds in this
vicinity, an explanation is needed of the lesser thickness of this belt as
compared with the same beds in the Sourland and Huuterdon plateaus.
Two answers may be given, neither of which is fully satisfactory @
First, the beds of the Ewingville-Princeton belt are nearer the shore
of the estuary in which these deposits were made than those of the
other belts. Stratifiel deposits have the form of an unsymmetrical
lens, thioning out rapidly towards the shore and more gradually
seaward. It is to be expected, therefore, that the beds of this belt
would be somewhat thinner than those of the others. It may be
questioned, however, whether in the case of such fine deposits the differ-
ence would be so great as that apparently indicated by these figures,

Second. The subdivisions of the Newark series are purely litho.
logical, It is conceivable, although perhaps not very probable, that
the conditions favoring the deposition of the Lockatong beds (mostly
black, caleareous or carbonaceous shales and argillites) ended sooner
along the Ewing: Princeton belt than they did in the other areas. On
this hypothesis the overlying red-shale beds, for a thickness of about
1,800 feet, would be the correlatives in time of the upper half of the
Lockatong beds in the other areas, and the upper limit of these beds,
as fixed by me, would not everywhere be at the same horizon, Ac-
cording to this hypothesis, sedimentation went on at about the same
rate in all the three areas, but the character of synchronous deposits
was not always thesame. That this last was the case along the north-
western boundary of the formation has already been indicated. As
between these two hypotheses the former is the more probable, receiv-
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ing some support from the fact that the Stockton beds, below the
Ewing-Princeton belt, are also much thinoer than those below the
Lockatong beds in the Hunterdon plateau.

Of the Brunswick Series.—It is even more difficult to obtain accu-
rate estimates of the thickness of the Brunswick beds than of the other
subdivisions. This is due (a) to the monotonous character of the beds,
which renders it almost impossible to detect the presence or absence
of faults, {b) to the folds in the beds and (c) to the fact that the
entire thickness is not present in this part of the State.

West of Ringoes the shales form a syncline, whose axis plunges
northwest, Estimateg made here show that between 7,000 and 8,000
feet of shales are involved in this folding. Between the mouth of
Lawrence brook, east of New B-unswick, and the base of the first
trap ridge back of Bound Brook the beds are 10,000 feet thick, if
there are no faults in the intervening region. In the bluffs along the
Raritan river below New Brunswick three fanlt breccias were found,
but it was impussible to determine the amount of dislocation beyond
the fact that it was not sufficient to expose the Lockatong beds, which
are here at least 1,000 feet below the surface, From the amount of
disturbance which i3 known to accompany great faunlts in other parts
of this formation, the presumption is that these faults are only.small
ones. Nothing else was found which in any way lends color to the
hypothesis of faults within this area. Tt would seem as if a deduction
of 1,000 feet from the estimated thickness of this section was amply
suffivient for any possible repetition of the beds by undiscovered small
faults. Nine thousand feet, however, does not represent the whole
thickness of the Brunswick shales, since neither their base nor their
top is included in this section. They certainly extend for 2,000 or
3,000 feet above the base of the First mountain, In the light of the
present facts, an estimated thickness of 12,000 feet for the Brunswick
shales dues not appear excessive, although in view of the uncertainties
connected with the structure, too much emphasis must not be placed
upon it. All that can be claimed for this estimate, as well as for all
others given in this paper, is that they are made after a careful and
detailed examination of the whole area, and rest upon a much larger
basis of facts than any previous estimates.

Total Thickness.—Combining the figures given above with those of
the other subdivisions, some idea may be had of the probable thick-
ness of the rediments of the Newark system in Western New Jersey:
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BOCKLOD. corrrnnrnrnnnrnnsesssassinaners rasssssssnsinnionannenens 4,700 feet,
LOCKBIONE. .o cvsiciiiiiiisrsversesnsnan senennrnr sovserers sassonans 3,600 feet.
BrODBWICK cccmeseeimrenintrmvncereaneniesiorcas aarnsrsansennens 12,000 foet.

20,300 feet.

These figures are so great that one naturally hesilates to accept
them, but the facts so far as known do not permit any other interpre-
tation. I began my work feeling confident that the thickness of the
beds was much less than this, and that they were many times repeated
by faults. But at present the weight of the evidence strongly favors
the view liere stated. Many of the faults found cross the beds at such
angles as mot to repeat the strata. Furthermore it was possible to
check results in a number of instances. The fact that the three esti-
mates of the thickness of the Lockatong beds in the Hunterdon
platenu, where the strata curve so markedly, agree closely one with
another, and also with the various estimates of the same beds on Sour-
land platesn, make it improbable that the great thickness there is due
to faults. So, too, the thickness of a part of the Brunswick shaleg
involved in a synelinal fold can be quite accurately determined, and
the possibility of faulting eliminated. Finding such great thicknessin
these beds, which are only a part of the whole and where the absence
of faults is quite certainly shown, I am the more ready to accept the
figures given above. They are, however, not final, but are subject to
revision in the light of further work,

Trap-Rocks.—In addition to the sedimentary rocks already described,
the Newark formation includes igneous rocks, all of which are included
under the term trap. The most important of these have been described
in the previous publications of the survey,* and their location shown
upon the Geological Map of the State. A few small dikes, heretofore
unmentioned, were found duriog the past season, some of which are of
considerable scientific interest. These will be described more at length
below.

Origin of the Trap-Sheets —The trap is igneous in origin. It is rock
which ascended in a molten condition to its present position, relative
to the surrounding rocks, and there solidified. The Newark trap-
sheets may be either intrusive or extrusive in origin, They may have
been forced into their present position in the shales and sandstones,
while the latter were deeply buried beneath overlying beds, which bave
since been removed by denundation {intrusive}. In this case the molten

*Geology of New Jersey, 1368, Anmuuat Reports for 1879, 1881, 1883, 1884, 1886, 1883.
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lava did not reach the sarface. On the other hand, the trap may
have broken through the sedimentary rocks, spread out over the sur-
face, und then been buried beneath fresh accumulations of sand and mud.
In the first ca<e the intrusion occurred after the period of deposition
of the inclosing shales. In the second, the lava must have been
extruded while deposition was going on. Extrusive sheets, therefore,
are olider than the beds above them and younger than those beneath
them ; whereas un iotrusive sheet is necessarily younger than the layers
surrounding it.

Criteriv of Lutrusive and Extrusive Origin—Prof. Davis* has given
o 1oucl detail the criteria by which these two classes of lava-sheets
may be diseriminated.  The following sumwary may be made of his
diseus=ion

Intrusive sheets,—

(¢) An intrusive sheet may break across the beds,

(8) Its upper und lower portions are nearly identical, and offshoots
iy traverse the superincumbeunt strata,

{e) The texture of the mass is in general dense throughout and
coursely erystalline in the middle, but more glassy toward the con-
tacts,

(d) A cellalar or amygdaloidal structure is rarely developed, and
when oceurring seems to be confined to the upper portion of the sheet
and to be due to replacement.

(e) Euclosed fragments of the country rock may be found near the
upper as well as the lower part of the sheet.

() The overlying as well as the underlying beds may be fractured,
and friction breceias may be formed.,

{9) The beds both above and below may be altered by heat, the
change beivg greuerally in color, hardness and production of new min-
erals.

On the other hand, the characteristics of extrusive beds are as fol-
lows :

(¢) Av extrusive sheet must be conformable to the surface on
which it [ies.

() The upper and lower surfaces are strongly unlike.

{e) The upper surface may show a ropy flow-structure and may
consist of a mass of clinkers.

*W. M. Duvis: Bulletin of the Muscum of Comparative Zoology, 1889, pp. 100-103.
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(d) Vesicular texture is very common, especially near the upper
surface, sometimes within the mass or, more rarely, at the lower sur-
face,

(¢) A composite structure, as of two flows, is not uncommon,

(f) Vesicles are often drawn out in a common direction and spike
amygdules are frequent.

(9) The overlying beds show no signs of alteration by heat.

{(h) The overlying sediments are arranged conformably with the
upper surface of the sheet,s0 that open vesicles and spaces between
the clinkers may be more or less filled with the sediments.

(¥) A trap conglomerate may oceur just above the trap-sheet. -

(J ) Extrusive sheets may be associated with ash-beds, volcanic
bombs, ete.

The effects of heat and mechanical disturbance in the underlying
beds are features common to both kinds of sheets, and the absence of
induration and apparent complete conformability with adjacent beds
cannot be taken as proving extrusion, although they point to that
conclusion,

Previous Views——The earlier workers of the survey were of the
opinion that the trap sheets were all intrusive, Professor Cook holding
quite strongly to the view that “the red sandstones were at their
present inclination before the eruptions which forced the trap-rocks
up between the strata of the sandstones,”*

Professor Davist has shown that both intrusive and extrusive sleets
occur in New Jersey. First and Second Mountains are overflows, and
the Palisades, Sourland Mountain and some other masses are intrusive
sheets or dikes. Iater, N, H. Darton} examined in considerable
detail the traps of New Jersey, and agreed with Davis in calling some
extrusive and others intrusive. The Palisades, Rocky Hill, Sourland
Mountain and the other trap masses in the western part of the State
are classed as intrusive. First and Second Mountains, Long Hill,
New Vernon trap-sheets, Riker Hill, Hook Mountain and the New
Germantown crescent are considered extrusive in origin. Darton’s
studies did not include the small crescentic ridge of trap southeast of
Sand Brook village, not far from Flemington, which is undoubtedly
a small extrusive’ sheet. Other geologists also have added to our
information of the trap-rocks,

* Annual Report of the State Geologist of New Jersey, 1888, page 125,
¥ Davis: Bulletin of the Museum?of Comparative Zoology, 1889, pp. 209279,
$ Darton: Bulletin’of the U. 5. G, ., No. 67.
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With the work of Davis and Darton the question of the intrusive
or extrusive origin of the New Jersey trap-rocks seemed settled. B.
8. Lyman,* however, has recently asserted that in Bucks and Mont-
gomery counties, Penn., ¢ there would seem to be no good reason
whatever for considering the conformable trap sheets anything but
overflows, and any other supposition would now seem very strained.”
Three of the sheets thus classed as overflows are extensions of sheets in
New Jersey, which have always been regarded by all observers ag in-
trusive. Mr. Lyman bolds, furthermore, that the Palisades have been
regarded by Davis aud others as intrusive “ for reasous apparently not
completely cogent.” He cites no facts, however, to support his views
beyond the general parallelism of the trap-ridges and the enclosing
ghales.

It is not my purpose here to repeat the evidence given by previous
observers on this subject. Some new evidence, however, wasfound which
bears upon this question and settles it conclusively for several of the
ridges, In every case it confirms the conclusions of Davisand Darton
on the question of the origin of the trap,

Rocky Hill Trap.—This trap-sheet has been proved ot to be con-
formable with the shales, but to cross the strike at various angles.
Where it terminates at the fault-line near Hopewell, it is 6,000 to
7,000 feet above the base of the Brunswick shales, although the exact
distance is difficult to determine, owing to several sharp folds in the
gliales west of Glen Moore and near the end of the trap. The sheet,
or dike, cuts directly across these folds. North of Princeton the trap
for two or three miles is nearly conformable to the shales, but where it
is last seen east of Dean’s station on the Pennsylvania Railroad it has
reached a horizon in the Lockatong argillites about 1,500 feet below
the Brunswick shales. If, as has Leen suggested by Russell, Davis
and others, the Rocky Hill sheet is a continuation of the Palisade
trap, there is 2 still further descent across the sedimentary beds in the
buried portion, since the Palisade trap is enclosed beiween beds of
arkose sandstone and conglomerate, the Stockton series. In view of
this uuconformity, of which there cannot be the slightest doubt, it is
impossible to regard Rocky Hill as extrusive in origin.

The Pulisadis.—Reconnaisance work only has been done along the
Palisade ridge, but enough has been seen to convince me that it is
iptrusive. Lo addition to the numerous instances of basal uncon-
formity cited by previous observers, the importance of which Mr,

# Lyman: Penasylvania State Geol, Survey. Final Repon, Vol. 111, Part II, p. 2,621
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Lyman could hardly have appreciated, the upper surface of the trap
was found to cut across the sandstones, At the western entrance of
the N. Y. S. & W. railroad tunnel, between Granton and Fairview,
the upper coatact of the trap and sandstone dips westward 18°,
whereas the dip of the overlying and indurated sandstones is only 9°,
The contact is clearly exposed in the side of the tunnel, and there is
no possibility of any error in the observation. About ninety feet of
interbedded shale and sandstone are exposed just above the trap, the
topmost beds, to all appearances, being as thoroughly altered by
baking as those next to the trap. The nature of this contact cannot
be mistaken ; the unconformity is not such as could have oceurred by
any possibilities of deposition on an uneven surface; the trap cuts
across the layers of sandstone. The upper su:face of the trap is not
at all scortaceous nor vesicular; nor are there the slightest traces of
trap particles in the overlying sedimentary rocks. The Palisade trap
is an intrusive sheet, beyond all doubt. To assert otherwise merely
because, in a general way, it follows the trend of the shales, is to
ignore evidence of the most conclusive sort.

Sourland Mountain.—This trap-sheet is a continuation of Bolebury
mountaio of Pennsylvania. In New Jersey it is not conformable to
the shales. Less than a milesouthwest of Rocktown the upper contact
line makes a right-angled tarn to the northwest for three-fourths of a
mile, and then by another sharp turn, resumes its northeast-south west
direction for a mile and three-quarters. Here it turns abruptly again
to the southeast for one and a quarter miles, where it again taros to a
northeast course, slightly oblique to the shales. The under contact
line makes similar bends. By its first turn to the northwest the trap
ascends about 1,000 feet geologicdlly, almost directly across the edges
of the shales. By its later turn to the southeast, it descends to a hori-
zon about 800 feet lower than its original one. In addition to these
abrupt changes of horizon, which are clearly seen on the accompanying
map, it crosses the beds obliquely in other parts of its course. It is
estimated that along a section between Hopewell and Van Liew’s Cor-
ners it is 1,800 or 1,900 feet lower geologically than near Lambertville.
Southwest of the * horse-shoe”’ curve, near Rocktown, it is ubove the
base of the Brunswick beds; two or three miles northeast of the
curve it is 1,760 feet below the top of the Lockatong series.

But not only is this trap proved to be intrusive by its structural
relations. Three trap dikes were found to start from the upper surface
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of the xheet, and were traced through the overlying shales for several
miles,

The first starts a mile and a half from the Delaware river, ascends
about 250 feet and then extends parallel to the main sheet. It can
be traced by a line of low outcrops and weathered fragments. For
much of the distance its width is not over twenty feet, but it is greater
near the junction with the main mass to the southwest. Several shale
outerops were fonnd between it and the main mass. It unites again
with the main sheet at the ¢ horse-shoe™ curve, over three miles from
the starting point,

The second offshoot starts at the bend of the trap southwest of
Rocktown und ean be traced continuously to Mount Airy, two miles
distant, where it is clearly seen crossing the road just south of that
village, Where it crosses the creek half a mile east of Mount Airy, it
is hardly more than eighteen feet in width and apparently vertical,
although the cootact with the shale is not shown. The adjoining
shale beds are very hard,ashy-gray or pale-green in color, and some
layers are marked by segregations of epidote, Other beds are thickly
specked with erystals of iron pyrites,

Nearer the main sheet the dike inereases in width, and from the
amount and distribution of the debris, its width is probably fifty to
sixty feet. For much of the distance its course is marked by a line
of trees or bushes and uncultivated ground.

The third and longest dike starts from the main sheet, three-fourths
of 2 mile northeast of Rocktown, and can be traced continuously to a
point nearly a mile north of Copper Hill, a distance in a straight line
of five miles. The slightly sinuous course of the dike increases its
length about half a mile. North of Copper Hill station it is inter-
rupted and offset a quarter of a mile to the west, probably by a fault,
Thence it continues, more or less interruptedly, to Flemington, two
miles distance. Prospect Hill, just west of that place, is a small trap
mass, which may have underground connection with this dike, although
it does not show on the surface, The copper deposits found years ago
near Flemington and Copper Hill oceurred in the shales along this
dike, and the explorations then made indicate that the dike, even
where interrupted on the surface, is sometimes continuous below.

Its width varies considerably, but for the greater part of the dis-
tance it is probably between 50 and 90 feet. A quarter of a mile east
of the Flemington cemetery, a trap dike, probably the northern con-
tinuation of this one, is exposed along the road. Here its width is
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from 15 to 18 feet; it dips very steeply to the east, is in fact almost
vertical, and the inclosing shales, which are altered to a purplish and
yellowish color for a distance of two to four feet from the contact, dip
30 degrees to the west.

The dike can be readily traced by a slight rise of ground, the line
of disintegrated material, occasional large bowlders, and a line of trees
which have been suffered to grow where the bowlders are the thickest.
Near the village of Union it widens suddenly, and from this gang-
lion another narrow dike extends a short distance towards Tnion,

The coutinuity of this dike, between Copper Hill and Sourland
mountaiv, crossing, as it does, the beds at ab angle of 45° to the
strike, is proof that this part of the red shale area is not traversed by
faults formed later than the intrasion of the trap and parallel to the
strike, or at a low angle with it. The thickness of the shales thus
crossed is between 6,000 and 7,00G feet. This does not exclude the
possibility of faults formed before the intrusion of the trap. Since,
however, there is some reason for believing that the trap was intruded
before the beds were elevated above the sea-level and tilted, the proba-
bility that these beds are not faulted at all is quite strong.

The occurrence of these three dikes, in the shales above the trap
and their connection with the upper surface of the Sourland mountain
sheet, is conclusive proof, apart from the considerations urged by
other authors, that the latter is intrusive.

Point Pleasani.—About 500 feet south of Byram station, on the
Delaware opposite Point Pleasant, the contact of the trap with the
argillite and black shale has recently been exposed. The contact of
the trap with the shale dips 40° 8., whereas the shales dip 12°
northward. Near the trap the shales are somewhat crushed, sheared
and slightly reversed in dip, but they are absolutely and completely
unconformable, and there can be no doubt but that this unconformity
has been caused by the irregular intrusion of the trap. Between this
exposure and the depot there is & ravine in which the argillite beds
~ are exposed. Opposite the depot and near the top of the bluff a
gecond trap ledge is found, which is also exposed at Berger’s quarry,
along the road leading east from the depot up the hill. At first sight
it appears as if there were two trap sheets here, but this is probably
not the case. The argillite in the ravine between these exposures is
beneath the sheet and is exposed only where the stream has cut through
the trap. Ascending the ravine to the level of the quarry, there is
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strong presumption that the trap crosses the stream, although it was
not actually seen in place owing lo the numerous large bowlders.
There is no indication that the argillite extends up the ravine more
than a few rods, This trap, therefore, is proved to be intrusive in
origin, although it is the continuation of the Pennsylvania sheet called
by Mr. Lyman an overflow.

Bald Pate Mountain and Pennington Moeuniain.—These two trap
masses lie between the Delaware river and the end of Rocky Hill,
near Hopewell. No conclusive evidence was found heve, but they are
believed to be intrusive for the following reasons: (u) Their irregular
shape does not favor the supposition that they are conformable to the
shales. (b) Although in places the shales appear conformable, yet
many other outcrops were found where the strike of the shales was
clearly unconformable to the trap. Unfortunately the outcrops were
not sy near the trap as to settle this point conclusively, (e) The shales
pear the trap are altered in color, texture, and in the development of
gecondary mioerals, Similar shales occur near those sheets which have
been proved to be intrasive. (d) The neighboring shales are in some
cases contorted and crushed as would naturally be the case where they
had been crowded aside by the intrusion of the molten rock. (e) The
texture of the trap is coarse, resembling that of the intrusive sheets,
and never scoriaceous or amygdaloidal, as is often the case with extra-
sive sheets. In view of these considerations I entertain no doubt as
to the intrusive origin of these traps.

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

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

I am at present by no means certain whether this hard, black shale
is soft, red shale metamorphosed by its proximity to the two trap
masses, a3 may well be the case, or whether it is a part of the Locka-
tong series brought into this position by some complication of the
structure. The latter is obseure in this vicinity and outcrops are too
few and far between to permit any positive assertions on this point.
The former view, on the whole, seems more probable from the char-
acter of the rock itself,

No doubt, however, is beld as to the intrusive origin of the trap-
sheets. (a) The trap masses, when examined both in detail and in
their general relationships, are found to be unconformable to the
shales. (b) Apart from the doubtful shales just mentioned, there are
others, which have been unmistakably altered in' color, hardpess and in
the production of new mioerals. The extent to which the alteration
has taken place is roughly proportional to the width of the trap.
(6) The trap, so far as seen, is always coarse, even very near the
contacts. Nowhere was scoriaceous or vesicular rock found. The
evidence strongly favors the supposition that it cooled slowly at con-
siderable depths, and pever reached the surface. A small dike was
found near the end of the southern arm of the carve, bat its connec-
tion with the main mass could not be established.

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

Sand Brook Trap.—Half a mile southeast of Sand Brook village
there is a low, rounded hill of trap, which heretofore has not been re-
corded on any published maps. It is about a quarter of a mile in
diameter, and the rock is of medium texture. As there are no ex-
posures of the shale near by, its relations to the surrounding beds are
not known. There is no indication that they have been at all altered
by it.

This hill lies midway between the two hills of a * horseshoe ” trap
ridge, the toe of which lies a mile to the southeast. This curving
ridge is the outcropping edge of a synclinal sheet, the axis of the fold
dipping northwest toward the isolated trap hill, This fold affects the

NEW JERSEY GEOLOGICAL SURVEY



L] ANNUAL REPORT OF

shales for a distance of over two miles to the southeast and northeast.
The trap and the shales are undoabtedly strictly conformable, This
favors, although it does not prove, the extrusive origin of this sheet,
However, positive proof is not wanting.

The upper surface of this sheet is everywhere extremely vesicular,
and only the lower portion is dense and fine-grained. At two places
the overlying shale was found less than three feet and one foot, re-
apectively, above the trap. Here there was absolutely no indication
of induration, change of color, or development of new minerals in
the shale owing to its proximity to the trap. One of these localities
was along the road which crosses the end of the southern heel ; the
other near the road crossing the northern heel at Daniel B. Ege’s. At
both places the red shale has fiiled the cavities of the vesicular trap,
and at the latter place the shale seems to be underlain by a thin layer
of finely-comminuted trap and red mud. Microscopic examinations
confirm the conclusions reached in the field.

The under shale, so far as it has been seen in the neighborhood of
the trap — which is not often — has not been affected by the trap in
any way. The trap itself, where it is not vesicular and scoriaceous, is
dark-colored, dense and fine-grained, in texture quite unlike the trap
of the intrusive sheets. For all these reasons, I have no hesitation in
saying that this trap-sheet is an overflow,

Although this trap lies not far from the hard, black shales exposed
near Sand Brook, their induration cannot be ascribed to it, because
between them is a great fault of several thousand feet. The soft shales
surrounding the trap are far removed stratigraphieally from the black
shales.

Further details concerning the trap-rock of the Newark system
will be reserved for the final report.

METAMORPHOSED SHALES,

Characleristics.—Numerous allusions have already been made to
metamorphosed or “baked ”’ shales, which occur near the intrusive
trap sheets. I shall not do more at this time than to indicate, in a
general way, the macroscopic changes which have taken place in these
beds, and name a few localities where good examples may be found,

The most marked changes caused by the trap are (a) a greater or
less indaration of the shales, (b) change in color,~~the red shales in
general becoming purple and then a blue-black or green near the trap,
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and (c) the development of secondary minerals,—very commonly epi-
dote and tourmaline. Where the change has not produced definite
crystal forms or nodules, an incipient segregation has often oceurred,
giving the rock a more or less mottled aspect, and on weathered sur-
faces a warty appearance. This latter characteristic, however, is not
limited to. the metamorphosed beds, since it has been noted in some
layers of the Lockatong beds far removed from any known trap
masses.

Of these three changes common in the ¢ baked shales,” the third is
believed to be the most siguificant. Mere induration or change of
color do not necessarily signify * baking,” but when all three occur
together, and only in beds in close proximity to certain trap sheets, the
most reasonable conclusion is that the changes are due to the igneous
rock.

Many of the baked shales, on weathering, become pale blue or
ashy grey in color, a tinge never, so far as observed, taken by other
layers.

Localities—These altered shales are well shown in the bluffs at
Lambertville, north of the trap of Sourland mountain. Their appear-
ance was so minutely and accurately deseribed, many years ago, by
Heury D. Rogers,* then State Geologist, that it is well to repeat it
here: ¢ In the quarry northeast of Lambertville [now in the village],
we discover the commencement of the change. There the red sand-
stone, varying but little from its ordinary color, and being only rather
more compact, contains a muliitude of large, sphercidal nodules of
pure green epidote, many of which are at least an inch in diameter,
They seem not to be distributed promiseuously through the rock, but
to be arranged somewhat in layers, parallel to the planes of the strata,
though they are often several inches asunder. Two or three hundred feet
nearer to the trap we find the rock darker and harder and the number
of nodules greatly augmented, though they are generally of much
smaller size. The common color of the rock is here a very dull,
purplish blue, and that of the nodule a dull black or deep blue.
They are of all sizes, from minute specks to the dimensivns of a large
hazel nut, aud possess every shade of distinctness contrasted with the
material enclosing them. They seem to consist of some imperfectly
formed mineral, apparently tourmaline, in a semi crystalline state.
These spherical nolules, or specks, are oftentimes surrounded by a

* Rogers: Geology of the State of New Jersey; a Final Report—pp. 133-4,
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crust or coating of another mineral, usually nearly white; and I have
remarked that the more obviously formed this crust appears, the more
crystallive or fully developed is the interior kernel, which, at this
spot, seems to approximate in its features to black schorl or tourma-
line. A few hundred feet nearer to the trap, or almost at iis base,
the rock presents a still different aspect, being of a dark grey hue
and somewhat coarse-grained, It seems to have been a standstone,
containing little or no clay, as it has nothing at all of the baked,
jaspery texture of that previously described, which has plainly been
either a shale or a very argillaceous sandstone. This gray rock is
specked with innumerable sma'l crystals, of very regularly-tormed
fourmalines, some of which are more than half an inch in diameter.”

At Rocky Hill village there are fine exposures of the baked shales
which overlie the trap-sheet. They are best seen along the canal,
north from the toll-honse, Just east of the depot the fine-grained,
dense, upper surfuce of the trap is exposed, dipping 18° northward,
conformably to the shale and sandstone in this vicinity. Grey, sandy
shale is fuund about a foot above the trap. It was originally a fine-
grained sandstone, and has not been so much altered as the overlyiog
argiliaceous shales. The next exposures are some distance above the
trap, somwe layers being drab or green in color, not very hard, with
numerous small black nodules—perhaps tourmaline. Beds still fur-
ther from the trap are an extremely hard, black argillite, characterized
by more or less distinet nodules of an oily-appearing green mineral,
whieh in places is so abundant as to form thin sheets, the rock appear-
ing to be made up of black and green lamine. Still higher in the
series occur green, shaly sandstones and blaek, blue, blae grey and dark
red shales, some very hard, others containing black nodules of radiate
structure, and still others green nodules of epidote.

On the supposition that here the trap-sheet agrees in dip with the
overlying shales, the latter have been greatly changed through a
thickness of 600 feet above the trap, and traces of alteration are
found for over 200 feet more. Fine opportunity for studyiog the
weathered appearance of the *“baked ” shales is given along the road
from Rocky Hill to Hopewell. Traced westward the thickness of
altered chale above the trap decreases in about the same rate as the
thickness of the trap diminishes, North of Cedar Grove the highly
altered beds are about 400 feet thick, and the change in color can be
detected for about 200 feet further. South of Hopewell their thickness
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is probably not more than 200 feet at most; the shales, beneath the
trap, have also been altered in much the same way, but the altered
beds are not so well exposed and apparently are not so thick.

From the exposures near Rocky Hill the following conclusions
can be drawn: (@) The hardness of the altered beds does not depend
upon the proximity of the trap alone. Original texture and composi-
tion are important factors. The sandy layers are not so much
indurated as the finer shales, (&) The color of the beds and the presence
and character of the secondary minerals depend largely upon the original
texture and composition of the shales. (¢) There is a gradual transi-
tion from the unaltered to the altered shales, and changes in color are
the first indications of the alteration. The occurrence of the secondary
minerals, however, is better proof that the beds have been locally
metamorphosed.

Tt was found that where the Sourland mountain trap had penetrated
the black shales and argillites of the Liockatong series the macroscopical
changes were very slight. Crystals of tourmaline and nodules of
epidote do not occur, although they are common in the altered Brans-
wick shales near Lambertville,

Altered shales occur at various points near Cushetunk and Round
mountains, but the few exposures are mostly small and there is no good
opportunity for noting progressive changes in the shales.

The * baked ’ shales, which have been reported to occur on the
Delaware near Point Pleasant, at various places on the Hunterdon
plateau, and along Lawrence brook, are simply the hard, black shales
or argillites belonging to the Lockatong series. “ Baked” shales
surely exist near some of the trap-sheets, but all hard, black shales of
the formation are not * baked,” as was formerly supposed.

‘Unclassified Beds.—It has not been possible to classify definitely
the beds of the triangular area between Mount Airy, Lambertville
and Alexsocken creek. Their structure is complex, dips vary greatly
in direction and amount, and in many cases the rocks are greatly
crushed and distorted, Two small masses of trap occur within the
area, and may have some connection with the main trap of Sourland
mountain. Some of the beds are quite certainly metamorphosed red
shales, while others resemble more closely the Lockatong series.
According to the general arrangement of the beds, we should expect
here the normal Brunswick shales, such as oceur north of Mount
Airy, There has certainly been some faulting within this area, and
gome folding, but the exact structure could not be determined.

NEW JERSEY GEOLOGICAL SURVEY



72 ANNUAL REPORT OF

8TRUCTURE.

The general structure of the Newark formation, in the area under
digcussion, is that of a faulted monooline. That is, the beds dip
regularly in one direction, N. 30° W., at an angle of about 12 or 15
degrees, and are traversed by fractures, called faults, which have
brought to the surface beds from great depth, causing the same bed to
appear several times,

When the structure is examined in more detail it is seen to depart
in places from the simple monocline. The beds form several broad
and gentle folds, anticlines where the fold is upward, synclines where:
the fold is downwards. There are in addition a few small and more
sharply marked folds, principally near the intrusive trap-sheets and
the greater fault lines.

I shall indicate briefly the more important details, as to the
strike and dip of the beds, and then take up the question of the faults,
Along the Delaware, between Trenton and Tituaville, the shales and
sandstones have an average dip of 12° and strike N, 65° to 85° E.
Near Bald Pate mountain, the trap sheet north of Titusville, the dip
increases to 20°. East from the river, towards Pennington and
Lawrenceville, the dip averages 15° or 16°, varying from 10° to 22°,
the general trend of the beds being N. 55° E., with large local varia-
tions. South of Rosedale the dip is as high as 40°, and thence east-
ward to the Millstone river the beds trend N. 80° to 90° E., and the
dip averages about 20°,

Along Stony brook, above and below the Lawrenceville pike, and
along this road, rapid changes, both of dip and strike, were found
within narrow limits, but in the absence of numerous good exposures,
it was not possible to interpret the structure. Strike, N, 30° W., dip
10° 8. W.; N. 30° E, dip 60° N. W.; N. 70° E, dip 25° S.;
N.33° W,dip13° 8. W, are a few of the observations made.

North of Bald Pate mountain the dip of the shales is varied both in
amount aod direction. In some cases the trend or strike is parallef
to the outline of the trap-rock, and then near by it is at right-angles
toit. Here the beds dip towards the trap, there away from them.

In the brook just west of the southern end of Pennington mountain
the shules are seen at intervals for half a mile, dipping southward at
an angle of aboat 20°. The dip then changes to the northward,
with an average amount of 10°, At one point along the stream the .
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metamorphosed and crushed shales near the trap form a small and in-
distinct anticline. Traces of copper were noted, and at some time in
the past an over-sanguine prospector opened here a short adit in the
bank.

Between Pennington and Glen Moore the outcropping edges of the
shales make a sharp 8" curve, A mile north of Pennington the
strike is E.-W., dip 16° N.; half a mile south of Marshall’s Corner,
N. 40° W, dip 37° 8. W.; just north of Marshall’s Corner, N. 25°
E., dip 30° W, and at Glen Moore, N. 65° W., changing gradually
to N. 35° W, dip 30° N. E. Northeast of Glen Moore the strike
gradually shifts again to N. 35° E., with dip 12° N, W.

A mile aod a half southeast of Gtlen Moore there is another small
fold in the shales, formiag a shallow syncline, whose axis is inclined
northward. The trap of Rocky Hill, a mile to the northward, cuts
squarely across the strike of the beds in this fold.

With the exception of the much-disturbed layers in the triangular
area between Lambertville, Mount Airy and Alexsocken creek, the
beds of the Sourland plateau are very regular in their trend and
dip. Thestrike is almost uniformly N. 55°-65° E., and the dip aver-
ages 17° in the case of the shales beneath the trap near the north-
eastern end of the mountain, 19°-20° for those above the trap in the
same locality and 17° for both overlying and underlying shales along a
section southeast from Mount Airy., In general, the dip of the shales
just above the trap is a little greater than of those more remote. The
dip of the beds of the Hunterdon plateau is quite constant in amount,
averaging 11° in the southern and eastern parts and decreasing to 6°
at points within a radius of three miles of Frenchtown. The beds are
so inclined that their outcropping edges describe a great curve, parallel
on the south and east to the escarpment of the platean. Along Locka-
tong creek, south of Milltown, the strike averages N. 65°-70° K.;
between Flemington and Croton it ranges normally from N. 10°-30°
E.; pear Klinesville it is N, 45° W., with dip to the S.W,, and from
Cherryville to Quakertown and Pittstown about N. 20°-30° W. At
Frenchtown the beds trend a little west of north, but northward from
this place they bend more to the east, so that at Mount Pleasant the
strike is about N. 45°-50° E,, and at Milford it is N. 75° E. North
of Milford, between Spring Mills and the vicinity of Little York, the
trend of the shales is approximately parallel to the border of the
formation, the beds dipping towards the crystallines at angles varying
from 25° to 35°.
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Between Pattenburg and Lansdowne the trend of the pebbly shales
and sandstones is generally a little west of north, a continnation of the
trend prevailing from Cherryville to Pittstown, and the dip is west-
ward. This position of the beds is more or less oblique to the neigh-
boring border of the formation.

South and southesst of Clinton the trend of the shales is closely
parallel to the boundary line, and they dip steeply away from it, Near
Allerville the strike is N. 35° W., dip 40°-50° W, This region is
marked by exceptionally steep dips, locally as much as 85°. In the
vicinity of the Round mountain trap there are local disturbances of the
beds, possibly caused by the intrusion of this mass,

Between New Brunswick and Bound Brook the position of the
shales is very uniform, the strike being generally N, 65°~70° E. and
the dip averaging 10°. Similar dips prevail west of New Brunswick
as far as Millstone. Between the Millstone river and the Sourland plat-
eau escarpment, south of Harlingen as far as Rocky Hill, the strike
of the shales is usually N. 80° E., with dips 18° to 20° N., but swing-
tng a little more to the north near the river opposite Griggstown
(strike N, 60°+ E.),

A mile west of Harlingen the beds trend nearly east and west, so
that if continued in this direction they would abut against the black
argillites of the escarpment. North of Harlingen, at Belle Mead
and beyond, they have swung around to the north so that they dip
west 15° and trend N. 5 K. Along the line of the Philadelphia and
Reading railroad between Belle Mead and Weston and to the east,
the shales ure about parallel to the line of the railroad (N. 45° E.),
with uorthwesterly dips of 5° to 10°. At Weston there appear to
be local fulds, but these could not be determined. West of the line
of railroad the trend is more northerly (N. 10° E.) and the dips
gentle (537 to 87),

Just west of the station at Flagtown, on the Lebigh Valley rail-
road, very steep {60"-T0°) easterly dips prevail, strike N. 156° W, but
they diminish rapidly eastward to 12°, and near Roycefield the west-
ward dips above mentioned are found. The easterly dips prevail
towards South Braoch, so that a broad, shallow syncline exists be-
tween Flagtown and South Branech on the west and Roycefield and
Plainville on the east,

South of Somerville, between Roycefield and Weston, the structure
is obscure. Much of the region is covered with glacial sand and
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gravel, and outcrops are few and discordant in dip. The shales prob-
ably form low folds, with dips generally less than five degrees,

North of Somerville, however, the structure is more apparent. The
shales, with local exceptions, trend conformably to the Watchung
mountain trap-sheet (strike N. 30° W., dip 10° N. E.). Along a line
between Lamington and North Branch, the beds are, on the whole,

| nearly horizontal, no two successive outcrops indicating the same dip.

| East of this line, towards Pluckamin, the beds in general dip east-
erly towards the Watchung trap-sheets and underlie them. Locally,
there are low arches or rolls in this monocline, which give rise to a
few discordant observations. A pumber of such changes can be ob-
served along the road between Lamington and Greater Cross Roads,
and just east of the latter place there can be seen a distortion of the
beds caused by faulting, the fault being visible in the roadside.

Between Pluckamin and Bedminster the shales trend a little east of
north (N. 10°-15° E ), and dip to the east. Northeast of the latter
place they swing more to the east (N. 35° E.), still parallel to the re-
curving trap-ridge. The shales, therefore, which outerop along Mine
brook, northeast of Bedminster, are at the same horizon as those in
Washington valley, between First and Second Watchung mountain,
back of Plainfield and Bound Brook. The curving outcrop of the
trap-sheets, as noted by Cook, Darton and others, is due to a great
synclinal fold, in which the shales, as well as the trap, have partici-
pated. '

Northwest of Bedminster the trend is, at first, N. 80° W., swinging
around gradually to N. 36° W, with dips of 30°-35° to the south-
west.

West of Lamington and Viiettown the shales appear to form a
shallow syncline, whose axis inclines westward, and which includes
the crescent-shaped trap-ridge near New Germantown. Near the
village the beds dip west; on the north they dip gouthwest, and to
the south and southwest they dip northwest and north.

Within Round valley, between the arms of Cushetunk mountain,
the strike is mostly N, 70°-85° E., with dip 25° to 30° N. W. Towards
White House and as far as North Branch, the trend is about
N. 75°-80° W., with wortherly dips. Over the rolling red-shale plain,
south and southeast of White House, as far as Three Bridges and Cen-
terville, the shales dip in all directions, at small angles. They are
practically horizonta!, with geutle undulations, which give rise to
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diverse dips, within narrow limits. Owing to the uniformity in
texture of the beds, it was rarely possible to trace out these gentle
folds,

Soutleast of a line from Centerville to Three Bridges, and thence
to Flemington, the shales form a regular, northwesterly dipping
monocline, the strike being N. 55°-60° E.

Summary.—The monoclinal structure prevails, but not uniformly,
although there are no close folds, as in some regions. The beds
of the Stockton and Lockatong series are most constant in dip and
strike, the monoclinal structure being most marked within these belts,
although in Hunterdon plateau the Linckatong beds describe a regu-
lar curve of over 90°. Shallow folds, some covering an area of many
square miles, prevail in the Brunswick shales, These folds, combined
with a fortunate arrangement of faults, as will be shown below, have
greatly increased the area of outcrop of the soft shale, and so permitted
the formation of the broad, rolling lowland, so characteristio of the
greater part of the Newark system,

FAULTS,

@eneral  Considerations. — Faulting is said to have occurred
when motion has taken pluce on the two sides of a fracture in such
wise that the layers on opposite sides do not exactly correspond. The
amount of displacement may be oaly a fraction of an inch or it may
be many thousaod feet, The fault plane or plane of fracture may be
vertical or inclined at an augle. Its departure from the vertical is
termed the hade, Those beds which have been depressed, relatively to
the layers on the other side of the fracture, are said to be down- thrown :
the others, up-thrust or up-thrown.

When a fault plane is exposed in a rock bloff or similar section the
fact of faulting is easily seen, and the lack of continuity on the two
sides of the fracture is conclusive proof of such movement. If the
displacement be comparatively rapid, and, geologically speaking, re-
cent, the fault line on the surface would be marked by a cliff formed
by the up-thrown beds. But when the fault plane is not exposed,
and the surface on the two sides of the fault line has practically the
same elevation, us is the case when denudation has destroyed the fault-
cliff, if it ever existed, faulting is harder to deteet. Under favorable
conditions, however, it can be demonstrated as conclusively as if the
actual dislocation could be seen,
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Very commonly the rock surface along the fault plane is seratched
or “ slickensided ” as a result of the motion. In other cases the rocks
near the plaue are crushed, and the fracture is filled with these broken
fragments, forming a * fault breccia.” The beds of the down-throwa

- side may be tilted close to the fracture so as to dip away from the

fault plane, whereas those on the opposite side may be tilted in the
opposite direction. The presence of a fault may therefore be indicated
by slickensided surfaces, by a crushed and brecciated zone or by
abnormal dips. If all three lines of evidence concur, the case is much
stronger than for any one separately. All three, however, may not
be conclusive in the absence of other evidence.

Necessarily, the beds on the surface immediately adjacent to the
fault line are not exactly the same. If the dislocation has been great
compared to the thickness of any of the faulted beds, the rocks on
opposite sides of the fault may be very different in color, texture,
composition, structure and age. The position of a fault line may often
be determioed with the aid of these facts.

When the faalt has affected beds which are inclined, important re-
sults often follow. Suppose the fault plane to be parallel, or nearly
50, to the strike of the beds. If the up-throw is on the side towards
which the beds dip, beds which outcrop on the other side of the fault
Jine are brought to the surface again and repeated. The more com-
plex the series of beds which is repeated in the same order, the stronger
the evidence in favor of a fanlt. The number of beds repeated depends
upon the amount of the fault, the thickness of the beds and the angle
of dip. :

On the coutrary, if the downthrow is on the side towards which .
the beds dip, some are carried below the surface and do not outerop
at all. Some members of a series might in this way be entirely con-
cealed. The fault might be exceedingly difficalt to detect in this
cage, unless the complete series is elsewhere shown.

If the fault line is parallel to the strike of the beds, the latter will
continue indefinitely on either side of the fanlt, But where it is
oblique to the strike, each layer must terminate where it is intersected
by the fault. In the case of hard layers forming ridges, it would be
found under these circumstances that the ridges would end quite
abruptly when the invisible fault line was reached. Topography
may, therefore, give a clue to faulting. These are some of the facts
upon which the geologist has to depend in trying to locate fault lines
in the field. '
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The Faults of the Newark System.—The Newark system in other
States, particularly Connecticat, is known to be intersected by
many faults. In New Jersey the earlier workers postulated faults
parallel to the strike, in order to avoid the enormous thickness of the
beds which must otherwise result from the monoclinal structure. As
was shown above, the monoclinal structure is not so continuouns as
was at first supposed, and part of the width of outcrop is due to
gentle folds or horizontal beds, It was not, however, entirely errone-
ous to assume that faults existed, as they have been discovered by
later workers, although by no means in so great numbers as was at
first supposed.

Owing to the monotonous character of most of the Newark beds, it
is no easy matter to detect faults, particularly those whose throw
(amount of dislocation) is less than the thickness of one of the sub-
divisions made,

Two faults of the first magnitude have been discovered and traced
for mauy miles, the evidence for them being very strong.

THL HOPEWELL FAULT,

Locution—This fault, heretofore unrecognized, extends in a
sinuous course from near Moore’s station, on the Delaware river,
pust 1larbourtown, Hopewell, and thence, in & northerly direction,
along the foot of the Sourland mountain escarpment, passing a
ghort distunce west of Flagtown station, on the Lehigh Valley
railroad. Its exaet location near the Delaware is not certain, but it
is probably somewhere between Moore's station and the small trap
mass half a mile north. It passes close to the end of the spur of trap
a mile and 2 half west of Harbourtown, and thence, nearly due east,
to Pennington mountain, passing just south of Harbourtown. It
separates the trap of Pennington mountain from the arkose sandstone
on the northwest, which has been brought to the surface by it. North-
west of Marshall’s Corner it lies at the foot of the escarpment, which
it follows ovortheastward, beyond Hopewell, nearly to Flagtown.
North of Flagtown its course could not be determined.

Evidence of Faulling.—It has already been shown that the Stockton,
Lockatong and Brunswick beds occur in the same order on each side of -
the fault line, all dipping in general northwestward. This repetition
of the beds is strong proof of the fault. The alternative hypothesis is
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that there are six members in the series, the second three closely
resembling the first three, and occurring in the same order. The
hypothesis is the more improbable owing to the great thickness of the
beds and the close similarity between them, Furthermore, a second
fault repeats them again, so that if the fault hypothesis is rejected we
must grant nine members to the formation, arranged in three sets
exactly alike. The evidence in favor of faulting, however, does not
consist alone in the repetition of the beds.

Crushed and contorted shales, slickensided surfaces, and overthrown
dips were found at many places along the fault line. They are shown
at several points along the stream a mile and a quarter west of Har-
bourtown, near the end of the trap hill. Southwest of Hopewell the
Rocky Hill trap ridge terminates abruptly, its end being separated from
the steep slope of Peach ridge by a narrow depression, which marks
the fault line, and through which the Philadelphia and Reading rail-
road passes. The trap in the quarries at the end of the ridge is trav-
ersed in many joints, in general parallel to the fault. At other
localities, further from the fault line, the rock is not so broken.

To the bed of the first brook east of Hopewell, about 400 yards north
of the railroad, a ledge of crushed aud slickensided shale and sandstone
is exposed, which dips 15° southward. Twenty yards up stream the
Stockton beds in the up-thrown block show the normal northwesterly
dip, and down stream the Brunswick shales have a strike of N. 15° E.,
dip 20° west. The fault cannot be more than a few yards removed
from the crushed beds.

Similar phenomena occur in the bed of the next brook east, near
the foot of the escarpment, not far from the house of David Labaw.
Here the Stockton sandstone, in the uplifted block, has been dragged
down at the faunlt line so it dips 72° to the southward.

Again, along the first road south of Plainville, leading onto the
Sourland mountain, the fault line can be accurately located. The soft
red Brunswick shales have been brought against the hard dark-green
Lockatong beds. The contrast in color of the surface of the neigh-
boring fields is striking. Near the fault both rocks have been so
completely crushed and afterwards disintegrated that nearly all traces
of the bedding planes are destroyed.

Outerops in the bed of Roaring brook, southwest of Plainville, show
the same disturbance, East of the fault line the normal strike of the
red shales in this region is N. 556° W, dip 15° N. E., that of the Lock .
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atong beds west of the fanltis N. 75° E., dip 15° N. W. Five-eighths
of a mile west of the Plainville-Skillman road the black shales dip
45° 8. K., and are considerably crushed. For two hundred yards up
the brook, contorted heds, with slickensided surfaces, parallel to the
great fault, occur, There is here every evidence thatthe beds have been
much disturbed, as might be the case near a fault of great magnitude.

In the cut west of ¥lagtown station on the Lehigh Valley railroad,
the shales dip east at angles varying from 22° at the station to 75°
three or four hundred yards to the west. Two hundred yards west of
the first cat there is a second, in which the beds dip north and north-
eastward at angles of 15° to 17°, At least two faults occur in these
beds, one, perhaps both, being parallel to the great Hopewell fault.
The exceedingly steep eastward dips in the first cut and the small
faults in the second favor the conclusion that the great fault lies
between them, particularly as this point is in line with it.

Still further evidence for the fault is found in the abrupt termina-
tion of the different layers where the fault crosses their strike, and the
consequent termination of a ridge formed by a hard bed. Just east
of Harbourtown a ridge of hard sandstone begins in the upthrown
block and extends northeast, the fault here trending more to the east
than the sandstone layers. Southwest of Hopewell the Rocky Hill
trap-sheet terminates sharply when it reaches this invisible line of
fracture. West of Skillman the fault, which here trends more nearly
vorth than the sandstone, cuts across it very obliquely and the bels
pinches out. North of this point the fault has brought the soft
Bropswick shales against the hard Lockatong argillites. The shales
have wasted away much more rapidly than the former, and as a
consequence the escarpment is here very steep.

North from Skillman the fault is oblique to the course of the argil-
lites and the trap, which forms the main mass of Sourland plateau,
and, as a consequence, the highland comes to an abrupt termination
south of Flagtown. It was at first supposed that the trap-sheet
would be found to be cut off in turn by the fault, but this does not
seem to be the case. It thins out, and finally termivates shortly
before the fanlt is reached.

South of Plainville, the red shale-beds trend at right angles to the
fault line, and about squarely egainst it. Owing, however, to their
uniform softness, they do not form ridges, and the evidence from
topography is lacking here, but the diverse structure on either side of
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the fault is equally conclusive. When all these lines of evidence are
considered, it must be granted that the Sourland platean is bounded
on the southeast and east by a fault of great amount, along which the
beds on the northern and western sides have been uplifted relatively to
those on the southeast.

The Amount of the Fault.—The dislocation has been sufficient to
bring to the surface the upper part of the Stockton beds and place
them side by side with the middle layers of the Brunswick shales,
Estimates in feet of the amount of the fault are accurate just so far
as the thickness of the beds involved is definitely known. I have
already pointed out the possibility of error in these. On the basis of
the figures already given, the amount of faulting is estimated to be
something over 10,000 feet.

Northern Extension of the Hopewell Fault.—North of the end of
Sourland mountain, near Flagtown, the fault has brought the upper
and lower portions of the Brunswick shales against each other, Here
the hardness of the beds on the two sides of the fault is the same,
and topographic evidence is wanting. So, too, the structure on the
two sides is not sufficiently diverse to permit the fault to be located
definitely north of the steep dips in the cut west of Flagtown station.
Small faults were noted in a ledge near the head of the Raritan
Water Power Company’s raceway, just below the junction of the
North Branch with the South Branch, and in line with the great
fault of Flagtown. But the uplift was on the eastern side rather than
the western, as should be the case were they closely associated with
the Hopewell fault. Several small faults were noted in the shales riorth
of Somerville, but in all cases the uplift was on the east,

There is some evidence that the Fitst mountain, the outer trap-ridge,
is termivated by a fault near Pluckamin. Halt a mile south of the end
of the mountain the escarpment which, towards Somerville trends N.
33° W,, changes quite sharply to N. 8° W., as if cut by an oblique
fault. The ridge at the same time rapidly declines in height, and
disappears near where the supposed fault would intersect the upper
trap boundary. The deep gorge of the North Branch in the crystal-
lines lies to the north in line with the supposed fauls.

As opposed to this hypothesis it may be urged, (a) that the change
in the trend of the trap may be dus to a change in the strike of the
shales, Observations near the trap, partially at least, confirm this ;
(b) that for two and a half miles from its end the trap has decreased

6 gEo
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in width of outcrop, and so in thickness, and its termination near
Pluckamin, although somewhat abrupt, is normal; (¢) that no direct
evidence of faulting, such as crushed beds, slickensided surfaces or
overthrown dips, were noted. On the contrary, just where they are
to be expected, the shales are conformable with the trap.

The weight of evidence, although not conclusive, is against the
hypothesis that First mountain is cut off by a fault. All efforts to
locate the Hopewell fault in the red shale valley north of Flagtown
have been futile.

THE FLEMINGTON FAULT.

It has been recognized hy geologists* that a fault of great
magnitode cut the Newark formation below Stockton. In Peun-
sylvania it has brought to the surface the Paleozoic limestone
and quartzite on which the shales rest. TLyman has traced it for
thirty miles southwest and west of the Delaware, and published a
map* (scale 2 mi. to 1 in.) showing its' northeast extension into New
Jersey. On this map the fault in places is located two miles from its
proper position. On a “conjectural map "] of the Newark formation
of New Jersey, the error is still more glaring. Although this fault
bas been recognized in New Jersey, its exact location and extent have
not heretofore been worked out.

TLocation.—A few hundred yards south of Brookville on the Dela-
ware river the bluff’ is broken by a slight notch. A few yards above
this point there is a ledge of coarse arkose conglomerate.  Fifty yards
below it, there is a small quarry showing crushed and crumpled black
shale, in which slickensided surfaces are common. The rock has much
the appearance of a fault breccia. The notch, although probably
located on the line of a dislocation measuring several thousand feet, is
not so marked as the erosion gullies near at hand. From this point
the fault extends in a northeasterly direction for about three miles,
whence it curves a little, so as to pass half a mile east of Headquarters,
two-thirds of a mile southeast of Sand Brook, and a mile west of the
center of Flemington. For much of this distance it extends along the
foot of the Hunterdon plateau escarpment.

® Lowis, Darton, Nason, Lyman and others,
#B. S, Lyman. Proc. Am. Philos, See,, Vol. XXXI, No, 142,

t Published in Pennsylvania State Geological Survey. Summary Final Report, Vol 111, Pt II, Plats
597. Alsoin Proc. Am, Philoa. Soc., Vol. XX XIII, 1894, page 194.
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Beyond Flemington its course is more nearly north, and at the in-
tersection of the Klinesville and Clinton roads it can be located within
a few feet by outerops of the arkose sandstone on one side and the
overthrown Brunswick shales on the other. Its course for a few
miles north of this point is somewhat indefinite, owing to the similar-
ity of the adjoining beds. Before considering this doubtful part, let
us examine the evidence of faulting, where the line of dislocation hag
been accurately determined.

EBvidenez of Faulling.—Along the Delaware river the Stockton,
Lockatong and Brunswick beds are repeated by the fault in their reg-
ular order. There can be no mistake as to the identity of correspond-
ing members of the series on the two sides of the fault. Not only do
they agree closely lithologically, but the thickuess of the middie mem-
ber (the only one completely exposed) in each block is nearly the same.
Moreover, the occurrence of the Paleozoic foundation in Pennsylvania
in the midst of the Newark beds is a strong argument in favor of this
hypothesis.

A second argument is found in the rock structure and the topography.
Where the fault was first noted, near Brookville, it is not strongly
marked topographically, About a mile to the northeast it follows
along a valley between trap and arkose sandstone, but the latter are.
slightly higher beds than those which bordered it near the river. The -
trap is intrusive, and the fact that it does not cross the fault line is
evidence that the dislocation occurred after the iatrusion.

Northeast of Stockion, Sand Ridge, a belt of hard sandstone and
conglomerate, extends to Headguarters, The course of the fault is
oblique to the trend of this ridge, which ends abruptly when it reaches
the fracture just south of Headguarters. A second low ridge of harder
sandstone east of Sergeantsville likewise ends when it reachies the fault,
Still a third and higher sandstone ridge is terminated for the same
reason three-fourths of a mile east of Sand Brook.

At Brookville the fault lies nearly three miles south of the escarp:-
ment of the Hunterdon platean, but a mile east of Sand Brook it
reaches the foot of this slope, the entire thickness of the Stockton series
having been cut out.

On the southeastern side of the fault, also, there are some interest-
ing examples of truncated structures. The best example of this kind
is the syncline between Copper Hill and Headquarters, whose axis is
inclined northwestward, The trend of the fault is nearly transverse
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to the armas of the syncline and the folded structure is very prettily
terminated hy the fracture. The small extrusive trap-sheet near
Sand Breok is included in this fold and the northern limb of the
curve sevims to be cut off by the fault.

Farther proof is found in the local disturbances which occur along
the fault line, These consist of abnormal dips, slickensides, breccias,
ete,  Allusion has already been made to the crushed black shale be-
low Brookville,  Below the mill-pond at Band Brook a ledge of red
shale dips southward 45°, whereas the dip of the shales above the mill-
pond is 12° to 15° northwestward. The overthrown dip finds its ex-
planation in the drag of the fault, which is believed to be a little to
the scuth. IHowever, there is a possibility that it lies just north of
this ledge, in which case this dip might be due to the sync]mal fold
mentioned above,

A mile northeast of this locality, in the bed of a brook near Thos.
Dalrymple's, there is a ledge of crushed and bent black argillite,
traversed hy many joint planes with slickensided surfaces. . The rock
is sharply folded and certainly is not far from the fault. Another
instance of similar structure was found a mile west of Flemington, in
the bank of Walnut brook, just ivest of Prospect hill. Here the red
shale beds are nearly vertieal, but much contorted. Thin layers of
green shale in the red emphasize the amount of crushing. Three
hundred yards up the brook the Lockatong argillites are found, with
normal dip and strike. The fault probably lies near the red shale.

Northeast of Sand brook it has brought the Lockatong argillites
ggainst the softer Brunswick shales. As a result the contrast in
topography is more marked than where the Stockton sandstones abut
against the rhales.

Bince the beds are repeated by the fault, the up- -throw has been on
the worthwest or side towards which the beds dip.

Amount—The dislocation at the Delaware river has been sufficient
to bring to the surface the base of the Stockton beds. East of Head-
quarters and Sergeantsvil.e lower members of the Stockton series abut
agaivst betds of the Brunswick series, apparently about 2,600 feet
above the hase.

An estimate of the amount of the throw in feet is subject to the
«ame correction as in the case of the Hopewell fault. It is accurate
only so far a8 the thickness of the beds involved is correctly ascer-
tained. On the basis of thickness already given, the throw of the
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Flemington fault near Headquarters is about 10,000 feet. This esti-
mate is based ov the assumption that the fanlt plane is nearly at right
angles to the plane of the beds, and that the direction of movement
was vertical along that plane.

Half a mile east of Sand Brook village a small fault splits off from
the main fracture. TIts course is slightly curved, and it is traceable
for nearly two miles. By it some of the Lockatong shales of the
plateau have been down thrown so that they occur to the east of the
Stocktoun sandstones, Within the area of Lockatong beds iuclosed
between the two faults, the structure is much confused. Near the
Flemington fault the dips are eastward, as if the normal northwest-
ward dip were reversed by the fault. At other points the beds dip in
various directions, showing that the rocks are somewhat folded.

Its Extent North of Flemington.—The fault can be accurately lo-
cated at the iotersection of the Klinesville and Clinton roads, two
miles north of Flemington. Here fresh exposures (1896) gave the
following section.

At the corner a trap mass fifty feet in width was seen. The rock
is traversed in every direction by fracture planes, and is much decom-
posed, but its igneous origin is confirmed by microscopic examination.
The trap cannot be traced any distance from this exposure, since the
surface is everywhere covered with wash from the higher slopes.
Adjoining it on the west is white arkose sandstone, which is much
crushed for a distance of 100 feet The dip where first discernible is
southwestward, normal for this région. A few yards east of the
trap, soft red ghales of the Brunswick series are found dipping east-
ward, at an angle of 20°, the normal dip of the shales being about
20° west, These beds, moreover, are considerably crushed. The
fault lies between the shale and arkose sandstone, probably just
east of the trap, which may be an isolated block caught in the fanlt
or a dike intruded along the fracture. Iis crushed condition favors
the former view.

North of this point, the course of the fault is somewhat uncertain,
On the west side of the Round mountain trap mass, indurated masses
of arkose sandstone were found, which appear to belong to the Stock-
ton series. This being the case, the fault line mu<t be east of these
exposures. DBut the beds on the southeast and east of the trap are
unmistakably Brunswick shales. These facts indicate that the trap-
mass is in line with the fault, Since the arkose sandstone on the
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west side of the trap is considerably indurated, and since the trap
itselt” is not taulted, I am led to the conclusion that faulting oceurred
before the intrusion of this trap, which ascended along the fault line.
Althougl the facts, as at present known, appear to favor this hypothe-
gig, it i fur [rom Deing demonstrated.

A strip of Palevzoie limestone projects southward into the Newark
formation along Prescott brook, about one and a half miles southeast
of Allerville,  The Newark beds on the west of the limestone belt
dip away rom it and evidently rest upon it conformably to its surface.
These are the hasal beds of the Newark formation. On the east
side the shales aud fine-grained sandstones dip in various directions, in
general towards the older rocks. The relationship is explicable on
the supposition that a fault borders the limestone on the east, and that
the shialea cast of the limestone have been depressed relatively to those
on the west. This fanlt contioued southward, passes along the western
gide of 4 nurrow trap ridge, and is directly in line with the Fleming-
ton fuult turther routh.  The down-throw is, in both inslances, on the
east.

The arms of Cushetunk mountain trap-sheet terminate against the
erystalline-,  The red shale between them Lelougs to the Brunswick
series, They are exposed a few feet from the crystalline rocks and
either (ip towards them or at right angles to the boundary line, Thus
beds ot Licher horizons are successively brought against the older
rock<, The most rational explanation of this arrangement is that
faulting las oecurred along this part of the boundary, from a poeint
half a mile west of Lebanon southward to Prescott brook, near the
gouthern e of Cushetunk mountain.  This fault, if it is extended
southward alome the western margin of the trap, will lie about a mile
east uf the fault along the limestone mentioned above.

it iv highly probmble that both these faults are the northward con-
tinnation ot the Flemington fracture, whicih may divide near Round
mountain, that trap mass being located at the point of separation,
However, this is largely conjectural, although it has a strong appear-
ance of truth and offers a reasonable explanation of the structure, so
far s known,

THE DILTS CORNER FAULT.

Another fault was discovered about midway between Brookville
and Lembertville. It is located a short distance south of Barbour
& [relurd's quarry, where it has brought the trap against unaltered
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red shales. Thence it extends in a northeasterly direction, passing
balf a mile east of Dilts’ Corner and uniting with the Flemington
fault three-fourths of a mile sonth of Headquarters. From a carsory
examination I am inclined to believe that this fault also unites with
the Flemington fault in Pennsylvania, about a mile west of the
river. If thisis the case, the block between these two faults has a
length of about four and a quarter miles and a maximuo breadth of
nearly one and a quarter miles. '

The rocks of this block are Lockatong shales and argillites, under-
lain north of Dilts’ Corner by Stockton sandstones. The general
dip is a little sonth of west, although near the faults there is much
diversity. By this fault the hard, black shales have been brought
against the softer red shales on the east. The line of demarkation is
a sharp one, and is marked by gentle depressions, discernible on the
contour maps.

Near the contact line the rocks are in many instances much crushed
and shattered. Slickensided surfaces are common, and locally the rock
resembles a breceia. The structure of the beds on opposite sides of the
fault is ot the same, and it is evident that the folds of the one
do not affect those of the other.

The fact that the occarrenee of this isolated ares of Stockton and
Lockatong beds is most satisfactorily explained on this hypothesis,
affords a strong presumption that the faulting bas taken place.

The beds on the east and southeast side have been down-thrown rel-
atively to those on the other side. The combined throw of this fault
and of the Flemington fault at this point is about equal to that of the
latter further north. .

Smail Faults.—TFaults of a few feet throw have been noted in many
cases in quarries, railroad cuts and other exposures. In some cuses
the amount of dislocation cannot be determined, but there is rea-
son for believing that it is ot great. I do not believe that there
are other faults in the area examined whose throw is even one-
tenth that of the two described. Faults along the border of the
formation may be an exception to this statement. The enumeration
of these faults, together with many details of structure, is reserved for
a final report, when the entire formation within the State shall have
been examined.

For a final report, also, is reserved the full discussion of the struct-
ure along the northwestern border, some facts of which bave already
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been stated, There is strong evidence that parts of the border are
determined by faults, and that in other paris the basal beds rest un-
conformably upon the Paleozoic sediments and crystallines,

The conditions under which these deposits were made, the subse~
quent uplift and faclting, the time and manner of origin of the trap-
sheets, and the geographical development of the region, can best be
considered after the whole field has been studied. They are also
reserved for the final report. Although, in the main, this investiga -
tion is purely scientific in its bearings, yet its economic phases have
not been neglected, and data of some value have been collected which
will be published later. '
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REPORT ON ARCHEAN GEOLOGY.

BY T. E, WOLFF, PROFESSOR OF PETRUGRAPHY AND
MINERALOGY IN HARVARD UNIVERSITY,

The areal mapping of the Franklin sheet of the Atlas of the
United States has been completed on the scale of a mile to the
inch, and the material is now in course of preparation tor pub-
lication as an atlas folio. Mr. A. H. Brooks, of the United States
Geological Survey, assisted in the work for about two months,
A total area of about 200 equare miles was thue completed dur-
ing the season.

One of the results of immediate economic value is the descrip-
tion of the isolated areas of trap-rocks which may be of value
for road purposes, and of the large syenite area. The following
paper is, therefore, entitled :

THE ERUPTIVE ROCKS OF SUSSEX COUNTY, NEW JERSEY, WITH REF-
ERENCE TO THEIR ECONOMIC VALUE.

During the detailed mapping of the Franklin atlas sheet, which
includes a large part of Sussex county, the outcrops of eruptive
rocks were examined and located as marked on the accompany-
ing map. As maay of these occurrences are in the region of
limestone and shale which lies between the the western side of
the crystalline rocks of the Archean highlands and the quartz-
ite of Kittatinny mountain, their possible value for local pur-
poses makes a brief description desirable,

The eruptive granite masses which torm such a marked feature
of the white limestone area and of the crystalline areas lying
immediately east and west of it (Hamburg mountain, Pochuck
mountain, the Pimple hills, etc.), are not included here, but at-
tention is devoted to the less known areas of the Beemarville
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elaslite-syenite and the associated dike rocks, of which a large
number of occurrences have been noted. Brief descriptions of
many of the [ocalities have been given in former reports of the
State Sarvey and in scientific journals, to which the reader is re-
terred for details as to the mineral composition of the rocks and
scientific aspects of the subject.*

fifeolite-Syenite of Beemerville.—This lies a mile and u quarter
northwest ot Bezemerville, forming a ridge just under the crest of
Kittatinny mountain and on the east slope, facing Beemerville.
The mass of rock has burst through the slates which form the
esst slope of the mountain at or near their junction with the
conglomerate which overlies them and forms the crest of the
mountain. It can be called for practical purposes a huge dike,
without very definite evidence as to whether its boundaries with
the enclosing rocke are vertical or inclined. The length of the
ontcrop is not quite two miles and the width, taken horizontally,
nearly a quarter of a mile. It rises quite abruptly from the flat
bench underlaid by slates which forms the slope of the mountain
east of it to a height of 250 feet. The rock is poorly exposed to
observation, being covered by soil and debris; it varies both in
color and coarseness in the difterent outcrops, but the prevailing
tint is gray, either light, dark, or sometimes reddish.

There has been no attempt to quarry the rock, and it is difficult
to form an adequate idea of its value from thesurface. Judging
from the specimiens attainable with the hammer it would torm a
very handsome, massive building stone, of a gray or dark-gray
color, which would dress well, The rock is ecomposed of ortho-
clase teldspar, nepheline, pyroxene and some biotite as essentials,
and differs from granite mainly by the absence of quartz and
presence ot vepheline (eleolite). Studied in thin slices in the
microscope the wpiinerals are remarkably fresh, showing little
chunge.

The only similar rock used extensively as a building stone ia
that ot Arkansae, especially from Fourche mountain, near Little
Rock. This elaolite-syenite, which is gray or blue-gray, has been
exteusively quarried both tor building stone, paving blocks and
road material, and has been used in a number of buildings in
7 *Reportsaf Dais, po 14, 1342, po 67 ; 1834, p 110 189D, p. 85; and American Journa! Science, Vol.

23, Tnsz2, poanu; B L9, po 1Y K, 13, p. 208 4T, 1894, p. 339; Transactions N. Y. Academy
Sciences, Val, 11,1402, poro, .

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 93

Little Rock and other citiee, Its durability, harduess and tough-
ness stand high in the scale. It is quite similar in appearance to
the light-gray rock of Beemerville.

Owing to the absence of any deep openings in the rock, and
consequent inability to judge of other important qualities, such
as structure of the rock, joints, rift, etc., which are so important
in quarrying, we can only say that the rock promises well on the
suriace. Oune of the best places for development as at present
exposed is in the middle of the mass where the old read crosses
the mountain, There is a cliff here of the light-gray variety.

The situation of the mass of the rock for quarry operatiouns is
excellent, since quarries opened at the east foot of the ridge will
bave a natural face to work into, with good drainage, room for
the disposal of the waste rock, and & down-grade to the road.

The other eruptive rocks are in the form of smaller dikes, some
of which represent probably the syenite of the main mass, butina
finer-grained form (elmolite-porphyry), while others are darker
colored—almost black—fine-grained, with plates of biotite
(mica) in varying amount 88 the most noticeable constituent,

They are in part the dike rock called, technically, * Camp-
tonite,” but for practical purposes can be classed as trap-dikes,
as for the one purpose for which they can be used, namely,
macadamized roads, they come near to the typical trap-rock of
the Triassic area east of the Highlands. The second variety is
probably the more valuable, and eapecially those occurrences
containing the least mics, but all, inclading the porphyry, are
better for road metal than any other stone found in the vicinity,
and in the future of the county should prove a valuable resource
for that purpose, owing to their toughness, compactness and
high specific gravity. While all the localities are marked on the
map, only the more important messes are here described. The
numbers correspond to those on the map. -

(1) This hill, which rises 200 feet above the road, has exposures
on the southeast side and summit of black trap, which is filled
with angular fragments of slate, gneiss, limestone and other
rocks—the whole forming & very tough breccia or pudding stone.
The larger part of the hill is composed of this rock, although
there some slate and other dike rocks intermingled. It is prob-
able, notwithstanding the foreign constituents, that the average
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would meake a good road wmaterial. There is quite a large mass
here, as the hill would average 100 to 150 feet in height and is
at least 500 feet in diameter and roughly oval.

(2) is a small hill of the same rock in the area of the syenite,
and (3) & larger hill near Beemerville, as well as (4), (5), (6), none
of which expose such a large aren as (1),

(7) is & lurge dike of elw>lite-porphyry about two miles north-
west of Deckertown, forming a high ridge; the mass of rock is
about 150 feet wide, and exposed 400-500 feet.

(8) This dike, ahout 700 feet long, 120 feet wide, ie a finer-
grained, darker porphyry, which would also probably be excellent
road material.

Ot the other trap dikes,

(8) is 40 feet wide, 600 long ;

(10} 100 feet wide, 1,200 feet long;

(11) 15 feet wide, several hundred feet long ;

(12) is the continuation of (9) and (10), and comprises three
parallel ridges running 800 feet ;

(13) is 30 feet wide, 1,200 long ;

(14} 100 feet long, 20 wide, and

(15) 60 teet wide, 400 long,

Tne other occurrences are smaller, and do not need a special
description. The well-known dike, 20 feet wide, at the north end
ot the open cut of the Buckwheat mine at Frauklin, (16), and
the 12-foot dike in the Rudeville limestone quarries, (17), should
be udded.
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|
Report on Artesian Wells in Southern
New Jersey.
) il
Report on Artesian Wells in Northern
New Jersey.
I11.
Stratigraphy of the Fish House Black Clay
and Associated (ravels.
Fossil Horse, Unio, and Plants.
Records of Borings at Delair and Fish House.

Buried Tree Stumps at Delair,
in Post Fish House Beds.

Dinosaur and Associated Molluscan Fossils in Mattewan Cre-
taceous Clay Marls at Merchantville.

Silicified Tree at Lindenwold.

Fossil Molluscs in Beacon Hill Sands near Millville,

By LEWIS WOOLMAN.
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Artesian and Other Bored Wells, and Also Dug
Wells, in Southern New Jersey.

OUTLINE.

Introduction,
Bix Principal Water Horizons,

8ec. la.—Woell Records in the Southern Part of the Oretaceous
Beit.

At Pavonia, P. R. R, SBhops.

At North of Delair, Camden Water-Supply.

At Cramer Hill Ferry, Camden Water-Sapply.

At Oamden, Front and Eim streeta.

At Camden, Kaighn’s avenue and Seventh street,

At Camden, near Haddon avenue R. R, station.

At Camden, American Nickel Works.

At Camden, Cooper street wharf,

At Camden, Trolley Power-House, Cooper's croek, near Market street .
At Camden, east of City Hall,

At Camden, United States Chemical Works.

At Camden, County Prison,

At Philadelphia ( Pa.), Washington avenue and Seventeenth street.
At Philadelphia (Pa.), Catherine and Eighth streeta,

At Philadelphia (Pa.), Moore Street wharf and Delaware river.
At Philadslphia (Pa.), Point Breeze Gas Works, Schuylkill ‘river,
At Philadelphia ( Pa.}, Point Braeze Oil Refinary.

At Philadelphia (Pa.), U, 8. Navy Yard, League Island.

At Hog Island (Delaware connty, Pa).

At Jordantown, Merchantville Water-Supply.

Near Merchantville, Eagle's well.

Near Colestown,

At Fellowship, near Moorestown.

At Mount Ephraim.

At Washington Park.

At Woodbary, Tollgate south of,

7 GEO (97)
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At Thorofare. Four wells.

At Panlshoro. Two wells,

At Billingsport.

At Clarksboro ( test-boring only).
At Mickleion.

At Bwedesboro (anfinished and abandoned weil},
Near Harrisonville.

Near Auburn,

At Pitman Grove.

At Barnshoro. Three wells,

At Glassboro and Clayton.

At Mantna.

At Magnolia.

At Lagrel 8prings. Two wells.
At Lindenwold. Two wells.
Near Clementon,

At Cropwell.

At Middletown (Del.)

At New Qastle {(Del.), two wella,
At Hares Corners (Del.)

At Reedy Island (Del.)

At Farnhurst (Del.)

At Locust Grove (school-house).
At Milford.

At Buddtown.

At Bordentown, test-boring.

At White Horee, three test-boringa.

Soo0. 1b.—Well Records in the Northern Part of the Oretaceous Belt.

At North West Asbury Park.

At Holmdel.

At Lakewood. Two horizons.

At Belmar. Three horizons.

At Bay Head and north of {two wells).

At Mantoloking, Three horizons.

At Toms River.

At Barnegat Park.

At Barren Island, Long Island, N. Y. Two wells.

Boc. 2.—Well Roecords in the Miocene Belt.

At Belmar.

At Mantoloking,

At Harvey Cedars.

At Atlantic City, The Dennis,

At Atlantic City, The 8t. Charles.
At Atlantic City, The Rudolf.

At Atlantic City, The Haddon,
At Atlantic City, The Garden Ho
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At Ocean City.
At Clayton (Del.)
At Sea Tsle City.
At Milford (Del.)

8ec. 3—Well Recorda in Reoent Strata.

At Sandy Hook.

INTRODUCTION.

The certainty of obtaining water by means of deep-bored wells
in southern New Jersey is now so thoroughly established that
each year more and more such wells are being put down. Here-
tofore these wells kave been mostly adjacent either to the Dela-
ware river or to the Atlantic coast, but latterly a number of bored
wells have been sunk in the interior, where water horizons can
just as certainly be reached. In fact, the first deep-bored well in
gouthern Now Jersey was located at Winslow, in the heart of the
central belt.

We present detailed records of borings that have come to our
notice this year. .As in former reports they are classified into
those that draw from Cretaceous beds and those that draw from
Miocene beds. The Cretaceous underlies the Miocene, the Eocene,
however, intervening ; but as we know of no water-bearing strata
in this State within the Eocene, there are no wells to claesify
under it. Passing from the Delaware river to the ocean, the Cre-
taceous, Eocene and Miocene pass one beneath the other succes- -
sively in the order named, all dipping to the southeast. Conse-
quently borings entering Miocene strata after finding water
horizons within the same can be continued so as to find other
and lower horizons within the underlying Cretaceous; con-
versely, however, wells entering immediately near the surface
into Cretaceous beds cannot draw from the Miocene but only
from Cretaceous water horizons.

On account of these relations of underground structure the
wells in the Cretaceous are mostly west of a line drawn northeast
and southwest through Winslow, while those in the Miocene are
are east of same line,
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SIX PRINCIPAL WATER HORIZONS,

In previcus annual reports the number of water horizons
underpeath Southern New Jersey, including both principal and
minor horizone, has been defined with some particularity. As it
will probably be clearer to the general reader and more usetul,
wo now enumerate only the principal or heavier ones. They are
as follows, commencing at the base along the Delaware river and
passing eastward s0 as to reach successively higher and higher
horizons :

No. 1, First Horizon—A group. This may be defined as a
group of {iwo or three horizons in heavy gravel and cobble strata
near the base of the plastic clays, which clays are variously
colored white, yellow and red, or they are mottled in all these
colors. The color of the water-yielding gravels may be defined
as 2 yellowish white in contrast with those on the next higher
horizon which are of a bluish white.

No. 2, Seeond Horizon.— At the top of the plastic clays and base
ot the clay marls, The water-bearing gravels are often very
coarse. Their color is a bluish white in contrast with those of
the first group.

No. 8, Third Horizon.— At the top of the clay marls and base of
the true greensand marl series, which consist of the upper,
middle and lower marl-beds. We designate this the Mariion-
Medford horizon, It is within the “laminated sands” of Professor
(3. H. Cook. The water-yielding strata are also biuish white in
volor, :

When boring wells to this horizon its approach is often indi-
cated by the occurrence, first, of the féryozoa in the limesand
and lime-rock alternations over the Middle Marl, and next by
the shell bed in the Middle Marl, of which the two character-
istic associated fossils are a ferebratula, and an ancient oyster,
called a gryphea. After these, sometimes quite closely after them,
and at other times some fifty feet below, there is usunally found a
hard crust, containing certain straight cigar-shaped fossils, called
belemnites, and which do not occur in any higher stratigraphical
position.
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No. 4, Fourth Horizon.—This horizon may be regarded as one
not yet thoroughly defined. The ounly wells so far known tha
can draw from it are one each at Winslow and Berkeley, and onet
to the 950-foot horizon at Atlantic City. The laat well is the same
that, through misinformation, was erroneously stated in the
report for 1889 to have a depth of 1,100 feet. We designate
this the 950-foot Atlantic City horizon. This horizon is probably
at the base of the Miocene and top of the Eocene beds.

No. 5, Fifth Horizon.—About 150 feet higher than the preced-
‘ng one, and about 125 feet below the base of the great 300 to
400-foot diatom bed. This we designate as the 800-foot Atlantic
City horizon.

No. 6, Sicth Horizon.—About 100 feet higher than the fifth, and
ittle below the base of the great diatom bed. This we designate
as the 700.foot Atlantic City horizon.

The finding of diatomaceous clays in-the boring of any well is
positive evidence that sooner or later, as the drilling proceeds, one
or both of the two horizons last named will be found. Unfortu-
nately, diatoms can only be seen with a microscope, and they are
therefore not so convenient an indication of their underlying
water horizons as the readily visible shells and belemnites before
noted are of their underlying Marlton-Medford horizon,

Minor horizone yielding much less water than those above
listed occur above the sixth or 700-foot Atlantic City horizon,
four of which, in Miocene strata, were noted in the annual report
for 1894, page 166. Other minor horizons occur between some
ot the principal horizons now defined, but particularity as to all
these minor horizons is omitted for reagong given above.

The three lowest of the leading or greater horizons now
enumerated, Nos, 1, 2 and 3, belong to the Cretaceous; the two
highest, Nos. 5 and 6, belong to the Miocene. Perhaps No. 4
should also be included in the Miocene list, *

*Simultancously with the reading of the proof of this paper the writer received Bulletin No. 138, U,
S Geological Sutvey—Artesian Wells in the Atlantic Ceastal Plain Region, by N. H. Darton. This
author defines twelve water-bearing horizons beneath New Jersey. Our first and second horizons he
classifics as two each, while above our sixth horizon he enumerates from our 1804 report four of the minor
horizons we oow but briefly note above, ‘Those desiring a large amount of water will generally pass
these in boring and continue 10 the larger yielding horizon entirely below the great diatom bed, viz., the
fifth and sixth above enumerated.
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We now present the records of the wells in Southern New Jer-
sey in order, under the following heads:

Sec. 1a.—Wells in the southern part of the Cretaceous belt.
Sec. 1b.—Wells in the northern part of the Cretaceous belt.
Bec, 2.—Wells in the Miocene belt.

Sec, 3.—Wells in recent strata.

Sec. la.-——Wells in the Southern Part of the Cretaceous Belt.

BURED WELL AT PENNSYLVANIA RAILROAD CAR SHOPS AT PAVONIA,
NEAR CAMDEN,

Elevation, 30 feet; depth, 162 feet; diameter, § inches to the depth of 56
feet, 2 inches below that daepth.

In the Annual Report for 1892, page 808, there is a notice of
four borings at the Peansylvania Railroad car shops at Pavonia,
with depth of 182, 82, 67 and 60 feet. The last one, known as
Well No, 4, has been deepened recently by Mr. W. H. Kuowles,
who furnishes us the following record, accompanied by an excel-
lent series of specimens. The former boring had, however, filled
up some five feet, so that the present record commences at that
depth, viz., 55 feet :

Specimen Kind of Material. Thickness of  Total Depth from
Burface to 55 feet. See report 1892,
Pe 808t reias ereerraeraaaene bb feat
1 White Band...cccvivsciiriiiineniennee. 13 foet g8 «
2 White sandy clay........ verees . 5 73 ¢
3 Fine white sand......ccccioivsvirinrnnnroneens 2« M~
4 TWhite ClBY.ceerereirine 3 78 ¢
b White #and. i crers ceeseraervonees | 70 %
6 Yeollow Band.uevseevicnniinnearniinennn. 2 =« ) B
7 White zandy elay...ccecscciiieiiniins veenees 6 « 87 ¥
8 White sand. s sevievinies cessainen 8 inches
9 White sandy clay .cccoceiriiinciniiriiiinns 5 feeat 92
10 White fine sand... e weieees b P 034 “
11 White ClaY.eerservnrenriners voneissaranionenns 6 inches 94 “
12 White fine 8and.....cccmerirnesinnnreninnnnns 3 feet g7
13 YolloW Clay . cooriuriverereirnrin venrsnreensses 2 « 99
14 Rod clay...cccs coresianrcrnsrarsinnannninniane 6 -« 106
15 Yellow ClBY.cuinmriniinvinniiininiinmrennin 4 109
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16 White 8andy cla¥...ccerermemmoarsseness 8 117 feat
17 Very fine hard-packed white sand,

almost as hard as sandstone........ & * 122 «
18 White andy clay....ocveesirrmvrsronemsies 7 129 ¢
19 Fine white 880d.u.eccesmemrrcsrrarsissinnens 18 ¥ 147 ¢
20 Gravel, with coarse sand........ccoeeeeeeee b 152 «

CAMDEN ARTESIAN WATER-SUPPLY—FOUR WELLS NORTH OF DELAIR,
THREE WELLS AT CRAMER HILL FERRY.

Seven experimental wells have been put down for the purpose
of furnishing the city of Camden with a supply from the water
horizons that are interbedded near the base of the plastic clay
series of the Cretaceous, which horizons are now furnishing a eat-
istactory quality of water to the city of Gloucester. Four of these
wells are on the meadows adjacent to the Delaware river, north
of Delair, and three directly on the river’s edge, a short distance
north of Cramer Hill Ferry.

Siz of theae wells were put dowa by Kisner & Benoett by the
hydraulic process, and one, the central well at Cramer Hill, by
George H. Orcutt, who used the drill and sand pump, an excel-
lent method for the obtaining of specimens of the strata unmixed
and in their original condition.

Both contractors have courteously furnished samples of the
borings and information as to the details of tho difierent wells
from which we are able to present the following tfacts,

WELLS NORTH OF DELAIR.

Three water horizons as follows :

No. 1, depth 43 feet to 61 feet.
No. 2, depth 85 feet to 100 feet.
No. 8, depth 110 feat to 150 feet.

The wells north of Delair are arranged lengthwise of a tract of
about 200 acres of 1and west of the railroad, a line joining them
being approximately parallel both to the railroad and to the
river. They demonstrate that a large amount of water at three
different horizons underlies the tract. The water from each
horizon rises about to tide level or nearly to the surtace.

NEW JERSEY GEOLOGICAL SURVEY



104 ANNTAL REPORT OF

These horizons consist of heavy gravel and cobble stone strata
and cearse sands, and are respectively at the depths of 43 to 61
feet, 85 to 100 feet and 110 to 150 teet.

Delair Well No. 1 was bored to the depth of 118 feet.

Deisir Well Xo. 2 was bored to the depth of 188 feet, being in gneiss rock
below 168 feet,

Delair Well No. 3 was bored to the depth of 101 feet.
Delalr Well No. 4 was bored 162 feet, to the top of the gneiss rock,

As would be expected, there is a cloge similarity in the strata
penetrated by the different wells. We therefore insert the details
of the record of but one of these wells, viz,, Well No, 4

WELL NO. 4, NORTH OF DELAIR, CAMDER WATER SUPPLY.

Elevation, about high-tide level ; diameter, 6 inches; depth, 162 feet,

This well is located near the mouth of the Pensauken and near
Morris Btation,

Water horizon 43 to 61 feet
L ettt e s eeereee VPPN . SIS 11 ) B
o e st (SR teasnases +.120 ¥ 150 ¢

Water rises about to tide-level.

7 feat yellow rand........v...... herrreesae i et raeere s 7 feet.
8 * pgravel and cobbles..... Tto 18 *
11 % white elay..coeveuns oo P PRI | JLUIE ' ; S
12 " coarse White Sand...coveeiveeieceeeee e 26 38 ¢
20 * wand and gravel, plenty of WOEP. v v vveer v iveaen, 38 4 g7 W &
9 “ whiteand red elay c.ovienreceinccecerireeeeessenee 87§ 76 §
2¢ ° pand and walreeunrennnnnns, e crveanaenes T8 €100 L &
16 % White €laF . ceiescceccecvieseisr et se e reene e 00 116 3
21 “ gravel and cobbles, Woter ... vovvves covveoere e, 116 * 137 ¢ o
2 white Clay e e 18T 180 6
11 % yellow AR, weviviirivvinnes sentemnrenecocieneeeenens enea 139 © 150 6
12 " yellow micaceous deposit .........ccrrensasreenensn rveeen 160 1 162 0 J

Hard rock,
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WELL NX0. 1, AT CRAMER HILL FERRY,

Elevation, 8 feet below high water ; depth to rock, 116 feet; water horizon, 62
feet to 107 faset.

This well iz a short distance north of Cramer Hill ferry, the
location being upon a meadow reclaimed from the overflowing
tide by a dike built along the river front. The surface is about
three feet below mean high tide. The following record, accom-
panied by a full series of specimens of the borings, was kindly
furnished by the contractors, Kisner & Bennett.

26 feet marsh mud, contains fresb water and marine diatoms, surface to 26 feet,
Lower, 6 feat, more solid than that above.

10 “ coarse gray Band...cceveecenerieaionennans PN 26 feet to 36
8 “ yellow sand, a little finer............... boreeeensessnanenrnnann 86 ¢ 44 ¢
8 * yollow 8And, CORBET....coocorviers sensresrnievsrrsniesennecens 44 % B2 ¢

12 “ coarse yellowsand....... beasrestasesasserensnniranesran veraneas 52 * 64
8 “ yellow sand... TN RS ; - SRR ¢
9 “ very coarfe gravel and cobbles reeseesnaninens weeerene T2 4 BL K
1 foot white elay.....cccvvvreieensreens ererrereeiea et e ereen g + sz ¢

7 foet Very coarse gravel......c.e.cvcrecioscsiemrsnernre seoenes 88 ¢ B9 Y
1 foot white clay....c...coeervinrinnans v 88 B0 ¢

17 feet sand and gravel......... orsennranrarenrennansereness rneeenneees 900 107 Y
1 foot bright red clay.......commrioiiiersivsssnssrssrnsrssenneeneene 107 4 108
2 feet coarse gravel 108 “ 110 “

TR Y PO S 1 OO VU TR psseosevspurpeen o L) BENRLRNS O T Sk

1 £00t 8a0d ANA MIECAw ceeirresroererserrereresreecorrnssnessesnnesneane L1440 116 ¥

1 % Boft MICACEOUS FOEIER..cerrorrrrrsmiosiores srrmscvnseanneenn 116 0 118
At the depih of 62 feet and below, water rose to the surface,

and at high tide overflowed, while at low tide it did not do so.

The tidal rise and fall of the water in the well was estimated at

about two feet.

WELL NO. 2, AT CRAMER HILL FERRY.

Elevation, 4 feet 6 inches above mean low-water in the Delaware river
diameter, 6 inches; Depth, 115 feet (to rock).

This is the well previously noted as having been bored by
Geo. H. Orcutt., It is located on the bank of the river about
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160 feet east of Well No. 1. The record as furnished by Wm.
H. Boardman is as follows:

Mamh mud......c.... eetnestsins saeberene raenseens 3 feet.

Muddy 880d e cueiriiiiiniierernerieens vesreenes cesrennssens vere 3 foet = @ feet.

Sand and gravel........ R Rterereierressinennasseinnne 4 v = 10

White sandy clay......... T B § B
Yellow clay and sand...... © esrssserisissrieans 3 Y = 14 ¥

Coarse white sand.....ciecvviriiniicciiniineiniees. 1 % = 15 %

Clay and gravel... U OUTRTUUTUTPURID R LIS [ S

Light colored, coarse yellow sa.nd ............. vevenreenene 1290 = 2B ¢

White randy elay....c.oceevvevssivrencnnnns 1 % = 29

Very fine white sand etsrnrisetreraray shra 3 ¢ = 32 ¢ &
Light yellow sand, a ht,tle coarser........ 4 ¢ = 36 §
Light yellow gand, still coarser............... 6 % = 42 * } o
Very fine yellow sand, with small sbonea 3 4 = 45 = %
Gravel .. eeeresasnsrennas b bbrann taeass nnenn enne e 3 M = 47 ¢ &
Stiff whlto clay with thin yellow atreaks.......c.ccce.. 2 4 = 49 =

White elayu i, Cetresenreas “ = b6 *

Very coarse gravel and stones.. ..., o= 80 ¢

Clean, coarse white sand............. * = 81 ¢
Coarge, white sand and stones.........cccuunn...... ¢ o= 110 ¢

Black CIBY weeerirnisinristeniaaraene cinnes 3 % =115

Rock at 115 feet.

WELL NO. 3, AT CRAMER HILL FERRY.

Elevation, b feet 4 inches above mean low water; diameter, 6 inches; depth,
128 feet to rock,

This well was bored by Kisner & Beunett. It passed through
practically the same succession of material that was penetrated
by the two wells whose records precede this,

TEST HBORING, CAMDEN, N, J., NEAR FRONT AND ELM STREETS.

Elevation, 10 feet ; diameter, ; depth, 115 feet 2 inches, To disintegrated
rock at 95 feet.

Willism H. Knowles, of Camden, kindly furnishes the follow-

ing report of & test boring made in that city, near Front and Elm
streets. We insert his record verbatim, except that we omit
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inches when there are less than six, when more we count them as
one foot :

Spemee  KindofMaeml  TREREIST TS

1 Top Boileiimr e 7 feet. 7 feet.

2 Gravel e inrinneas VO § B 8 -

8  Bandy clay.coocor e B0 Y 23 ¢

4 127917 S PPI 7 ¢ 8 -

5  Blue clay 14 “ “ " Wator in this 70
c “ ater in this 7

8  Graveliocecennn. 20 ¢ 64 gallons & minute.

7 Dark clay...ccccinicesvararnans 4 68 *

8  Gravel.. STURUUUUTURRRUTR : B 7 ¢

¢  Fine whxte sand ............. 4 “ - Water in this 50
@ 1 ater 1n 18

10 Gravel...coovvcearninisaniaie, 7 856 ' gallonsaminute.

11 Coarse Band....cccoeeriirvsenres 4 g9 Wat it
‘ ater quanti y

12 Gravelo. cewvrmsmrmnieensrs 4 93 { gams as Nov 10,

13 Yellow clayucccrs ceeninees 2 g5 “

14 Soft mica rock....cccovernenss 200 ¥ us o«

Hard bed-rock at 115 feet.

TWO BORED WELLS AT SEVENTH AND KAIGHN'S AVENUE, CAMDEN,

Water horizon at §3 to 03 feet, not satisfactory.
Water horizon at 90 to 101 feet, satisfactory.

The Farr & Bailey Manufacturing Company write as follows
respecting two wells at their oil-cloth factory at the above lo-
cality :

«« We have two wells, 8-inch bore, situated about twenty-five
feet apart, ono of which is 90 feet 7 inches in depth, and the other
101 feet 5 inches. When these wella were first bored, we stopped
at 53 and 63 feet, repectively, but the water was unfit for use in
the boilers, 80 we had them bored to the depths above men-
tioned.

« The water is perfectly clear, and, while we have never meas-
ured the quantity which the wells will deliver, we find that our
duplex Worthington pump is fully supplied, even when pumping
constantly, The size of the pump is 73 x5 x 6.
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“ We kept no record of the atrata passed through. The gravel
from which we are now getting the water is composed mostly of
white stones about the size of a pea.”

Both the water horizons noted are undoubtedly in the gravels
interbedded within the plastic clays.

TEST BORINGS IN CAMDEX, NEAR HADDON AVENUE STATION.

Elevation, 20 feet ; diameter, 2 inches; depths, 75, 92 and 105 feet.
Water horizons at 75 and 52 feet,

Four test borings were made in 1895 by P. F. & J. Conlin,
preparatory to the erection of an armory near Haddon avenue
station, Camden. Sefs of specimens from three of the wells
waere courteously furnished by the contractor. The borings were
made to varying depths, viz.: to 76, 92 and 105 feet, the sur-
face being nearly level and the elévation about 20 feet. Water
was first met with at the depth of 20 feet, and again at 75 to 92
teet—the latter horizon is in the bluish gray sands that underlie
the clay marl series and overlie the plastic clays. The water
from this horizon rose to within 15 teet of the surface.

From an examiaation of the specimens the following record
has been mude:

10 feet coarse 823 ATA ETATE .cccvveiivercerreseren ceees s s cee s e e seeeeeen . 10 0BT,

30 ' whitish or gray BARd....eriveeeerieerirensns e e e 10to 40 ¢

80 ** black mod (ClBY MArT).iiieriiiiiirrerescneesrms ermsrnns sensen 40 ¢ 70 - & @
20 * DBloish gray 8800 ciiceriiiiererrern veresenseseneerennienen 70 4 90 } 28
16 Yellew SANQaivnvsniciisiseeiesensainsesnn seserssms seaereeenee 90 105 #J 5 8

ARTESIAN WELL IN CAMDEN, N, J.,, AT THE AMERICAN NICKEL
WORKS.

{Flavation, 5 feet ; dinmeter, 6 inchea; depth, 105 feet).

Kisner & Bennett, eurly the present year, drilled a well on
Cooper’s creek, at the foot of Tenth street, Camden, for the
American Nicke! Works, The depth reached was 105 feet, water
being tound in course gravel near the base of the plastic clays,
the stratification being mud, the same as that of the wells reported
page 108, near Iladdon avenue station. The water rises about
to tide level,
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BORED WELL IN CAMDEN,ON DELAWARE RIVER, FOOT OF COOPER
’ STREET,

Bored to the depth of 85 fest to rock; finished at the depth of 59 to 62 feet.

George J. Kennedy reports having sunk a well to the depth of
95 feet for the Ammonia Works on the Delaware river, at the
foot of Cooper street, Camden. The top of the micaceons bed-
rock of the Azoic belt of southeastern Pennsylvania was struck
at the depth of 86 feet. The record is as follows:

River mud (a few feet of made gronnd on top)...coveeeieenrssnrcsensnnenen.. 48 fort.

Blue clay ......... hrbAeasesserennatererssasnantarararer errssaie e ies et 43 feet to 59 **
Gravel, various-sized pebbles, size of peas, filberts and cherry
stones; water-bearing ....... beereraternenes eerrannosiens srreeend 58 “ 62 ¢

Clay and 8804 ... warinesissres serssessresnsinnsseesmrenses rmenssan woreeenn 82 €70
Dark, cream-colored elay......ocoveersiaserincsnicrassinivensnnenrnnnn 70 f0 B8 H
Soft, MICACLOUR FOCK. ... ce vevsrrivisiranrossicsrssssnsannierns remannnnsnenne 86 10 95 4

This well was finally finished at the depth of 59 to 62 feet, so
as to draw a supply from the coarse gravel between those depths.

BORED WELL IN CAMDEN, AT THE POWER-HOUSE OF THE CAMDEN
RAILWAY COMPANY.

Elevation, 5 feet; diameter, 6 inches; depth, 147 feet.

To Geo. H. Orcutt, contractor, we are indebted for the follow-
ing record of a well at the power-house of the Camden Railway
Company, on Cooper’s creek, near Market street cossing :

BlACK MO, iiiiiinirierrianceeiasssssinrssormssissiasstsnansesssansnerensirassss s 10 fest.

Sand and l0BM .c.coceriiirnnrsvinreracnnisssrsssseereeernnenea 17 fo0E = 27 €

Sand like Jersoy sand....ccocovs rveriicnnirnnne T = T4
White sand......ccceoriiirmiiiinrs e e neaes W20 % = g5 I
WHIte ClAY..ccivrsriiettarmmimmisirresiee resenssiarereenns svastens 1 ¥ = 988 * .
Red ClaY. ccon recerisernsniinasisnansas sosnnnssersnnaans 12 “ =108 *“ | B8
‘White clayey sand......... B AT 2 % =110 ¢ 3
Mixture of red and and €lay....ccvenecirnireeininericninnna: 18 % =128 *“ [ g
B0 cecvrirernnrn e vrerennenl2 =140 © 5
White claY..ccoicecmecem it e 3 4 =148 % I
Sand and gravel......ccocomn e, 4 v =147 ¢ )
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BORED WELL IN CAMDEN, ON LOT EAST OF CITY HALL.

Elevation, 20 feet ; diameter, 4} inches; depth, 72 feet.

To (George H. Orcutt, coutractor, we are also indebted for the
following record of a well put down by him on the lot east of
the City Iull, also for the Camden Railway Company :

CIRY covierrer serrearssntsrsrsn srsnnise srnsrurstsmvarnrassstosssrmsntars  sasssanssensnns 12 feet,
12T £ T PO 14 feet — 26 feet.
Dark mudaicoreasrresrmrener i i, 9 feat = 35 feet,
Sand..... eserresessn s enasernsennansssnssnnesneesnanness 10 fo@t = 45 feet. )
Band and loam mlmd coreresinanresise e 9 fo0b = 54 feet, | §
Green Band (2)eieciriniiiiniiiin. eessteasi s ebae sy eran s 9 feet — 63 feet. } &
Sand ererssessress s sssressessiosesseees 4 1006 5 67 foote | B
Gravel rermrteresrarrernrresse s ssananienenneennes D f@8L =72 feetr | O

BURED WEILLS, CAMDEN, N. J., AT THE UNITED STATES CHEMICAL
WORKS.

. I Well No. 1, depth 134 feet. Water horizon 125 to 134 feet
Flevation & feet { Well No. 2, depth 47 feet. Water horizon 44 to 47 feet.

Through the kindness of George H. Orcutt, contractor, we
have been furnished with the tollowing record of a well {No. 1)
put down by him at the above named chemical works,

Ashes and mada—ground........................... ........ eraerareasiaraeeranns 15 fest

Dark sand... - B 1 L

Dark brown clay creeererarens e e U

Dark brown sand With gtreak of clay ......................... 26 % = 48 %
Gravel..cumi e, 3 = 49 ¢ n
Red clay....coenres PP enas B3 8 =102 ¢ } E
Yellow sand, with streaks of white and red clay........ 10 * == 112;%" i, g
Whitish 880d...cciiememercsionsonnniieesvesniee e enssnnenee 18 # = 125 ¢ ®
White sand and gravel........... iretsmraersrerentnnissanenennenee £ W = 182 *¢ I o
White sand with not 80 much gravel..eeerviee e 2 ¥ =18¢'% |

The well is supplied from the sands and gravels at 125 to 134
feet. They are near the base of the plastic clay division of the
Cretaceous of this State,
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Another well (No. 2) was put down at the same place toa
depth of only forty-seven feet, drawing & small supply from the
three feet of gravel at that depth.

BORED WELL IN CAMDEN, AT THE COUNTY PRISON.

Elevation, 20 feet ; diameter, 6 inches ; depth, 167 feet.
Water horizon depth, 130 feet to 138 feet,

Geo. H. Orcutt, contractor, kindly furnishes the record below
of a well put down by him in the basement of the county prison,
at the corner of Sixth and Federal streets, Camden :

Sand, gravel and 108M.....ccinminermnninnnnsninnmimnsnia e 40 24 feet,

Black mud....ccomueemreriererorsarisis mamnnetnsmmsarnssmsannnin, 24 feet to 42 ¢
Chocolate Clay....cccorviiveiienertivnieres trerenasrasssanns aiens 42 * 68 *
Yeollowish 8800 cccceiiiirerrnseerassnasensencnnsens s snnasen . 66 88 “

Gravel, with irony water.

Dark elaY...ccveereeioriorressiiisinninne sesamssrnnansneasee 88 4 106 ¢
Gravel, with irony water.....oci e, 1060 ¢ 113 ¢
Alternations clay and 8and........cererecrreisomarenarnnnnenene 118 % 180 ¢
Heavy gravel, with good water.......ccovvevreeiiranen. 130 188 ¢
Soft Micaceous TOCK......ciieiiriussmsmsinsrasissssaeresnerennens 188 % 167 ¢
Hard rock 8t iirnsesnin s s 57 ¢

f
Cretaceous.

.

This well was finished with ten feet of four-inch strainer so as
to draw from from the heavy gravels next above the soft rock
at the depth of 180 to 138 feet.

BORED WELL IN PHILADELPHIA, PA., AT SEVENTEENTH AND
WASHINGTON AVENUE, IN BEDS BELONGING TO THE NEW
JERSEY BERIES.

Elevation, 25 feet ; depth, 87 feet; water rises to within 25 feet of the surface.
This well was put dowa for the Consumers Ice Company.

RECORD,

Depth of cellar.....ceveemrainerneanenain vesrsisenersiresis i ssenersesnsnsssnsssenans 10 fB8E
20 feet gravel, slightly yellowish........ serrssnsessssreserneneree e 10 10 80
25 * gravel, bowlders, sand and mud......ocovvereniiiresenennnn 30 ¢ 55 1

1 * white plastic clay....... aescnrnnen PRV . . Sl - : Bl }

Creta-
ceons

11 '* gravel, sand and bowlders, from which the water-
sapply for this well is obtained........ccoreevernnnnsnee, 56 “ 67 *
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The strata below the depth of fifty-five feet, if indeed not all
below thirty feet, belong to the basal plastic clays and gravels of
the New Jersey series.

BORED YWELL IN PHILADELPHIA, PA., AT EIGHTH AND CATHERINE.
Elevation, 25 feet ; depth, 92 feet,
The record of the well,at this locality was obtained from the

men engeged in putting down the well just reported at Seven-
teenth and Washington avenue, It is as follows:

40 feet sand and gravel, sorface t0 ..ovvveveerereiians e vertsremienene s 40 fo8t
20 ** black mud, described as river mud (?)......... ................... . 40t060 ¢
32 ¢ gravel, light yellowish color......... tes stertrniensassineenssenennne o G0 £0 92 ¢

Water-bearing at 70 to 92 feet.

Cortainly, all below the depth of at least 60 feet belongs to the
base of the Noew Jersey Cretaceous plastic clays and gravels.

BORED WELL IN PHILADELPHIA, AT MOORE STREET WHARF, ON
THE DELAWARE.

Diameter, 3 inchea; depth, 150 feet.

W. R. Kelly farnishes the record below of a three-inch well at
Moore street wharf, on the Delaware river, put down for the
Baugh Phosphate Company :

6 feet filled.in earth........... e bsdbaereane et rnas et eerrraaneaia 6 feet,
40 feet black river mMNd....vvereernnneeresrcssernesssserenee 4 festto 46 “
6 feet atitl, dark clay...oummeerecerrensninnnns Sormraneenn 46 Bl ** A
7 feet coarse gravel, pebbles large as walnuts; water
irODYeieiineans vreeea ) B - B &
B0 fest stiff, red clay.....cciues vrenee B8 “ 108 * 2
8 feet shifting sand, with water.‘.........,..................108 “ e ¢+ 3
19 feet sand and c]ay Creesrebterreterraeaaseneans teaaanns 116« 135 ¢ §
7 feet yellow ciay... L1850 0 142 2
8 feet coarse gravel gize of peas and chest.nuta
k1 L1 N o caremrernsaenis e 142 18 150 4 J
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The water rises about to tide level. The strata below 51 feet,
and probably below 46 feet in depth, belong to the base of the
New Jersey Cretaceous.

BORING AT POINT BREEZE GAS WORKS, PHILADELPHIA,
Elevation, 26 feet; depth, 96 feet,

Some years since there was a boring made opposite the lower
end of the retort house, at the Point Breeze gas works, Philadel-
phia, on the eastern side of the Bchuylkill river, two and one-half
miles northwest of the well at the navy yard noticed on another
page. We have been informed that the following succession of
strata was passed through :

10 feet gravel .......ceecviiennnnreraninens rrsrrab e e br e s 10 feet,

40 “ BADd..ciieeimiinvee e e, 10 R0 tO BO

L T . O 50 “ 68 “ ¥
10 ¢ white 8a0d ...cocivninriininn e e e 66 16 “ } 1]
20 @EAVEL e e e e e et anaane e % % g8 « JI°

From the evidence presented by other well sections, some of
which are noted in this report, we should regard all the beds
below at least the depth of 50 feet to be Cretaceous, and to rep-
resent the gravels and clays of the New Jersey plastic clay series.

BORED WELL AT THE ATLANTIC REFINERY, POINT BREEZE, PHIL-
ADELPHIA.

Elevation, 10 feet; depth, 56 feet.

Through the courtesy of the president and aeci-eta.ry ot the
Atlantic Refining Company, we have received a series of the bor-
ings, from which we make the following record :

{a) Yellowith, loAmY clay....occcesrecruvniniiininiinnicinensicssssnesne . 8 feet,
{b) Darker, 88ndY Clay.....cccoirivieiirininn i s rrie s barreesnane 8 feet to 10 feet.
{c) Heavy gravel, 88me color 88 b..uvivvire e venininns venvenennen, 10 *# 18 *«
(d) Heavy gravel, yellowish, 88 @..covovveeiniiiniiniivininiies i, 18 ¢ 25 «
Dark ClaY....ovieireirieretniiraicermenss isssnet crersesss raranian reve e 2 ¢ 33«
Brownish clay......ccc i n38. 0 45 H
Brownish sand, WIth water OO . SN 1 L
8 Gro
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Microscopic examination of all the clays in the above well was
made, resulting in not finding either diatoms, sponge spicules or
other micro-organisms,

ARTESIAN BORING AT THE U, 8. NAVY YARD, LEAGUE ISLAND,

PHILADELPHIA.
Depth to gNeiss TRt v issms s mssrsass s st e ssra sssans 270 feet.
Depth in gneiss rock..cicecinimiain erarsas ST PR PRORTOR I 1|
Total depth.cviiiinins e e Ee e s e b e ee LI AR R L e e rrrs 460 *

Boring not yet completed.

A well has been bored at the United States Navy Yard at
Philadelphia. The location is upon League Island, at the junc-
tion of the Schuylkill and Delaware rivers. The work was done
by P. H. & J. Conlin, who caretully saved and presented a very
full series of the borings taken every few feet to the rock, which
wae met with at the depth of 260 feet The borings were taken
lesa frequently afterward.

The section, as revealed by the borings, iz as follows:

Mareh mud, alluvitimi. ceersesrrorsimi e e, veeeet 19 feet,
Fine gravel.......ue. reresrrerssnsesiraraeressnnsnenneaenannesaness 10 f88E t0 40 foet.
Heavy gmvel as large as shallbarks ........................... 40 ** B0 **
Coarse graveliceaeir i, .80 ¢ BB M)
Coarse sand and gravel with some blmsh whlte clay. .66 66

Band and gravel.. . s, resrereniins .. 66 * 8 ¢

White clay, tough v rimiiisrseii seesninieens 83 ¢ 85 1

Red and mottled clay, fough i, 85 ¢ 110 ¢
White, coarse sandy clay 140 ¢t .
Medinm sand, WhitB . senessnss s sissessns “ 48 « | B
Coarse Heavy ETAVEL i erteim s easianiressissnannens 148 % 185 ' ¢ §
Mediam gand, Whitlah. e viimrereecirnrmisnionnee-o 1685 ¢ 162 ¢ =
IWhIte CIAF. crevsrssn srerensmrnisnisninssne e 162 ¢ 178 ¢ G
Whitish sand, meditm B e s s 178 «* 195 *
Yellowish white and, coarser....ia, rrneenennen 183 206 ¢

Veory heavy gravel, cobble, &C .vvvrivnrerirninienmnnin e, 206 ¢ 226 ¢

Coarse sand, gravel and some cobbles, bluish white......225 * 245 ¢

Vory clayey aand, yellowish...ceenmeemeeneeiinnninnnen o260 ¢ ]
Dark gray micaceous rock, HOfb. i seereeiee oo “og90 o
Dark gray micaceous vock, hard..e i, f 450 ¢

The stratigraphical position and the lithological character of all
the beds below the depth of 50 feet to the top of the micaceouns
gneiss at 260 fect, clearly shows that they belong to the plastic
clays and interbedded gravels that form the basal beds of the
Raritun division ot the Cretaceous series in New Jersey. To tha
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writer it seems probable that the heavy cobblestone gravels at
150 and 200 feet represent that division of the Cretaceous kuown
in Maryland and Virginia as the Potomac,

Water horizons were found in the Cretaceous gravels and sands
which are the equivalent of horizons used for water-supply in
southeastern Philadelphia, and near the Delaware river in the
adjacent parts of New Jersey. These, however, were not utilized,
the desire being to develop a deep rock well. '

It may be noticed that the depth to rock is 260 feet, and that,
gbout 3% miles W.S.W., in the well reported below on Hog
Island, the depth thereto is but 206 feet.

This well is not yet completed, and the boring is still being
continued in the micaceous rock belt of Southeastern Pennsyl-

vanis.
BORED WELL ON HOG ISLAND, DELAWARE RIVER.
Depth 0 BROIEA..ccoccoerirerrriiricmrsrrrrsnreninissirissssinrenneness 208 o0t
Deopth in gneisi......cnimvinnmmienaionnnoa. 248 ¢

Total depth...cccccrrrinteniinmisresssoinsessnserarsssssesens 466 “

About the year 1885 a well was bored on the property of E.
N. Black, on Black’s, or Hog Island, on the Pennsylvania side of
the Delaware river, below the mouth ot the Schuylkill, and but
a short distance south of Fort Mifflin. This island is now sep-
arated from the mainland by a narrow and shallow, unnavigable
channel, which during the Revolutionary War was large enough
to permit vessels to enter; and, in fact, two British war vessels
did then enter and remain for a considerable time. Since then
the Delaware’s main channel has deepened on the New Jersey
gide, and the old back channel has largely filled up with al-
luviom.

Incidentally, in the course of a commuunication wpon another
subject, by Aubrey H. Smith, before the Academy of Natural
Sciences, of Philadelphia, the record of this well was introduced.
We copy the same from the Academy’s proceedings for 1886,
page 254, with the addition on the right of the present author’s
interpretation of its geology :

NEW JERSEY GEOLOGICAL SURVEY

R R R R




116 ANNUAL REPORT OF

Blue alluvium......ccoeeesinniiiennaneienrineen, 45 foot = 45 feet,

BRseensssae senerssssseresesressesesesoneasnresane 1 = 48 © } Recent.
Blue alluvinm . . cecreecneerenennien 33 “ =179 ¢

Gravel e, 8 = BF }Age?
White elay....c..cvmrciiiiiineiniircriiiirireen,. 2 % = 87 ©

Beach sand..cccciereiiiiininirrennnnreisisneiae 47 4 =184 ¢

Gravel v e, 100 % =144 ¢ Cretaceons.
ClaF o ccrimisrs srmsiresremmemnmsineiisnnesinnn . 8 4 =147 ¢ = Plastic clay
Red graveloccninnnisinenn.. . 6 % =158 ¢ series.
‘White gravel and sand.......ccccceeerisinnanse 17 @ =170 * I

Bench pand and gravel....cveiie.. 88 % =208 <
Decomposed gneiss (mica) ...ouniimerinn 20 ¥ =228 ¢

Gineiss TOCK. i v vrriereverneerenrmmemreneraseenss 2328 4 == 458

The writer was present at the time the communicatio nwas
made, and calla to mind especially the fact that the gravels from
the lower part of the unconsolidated strata contained large peb-
bles, some of which were the size of hens’ eggs and larger, In
view of the fact now known, that such gravels occur in well-
borings in Cretaceous beds along the river to the northward,
both in Philadelphbis and in Camden and vicinity, we confidently
refer sll bolow the depth of 87 feet to that age, and it may be
that a copsiderable portion between 46 and 87 feet should be
included. A well at the Philadelphia Navy-yard, on League
Island, near by, on the north, entered the Cretaceous clays at
about 50 feet. (See preceding record.)

Whether the sample of the borings under consideration are
still preserved is not known, but it would be desirable to verity
the character of the zecond, so-called * blue alluvium,” of the
record. A stratum that could be so designated hae not been
reported at the navy-yard. If a true alluvium, it would have an
interesting bearing upon the history of the river.

ARTESIAY WELLS AT JORDANTOWN, FOR THE MERCHANTVILLE
WATER COMPANY.

Elevation, 10 feet or less; diameter, 6 inchea; depth, 124 to to 141 feet,
Flow of each well, 100 gallons a minute.

. 58 to 78 feet not used,
Water horizons, { 1o0 44 140 feet utilized.
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In the early summer, four artesian wells were put down for
the Merchantville Water Company, at their pumping-station, on
the west side of the south branch of the Penesauken, and near
Jordanville,

These wells are rituated on the meadows or level flood plain
of a small tributary of the South Branch, the surface being but
o few feet above tide-water. Kisner & Bennett, who sank the
wells, have kindly furnished records and data respecting them,
which we incorporate below. Specimens of the strata, also, were
turnished.

The wells are arranged on an S-shaped line, at intervals of 125
feet. Their depths are as follows: No. 1, 128 feet; No. 2, 129
feat; No. 8, 124 feet, and No. 4, 141 feet. The casing of each
well is six inches in diameter, and each is finished at the bottom
with a 4}-inch double strainer, 20 feet long.

Each well overflows at the surface, at the rate of 100 gallons
per minute, and each was tested by pumping to the capacity of
the pump employed, 200 gallons per minute, without apparently
diminishing the supply.

Two water-bearing sands were found—the higher one is a
somewhat whitiah sand, between the depthe of 658 and 78 feet,
from which the water was somewhat irony, and for this reason
was cased off —the lower one was utilized and isin a yellowish sand
mixed with coarse pebbles the gize of peas ; the top ot this horizon
was met with at the depth of about 120 feet and was about 20
feet in thickness, Well No. 4 reached the base of this sand,
where it was found to rest on white clay; neither of the other
wells penetrated to its base. The water is clear and palatable
and free from irony or other unpleasant taste. It is said an
analysis has been made, the result of which is highly satisfactory.
The water will rise about five feet above the surface when an
additional length of casing is added to the top. Inasmuch as the
water in the wells bored north of Delair for the supply of the city
of Camden rises only to about tide level, and as the water in the
wells now under consideration clearly rises to a greater height,
the writer deems it probable the horizon of the latter wells is
higher stratigraphically than either of the three horizons noted
in this report respecting the former wells,

-
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Geological Notes,

The banks of the Peunsanken rige rather steeply from the loca-
tion of these wells to abount forty feet above tide, and thence rise
towards Merchantville very gradually to about eighty feet. The
strata exhibited in the surface bed belong to the Pensauken
formation. DBoth the usual phases are exhibited, viz.: The
underlying fine sand and the overlying gravel. The clay marls,
seen at and above tide-level near Maple Shade and, also, at an
elevation of about four feet at Merchantville, is wanting in these
well-boringa, This division of the Cretaceous was probably
eroded and carried away betore the deposition of the Pensauken
over this location. After penetrating a few feet of recent allu-
vium, constituting quite recent deposits, these wells are entirely
within the plastic clay series, ¢. e., the Raritan division of the
Cretaceous.

BORED WELL XEAR MERCHANTVILLE, ON THE FARM OF JAMES A.
EAGLE,

Elevation, 50 feet ; depth, 130 feet. Water rises within 45 feet of the surface.

Some years since, Caleb Risley put down a well at the above
locality to the depth of 130 feet, of which he furnishes from
memory the following record:

5 feet surface 80il........ivieminuimniiii s e s b feet
40 ¢ mud and elay.. i e e e 5 feet to 45
13 2 gravel . s i s steennss 40 ¢ B8
12 % ClBY . irrit e e s s e e a e 68 “ ¢ 8O ¢
12 % BADd. i e s seesesas e g0+ v @2«
48 ¢ alternations of sand and clay and irony croats........... 92 ¢ 130 ¢

The water from this well is quite irony, and comes {rom within
the clay marls which seldom furnish a good quality of water,
Had this well been made about 100 feet deeper it would probably
have reached a satisfactory supply from the sands recently opened
by the Merchantville water-plant at Jordantown, or, if continued
still deeper, there would have been found the heavy gravel hori-
zms supplying wells with good water at Delair, Stockton and
Gloucester. The sources of supply at Jordantowan, Delair, ete.,
are within the plastic clays which are free from the glauconitic
green sand.,
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BORED WELL NEAR COOLESTOWN ON THE FARM OF JOHN F. STARR.
Depth, 251 feet.

Some years since a well was bored on the farm of John F'. Starr,
near Colestown, and about two and & half miles southwest of
Merchantville station. ’

From a series of samples preserved by J. F. Starr at his office
in the First National Bank of Camden, the subjoined record has
been prepared :

Speclmens.
Depths as marked.

At 8 feet, brown €la¥..ccccimriiiinrinmeriiinnmnniene

“10 « @ B rmmunsreranrit st pre s

€12 % black Y e s |

“24 @ s U rreers sessennssasssastanssnttoes } Clay marla.
) B “ LU PP

- “ B eiverercoentesorniesiernsiiestssans
Greensand marl apecimen, depth not learned.
At 111 feet, reddish brown clay..c..cceuciriennnee

“ 160 to 170 feet, whitish elaF...ccceeriinanine

“ 180 foat, drab-colored cla¥......cccrrmrcrecmininnian Cretaceous plastic claya.

“ 900 ¥ fine red 8D iireereenesiitisnininens i

% 951 ¥ red ClaY..ecrmeeeenrrerneirinsssinenscnnansens |

e

BORRD WELL AT FELLOWEHIP, NEAR MOQOREBTOWN.
Elevation, 50 feet; diameter, 5 inches ; depth, 275 feet.

A well was noted, in the annual report for 1839, as having
been put down on the farm of J. G. Williams, north of Fellow-
ship, to the depth of 260 feet. As there has recently been re-
ceived from Richard Houseman, who assisted in the boring, a
more complete record than was then published, and as the well
has lately been deepened by Geo. H. Orcutt, who put in a
strainer point to the depth of 275 feet and kindly furnished
additional information, we again report this well.

Stated more correctly than in the former reports, this well is
located about three-fourths of a mile north ot Fellowship on the
road to Wilson’s etation, and nearly two miles south of Moores-
town station. The record which follows is a compilation of in-
formation received from J. G. Williams, R. Houseman and Geo.
H. Orcutt, and has been verified by a visit to the locality and an
inspection of some specimens of the borings that had been pre-
served.
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Burface sand, &c...voocvveeivviienennn 19 foob = 19 feet,

Black clayeeimirrnincenscvrnnne 55 0 = 74 o I

L2721 .14 PO USROS 47 % =121 |

Green marl ceecoreirrissrsieneieees 8 0 =120 %} Clay marls, l o

Sand and coarse white gravel, with “w o _ 3
THRDIEE v vvvverenveeseneseersenrerrns ysr o« =180 « | $

White clayand gravel mixed....... ™ =25 v e

Fine white sand, with water........ 2 « =75 « J Plestleclays j 5

The water horizon of this well is in the upper part of the plas-
tic clay series, and is somewhat higher than the horizons fur-
nishing wells at Maple Shade, Delair, Pavonia and Gloucesters
and probably also at Jordantown,

BORED WELL TWO MILES BOUTH OF MOUNT EPHRAIM.

Elevation, 60 feet; depth, 134 feet; water rises within 44 feet of the sarface.

Some years since, a well was put down for Joseph Haines, on
bis farm, on the road from Mount Ephraim to Chew’s Landing,
nearly two miles from the former place. The elevation of the
ground is 60 feet. Joseph Haines informs us that after passing
through 2 few feet of surface gravel and about 12 feet of marl,
the boriog was continued in whitish sand, &e., to the depth of
134 feet, when water was found that rose 90 feet in the tubing.
At this depth, the well was completed, and the water has proved
satistactory,

The horizon is the same as that supplying wells at Woodbary,
Mantua and Wenonah (Water Works).

BORED WELLS AT WASHINGTON PARE,

No. 1—Elevation, 25 feet ; depth, 82 feet. No. 2—Elevation, 26 feet; depth,
92 feet. No. 3—Elsvation, 25 feet; depth, 200 feet. No. 8 unfinished.

Leach Brothers report that previously to this year there had
been bored at Washington DPark, on the Delaware, between
Gloucester and Red Bank, two wells to the depth, respectively, of
82 and 92 feet, both of which turnished water slightly irony, which
rises about to tide level, They further report that early this year
they prospected the well with the depth 92 feet to the depth of
290 feet. The record of strata furnished by the contractors is as
follows
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Yeollow sand....cciiiveecirirerriormineeniacen Burface to 15 feet

Blua clay.... “ veevesreennennes 16 foet to 22 ¢ } 1
Bluo sand and gmvsl alternntmg ........ 22 4 Y140 ¢ Clay marle. |
Clay mixed with heavy cobblestone., 140 ¢ © 147 ¢ ] I8
Red clay with brown gravel streaks... 147 182 | | 8
Band FocK. ...ciemvierssemnireirar e 198 * 200 “ | Plastic clays. r -
Fine gand with considerable lignite... 200 “ * 210 “ l 18
Alternation of sand and white and red J

clay... 210 4 w290 v J

Hard cruﬂt a faw mchea thlck w1th fine gravel below.

The transition from the clay marl to the plastic clay series
probably occurs at the depth of about 140 feet. Wells Nos. 1 and
2 are evidently furnished with water tfrom sands within but near
the base of the clay marls. The excellent water horizons further
down within the plastic clays that are now supplying water to
Glouncester, Stockton, Delair, Merchantville and Maple Shade
should be expected but a short distance below the depth so far
reached by the last boring.

BORED WELL ONE MILE S0UTH OF WOODBURY,
Elevation, 20 feet; depth, 130 feet.

Caleb Risley & Son have bored a well at the toll-gate, one mile
south of Woodbury, on the turnpike leading from that place to
Mantua. The depth reached was 130 feet, water being obtained
in a bluish-grey sand toward the base of the clay marls, The
boring was commenced in the bottom of & dug well with a depth
of 27 teet. The black-clay marls were encountered at the depth
of 45 feet, and continued interstratified with sand seams to about
the depth of 117 feet.

Foasil shells, not, however, identifiable, being much oroken by
the drill, were found at the depths of 45, 55 and 108 feet. The
water from this well does not become clear. It will probably be
deepened twenty to thirty feet, when the clear, clean, coarse,
bluish-white gravel found in the bottom of the well at Mantua
will most likely be met with, Both wells reach the top of the
group of water horizons at the base of the clay marls.
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BORED WELL AT THOROFARE,

Elevation, 20 feet; diameter, 2} inches; depth, 35 feet.

Caleb Risley & Son report a 23-inch well bored by them at the
residence of Lewis A. Wilkins, Thorofare, as follows:

Surface soil... APV UUORURSPRRRNY . 3 (-1 3
Whitish qulckaand LA e faeae AT ae e el e e an e e b Ee b bR e aran b feet to 13 feet.
Black clay......cocvreiiremennnnn PRI & L LI § B
White coarse gravel and water.......cceeecuveerneas b rbres s 3 *« 36 *

The water from the well is irony, but is used for the stock. It
comes from the sanda within the clay marls, The location is
directly opposite, on the other side of the road, from the well
reported at Delart’s wheelwright shop (page 123).

BORED-WELL AT THOROFARE,

Elevation, 20 feet ; diameter, 3 inches ; depth, 146 {feet,

I, Haines & Bro., have also bored a well at the residence and
store of Lewis A. Wilkins and in close proximity to the well
already reported above. They have courteously furnished & full
series of the borings, from which we clearly make the following
record :

8oil........ e et e R ar b g b b e e b A bg bre e ek e sba e s hesaa R i naaeninns 3 foet.
Black ClAY ..cviicviiiiisiiirncrineenns rersasateersssenrsstarsans 3 feet to 20 1
Brownigh sand.....cccccciiiinniinnni e seeneen e senenenee. 20 27 *
Yellowish sand, w1th water ( water horJzOn of prev1-

ous Wellluvirrevernniinenes T - .27 ¢ gy«
{a} Gray sand, not so yellow PP 7 LI i B
Whitish sand......... FRRUUTOUORRY . ': BB | S g
{b) Gray sand, same color Y- TRTUOUO /; SEL LB ¢ * S ]
Greenish-yellow sand... e eres i e b 9¢ " 95 ¢ g
Bluish-gray zand and gravel with water. reensrererenees 95 6 100 g
Binish-gray coarse sand and gravel, with large peb- ! ,L

L3 I weeennee 1000 5 110 ¢ E
Bluish-zray coarse aand and grsvel. wn;h large peh =

bles... rnaasserissesseserassnnstnennrapastantrns 1100 0 180 >
Bluigh-gray coarse Band and gravel, with lnrge peb- g

bles... cerereerenenennnnnna 120 40 182 4
Darker gray coarde saud and gravel w1th abundance

of Hgnite. v ieneerinerieasensoseseennie 132 140 @
Dark-gray coarse sand and gravel, w1th water ........... 140 " 146
Dark-gray sand, finer; dark cla¥...cccces snrenveerorecnanrns 146 152 J
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Lignite, besides being eo abundant at the depth of 135 to 140
feet as to almost constitnte a lignite stratum, was also noticeably
present at the depths of 70 and 90 feet. This well, while pros-
pected to the depth of 152 feet, was finished at the depth of 146
feet.

The water horizon reached by this well is the equivalent of
that furnishing wells at Mickleton, Auburn, Magnolia, Wenonah
(hotel) and Sewell. This horizon is in the bluish-gray gravels
and sands near the base of the ciay marl series.

BORED WELL AT THOROFARE, N. [.

Elevation, 20 feet; dismeter, 2} inches; depth, 67 feet. Water rises within
18 feet of the surface.

Seth Roberts reports a well bored by him at DeHart’s wheel-
wright shop, in Thorofare, to a depth of 67 feet of which he
furnishes the subjoined record :

Commenced in the bottom of & dug L.2:) | T, .10 feet,

8 feet black clay... .. vererseernrmenenraane 10 t0 18 feet.

30 feet blue-white 6116 BRI .oorveve-rrerererensoore 18 0 48 feet.} Ciay marl.
19 feet coarse sand and gravel ........................ 48 to 67 faet,) Cretaceous.

The water from this well is somewhat irony—it comes from
the sands within the clay marls.

BORED WELL ONE MILE WEST OF THOROFARE.

Elevation, 15 feet; depth, 60 feet.

Caleb Risley & Son furnish the following record of a well
bored by them on the tarm of William Mullin, on the road from
Thorofare to Paulsboro, and about one mile southwest of the
first-named place.

18 feet yollow clay and sand, to...ccovveiiens civeniiiiiisciennsns 18 feet.
80 BlAcK Cla¥..sreenvrrrirermursassernrnsressaesiens 18 feet to 48 * 1 Clay marls.
12 “ heavy gravel, with water............. veend8 4 60 ‘Y Cretaceous.

The water comes from the sands and gravels at the base of the
clay marls,
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BORED WELL TWO MILES EAST-S8QUTHEAST OF PAULSBORO.

Elevation, 50 feet ; dismeter, 4 inches; depth, 114 feet.

There is a bored well at the residence of Walter Mills, on the
road leading from Paulsboro to the Woodbury and Swedesboro
turnpike, and about two miles slightly east of southeast from the
first-named town. It has a depth of 114 feet, and is upon ground
having an elevation of about 50 feet. After passing through
some five feet of surface gravels and sande, about eighty feet of
the black clay marl was penetrated. Water, not irony, as in
some other bored wells in the neighborhood, was found in a
gravel deposit at the bottom. Most of the above information
was obtained from Caleb Risley & Son, who bored the well.

BORED WELLS IN PAULSBORG.
Depths, 30 to 80 feet.

Seth Roberts states that he has bored a number of wells in
Paulsboro to depths varying from 30 to 60 feet. He says the
borings pass through variations in sands, and clays reddish, yel-
lowish and whitish in color. In one well one foot of red clay is
reported at the depth of 32 to 33 feet and two feet of white clay
at 45 to 47 feet. He observed “ charcoal ” in one well at 28 to
80 feet, and in another at 38 to 40 feet. The water horizon st
the bottom is & coarse gravel, which must be within the plastic
clays, a8 none of the black clay occurs here that has been found
in the borings at and near Thorofare and which belong to the
clay marla. The black clay is also absent at Billingsport.

BORED WELL AT BILLINGRPORT.

Diameter, 3 inches ; depth, 67 fect; water rises to the surface.

Seth Roberts informs that he bored a three-inch well at a boat-
house on the Delaware river bank at Billingsport, south of the
mouth of Martua creek, and turnishes the subjoined record :

Yellow sand, gravel B0d lay £0.. .ccvvceveriiniriniirsrrreriossessiisse corsansnne ronnes 12 feet.
Alternations of quicksand and white clay... errseeenneaennne 12 foot to 50 '
Sand and gravel, with some pebblea large a8 goosa eggs .50 ¢ B
Pure, irm, white potter’s clay.... veeeens DB B S
White quicksand, With Water.. ..o cervsn e e s 61 ¢ @83
Hard rock......cuvmin imieseseeceeseecaeon erenreiiess serersesiiens vesvesens 63 * a7 "
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The water rises to the surface, but does not overflow; it comes
from the water horizons within the plastic clays.

BORING AT CLARKSBORO.
Elevation, 70 feet ; depth, 80 feet.

A boring was prospected at & point about one-half mile south-
east of Clarksboro station to the depth of 90 feet, where the black
clay characteristic of the clay marla was met with and the work
discontinued. This notice is inserted because the occurrence of
the clay marl marks a definite geological horizon, and may become
usefnl in the future in the construction of vertical sections of the
region.

BORED WELL AT MICKLETON.

Elevation, 70 feet ; diameter, 8 inches; depth, 238 feet; water rises within 61
feet of the surface.

Late in the year 1895, a well was put down at the residence ot
Jeremiah Haines, in Mickleton, on the railroad to Swedesboro
and Salem. The drilling was done by J. Haines & Bro., artesian
well contractors, of which firm Jeremiah Haines is a copartner.

From information verbally obtained, and from a set of the
borings from below the depth of 100 feet, to the bottom, the fol-
lowing record has been compiled,

15 feet surface 80il, &C..iiivinieiin i i rerreseersinsesains 16 feat.

46 ¥ ATl e e 1B O 80 ®

6 “ Dblack Band..cciereiimmiiiisiiiiniisn e 80 Y B85 Y
M. ceeiinnesirenmensiinmrrasee e e e s es s aasaa at 100
Gravel “ 160 ¢
L6531 U “ 166 “
Dark-btue, fine clay, stmky, like putty ...................... “ 180 ¢
Gravel, with good water... JEUPUURR .22 foot to 238 ¢

This water horizon is identical with that reached by wells at
or near Auburn, at the hotel at Wenonah and at Sewell. The
wells at the water-works at Wenonah and at George Horner’s,
near Harrisonville, stop stratigraphically about 60 feet higher
and ‘probably draw from the upper portion of this horizon.
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UKRFINISHED BORING AT SWEDESBORO,

Elevation, t0 feet; diameter, 8 inches; depth, 172 feet. Probable depth
to water horizons, 190 to 250 feel.

The record of an uncompleted boring at the residence of W,
Longacre, in Swedesboro, is reported thus:

Burface 801l &C..vvriserirvenrnirininnmoe e 10 foot,
Black elay t0.icreernarenines hsnisvestieseranasiieet tenisnserararaeene 172 ** =Clay marls.

From the inspection of a vertical section of this region, con-
structed trom well data in hand, it seems probable that between
the depths of 190 and 250 feet from the surface the same group
of water horizons occur that supplies the wells at Mickleton,
Aunburr, Wenonah, Sewell and George Horner’s near Harrison-
ville,

BORED WELL ONE MILE NORTH OF HARRIBONVILLE.
Flevation, 120 feet ; depth, 402 feet. Water rizes within 114 feet of the surface.

Early in the year J. Haines & Bro., contractors, sunk a well
upon the farm of George Horner, nearly one mile north of the
mill at Harrisonville, They furnished a series of the boringe and
imparted verbally some information from which the record below
is compiled :

Orange-yellow, loamy sand ......... erreererirarrarssersasssarsarsenennrnsess 17 10 40 feot.
Interval, specimen WARLHDZ. cvrvire s nnness 40 4 80 %
Light green marl....cccooveneenns DO, eeriebasebesas tarenens .80 “ 100 ¢
(Green sand with fragments of shell; mumerous foraminifera

and Bea-UPChIn HPIIBN. verrerierrerentbermrscrsnssarnarssssssiassnessananaens 1000 # 110
Yellowish green marly clay ; fragments of shell and Belemnites

at about 125 feet.....ccevnvennn ebieedssisemirarantsatarareasiatranasanonons 110 “* 166 *
Interval, spocimen MisSINE .o 166 “ 230 ¢
ClBYEY MATleuiirererimesnireestmmmrivers caraebiur tarbrsasassasssssaser sasenasanas 280 280 “
Clayay AL BE.cieinressersianne s airasissrssanisartrs rnesers resan snest rase 8680 ¢
ST mMATlY CIAY Al .evvt i iienraen st ans s s enraratan shes pasreaes a7z «
Gray sand, yielding waber, aho.ininn 402

The water-supply of this well comes from the water-yielding
sand pear the bnse of the clay marls, It is probably equivalent to
that supplying the water company’s well at Wenonah, and which
does not draw from us low a water borizon as that which supplies
the well ut the Wenonah Hotel. F. J. Anspach’s well at Sewell
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found coarse, heavy gravels, water yielding, between the depth
of 342 and 420 feet, The bottom of this well (402 feet) is probably
stratigraphically equivalent to the depth of 342 feet at the top of
water-yielding horizon at Sewell.

This group of water horizons, which, as above stated, is inter-
bedded at Sewell between the depths of 342 and 420 feet, has
been also tapped by wells at the following localities:

Elevation of
Surface,
At Mickleton, with a depth of.... . 238 feet = 70 feet
At Auburn, with a depth of .. - -801 ¢4 =100 «
At Wenonah Water-Works, thh a depth of ............... - 198 “ = 10 “
At Wenonah Hotel, with a depth of... .841 % = T0 ¢
At Woodstown, with a depth of......... rteeresernrarnrsran 339 “ o= 17 ¢

Though this horizon was found at Woodstown at the depth of
839 feet it was not utilized, because a higher and equally satisfac-
tory water-yielding stratum exists there,to which a number of
wells were sunk. These were noted in the report for the year
1892, page 301.

BORED WELL NEAR AUBURN, XN. J.

Elevation, 100 feet ; diameter, 3 inches ; depth, 298 feet. Water rises to within
100 feet of the surface.

Early in the summer J. Haines & Bro. finished a well on the
farm of Benjamin Cheesman upon the road leading from Woods-
town to Auburn, about one mile southeast of the latter place.
This well is upon the 100-foot contour line on the northwest
slope of a 133-foot hill which rises quite abruptly above tiie 110-
foot level.

The contractors courteously furnished a full set of borings,
from a careful examination of which the following record has
been made :

2 feat, Surface 80il.......corererrnrenennnn 2 feet,

4 “ (Clayand gravel.......oocereeeee. 2fe0tto 6 ¢

8 “ Orange-colored sand, called ]'
moulding sand.........ccuee. 8 14 ¢ .

1 * ¢ Bullhead® howlders,* on i»Beacon Hill.
green clay marl......eeeeneen 14 € B “ )

#$0 much difficulty was experienced in getting the case through these bowlders which are of quartz
ite, that one pit was dug down to them and & smzll one removed, which was one foet in diameter, and
was closely packed between three larger ones, apparently several feet in length. The casing was then
sunk through the opening thus made,
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10 % Light-olive green gpand marl.. 15 *© 25 ¢ 1
10 “ Clay, gravel and greensand

mixed, dark olive-green

COLOT riirrn i s 25 - 3% ¢
10 ¢ Lighter olive greensand,con-

sisting of whitish quartz | Lower mar] ?

grain  and glauconitic

grains mixed.....coeevveenen. 856 ¢ 446
60 % Reddish-yellow qnartzose

sand, with a few green-

gand graind.......cccviieerens 46 95 ¢
20 * Fandy, marly clay, & few

greensand grains........... 95 ¢ 11 “
16 “ Reddish-yellow sand, same

88 BDOVA..ouecrensanrnas nan wewes 116 % 185
20 “ OQlive-green clay and sand,

white and red stained

quartz grains and some

glanconite grainB....ooven 125 * 1456 ¢
10 * Gravelly conglomeritic mix-

ture of whitish quartz

grains and dark-blue min-

eral grains, consisting of

tirvignite ; teeth and ver-

tebre of shark.........cceco. 145 % 1556
26 White sand and running

black mud.oiinnne... 166 ¢ 180 ¥
87 * Dark clay mar], micaceous... 180 “ 267 “
23 % Medium sand, very slightly

olive in color...vevevennn.. 267 % 280 ©
10 * Coarser sand, bluish-white

in color, with water......... 200 “ 800 ¢
1 ¥ Redand white mottled clay,

colored water blood-red... 300 “ 801 “ ~ Plastic clay.

Rt

-

Cretaceous.

L Clay marls.

BORED WELL AT PITMAN GROVE.

Elevation, 110 feet; diameter, 3 inches; depth, 190 feet. Water rises within
18 feet of the surface. Also nofes on more shallow wells within the grove,

In the early summer J. Haines & Bro. bored a well within the
Methodist camp-meeting grounds at Pitman Grove, N, J., at a
poiut ubout one-third of a mile southwest of the railroad station
The well is upon nearly the lowest ground within the area, and at
the western edge of the grove; the elevation, according to the
survey map, being 110 feet.
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From = series of specimens of borings, which were carefully

gaved and courteously furnished by the contractors, the record
here inserted has been made.

10 feet Surface 80il, &C., BAY..vvvveer s rirniniceiae 10 feet.
10 Orangoe-colored sand 10 feet to 20
10 “ OQrange-colored sandy clay 20 ¢ 80 «
80 * Orapge-colored sand, some

clay.... 30 - 60 ¢
10 Orange-colored snndy clay e “ 70 v
10 * Dark clay, nearly black... (1 80 «
20 “ DBryozoan limesand, Nodosa-

ria, Echinus spines and

BrYOZ0@.creernnras mvasnsoroarnes 8 100 ¢
10 * Greensand marl, with NModo-

saria {foraminifera) and

fragments of shell, prob-

ably Terebratula ...ovve-enen. 100 % 110 ¢
10 % (Greensand marl, less shell... 110 * 120 *
10 “ Clayey greensand............... 120 * 130 ¢
10 ¥ Clayey gand...cccccvverieienninens 180 “ 140 *
10 “ Clayey marl, Belemnites and

ponderons ghells.............. 140 * 150 *
80 ¥ Yellowish sand, with some

clay, Belemniles and frag-

ments of mollusk, the lat-

ter not identifiable........... 150 “ 180 ¢
10 “ Medinm-coarse, clear sand,

with water.......coo.oeeereeenn. 180 % 190 ¢

" Beacon Hill.

] Miocens (7)

| Middle and

" Lower Marl,

g

Cretaceous.

The supply comes from the Marlton-Medford water horizon at

the base of the marl series,

SHALLOW BORED WELLS AT PITMAN GROVE.

The preceding record harmonizes with notes in the Annusl
Report for 1891, page 220, respecting eight other wells within the
Grove, most of which are supplied from the Beacon Hill sands of
the above section and were, according to difference in elevation,
from 60 to 80 feet deep. One well, however, it is there stated,
was prospected to the depth of 130 feet to conglomerate, marl

being found at the depth of 96 feet.

9 GEO
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DUG WELLS AT PITMAN GROVE,

It may here be noted that there are also within the Grove two
dug wells, each with a depth of about 20 feet, These are con-
gidered as natural eprings by those in charge. The drinking-
water for & number of restaurants under one management in
Philadelphia is daily furnished from one of these wella.

BORED WELLS AT BARNSBORO.

Elevation, 100 feet ; diameter, 3 inches ; depthe, 110 and 170 feet.
Water rises within 84 feet of the surface.

Early in the year J. Tlaines & Bro, bored two wells for Dilks
Brothers, about one-half mile southwest ot the five points formed
by the cross-roads in Barnsboro. These wells are on ground of
nearly the same level, and having an elevation of about 100 feet.
Both wells found water and were finished at a depth of 110 feet,
though one was prospected beyond to the depth of 170 feet.
From the deeper boring a complete series of specimens was
kindly farniehed by the contractors. The section revealed by
these specimens is as follows :

Burface 80il, 88¥.eerrees b feet

34 feet Ora'?ge c?.l'd s‘a;nd (no specimen}...oereen. 13 t;? ;g :: }Beacon Hill.
5 Dark cla.y, no greensand nor other micro- }Mi ocene.
OTEANIAINS werreesserrsrensassssasnareencsnssnssns 30 ¢ 40 ¢
90 #  Light green marl ..o, 40 % 60
op Ruosty green marl, lower 10 feet with
coarser quar ztwe sand graing............. 80 % 85 “ +Lower Marl,
At B0 to 65 feet fragment of a smali oyater,
not identified. .
70 “ Gray sand, with a few clay seams............ 85 “ 165 “
Belemnites at 95 feet and at 105 feet,
Abundanee of water at 110 feet, IOlay Marle.
15 “  Muddy, sandy claY..eerssenenmn 0 185 170 ¢

The gray sand above noted, from which both these wells draw
their supply, is the same sand that furnishes water to the wells at
Quinton and Woodstown, and to most of the wells in the Marl-
ton and Medtord region.
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It is & grayish sand at the base of the Lower Marl, and above
the clay marls, and is perhaps the equivalent of the laminated
eands or upper division of the clay marls, as defined by Prof. G.
. Cook.

It is also identical with the Quinton and Woodstown horizon.

BORED WELL NEAR BARNSBOROQ.

Elevation, 120 feet; diameter, 3 inches; depth, 140 fest.
Water rises within about 50 feet of the surface,

We have been furnished with the following record of a well
put down for John Shutes, near Barnshoro:

Whitish quicksand. ....cccviiiiiiissiiin iscsesi e cessinessresssrsieeen 40 B8 feat
Greensand MArl,........ccccoivviricrirrecnient vecse s israreesimennsies asreneesssasesien to 80
Chocolate MATL i rrerniciecrircareae soraereis sonenmsan sees ~to 106 ¢
2 feet shell rock... weanto 107 ¢
10 feet dark sand 107 feet to 117 *
23 feet white gravel thh watar SU70% 0 140 0

The water horizon is the same as that reached by the two wells
of the record immediately preceding this,

ARTESIAN WELL AT GLASBBORO.

Note upon record in the Aonnual Report for 1893.

PROBABLE DEPTH AT GLASSBORO ARD CLAYTON T0O THE WATER HORIZON
NEXT BELQW THE BEDS OF THE MARL SERIES.

In the Annual Report for 1893, pages 407 to 409, there is a
record of an unsuccessful boring put down at (lassboro to the
depth of 511 feet. Owing to the lack of specimens covering
much of the interval between the depths of 145 and 335 feet the
record and interpretation then made was acknowledged to be
somewhat imperfect. With the preceding reliable records
obtained from J. Haines & Brother of wells at Pitman Grove and
Barnsboro, respectively, about two and a half and four and a half
miles to the northward, and with the knowledge now had of the
dip of the water horizon reached by these wells, it may be pretty
confidently predicted that the same excellent waser horizon can
be obtained at Glassboro at the depth of 280 to 300 feet. A
study recently made by the writer of the fossils obtained from the
Glassboro borings harmonizes with the above conclusion. An
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estimate similarly based on the rate of dip would indicate the
depth at Clayton to the same water-yielding horizon at about 400
feet.

BORED WELL AT MANTUA,

Elevation, 10 feet ; diameter, 8 inches; depth, 195 feet.
Water riges within 10 feet of the surface.

A well has been bored for Job Scott, at Mantua, by Joseph
Hebgen, contractor, who has furnished the following account of
strata:

Greenish sand and marl.......c.vccivieeiiiicinn e ..to 110 feet.
Black sand... 110 feet tol126
Greenish sa.nd ceenans .125 “ 180 “
White gravel w1th water SOOI | | LG U/ B

We are informed that large mollnscan shells (probably
Ezxogyra) are found near the surface at the locality of this well
and at abont the same level or one very slightly higher.

The well is supplied from the same horizon as the wells at
Woodbury, Mickleton, Wenonah (Water Works Co.), and uear
Harrisonville (George Horner’s).

BORED WELL AT MAGNOLIA,

Elevation, 94 feet ; depth, 330 feet.

In the Annual Report for 1894, page 197, there is a record of
a well put down at Magnolia to the depth of 94 feet. During
the present year J. Haines & Bro. have drilled a well adjacent
thereto to & depth of 830 teet. The record below is compiled
from the record of 1894 and from specimens and memoranda
respecting the present well, kindly furnished by J. Haines & Bro. :

Foil and yellow clay and rand, surface to........ terames wermerssssnaieans srsssene 10 foet.
Yellowish gravel, greenish tinge.. .voeeree vvececcerccnsercinnnnnne. 10 foet to 20 ¢
Olive-green MATL .cciiammsierisnirmnrnesmnearsnnrasarsr s sas s sranss 20 28 ¢
Dark green MAT] . cieeiss s s e seersases veneussns 28 “ 80 "
Greenisgh-gray rand......ooeeis v 800 ¢ 56 M
* Hard [stratum) hke hme, with shella these shel]s had

ridges on them, the edges were scnIIOped ..................... 66 “ H% ¢

£ Thi. stratns b [roc W, K. Kelly's necord of a well 01 feet deep, published in the Annual
Report for 1424, <nl | inserted for whatover geologieal sizoificance they may have,
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Greenish-yellow sand ; bottom of dug well 70 feet in thie... 59 feet to 74 feet.
*Gray sand and shells, comented together with a substance

like lime ; the strata would change about a foot apart..... 4 0 K4
Veory dark gray sand, with water.............. JUUUUTOUTRURPRR - - SN ') B
Greemsh-yellow sand ; bottom of former borad wall at 91

foet in thif....cccccieeiinnrinnienineirenirninee e recn. e 91105
. 0 ) O L 106 ¢ 206 ¢
Ruonning sand, mixed with marl e 205 % 246 ¢
Marl, hard, 880dY....covutuimmiren e ceiiciniinir i sensee . 245 * 822 *+
Sand, With WaEBT....ccerrrveeeererericrsremerensimmerree e 928 % 330 ¢

In all the sands described above as yellowish, greenish-yellow
or olive-green, there was a greater or less mixture of true green-
sand or glauconite grains.

BORED WELL AT LAUREL S8PRINGS,

Elevation, 70 feet; diameter, 3 inches; depth, 46 feet. Water rises within 10
feet of the surface, Supply from within the Bryozoan lime-sand,

W. R. Kelly courteously saved and furnished a full series of
borings from a well put down by him early in the summer at the
residence of Jacob Kraus, at Laurel Springs, N. J. This well is
upon or nearthe 70-foot contour line of the Survey’s topographical
map, and is located immediately southwest of the railroad station.
The record compiled from the specimens is as follows:

Commenced in the bottom of the cellar at the depth of....3 feet,

Orange-vellow gravel with some heavy pebbles...... 3to 9 * }Beamn Hill,
Orange-yellow gravel, finer .......cuvevcrnvemrermncsenaees 9 13
Orange-yellow clayey sand or andy clay......coieereer- 13417 *
Dark clay, brown and yellowish, transitional... ......17 “ 20 * }Prl?it;?aggm
Dark Brown Clay...ccocecieenreeernsssresrecenens .. L B )
Olive colored, clayey greensand.........cccoeivenecininane 27 132 ]
Dark green clay...ceieisrrnnsraesnasinssieninnann sennns 3238 “
Hard crust... e 36" 36 “ [Cretaceous.
Bryozoan llme-sand w1th water thnt rises w1th1n 10 I

feat of the BUrfAce....ccccirvrermriairimrrisveirierarnnean. 36 © 45 ¢

This well is supplied from the upper portion of the Bryozoan
lime-sand.

The Terebratula layer of the Middle Marl bed occurs farther
down, at the depth of about 73 fect, as has been sscertained for
another well near by, and which we next record.

+ This steatem is from W R. Kelly's record of o well 81 feet deep, published in the Annual Report for
1894.
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BORED WELL AT LAUREL SPRINGS HOTEL.

Elevation, 85 feet ; depth, 73 feet.

Some years since a well was put down for the use of the Laurel
Springs Hotel. This well is upon lower ground than the one
just described, and has a depth of 73 feet. A record of this well
was not kept, but recently there was obtained from the bottom
well-preserved Terebratula and Gryphea shells of the two species
characteristic wherever they occur in this state of the Middle
Maurl bed, being found next beneath the Bryozoan limesand
layer. The well of the next preceding record, as there stated,
draws from the upper part of the Bryozoan limesand, while this
one probably obtains ite supply from below the Middle Marl.

BORED WELL BETWEEN LINDENWOLD AND LAUREL SPRINGS.

Elevation, 80 feet ; depth, 75 feet.

This well was bored at the residence of E. Z. Collins by W. R.
Kelly, from whom we learn that the total depth reached was
75 feet, and that & supply of water was found at 67 to 75 feet in
2 loose sand, interbedded in the Bryozoan limesand, the top ot
which was met with at the depth of 57 feet. Specimens of the
limesand from the bottom, with its usual unmistakable minute
foseils, were furnished. The usual surface gravels aud eands of
the neighborhood oceupied the first 20 feet. W, R. Kelly states
that the same succession of beds were passed through as are
recorded in the well at Lindenwold, which is next reported.

BORED WELL AT LINDENWOLD.

Elevation, 100 feet ; diameter, 3 inches; depth, 82 feet ; water rises within 21
feet of the surface ; supply from within the Bryozoan limesand.

In the spring of the present year, a well was bored at Linden-
wold, by W, R, Kelly, of that place. This locality is upon the
Camden and Atlantic railroad, about one mile southwest of
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Kirkwood. The well is near the 100-foot contour line, or near
the top of the 104-foot hill, near to and west of the station. The
record is here inserted :

depth OF vvvs wrerries errrns it e 21 faet P ken
White sand and gravel......ccci sirssresnsenn2l to 23 } TARUELR.
Orange-yellow gravel a.nd clayey sand e 23 4 43 O

Fine, orange-yellow B80d.. e svsressrsnissreonenens 183 58 1 }Beacon Hiil,
Yellow, 8ARAY ClAF..circrrrrrrsiieisrinmiss i assnasens 58 “ 61 “

Dark brown Ba0d.....eressieeceresrmeseessenssonnsnsinessnn 81 66 ¥ %&2:22’
Marl, clay and sand, greensand grain................ 667l “ %‘;ﬁggy
Dark-colored gravel.....coewiisesisisinmirsrisnisirsesenss LY 78 « Fryozos‘;l
Gravel containing Bryozoa, good supply of water...78 “ 82 éf;g:ggous

This well is supplied from the porous, sandy layers of the
Bryozoan limesand that overlies the Middle Marl.

o

BORED WELLS ONE AND THREE=PIFTHS MILES EAST OF CLEMENTON
STATION,

No. 1.—Elevation, 150 feet ; diameler, 3 inchea ; depth, 230 fest,
No. 2.—Elavation, 120 feet ; diameter, 3 inches; depth, 20 feet.

During the summer W. R. Kelly, of Lindenwold, bored & three-
inch well upon the premises of Mrs. Anna B. Glover, on the
western slope of the 184-foot hill to the eastward of Clementon.
The well ie located upon the 150-foot contour line of the Sur-
vey’s topographical map, and is along the road leading trom
Clementon to Berlin. Measured by a direct line upon the map,
it is distant one and three-fifths miles westward from Clementon
station, upon the Reading Railroad Company’s route to Atlantic
City.

A full and carefully-marked series of specimens of the borings
were furpished by W, R, Kelly. The boring was commenced in
the bottom of a dug well having a depth ot 33 feet. The record
is as follows:
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To the bottom of dug well...........cceerecvnernrnnnn... 83 foat,
Fine yeilow gand.....ccccevevivicmrccnnnnine 38 feet to 38
Fine yellow sandy clay......coioverereee. 38 % 59 @
Medium-coarse yellow sand, with
BOIB® WAL . coivirrinienrernraricrerseens 3 ¢ 44 ¢« .
Finer yellow sand, with some water. 44 *“ [go « ? Beacon Hill (?)
Fine clayey yellow sand.......... vuu.... 69 * @9 «
Fine clayey yellow sand...........ccocrvu. 6 “ T4 v
Fine clayey yellow sapd.......ccevvvueees, 74 % 84 @ ]
Dark clayey 8and....cccceveeinreers cvrnrene 8¢ " g9
Dark clayey sand.. covovvriinineviccvnnn, 99 ¢ 105 © } Miocene (?)
Dark-brown sandy clay......cceevrensinne. 106 “ 125 ©«

No micro-organisms in the last
three specimens.

“ “ Upper layer of the
Greensand MArl.......ceicirinnineeanne 125 132 { Upper Marl bed.
Ash-colored elafu.iinnescrrrernnnns 182 @ 162 ® { Middée]or nahf-czgl-
« ‘ ored layer of the
Ash-colored clay....ccrss civrerirninencien 162 189 « Upper Marl bed,
Greensand marl..........cocrvvinvencnrnene. 189 “ 198 « }Low er layer of {he
Greensand marl.....cvevinvicnreninnnn, 196 ¥ 203« Upper Marl bed.
Limesand, greensand, Bryozoa. ......... 203 * 208
Greensand and shell, Terebratula and .
? 1 .
GrYPRE.ceerrnemsersmensssrmrereseinnns 208« 213 « [ Middle Marl bed
Greensand......veeienireerneninenennin. 213 € 930

A hard crust or rock occurred at this depth, and the boring
was discontinued, and a more shallow well (No. 2), with a depth
of only 20 feet, was put down near by on lower ground, the
elevation being 120 feet. A supply sufficient for needs was
found, though sufficient water did not appear in Well No. 1 at
the same level,

Geologically this record is interesting, since it shows the con-
tinuation slong the line of strike to the southwest of all three
divisions of the Upper Marl bed that are met with in many well-
borings ulong the coast in Monmouth county, at Asbury Park and
southward. These three layers are an upper greensand, inter-
mediate, ash-colored clay or, as it is sometimes called, ash marl,
and a lower greensand. As in Monmouth county, so here the
middle ash-colored layer has a considerable thickness.

Stratigraphically all three divisions occur above the Middle
Marl bed, whose upper member is a bryozoan limesand or lime-
rock, of which only a thin stratum is exhibited in this boring,
although at Quinton it is developed to a thickness of slightly
over 100 feet,
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BORED WELL AT CROPWELL.

Elevation, 100 feet ; diameter, 3 inches; depth, 137 feet.
‘Water riges within 30 feet of the surface.
‘W. C. Barr furnishes the following record of a well bored by
him on the property of F. G. Lippincott, on the 100-foot hill
south of Cropwell station :

Hoil... ...b feet.
Loam, sand &c 35 feet to 40 w
Gray and black qmcksand changed to red at the bottom .8 « v 7"
Black mud... .10 ¢ % 8 ¢
Chocolate marl w1th some broken shell and pyrlte crust at.

127 feet... 49 ¢ 1134 ¢
Coarse gray sa.nd w1th water ............................................. § « «“137 «

The water rises within 30 feet of the surface.

BORED WELLS AT MIDDLETOWN, DEL.

Elevation, 40 (?) feet. Three wells, diameter, 6 inches; deptb, 88 feet.

Water risea to within 13 feet of the surface.

One well, diameter, 8 inches; depth, 5562 feet.
Water riges to within 34 feet of the surface.

‘Water horizon at 85 feet.
i " ¥ 475 to 485 feet.
(1] (11 " 517 to 534 1]
v o * ahove 652

Four wells have been drilled at various times at Middletown,
Del,, for the Light and Water Commission there, Three of them
have a depth of 88 feet, while the other was continued to the
depth of 552 teet. The situation of Middletown is such that the
deeper of these borings is particularly illustrative of New Jersey
geology near the head of Delaware Bay, where we are deficieat
in well records. For this reason the details respecting these wells
are inserted.

From information received from J. W. Jolls, secretary of the
Commigsion ; from Geo, J. Kennedy, who put down the deep well
to the depth of 479 feet, and from J. H. K, Shanahan, who after-
wards continued the same to the depth of 552 feet, and also bored
the three more shallow (88 feet) wells, and from knowledge gained
from an examination of specimens of the borings kindly furnished
by both contractors, the record below has been made.

NEW JERSEY GEOLOGICAL SURVEY



138 ANNUAL REPORT OF

The more shallow wellg, or those with the depth of only 88
feet, probubly draw from the same water-bearing sands that are
tapped in this State by wells at Quinton and Woodstown, and in
the Marlton and Medford region, viz., the sands at the base of the
Lower Marl and above the clay marls.

The deep well (552 feet) draws from water-bearing sandes within
the plastic claya; the water-bearing beds utilized occuring be-
tween the depth of 475 and 495 feet, and between the depth of
517 and 534 feet. The well was prospected beyond the last-
named depth to another water-yielding sand, not, however, util-
ized, which was found below 538 feet and above 5562 feet. At
the latter depth hard rock was encountered. We have not been
able to learn whether or not this rock was the gneiss rock that
nndoubtedly underlies the Atlantic Coastal plain in this region.
Very probably, however, it was an interbedded sandstone crust
ot the Cretuceous. Other water-yielding sands than those utilized
are noted in the record which follows:

27 feet. Surface sands and gravel.......ccccecvenuianninnnne 27 feat Pleistocens.
45 * lron-colored sands, with crusts... 27 feet to 72 1
8 * Indurated greensand................. 2 “ B¢ }Marl Series,
4 “ Redand yellow sand.....cc...oec.... 76 ¢ 79 ©
Water-bearing sand at *........c...... 90 * |
Greenish sand Af..ccicinnianniciins 110 ¢
fand and clay 8leocceeeveiineninnn, 1100 € 183 ¢
7 % TFine white sand, w:th water . 183 * 140 ¢
2 ‘- Black and green sand. . e 1O F 142 ¢
4 “ YWhite and yellow ﬂand....... e 142 % 146 ¢
b2 TR 11 PSP 146 * 170 ¢
34 * Alterpations of sands, clays and r Clay Marla.
gravels, walter-bearing tooueinnos 170 % 204 « |
20 “ (Clay, with three sand seams...... 204 " 224 ¢ ! §
92 % Interval no record, except whit- 3
ish crust at 275 feet “ 818 * &
29 “ Very hard white clay........ 347 ¥
3 % Clay, with abundance of hgmte 362 “ 865
10 “  Cemented shells at .. eenenns 390 % 400 ¢ )
Red clay at.. 425 «
Hard crust, lhrae mches, at ....... 442 ¢ |
20 * ‘White sand, watcr-bearingt ........ 475 * 495 *
92 "  White and red elay...coorciveennsn 495 & 517 © P‘g&;&
17 “ White sand, water-bearing §......... 517 “ 534 ¢
4 * White ClaY..ccocemrrurerenarioraonioise 53¢ “ 538 “
14 * Band, with water....ooceiiieiinenn.. 538 % 562

Rock (7) at 5562 feet.
* Waley horizon of the dd-foot wells. Water rises within 13 feet of the surface,

+ Thi: korizon was not u~ed, Water rises therefrom to within 20 feet of the surface.
} Water horizon of the devp well,  Water rises within 34 feet of the surface, *
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From the foregoing and accompanying foot-notes it may be
noticed that the water from the lowest horizon does not rise to so
high & level as from the two upper horizons. Similar conditions
occur at Woodstotvn on the New Jersey side of the Delaware,
where water from the upper horizon rose nearly to the surface,
while from the depth of 339 feet it rose only to within 14
feet of the same level, and from the depth of 776 feet to within
only 18 feet thereof. These facts at Woodstown were recorded
in the report for 1892, page 302 and, also, on the vertical section
plate 9, page 202, of the annual report for 1894.

BORED WELL AT NEW CASTLE, DELAWARE.

As we go to press, W. R. Osborne informs us that he hus a
well now in process of drilling at New Castle, Delaware, for the
Wilmington and New Castle Electric railroad. He states that
the boring has reached a depth of 160 feet. Broken strata of
clays and fine sands have been passed through. Very muddy
water occurred at the depths of 85, 100 and 155 feet. The clays
were principally either very red or pink. A large amount of
charred wood was found on top of the sand jat 150 feet., No
good water as yet.

BORED WELL TW(Q MILES 80UTH OF NEW CASTLE, DELAWARE.

Diameter, 2 inchea; depth, 111 feet.
The water rises within 14 feet of the surface.

Early in the year a well was bored at Lupton’s Brick
Works, near the river, about two miles below New Castle and
near the range lights of the United States Government at that
point. The following record has been courteously furnished by
W. R. Osborne, the contractor.

Red clay to..ccvciimrrrinrrntimriesirssissnens 38 feet. :
White, sandy clay...... = b 1 §
Blue clay......coeeeinureens = 60 * Plastic Clays. §
Blue, sandy clag....cc.ccaeererrnes = 97 i ?é
8800, With WA e eeeeereereessresenre 14 % =111 4 jS

| We are informed that the water rises within 14 feet of the
surface, and that it is good for domestic use and does not scale
| in the boiler.

NEW JERSEY GEOLOGICAL SURVEY
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BORED WELYL NEAR HARE’S CORNERS.

Threa miles west of New Castle, Del,
Elevation, 20 feet (?) ; diameter, 4 inches ; deptb, 228 feet.
The water riges within 100 feet of the surface.

This well was bored for W. C. Spuance, an attorney of Wil
mington, on his furm near Hare’s Corners.

The following verbatim record respecting it has been kindly
furnished by W. R, Oshorne, who put it down. The well is upon
the ridge between the Delaware and the Christiana rivers. The
location is said to be 90 feet ubove tide. The water rises in the
well to within 100 feet of the surface.

RECORD,

Yellowish clay and sand......cccceverrneee 25 feet =- 25 faet

Blue clay...... rerrerearrneereessraan ey 2 Y = 80 ¢

Red clay... tmre s s B Y = B3 ¥

Yellow sand centrernee e, D% = B0 ©

Iron ore (?), very red water v 1001 = 70

Yellow sand and water......... s 10 “ —= 80 *© o

White and Blue ClaY...weeiivernrnens 20 % =100 §

Red clay, water at the base ....... ........ 7B “ =17 “ . Plastic Clays. } 2

Blue clay............. % ¢ =200 ¢ °

Bluish sand wlth w ocd ver} hlack ©
resembling charcoal,. ..oovieverennien 10 « =210

This stratum is water bearing.
Red and white clay....occrcinicinionnnnn, 10 % =220
‘White sand, with water ... coeeevvievvnee. 8 4 :=228 ¢

All below the depth of 50 feet in the above record certainly
belongs to the I'lustic or Ruritan clays of New Jersey, and possibly
all below the depth ot 25 feet,

ARTESIAN WELL AT REEDY ISLAND,

Depth, 574 feet.
Prospected to the depth of 593 feet.
Overflows 20 gallons a minute.

An artesian well was bored late the present year at the
United States (Juarantine Station, on Reedy Island, in the Dela-
ware river, opposite Port Penn, Delaware, and about seven miles
almost directly southwest of Balem, N. J., which place and the
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Quarantine station are nearly on the line of strike of the Cretaceous
.strata. The well has a depth of 574 feet and obtains a supply of
excellent water from a white sand entered at the depth of 570
feet. Through the courtesy and co-operation of Dr, A. H. Glen-
non,.surgeon at the station, and of J. H. K. Shanahan, the con-
tractor, a full series of borings has been received from below the
depth of 91 feet. After careful examination of these, we make
the following record, in which there is also included some infor-
mation received both from the surgeon and the contractor.

Interval, no specimens, described as

river mud.. ....... e rebearintareaensianians surface to 9] fest.

Crust, a few inches.
Sand and coarse gravel mixed. ........
Band and coarse gravel, with some

clay...... eevarernsnsarnssrssnnsnnese 113
Dark sand g0me greensand grams . 126
Sand, gray in colol... et 170
Whitish BAR.cceeeiiemmmrsiareinnrvarensens 180

Band, still whiter, some lignite.......... 200
HArd clay..occceeree weensencesionsersenrennans 207
Tough clay.....cooseee wrenee verannrenns 211
Dark sandy clay, gome shell ............ 221
Greenish clay, some greensand......... 275
Bandy ClaY..cieemrinireresirinns vereennes 283
Whitigh olay.v..ccrerreerreresssrarmanan.. 304

Red Clay. ceeierenimiiariiennnnermerisniniin 814
Reddish-brown ¢lay....ccccorvemenirinnens 318
Black micaceous clay............ verreresen 342
Red claF. e, vees 350
Cruat, a faw inches.

Fine gand, with some waler............. 389
Red clay. .. veneresseansnarsssasraranes 00
Hard crust a few mchea

Yellow clay....... evestasernsressransaranarer 417

White, red and lead-colored clsys 436
Fine white gand...c.c.eciersiniiianinienas
Clay, variegated co]ors....
Fine white sand, with water............. 498
natural overflow, 8 gallons &

minute.
Red and yellow clays. e 505
White sand, medium coarse graios,
with water...... . b70
natural overﬂow, 20 gallonn a
minute,
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This well was prospected with the drill in the same sand last
noted to the depth of 593 teet, but was finished at the depth, as
above stated, of 574 feet,

A chemical analysis of the water bas been made in the labor-
atory connected with the United States quarantine service, and
we are informed that the water is * good and potable and fit for
both domestic dnd steaming purposes.”

BORED WELL AT FARNHURST, DELAWARE, FOUR MILES S0UTH OF
WILMINGTON.

Depth, 211 feet,

J. H. K. Bhanahan informs us that he has bored a well to the
depth of 211 feet at the almshouse at Farnhurst, Delaware, four
miles south of Wilmington and two and one-tourth miles north
of New Castie. There were alternations of loam clay and gravel
to the depth of 47 feet, below which there were encountered
various beds of red and yellow clays.

DTG WELL AT LOCUST GROVE SCHOOL-HOUSE.
Elevation, 106 feet. Depth, 40 feet.

The public school-house at Locust Grove is about one-fifth of
& mwile north of the railroad station, and is almost if not quite
exactly upon the point marked on the topographical map as the
highest in the immediate vicinity, having an elevation of 106 feet.
A well was dug here since last report to the depth of 40 feet,
reaching, immediately below the marls, the excellent water
horizon that furnishes the numerous bored wells a few miles to
the westward in the vicinity of Marlton and Medford, and which
were reported and iliustrated by a vertical cross-section in the
annual report for 1894,

The record for this well is as follows:

Burface BANG .. iverriuniiiiiirisre i e e s e ees teves sens saesas senare 1oraen 2 feat,
Reddish 108Ny Clay..coe e vennesnmenmnne. 3 fégt= §
Clay and BARd.......oooviciiiirercrerer e errarsererre s rsressas renens 10 ¢ =15 ¢
Greenish hard stiff gravel... 8 ¢ =23 ¢
Alternation of layers of 1ronatona nnd sand contmmng

EZOFYTE BCuurrirrnrenirrrssierrmrreinsssereesionrarsessansassnsrarnneseneen 13 ¢ =36 “
Water-bearing 6and...c..cccevvimnvrercniininninincicienieeene. & % =40 ©
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The above verifies the record published in the report for 1894
of a well one-fifth of a mile south ot the station, on the property
of Ellwood Evans, where also exogyra was found at the depth of
30 feet, the elevation being 90 feet.

BORED WELL TWO MILES WEST OF MILFORD.

Elevation, 147 feet; diameter, 5 inches; depth, 137 feet,
Water rises within 55 feet of the surface,

W. C. Barr reports having, early in the year, bored a well on
the farm of S. C. Gardiner, on the road from Ashland to Marlton,
at a point about 23 miles in a direct line southwest of the latter
and nearly midway between the two, He furniahes the following
record :

Commenced in bottom of a dag well, at the depth of......cccccvveieiiiinne 40 foet,
85 feet fine yellow quicKBaRd...occceeriererinserissrennrmciannnriseiasisorans 40t0 76 “
6 “ gravel and coarge sand mixed........ccovvmireriiniininn, 75 ¢ 81 «
20 ¥ green matl...... o e, 81 %101 H
80 “ chocolate mAar.....coccreeriiiniinenoersnssne e e 101 @ 181 ¥
8 “ pand,with waler ..cooemrrveiivmrnr e e, 181 “ 137 “

The water horizon is the Marlton-Medford horizon, which
occure next below the marl series. Another horizon exists about
200 feet lower, as is demonstrated by the record of a well across
the road at Mrs. John Wilking’, and which was noted in the
report for 1894, the depth being 316 feet and the elevation 130
feet.

BORED WELL NEAR BUDDTOWN.

Elevation, 50 feet; diamater, 8 inches; depth, 143 feet.
Water rizes within 7 feet of the surface.

Henry I, Budd has had a well bored on his farm, near Budd-
town, and about two miles south of Birmingham, He has tur-
niehed the following memoranda of the strata, and has also for-
warded specimens of the borings:
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7 feet loam and clay..vicrccerivirinnnnnn, e rerersaaseenar s e aatrnraesanetn 7 feet.
02 M marl, BHEK S i e weer 7 fest to 69 ©

2 % hard iron-stone,........ DUTTOTRTRTUTUROVTRUR ;- BN § B

1 00t IMAKL ceiiiiirrvrisnreniemaiiiess s reneresanssransiens Crerrrrearerernnee 71 " 72«

1 “ bhard erust........... PR TUPTTTTR & SN - S

bR 118 1o 3 S U URUTRRUTEN o B

1 foot bard crust........csenreun.n., S UAUURUPUUPTURN | : SR | S
3 foet ATl .ecin e i e e B Y TGO
1 foot hard erastu e i v e T Y 80

2 feet marl 4 82«
1 foot hard crust..cvvceere e verrvarennnas ¢ 83 «
2 feet mar] .cooveveevavennanne PR PRRTRTTURURUURE . - SENILLIIY . | S
1 foot BArd CYURL. .cciiiciirenns vevervrrraerisncererconnsrnresnens eresannee 8 * 8§ ¢
8 feet MAT] coniciecirvesitenree soees rreecreatirentbreres 86 . Bp ¢
10 % shell marl.. orrberesiaaerenns 89 % g9 ¥
6 “ shell bed, Gryphea and Terebratula e 980 105 ¢

10 “ black sand and mar)...... 105 L & E
23 “ greensand MArL.....ccociiiiiiiiim e 116 € 188
2 ¥ crust contalned Belemniles. ..o cuevinrs veererereereereersanrns 138 -+ 140 ¢
Coarse white pand, with water......... ccooiivviiiiicnenn e 1400 ¢ 143 &
The water rises within seven feet of the surface.
The water-supply is from the Marlton~Medford horizon, as
is evidenced by the Belemnites in the crust near the bottom.

BORED WELL NEAR YARDVILLE,
Elevation, 70 feet ; depth, 159 feet.

During the spring a well was bored on the Magnolia Stock
Farm, near Yardville, to the depth of 159 feet, finding a
supply of water near the top of the Plastic clays. The work
wag done by Stotthoft Bros., who saved a series of specimens of
the borings, whick was furnished the survey through Mr. C.
Dellart,

From an examination of the specimens, and from information
received, we make the record which follows:

Bottom of dug well......... . 20 feat.
15 feet. Blue mark.......ccceerineee. renens 20 feet. to 35
7 Y “Bhore"” mand....c.vmrnena 35 4 42 0 1 Base of tha Clay
18 * Chnceolate marl, sand and gravel... 42 “ 80 - Marls.
10 * Fine black sand and lignite.......... 60 * T ¢ J
28 ' Bhore sand....... coeeeieeerenessensnenn 70 ¢« 98 *
Shore gand at..cccoveeeinnaee. 130 « } Intermediate
Clay mar at.nniinineme. 140 ¥ Bands.
16 * VFine white kaolin clay, some
WHIt® TDICBcervesresreeeneentresenens 148 v 159 « } PlasticClays.

Sand with water.
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ARTESIAN TEST WELL AT BORDENTOWN.

Elevation, about 5 feet.
Diameter, six inches to first water horizon at 52 to 64 feet.

Diameter, four inches to second water horizon at 180 to 192 feet,

Boring prospected to 815 feet.
In rock, more or less micaceous, below 221 feet.
Normal level of water in both horizons, 1 foot 10 inches below

the surface.

A test boring has been made to the depth of 315 feet, at Bor-
dentown, by the American Pipe Company. The work was done
under the personal supervision of John A. Daurst, who care-
fully eaved a full series of specimens of the borings, which he
handed to the company together with a carefully prepared col-
umnar chart, drawn to scale and constituting an accurate strata-
graphic record. J. W. Ledoux, civil engineer for the company,
courteously divided the specimens with the Barvey and also per-
mitted us to copy the record and chart, & reproduction of which
we introduce herein. For the geological notes upen the extreme
left the writer alone is reeponsible. 'We copy verbatim in both
the other columns, J. A. Durst’s record.

Two horizons, with an abundance of water, were found within
the Raritan formation. The first occupies the interval between
the depths of 36 and 119 feet. A six-inch casing with a twelve-
foot strainer at the base was sunk into this to the depth of 64
feet from the surface, Tests were made by pumping, the yield
being from 75 to 100 gallous per minate. The second horizon
occurs at the depths of 163 to 195 feet. A four-inch casing, like-
wise with a twelve-foot strainer at the base, was sunk into this to
the depth of 192 feet. On pumping, a considerable supply of

water was found.
Botween the two water horizons there occurs a bed, 44 feet in

thickness, of fine, tough, tenacious pottery or plastic clays, which
are successively red, yellow and blue in color and at times

variously mottled in all these shades.

TEST BORINGS AT WHITE HORSE.
Elevation, about 8 feet ; depth, 84, 107 and 110 feet.

The American Pipe Company have made three test borings near
White Horse, at two localities, two and one-half and three miles

10 kO

NEW JERSEY GEOLOGICAL SURVEY



148 ANNUAL REPORT OF

respectively, north of the well just reported at Bordentown.
Through the courtesy of J. W. Ledoux, C. E., we have been
furnished with specimens of the strata and with & copy of a
record made by J, A. Durst, who personally supervised the drill-
ing. The strata of the three wells are, as should be expected,
much alike. For this reason we introduce the record of but one
boring. This boring was on the north bank of Crosswicks
creek and near the bridge on the Bordentown and Crosswicks
turopike. The record kept by J. A. Durst and tabulated by J.
W. Ledousz, is as follows, We have introduced the word “lignite”
geveral times where an examination ot the specimens showed
fossil wood to occur.

Thickness Total

of strata. depths,

Coarse gand and grazel......eeericeineenens 8 foet = 8feat,
Bluish clay...cccovscinrmeiercrneriannnnininans 8 ¥ =16 ¢
Bluish clay grading to white.............. 3 “ =19 ¢
‘White, potters’ clay... e 4 ¢ =23 ¢
‘White and red clay [with hgmte] ...... 8 ¢ = 81} “
White clay.....ccummrrmnmimicaeninnnnne 1 * = 83 .
Darker bluish clay.... .3 % =38 « Plastic glays
Blue clay, much rott.en wood [llgmte] 44 = 40} “ | Graavnels,
Thin alternation of fine sand and blne

clay, each a few inches thick unly, == Raritan forma-

[some lignite].... L2TE G = g8 tion,
Coarse sand end thm clay beds sand

beds thickest.....cuuseisrierermmertneenenne 9 % =77 ¢
Coarse sand and fine gravel................ 2 " =102 *“

‘Water-bearing 77 to 84 feet.
Whitish ¢la¥...cccvccemrerrcrsriirnnnmanona. b “ =107 *“

r

The clays, between the depths of 19 and 40 feet certainly, and
possibly between the depthe of 8 and 40 feet, are the equivalent
of the 44 feet of clays constituting at Bordentown the septum
between the two water horizons there. The water in the gravels
below 77 feet is the equivalent of the second or lower horizon at
Bordentown. This well is about two and two-fifths miles back
on the dip of the strata from the well at Bordentown.
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Sec. 1b.—Wells in the Northern Part of the Cretaceous Belt.

ARTESIAN WELLS AT NORTHWEST ABBURY PARK.

No. 1.—Elevation, 10 feet {7); diameter, 4} 1nches depth, 500 fest.
No.2— ¢ 10 feet (?) ; “ 8 “ b2
No.3— ¢ 25 feet (?) ; “ 6 “ B0 “
Wells Nos. 1 and 2 overflowad at the surface 40 gallons per minute each.
In Well No. 3 the water rose nearly to the surface.

Uriah White informe us that he has drilled three wella for the
West Asbury Water Company. They are situated slightly more
than a8 mile from the Atlantic Ocean, at the head of one of the
arms of Deal Lake and on the south side thereof, near where
Ashury avenue crosses the same. The wells have respectively
the depths noted above. Nos. 1 and 2, being on low ground on
the margin of the lake and of the stream running into it, over-
flow, but in Well No. 3, which is on higher ground, the water
does not overflow but rises nearly to the surface. All three
wells draw from the same water stratam, which is the equiva-
lent of the horizon at Asbury Park, the top of which is reached
at the depth of 525 feet.

After some correspondence with Uriah White, we have esti-
mated the elevation of each well to be, approximately, as above.

BORED WELL NEAR HOLMDEL, NEW JERBEY,

Elevation, 80 feet ; diameter, 4 inches ; depth, 576 feet.
Water riges within 20 feet of the surface.

A few years since a well was drilled at the Gideon and Daly
stock tarm, near Holmdel, of which Charles D. Pierce, of the
firm who did the work, writes as follows:

“The depth of this well wasabout 575 feet. The formation was
first sandy soil and then alternate strata of clay and quicksand
the entire depth. We passed through, I believe, what you would
call marl. A small quantity of water was found at different
points below 50 feet down to 540 feet. The water above 540
feet was found to contain more or less quicksand and it was
found impossible to separate it from the water. From 6540 to
575 feet we found coarse sand and gravel. The well is what
you might call inexhaustible, as it could not be exhausted by any
pump that could be placed in & 4-inch well. After we reached
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a depth of 540 feet the water stood within 20 feet of the surface,
but never raised to the surface nor flowed.”

On placing this well in its proper position upon a vertical cross-
section, now in preparation, of the northern portion of southern
New Jersey, it seems most probable that the troublesome quick-
sands above noticed belong to the clay marls, and that the water-
bearing gravels beneath, which were utilized for supply, belong
near the base of the same, that is, near the base of the Matawan,

ARTESIAN WELLS AT LAEEWOOD, N. J.
Elevation, 50 feet; depths, 475 feet and 812 feet.

Tn the annual reports for 1884 and 1885, there occur notices of
& well at the Laurel House, Lakewood, put down to the depth of
475 feet. About the year 1890, Uriah White bored another well
at Lukewood, to a lower water-horizon, the well reaching a depth
of 612 feet.

We are enabled, from an examination of a series of specimens
from the first well, preserved at the Laurel House, and from
some further information contained in a letter from Uriah White
respecting the second well, to present & much more detailed
record of strata than has appeared in former reports. The record
is as follows:

Depth of speci-
mens in feet.

43 Yellowish fand.eiiiineinniconie v, Beacon Hilll (7)
80 Brownish sandy clay....ccvvniiiiicins vivverne e,
75 Brownish sandy clay ...ccuriiiecirrinninniininn e
112 Brownieh sgnd, medium coarse........cces eeeernn
135 Brownish, coarse, sandy clay....... ccovveeenicnnnen.
188  Band, considerable greensand grains. Upper )
layer, Upper marl...ccciinicincoincrnninnnininns

J Miocene.

170 Light-colored cla¥..ccres veveren ]
200  Light-colored clay...cvuun.nenns
240  Light-colored sa_udston?, 80Me | 4oh marl,
greensand, slightly calcare- | —Middle Eocene
Ol rs ennrernnsnsnanieoransssaransanre - layer, U L and
245 Light-eolored clay, with some | per Mar Cretaceous.
bed,
-5: 374 D ORPPRI
270 Bandy clay, darker...........c0eee
280 Greensand. ... veveee comnnriieniens
Lower layer,
350 Greensand........ccorerreniieisenenees } lI)J’;.):lper Marl
ed.
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Depth of speci-
mens in feet.

356 Clay, darker than at 170, &c ........ reererareiasrrans )

360 Greensand.............

870  Greensand, w1lh sbell (Tm- Mlddla Marl
bratula, &C.)..coiverioririinenninns bed.

390 Greensand.....cose ceciansssisirariiiereien s,
450  Yellowish-gray sand.......ccoeiiiiiiiiiianns iniiens
460  Yellowish-gray sand......c.ecvivvevieivinianiniaiennns

Al]l the above specimens were from well !
No.1. The continuation of the record for I Cretaceous.
wall No. 2, as furnished by the contractor, is

as follows:

Specimens not
furnished.

460 to 468 Band and shella..........c.e... . L°"{;;’dM’"l

468 to 560 Dark clay or marl.......ocunioeen.
560 0 612 Light gray sand, with thin } Clay marla,
layers of ¢lay.......ccceiinerrene

4

ARTESIAN WELLS AT BELMAR.

Three Wellf........cooocvivvieeciservenens Depth, 80 to 85 feet. }Miocene.

...Depth, 480 and 495 feet.

Three wells.. '
...Depth of each, about, 660 feet, }Om‘“eom'

Two wella.........o.e

asesraiiusesaiarerne

Kisner & Bennett inform ue that during the year they have
drilled three wells at Belmar to the depth of from 80 to 85 feet,
for which they furnish the following record of strata.

The wells are supplied from sands at the base of the Miocene.

Total

Thickness. deptha.

B0i1, BCueremrrrimernriorsarsesnsenasnscsnssnens sorsssnm snsnsssarsmeensnnenennes 9 fR@b = O foot,
Tough blue clay......ccouue s =15 "
Coarge sand.....c..cveisieiinnians bese sresenssassrerneneies * =35 “
Greenish quicksand... fesienessivarnns searsinranies “ =40 =
Band and gravel, with shal} et 2 0 =42 Y
Rotten stone {Miocene clay) Ceeraeares i erans e 36 ¥ =78 ¢

Coarse blue sand and gravel g,rams aharp and angular,

With 2aler...ccivim irirernecennes . 4 " =82 "
Rotten stone (Mlocene c]ay), prospected reretrrabyieiene sannas 9 ¥ =91 ¢

The same contractors also inform us that they have recently
drilled two deeper wells, one with a depth of 480 feet and the
other with a depth of 495 feet, both of which draw from the
sands below the true marl series—this horizon being identical

NEW JERSEY GEOLOGICAL SURVEY




o

150 ANNUAL REPORT OF

with that reached at Asbury Park at about the depth of 400 feot;
and the same as the Marlton-Medford horizon.

In the annual reports for 1884 and 1885 there is noticed a well
at the residence of Eben C. Jayne with a depth of 480 feet.
Through the intervention and courtesy of C. Henry Kain, &
series of specimens of the borings that had been preserved has
been recently received. As thie well was put down by the old
process, which furnishes the earth and clays in an unchanged
condition, and thus enables us to judge better as to the character
of the strata, we furnish below a description of each specimen :

Depth of speci-
mens, ia feet.

200 Light colored clay.....ccccuvrivncennnnn, 1
260 Light colored €lay....cecns voeereverennns }Aah mar], 1
270 Light colored €187 .ovvevvvvsrveeincvreeans r Upper Marl bed.
34C  Greensand marl, dark Color.....cccveevrecrnre vevernen J
360-380 Greensand marl, lighter, with shell fragments, ]

probably Terebratula..........cooreveerrers vrvrnnans
400 Coarse sand, some greensand, fragments of ehell,
415 Greensand.. ...ccciviieecriveieereeeirerenn snr e
440 Greensand......c.c.covsevreereenenieeneniinisesens
:gg gizzﬁsang Middle and Lower

L L U o Marl Beds.

463 Light colored marl, very calcareons with acid

L2718 41123 1) S U,
470 Greensant..........cccciiinimniirisnssesirses sresenses oarmsnse
475 Band, white quartz and greensand grains mixed,
480 Greensand, with fragments of ghell............eru.n.
480 Gray sand Bnd Water...eoeveirrieniecnesrenee sorenenes

r

With the above specimens was one package of shells marked
360 to 460 feet, among which we recognize Gryphmosirea vomer
and Belemnitella mucronata, and & number of fragments of a
ponderous shell, probably Gryphea vesicularis; also a pecten,

Kisner & Bennett farther report that there are two other
wells at Belmar, which have each a depth of about 660 feet, that
draw from the laminated sand horizon which is met with at
Asbury Park at the depth of 525 feet. This horizon is in the
laminated sands at the top of the clay marls.

| We therefore have demonstrated at Belmar the depth to one
Miocene and to two Cretaceous horizons, The Miocene horizon,
while furnishing a considerable amount of water, does not furnish
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at this point near go large and abundant supply a8 the two
Cretaceous horizons, and particularly the lower of the two.

We are not as yet able to correlate the Miocene horizon with
either of the horizons in beds of that age that furnish so many
wells south of Barnegat. For further information about these
Miocene wells, see page 163, under the head of Wells in the
Miocene.

ARTESIAN WELL AT BAY HEAD,

Elovation, 10 feet ; depth, 885 feet.
First water horizon, 710 feet.
Second water horizon, 885 feet.

Trom an interview with Kisner & Bennett, we learn that &
well has been put down by them at Mantoloking to the depth of
885 feet. This well draws from the laminated sands which are at
the top of the Clay marls proper and below the marl series. The
bottom of the Miocene clay, commonly called “ rotten stone,”
was passed in this boring at the depth of 220 feet.

A well at this locality, noted in the report for 1887, found
water at the depth of 710 feet. It is, therefore, demonstrated
thers exist at this locality two water horizons, viz., at the depth
of about 710 and 885 feet, respectively. These two horizons are
evidently quite constant, since they have been found at Asbury
Park, Ocean Grove, Belmar and Sea @irt, all of which are far-
ther back on the dip of the beds, and at Mantoloking, which is
farther out on the dip. The depths to those horizons at each of
the localities named is as follows

Upper Lower
horizon. herizon.
ARDUTY PBIK.ccorrnrininine sevatiieisinnsnsmssss bresmness cunasnee 400 foet. 525 feet.
OCBAN (FTOTH.corrrartermmrsrsrrmsssesianianisranessstasss srssrnsassneses 400 ¢ 525
Belmar ..cvceecenrrersns OO ** 650 ¢
80a GHrt. .vereesiraearsninsieromnaians 600 ** 73 ¢
Bay Headu o iecemsssmsntan e ssanss st snmrssacs s 710 ¢ 885
MABLOIOKIDIZ. ressrens rreasansceerssis srnsssmsssnsssasssnisrarrasssans 790 ¢ g2 ¢

We are not aware that these horizons have been tapped along
the coast south of Mantoloking, the wells in that direction draw-
ing from horizons above them. Considering, however, the quan-
tity and quality of the water, especially from the lower of the
two, it may yet become desirable to sink wells to them, since, in all
probability, they continue many miles southward, and possibly
entirely underlie the rest of Southern New Jersey.
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ARTESIAN WELL ONE MILE NORTH OF BAY HEAD,
Elevation, 10 feet ; depth, 813 feet.

Kisner & Bennett inform us of & well not heretofore noted in
these reports, that was put down by them a few years since at
the Beacon-by-the-Sea, about one mile north of Bay Head.

This well was tubed with a 4]-inch caging to the depth of 200
feet, or about to the bottom of the Miocene clays, known to the
well-drillers a8 ** rotten stone,” and to the top of the marl series.
Below this a 3-inch casing was continued to the depth of 818
feet, when a flow of water of excellent quality was obtained at
the surface, amounting to 85 gallons s minute. On & test being
made by adding casing to the top of the well, the water rose
therein to 36 feet above the surface.

Thie well obtains its supply from the laminated sands or upper
division of the Clay marls—the horizon being the same as that
supplying the well at Bay Head, at the depth of 885 feet,as per
the record immediately preceding, and which is the equivalent
of the 525-foot horizon at Asbury Park,

ARTESIAN WELLS AT MANTOLOKING,

Revision of Record from Annual Report for 1895,

Well No. 1; depth, 132 feet. Water rises __ Probably the 800-foot horizon
nearly to the surface .........cccuvrvrererenn. } " at Atlantic City, in the Miocene.

Well No. 2; depth, 790 feet. Water ri
o e °p 90 feat.  Watar rtses} — 400-foot horizon at Asbury

38 feet abova the surface. Flow at the !
8 Park, in the Cretaceous.

surface, 25 gallons a minate, .............

.8 h , W i
Well No. 3; depth, 922 feet ater rlses} __ 525 to 575-foot horizon at As-

42 fi b th face, F
eat above the surface low at the bury Park, in the Crelaceous.

surface, 60 gallons & minate..............

Kisner & Bennett having kindly favored us with the addi-
tional data sbove tabulated respecting the different heights to
which the water from the various horizons would rise, and also
the amount of natural flow per minate at the surface, the record
of these wells is again introduced from the report for 1894 :

“At various times, since about the year 1887 , there have been
made three borings at Mantoloking by Kisner & Bennett.

“The first well was noticed in the annual report for 1889,

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 153

wherein it is stated to have a depth of 175 feet.* A second well
was afterwards bored to 790 feet—to the 400-toot water-bearing
sand of Asbury Park, which was here found occupying the interval
between the depths of 690 and 740 feet.

“8till later another well was sunk to the depth of 922 feet,
drawing water from a sand between 872 and 922 feet. This
horizon is probably the equivalent of 525 to 575 feet at Asbury
Park.”

BORING AT TOMS RIVER,
Elevation, 40 feet ; depth, 745 feet,

There is & boring at Toms River that was prospected some
years since to the depth of 745 feet. About 100 feet more in
depth would have probably found the 400-foot horizon of Asbury
Park.

The geological facts learned are as follows:

Coarse yellow gravel......... at 28 feet.

Yellow sand, fine............. at 70

Coarse yellow sand........... at 80 ¢

Brownish-gray, quartzose
sands, varying from me-
dintm fine to medium .
COBIBO..euvurerensnssasesanensnss 90 ** to 165 feet. | Miocene.

Some lignite at 165 feet.

Gray sand, gritty, with two
clay seams, to........couune . d65 ¢ J

Greensand marl............... 480 ** Y [

Light-green earthy mate- Upper Greensand .
rial, highly calcareous, layerof Upper Marl | §
t0.crecceemseren st sur e €00 bed=Blue Marl. g

Light-colored clay, Bhghtiy Mi:g}_l& all?lyt?;dg Efl:; &
greenish cast, no green- L} Marl,
gand nor any miero-or- The base of this divi- 4 .
ganism, at..cccccerinsnnn, 635 gion is probably the | &

Bandy matena] contmmng }Ipper Greensand | 2

ayerof Upper Marl  ©
a great deal of greensand, bed = Green Marl, | <
B0uervvarrereaeni s senranns . M5 ]| |8

* Kisner & Beanett have recently informed the writer that the water furnished to well No. 1 came
from a coarse sand at the depth of 126 to 132 feet.

NEW JERSEY GEOLOGICAL SURVEY



154 ANNUAL REPORT OF STATE GEOLOGIST.

ARTESIAN BORING AT BARNEGAT PARK.
Elevation, 50 feet ; depth, 670 feet.

At Barnegat Park there is an unfinished boring with a depth
of 670 feet. The surface deposit coneists of a few feet of gravel
with fossiliferons pebbles. The top of the Miocene clay, com-
monly called rotten stone by the well-drillers, was found at the
depth of 230 feet.

From specimens obtained and from information received we
collate the subjoined record.

Gravel, with fosailiferons pebbles, surface to.....a e 10 feet,
Then fine gray sand... rensisans
Yellowish fine sand, shada of brow:: suga.r, ah IUOTURNRR : | |
Yeollow clay BRI Bt....civvricrrrersssssrinsin ciiirsi s s e ses s ss s e naras 46
Yellow clay and sand 8t.......ccccieeiinim vravinienre e e s e 100 *
Then fine, ¢lean white sand... cerensressaearearesiaras
Medinm coarge orange- colored sand at JSUUOUUPUOTRROUPPRRR I § B
Fine gray sand at... PO SUUPRTPRTPTORRSTOR ¥ > S
Brownish ClAY Ble.csccrrerss corrersrisninssrisssnsssesrerens cocessamesssssasransens 239 ©
* Rotten stone ™ at rereesrenenneennens 280
Marl, consisting of Ilght and dark greenaand gralns, at verreeneeenes 380 ¥
Bponge spicules seen under microscope.

Coarse gray sand, almost gravel, some glauconite mixed, at...........une 308 “
Marl a0 BAIA Bb.ccrerirrerrens vererrsaresersserssmsresssssoasssasson sosseressissaneserens GO0
Marl 80a BANA B .coevererersvrvneeieeessvsronraesvresneeresssaress cssarnansssssssssnnenres D24
Olayey marl and BANA Blu...vererrererrerse seesaenssses srsnesae svnessnssssnasssnnecses 094
Btopped in greensand MATL 8t...co.coevseorsicsnenmessssnanssnisssss s 670 1

We regard the bottom of this well as near the base of the
Upper Marl bed. A depth 230 to 270 feet greater would probably
have found a desirable water horizon, viz., the 400-foot horizon
of Asbury Park, while a depth 125 to 150 feet still greater
would probably reach the 525-foot horizon at Asbury Park.
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Artesian Wells in Cretaceous Strata on
Long Island, New York.

Correlation with the Cretaceous in New Jersey.

ARTESIAN WELL, BARREN ISLAND, JAMAICA BAY, BOUTH COAST
OF LONG ISLAND.
Elevation, high-tide level; diameter, 6 inches; depth, 720 feet;
overflows 50 gallona a minute.

Thomas B. Harper has successfully finished & well on Barren
Island, on the south coast of Long fsland, N. Y., at the entrance
of Jamaica Bay, the location being east of Coney Island and west
of Rockaway Beach. The well is about on the line of strike with
the New Jersey Cretaceous beds at Point Comfort and Keyport.
The depth is 720 feet, the well draws from a coarse, yellowish-
white gravel, between the depths of 712 and 720 feet.

By a test made at the time of finishing the well, it was found
to have a natural overflow from the top of the casing, some five
feet above the surface, of fully 50 gallons per minute. The
water has since been piped so-as to flow over the top of and into
a tank on somewhat higher ground near by. The top of the
tank is about fifteen feet higher than the surface where the well
is located. The quality of the water is said to be excellent.

Records and specimens of these borings were not kept. We
have, however, been furnished, from memory, with the follow-
ing general notes of the succession of strata:

Whitish sand for some distance down from the surface......

Heavy gravels and cobbles at... 140 feet.
““ Reddish ” (?) sand... cvanns
Dark-colored conglomemte. qnarlz grams and pebbles size

of mustard to that of shellbarks and walnuts at............ 218
Cobbles at and some distance below.......cciccciiiiinmnenninee 230 *
Whitish 88D0......ccceminreeseeiosiisessirrasiarrareirsnmnrereesnrenscanens
“Cemented material”—feldspar and quAartz...........cccvcearniens 495 feet to 500 **
Bluish, 80ft MAYL (7}.ceeeirirmmsiinsninnannrnrrs s 500 ‘* 560 **
Alternations of sandp and clays, each 15 to 20 feet thick......560 * 660
Red (?) clay at.. . 708 ¢
Yellowish- whxte COArse sandaud ﬁne gravel water-beanng J12 ¢ 720 o
Whitish clay, prospected 4 feet or from ... L7200 724 ¢

(155)
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This boring in its lower portion, say below the depth 230 feet
or perhaps slightly lower, demonstrates the probable existence
and extension beneath Long Island of the Clay-marl or Matawan
formation of New Jersey, while near the base, say below 700 feet,
there are possibly indications in the color of the gravels of a
change from these Matawan beds to the Plastic clays and gravels
of the Raritan formation of New Jersey.

The water horizon opened by this well can probably be relied
upon to supply fresh water to many of the beaches to the east-
ward along the southern coast of Long Island.

BECOND ARTESIAN WELL ON BARREN ISLAND, L. L, N. Y.

Since the above was written, and before the same was printed,
and therefore of later date than this report bears, a second well
closely adjacent to the first one has been put down on Barren
Island to the same water horizon, which was prospected to the
depth of 740 feet. Krom this well we have received specimens
of the borings from 70 feet downward, taken every 10 feet,
These were kindly furnished by the contractor, Thomas B. Har-
per. Vith the specimens before us, we make the following con-
densed record, which is more accurate than the one given above :

Interval, no specimen-, ., o o .., L. . Surface to 7¢ feet,

Browgish tand-, somet'mes slichtly yellow- 1
ish and sometines Jight'y reddish in g
L 70 feet to 130 * . g

Reddish-brown and yellowi-h-brownsands, Glacial, &c. (7} 1 $
same z- pevt above, with the oddition of ]
wirgo pebbles anleatlles, dcl, .. . L L 130 0 gep j &~

Whitishsand:, , . .. .00, . .. 220 " Mo ¢ } Trans tional, ]

Browpsaeds, . .. ... .. ,..... a0 20 ¢ ! -

Bugi-bows to anée, vomw Vgl toroaghe } Laminated l» Matawan, §
L 260 ¢ 50O ¢ Sands () | &

Dusk, micicrous, sandy clzy, ne lignite, . 500 gop ¢ - - Clay Marls (£} J g

Yellowisk-w™ite sand, czone, it Tl ta 70, Upper part of Plas- . ]
BT ALy s e e e e w0 v TH0 ¢ } tellcsclays and grav- } Raritan.

On comparing the specimens from this boring with a very full
series of specimens from the deepest boring (1,321 feet) at Asbury
Park, a record of whieh occurs in the Annual Report for 1895,
page 73, there is seen to be an exact correspondence in the beds
in this well below 260 feet with those at Asbury Park below 950

* A stratum of sandy clay with a reddish cast occurs interbedded at 390 to 400 feet.
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fest. A change of jdentically the same nature also occurs at the
two places, at the depth of 500 feet at Burren Island and that of
1,175 feet at Asbury Park. The succession of the beds from
above downwards and their correspondence at the two localities

is as follows:

, Asbury Park, N. J.  Barren Island, L, 1,
Descriptions. Deptha in {eet, Depths in feet.

Very dark heavy clays and sanda with glau-
conitic or greensand grains throughout ..... } 600 to 950 Wanting.

Light-colored sandy clays and gands, hgmte} 850 to 1175 260 to 500
throughout ; no greensand ..

Blightly darker clays and sands notab!y} 1175 to 1321 500 to 680
micacecus ; no greensand and no lignite

Exrogyra and other shells at Asbury Park at
the depth of 1,195 feet.

White gravel and coarse sand, waier-bearing ; }
overflows at Barrem Island 50 gallona a il“

minute from each of the two six-inch wells 490 to 740

This water horizon was not reached at Asbury Park, the bor-
ing not having been continued far enough. It probably occurs
there at the depth say, of 1,360 to 1,425 feet. The whitish color
of the sands and gravels of the Barren Island wells in which this
horizon occurs may be described as very slightly yellowish-
white in contrast with the color of all the sands that occur above,
say between the depths of 260 and 690 feet. These latter are
cither dead-white or very slightly bluish-white in cast. The
same change in shade is characteristic of the continuation of the
beds southwestward into New Jersoy, as has been observed by
the writer in borings furnished him from various wells in the
neighborhood of Camden. In the latter region this change in
the color of the gravel and sands marks the change from the
Clay marle to the Plastic Clay series, or in other words from the
Matawan to the Raritan formation. Both of these are Cre-
taceous and occurin the order just named below the beds of the
Marl or true greensand series, which latter are entirely wanting
in the Barren Island section.

In this connection the succeeding reports of wells at Wood-
haven and at other places in the region north of Jamaica bay
should be read.

NEW JERSEY GEOLOGICAL SURVEY




1568 ANNUAL REPORT OF

BORED WELL AT WOODHAVEN.

Eight miles (?) N. N, E. from Barren Island.
Elevation, 85.6; Depth, 577 feet.

During the fall and winter of 1888 and 1889 a well was bored
at Woodhaven, of which records of the strata penetrated were
published about that time by John Bryson* and Elias Lewis,
Jr.,+ while more recently that by John Bryson has been repub-
lished by N, H. Darton. A full series of the borings was pre-
sented by Francis H, Luce to the Long Island Historical Society,
in whose musenm they were carefully arranged and labeled by
Elias Lewis, Jr., who was especially interested in the geology of
Loog Island, and was instrumental in securing for the musenm
similar series of borings from other wells at different localities
on the island.

The writer bas recently visited the museum, taking with him for
comparison the Barren I[sland borings. On placing these side by
side with the Woodhaven borings there was seen to be an identity in
the succession of material from the Woodhaven well between the
depths of 213 and 456 feet with that from Barren Island from the
depth of about 450 feet to the base of the well at 740 feet. The
strata below 556 feet at Woodhaven did not appear to have been
reached at Barren Island. We judge from our examination of the
specimens that the transition from the Matawan to the Raritan divi-
sion of the Cretaceous occurs at Woodhaven at the depth of 456 feet
and at Barren Island at that of 690 feet. We give below a con-
densed record of the Woodhaven well compiled from personal in-
spection of the borings, It is not as detailed as John Bryson's
record above alluded to, und is essentially the same as that made by
Elias Lewis, Jr. On the right we correlate the beds at Barren
Island.

* Am. Geologist, Vol. 11, pp. 130, 187, 1883, Vol. 111, pp, 214, 215, 1889,

t Am. Journal of Science, Vol. XX KVII, p. 233, 1889,
1 Bulletin U, S, Geol. Survey, No, 138, pp. 31, 32, 1896.
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Divislons at
Woodhaven,

=

. Dark gray ]
ft

. Gray sand... 17 ft. )

. Whitecoarse

. Dark clay....

THE STATE GEOLOGIST.

Description,

. Bands and gravels.

“Yellowish-brown or
rusty.” E. Lewis, Jr.

Light, colored, sand
clayeand sands wit
congiderable lignite.

clay.uines.. 39
Lighter col-

ored clay.. 46 *
Dark gray

clay, a lit-

tle lignite.. 60 *

146

Gray sandy
clay..n, 10 %

Gray sand, a
little  lig-

nite .. 32«

sand, al-

most gr'v’l 14 ft.

I8 evrrenrerens iy
White gr'v'l. 36 * }
Fine white

sand......... 5 “

69

8 ft.
White kao-

lin clay.....
Dark clay....

mile 8. 8. E.

| =417 ¥

L =515 ik

Woodhaven,

Burface to 213 ft. Surface to 220 ft. 1 !

Wanting,

- =213 ft. to 368 ft.

417 «

456 “

616 “

558 [11

=566 “ B77 "

Barren Island,

220 ft. to 450 f.

t 450 ft. to 890 ft.

=I1175 ft. to 1321
fe.-} at Asbury
Park, N. J.

+ 650 ft. to 740 ft. 4
Water bearing,

+ Not reached.
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Matawan,

Raritan.

Glacial
\_-.'__J

Cretaceoua.-

1569

Pleisto-
cene,

From the data in hand we provisionally estimate the dip of the
Cretaceous beds near the base of these wells at about 45 feet per
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The well at Woodhaven is said not to have been productive of
mueh water. In view of the fact, however, that the two wells on Bar-
ren Island each overflowed from a six-inch casing, 50 gallons of water
per minute, we deem it most probable that the lack of supply at Wood-
haven was due to the less perfect methods of drilling known and prac-
ticed at the time the latter well was put down, and that the gravels
near the base can be reasonably expected to furnish a good supply of
water along the southern side of Long Island.

ARTEBIAN WELL ON BARNUM ISLAND, WEST OF HEMPSTEAD BAY.

Thirteen miles east of Barren Island.
Xo satisfactory supply of water. Depth 383 feet.

A well was put down probably about the year 1876 on Barnum
Island, to the depth of 383 feet. Specimens of the borings are
preserved in the Museum of the Long Island Historical Society.
The Pleistocene gravels extend to the depth of 70 feet, below
which there are alternations of clays, sandy clays and sands
darker in color than those below the Pleistocene gravels at Wood-
haven and Barren Island, and differing in that these contain
much more lignite, while iron pyrites abounds throughout. We
regard these beds as stratigraphically higher than those at the
two other places just named, but belonging, however, to the
same formation, vis., the Matawan. Below are the writer’s notes
made directly from the borings.*

Yellow gravel..cccccvccrereiniiecrienionsinninseenen surface to 15 feet. )

Dark cla, . 15 feet to 22 * .

Yellow g’;avel cha.ngmg near the bage to buff ¢ Pleistocene.
BADI . 1rveerereceerenonran smrmasnensaseareseesnrnsrane 22 % 70 ¢

Dark clay with lignite......ccccoierivivnnincreninnnn. 700 % 76 7

8tiff dark clay.... crevstverieneenn. 70 5128 €

Heavy gravel, w:th whlte and diflerent
colored pebbles ....vvcveves veininiiverennen 126 1291

271 T OO 129 ¢ 147 ¢

B8and and gravel.....covvnnimmamenine 147 4 168 ¢

Band with llgmta throughout e L7000 200 ¢

Bandy clay at.. resrorene e e e 905 « | Matawan.

Band at..uensenens 243 Cretaceous.

Gray sand, much lignite throughout............245 “ 290 “

Dark clay at... e T800 ¢

Dark clay mth Ilgmte at ............................. 350 «

Miecaceous pand at... 363 *

Band and ClAY .o iriie i e e 360 ¢ 383

*For a more detailed record by N, H. Darton consult Bulletin No. 138, U. 5, Geological Survey,
Pp. 32, 33,
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- WELLS OF THE BROODKLYN WATER DEPARTMENT AND OTHER ARTESIAN

AND BORED WELIS IN THE REGION NORTH OF AND SURROUNDING
JAMAICA BAY AND SOUTH OF THE MORAINE HILLS.

On tbe lower land south of the moraine hills, npon which are
situated East New York, Ridgewood, Woodhaven, Jamsica, Hollis
and Queens, and between those places and Jamaica bay, thera
are 8 considerable number of bored wells of varions depths,
which we tabulate beyond for the purpose of correlation with the
Barren Island and other well records immediately preceding.
Detailed records of many of these wells, describing minutely the
various strata, have recently appeared in Bulletin 138 of the United
States Geological Survey, *Artesian Well Prospectsin the Atlan-
tic Coastal Plain,” by N. H. Darton, We, however, indicate only
the larger divisions. These we have made out, in every instance,
except two,* from a personal inspection of specimens of the
borings, most of which have been preserved in the office of the
Department of City Works of Brooklyn, though s few are dis-
played in the collections of the Long Island Historical Bociety.
The latter were carefully collected and arranged some years
since by the late Elias Lewis, Jr.,, who was much interested in
the study of the geology of Long Island, and wrote a number
of papers thereupon. An inspection of the borings thus pre-
served has assisted us materially in the solution of the stratifica-
tion.

The borings belonging to the Brooklyn water department are
in the office of the department. They are arranged in tubes
to scale, and are permanently kept in a rack in an upright
position. To L M. DeVarons, engineer of water-supply, we are
indebted for the opportunity to examine and study them. We
have assumed it as most probable that the underlying beds dip
from N. N. W. to 8. 8. E,, and have arranged the wells in the
following table, in their proper position, in that order along the
line of the dip:

* The exceptions are wells Nos. 20 and 21, and for these we have been furnished with copies of the
records on file in the water department.

11 GaEO
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All of the wells noted in the table first pass through & greater
or less thickness of superficial sands and gravela—the gravel
being at times very heavy and containing what may be called
cobble-stones. They then enter beds of an entirely different
nature, consisting of bluish sandy clays and whitish sands.

The deepest wells, the two on Barren Island, in the lowest 220
or 240 feet of their depths, penetrated a somewhat darker and
more decidedly micaceous clay. Excepting the well at Woodhaven,
none of the other wells entered this stratum, though wells No. 7
aud No. 21 probably reached quite close thereto. It should, per-
haps, also be noted that the Barren Island wells, before entering
the above-noted superficial sands and gravels, penetrated a more
recent bed of mud to the depth of about 70 feet.

Wells Nos. 5 and 6 are upon higher ground than the others,
being situated part way up the slopes of the moraine hills, and
are some fifty feet higher than the average elevation of the other
wells, In well No. b the superficial upper sands to the depth of
193 fect closely resemble the sands and gravels of the Barren
Island wells from the depth of 70 feet to that of 230 feet. In
well No. 6 ocenrs the greatest thickness—302 feet—of these same
superficial sands and gravels that has been met with in these
borings.

These superficial sands and gravels we regard as Pleistocene in
age. They are probably in part, if not wholly, ot glacial origin.
The cloys and sands below them we correlate with the Matawan
division of the Cretaceous of New Jersey. Of the wella noted
on Long Island, only those on Barren Island and at Woodhaven
peuetrate entirely through the beds of this division, it indeed they
do; but the color of the water-bearing gravels at their base in-
clines ns to the view that they form the transition bed to the Rari-
tan or Plastic Clay division of the Cretaceous. Qutcrops of plastic
clays occur at various points along the northern shore of the island.

If we may judge from the darker color of the clays and the
greater prevalence of lignite shown in the borings preserved in
the musenm ot the Long Island Historical Society from the well
383 feet deep at Barnum’s Island, that well, below the depth of
70 feet, likewise entered the Matawan formation, penetrating,
however, most of the way down a portion thereof stratigraphi-
cally higher than occurs beneath Barren Island ; the latter, prob-
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ably, being westward of the point where the upper part of the
Matawan bed approaches the surface beds,

A careful inspection of the borings from the Woodhaven well
and comparison of the same with the borings from the liarren
Island wells reveals a decided lithological resemblance in the
materials, especially in the yellowish white cast of the gravel at
the bottom of each. As already noted we find the depth of 556
feet at Woodhaven corresponds with the depth of 690 feet at
Barren Island.

Sec. 2.—Wells in the Miocene Belt.

ARTESIAN WELLS AT BELMAR,
Depth, 80 feet.

There are at Belmar several wells put down to an average
depth of about 80 feet to the sands at the base of the Miocene
deposits. These sands are immediately below the clay bed that is
locally known to the well-drillers by the name of * rotten stone.”
The writer has not had the opportunity to examine any of this
clay from the Belmar wells, but specimens from what is no doubt
the equivalent stratum at Asbury Park, three miles to the north-
ward, has been found to contain marine diatoms, among them
Heliopelta, which the writer has demonstrated in this report is
characteristic of the base of the Miocene, See pages 172 and
173, Three of these Miocene wells at Belmar, with depth of 80
to 85 feet, are noted in connection with deeper wells to two of the
Cretaceous horizons. See pages 148 and 151.

MIOCENE ARTESIAN HORIZON AT MANTOLORING.
Depth, 132 feet,

An artesian water horizon occurs at Mantoloking, at the depth
of 126 to 182 feet, in sands, probably the equivalent of the 800-
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foot Atlantic City borizon. See report, page 152, of Cretaceous
wells at this locality.

BECOND ARTESIAN WELL AT HARVEY CEDARS ON LONG BEACH.

Elevation, 8 feat ; diameter, 4} inches; depth, 500 feet.
Water rises 8 feet above tide; flow, 120 gallona a minute.

FEarly in the year an artesian well, the second at Harvey
Cedars, was completed at the club-house at Harvey’s Point. The
location is immediately adjacent to the Harvey Cedars hotel on
Long Beach. The work was done by Uriah White, contractor.

The well reached a total depth of 500 feet and draws a copious
supply of pure, sparkling water from medium-coarse, water-
bearing sands that occupy the entire interval below 420 feet,
excepting only a clay parting that occurs between the depths of
463 and 470 teet, The diameter of the well is 43 inches and the
patura] flow from the top of the casing, 6 feet above high tide,
is 120 gallons a minute, The well was finished with strainer
pipe and point from below 420 feet to the bottom.

The water-bearing horizon, at 420 to 500 feet, is the same as
that supplying wells at Beach Haven, with a depth of 575 feet,
and at Brigantine, where & depth of 793 feet was reached; at
Atlantic City, where & depth of about 800 feet is reached by sev-
eral wells; also at Longport and Ocean City, where a like depth
of about 800 feet is attained, and at Sea Isle City, where a bor-
ing 854 feet deep has been made. A well at Wildwood is also
probably supplied trom thia horizon at the depth of about 900
feet. Wherever it has been met with this horizon supplies an
abundance of most excellent water.

In boring this well a higher water-bearing horizon, 30 feet
thick batween the depth of 210 and 240 feet, was passed through.

This is the same horizon as that supplying a well at the railroad

station here, put down some years since to a depth of 240 feet.
The supply, however, from the lower horizon is very much
greater than from the upper one, while experience here, as at
Atlantic City, has abundantly proved that the lower supply is of
better quality. Below is the record in detail :
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Thickness of Beds Intervaly
(In Feet). {In Feet). .

1 Suarface 8aNd...covie i vraniiiem snnssrnees. 0t0 1

1 Bedge Mud....c.cevurnnrrvssnrimnmsessesnersnssneeen 194 2

8 Beach BADA...ccccivireerenenstarisssirsaresarninicsnas 2% 10 L Receant.

1 Old meadow bed...cccoveiiieniviiieevivenvsnnennins 10 11
20 Beach Band.......cccceeiveimiiiiinisenerernsneesnenns 11 % 40
16 Gray, 8andy Cla¥..cccciiiinriinmeniieseianinn seres 40 ** b5
20 Yellowish sand, shade of brown sugar...... 655 ** 75 )

5 Coarse sand, almost gravel........ceceeeeneenn. 75 * 80 ¢ Beacon H:ll )]
40 Yellowish sand, shade of brown sugar...... 80 ** 120 | Miocene. ()
44 Gray sand, very clayey......ccucmncntenrrironnen 120 ** 164 |
48 Dark-colored clay... crreisansisnn e 164 4 210
30 Gray sand, Is water homon ereennnnn 210 6 240
80 Dark-colored clays, similar to thnle above..240 ** 320
20 Light, brownish sand.........ceerenrnnennnrnnn. . 320 340
60 Dark-gray, 8andy clay.....ccocimniiiinan 340 '* 400 | Cheespeske.
20 Dark-brown, sandy clay......ccoeicnieniacnn 400 ** 420 } Miocene.

43 Medium-coarse, brownish-gray sand, 2d
water horizon, 2 feet wood at the base......420 * 483 g;it:guﬂge?::'

7 Clay, not diastomaceous. .......eouerserenrssrerans: 463 ** 470 )
80 Band, brownish on top, gray at the bottom,

eontinuation of 2d waler horizon...............470 * 500 |

Gcologicril Notes.

The upper 55 feet of this boring may be classed as recent.
From thence to the depth of 120 teet the sands and gravels are
mostly of a yellowish tint, nearly resembling the shade of a good
grade of brown sugar. In general appearance these sands and
gravels are very suggestive of deposits elsewhere outcropping in
the State, which have been named Beacon Hill by Prof. R. D.
Salisbury, and which are, at least tentalively, regarded as of
Miocene age.

The entire section, however, below 120 feet, is undounbtedly
Miocene. Of this lowest division, the interval between 164 and
415 feet is occupied by the great Miocene diatomaceous clay bed
of the Atlantic coastal plain, which has been encountered in the
boring of a number of wells to the northward as far as Asbury
Park, and also on the sinking of all the wells in the State to the
southward along the beaches and a greater or less distance inland.
It here presents a thickness of 250 feet, all of which, excepting
the 30 feet of sand representing the upper water horizon, between
the depths of 210 and 240 feet, has been found on careful micro-
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scopic examination of specimens of the borings from twenty
difterent depths to contain marine diafoms, among which are the
usual characteristic forms always elsewhere associated with this
bed and which are not found in the diatomaceous beds of & still
later age that exist along the coast and nearer the surface.

At Asbury Park this bed has a thickness of but a few feet, but
this increases southward till it has a thickness here and beneath
Beach Haven of 250 feet, beneath Brigantine of 280 feet, beneath
Atlantic City, Longport, Ocean City, of 300 feet and over, and
beneath Wildwood, and Sea Isle City, N, J., and Crisfield, Md.
of fully 400 feet.

¥

ARTEBIAN WELL AT ATLANTIC CITY.
At ““The Dennis.”—Diameter, 6 inchea; depth, 835 feet.

Early in the year Uriah White completed the boring of a well
at the Dennis, Atlantic City, N.J. This well is 835 feet in
depth, aund is supplied from what may be termed the 800-foot
horizon at Atlautic City, and which, as is elsewhere noted in this
report, aleo furnishes an abundance of excellent water at Harvey
Cedars, Beach Haven, Brigantine, Longport, Ocean City and Sea
Isle City, and probably also at Wildwood. The record ot this
well is practically the same as that published last year for & well
at the Brighton, but a few blocks distant. As, however, a full
series of specimens was furnished through the co-operative
courtesy of Jos. Borton, proprietor ot the Dennis, and of Uriah
White, the contractor, and F. Brower, the foreman in charge, and
a8 these have been studied very carefully, and also because the
more recent labors of other workers on the State survey tend to
place the division between the Pleistocene and the Miocene
higher than the writer has heretofore done in these well-reports,
we here introduce a revised and detailed record, which is the
result of such studies :

Specimens.
Top to 22 feet. Beach pand, gray ....c.ccieveveveereeerens )
22 feet to G5 feet. Beach sand, slightly darker.......... . I
66 * 70 " Bpecimen missing.* Recent.
7 * 83 " Bandyeclay,containg marine diatoms, [ 83 feet.
recent species; also sponge #pi-
CUIEE trvirriierinirenss sormonas rennasasiaias

*In otherwills at Atlaotic City at aboat this depth a yellow gravel with fossiliferous pebbles oecurs,
Severu] shallow wells draw water from this gravel,
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83 feal‘. to 90

20 100

00 % 110
110 * 130
180 * 166
166 185
186 “ 176
176 ¢ 193
193 “ 200
200 “ 201
200 v 220
220 " 245
245

245 Y 265
266 ¥ 276
21 ¢ 300
300 “ 305
806 ¢ 830
830 * 350
a0 ¢ 366
866 * 870
370 % 390
880 400
400 425
425 Y 448
448 ¢ 464
464 % 482
482 % BOO
600 “ G189
Bl *“ 539
539 *“ bBB69
659 ¥ 579
879 “ bY9
599 * 618
818 “ 837
637 “ 666
a8 “ 813
673 * 690
ge0 “ 710
710 % 730

feet White sand........ revmetiesssnenassrnanians 3

4

H

THE STATE GEOLOGIST.

Clay, no micro-organisms...
White sand....... 0 emees torianrannsa barasniar
White gravel, coarse as cracked

HOMIDY ceticrinrrmesmrnrmssnssnssssasiasins
Orange yellow gravel, coarse as

cracked hominy.....cemmeniererennens
Orange yellow gand, shade of brown

BOZAT cseerrrnerrossrsnressssrnssansaranssessns
Orange yellow, coarse gand..............
Orange yellow, finer sand................
White sand........ irravanss rresarssrnsearane
‘White clay, no micro-organisms.......
White gand.....cocovmnneranas carrnrear s
White eand, with some lignite. ........

White sand, with much lignite.......... ]

Gray 8and....coicvieiersrrisniarmnanininsiaan
Olay, no distoms....
Gray sand, no mxcro-orgamsmﬁ ........
Gray sand, no micro-organisms...

Gray 8and...ceeieneiiinrrerivariner cossvnres
Gray sand.. ... vieeieriinnineeiei e

Gray sand and clay marine diatoms ... )

Gray 680d.. .ccivreririinisiininin e iane

Clay marine diatoms and sponge api-
cules .. cereernees . amrersssenn

Clay marine dtatoma, some commin-
uted shefl... ciererereten

Clay marine dmtoam and spcmge api-
CULBE .t vrvrrane ccrcreirnreniisarseentnornsenns

Clay marine diatoms and sponge spi-
cules.....

Clay sponge qncula aud a fcw duz-

L0, isiniierinnans crnissansarsnnsansines
Clay marine diatoms and gponge 8pi-

CUlBdoeins corttninieronniriainrnnas R
Clay marine diatoms and sponge 2pi-

CUTERt c1rserceraenancassmrnnesmsmssansnsossnnnns
Clay, sandy, dwtoma
Clay, sandy, dialomas, plenty .............
Clay, sandy, diatoms.’,.
Clay sponge spicules aud dwtoms
Clay diaioms and sponge spicules........

Clay diatoms and sponge spicules........
Clay diatoms and sponge spicules.. ......
Clay, a few dialoms........coccurveeerrrenren
Sand and shells and a little clay,

very few dialoms.......ccocoeunriaionees
F21:1 1T IO

169

Beacon Hill. (?)
t Miocene. (7)
162 fest.

Miocene.
r Not diatomaceous.
125 feet.

Miocene.
+ Diatomaceous,
360 feat,
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780 feet to 760 feet Sandy clay, no miéro-organisms. .......

750 “ 760 “ Sand and elay, no micro-organisms... | Miocene.
760 “ 776 “ S8and and clay, no micro-organism ... J H)%t tt_i;:ttomaceous.
776 “ 835 “ B8and, brownish, water-bearing........... ’

ARTESIAN WELLS AT ATLAKTIC CITY.

At ** The 8t. Charles "—Diameter, 6 inches ; depth, 8§22 feet.
At * The Rudoelf "—Diameter, 6 inches ; depth, 841 feet.

After the completion of the well just recorded at the Dennis,
iwo other wells were put down at Atlantic City by the same con-
tractor, Uriah White, one at the St. Charles and the other at the
Rudolf. The well at the St. Charles has a depth of 822 feet, and
that at the Rudolf of 841 feet.

To introduce the details respecting the strata penetrated would
be but to duplicate the record already introduced for the Dennis,
8o constant and similar are the beds. The water-bearing horizon
reached is the same as that furnishing the Brighton, the Dennis,
and some of the wells on the meadows, viz., the 800-foot Atlantic
City horizon, which we have so named, because that is ita depth
in wells bored on the meadows and which are about one mile
farther back on the dip of the beds.

ARTESIAN WELL AT ATLANTIC CITY, AT “ THE HADDON” HOUSE.

Elevation, 10 feet or more ; diameter, 6 inches; depth, 840 feet.

After the close of the summer season Uriah White sunk a six-
inch well at the Haddon House to the depth of 840 feet, the
lower fifty feet of which was cased with a strainer-tube. The
well draws from the great Miocene water horizon, which we
have designated in this report the 800-foot Atlantic City horizon,
and which occurs in this well at the depths of 790 to 840 feet,
the upper twenty feet of which interval is a brownish sand, and
the lower thirty feet a gray sand. Minor water horizons were
met at the depthe of 540, 700 and 750 feet, which were not util-
ized. The top of the great Miocene diatomaceous clay bed was
tound at the depth of 410 feet. Molluscan fossils were noticeable
at 700 teet. The well yields an abundance of water by pumping.
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Its elevation ie, however, greater than that of many of the wells
at Atlantic City, in consequence of which the natursl overflow is
not as great, being but about 30 gallons a minute.

THIRD ARTESIAN WELL AT QCEAN CITY.
Elevation, 5 feet ; diameter 8 inches ; depth, 821 feet.

Just previous to the commencement of the summer season
Uriah White completed the boring of an artesian well at Ocean
City. This is the third well at this place. The first was noted
in the Annual Report for 1892, and the second in that for 1893,
The first well draws from sands next below the depth of 720
fect, the second from sands next below the depth of about
750, as does also the well now under consideration. With refer-
ence, however, to the present well, it may be more accurately
stated that this water-bearing sand extends from the depth of 746
feet to that of 821 feet. This horizon may be conveniently des-
ignated the 800.foot horizon of Atlantic City, that being an aver-
age depth there for the wells that draw from it. Its top is there
met with under the meadows at about 750 feet, while beneath
the beach front its base has not been entirely penctrated at the
depth of 850 feet.

This horizon also furnishes wells at Harvey Cedars, Beach
Haven, Brigantine, Atlantic City, Longport and Sea Isle City, at
all which localities a great abundance of water of excellent
quslity is obtained therefrom.

Records of strata at Ocean City were inserted in the two
previously-published records noted above. But few samples,
however, of the first 300 feet were then furnished, and the
records for that interval were quite general. A set of borings of
the entire well, including an unusual vumber of specimens of the
first 300 feet, were carefully saved by Thos. Scanlin, foreman in
charge of the work, and presented to the survey. This enables
us to present a more detailed description of the upper or super-
ficial beds. We here insert a revised record of strata. Below
318 feet, however, it is essentially the same as has been hereto-
tore published :
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Beach sand to.......... U OTTRRUOR,' | I (- R
Blightly ¢layey near the base.

Gray sand, considerable comminuted

BRIl ® wrviceeerivnr s innsansreneeene. 30 % 40 %} Recent.

20 feet to 30

Gray sand, slightly clayey......ccceev... 40 % 45
Gray sand, lighter in color, very slight- .
1y brownigh.....cccovecssnssirnininnnnn. 46 “ 656 ¢
Coarse, gravelly sand, some shell*.... 65 “ 75 « |
Gray sand, finer....... R T - |
Coarse, sandy gravel, coarser than 65
10 Thuceeirrontvuiensne T “ 85 ¢
Fine gray sand....cccovvnvmnenne “Oo100 ¢
Coarse pebbles and tough clay.. * o117
The pebbles are as large as
hickory nuts and walnuts and
consist of white quartz and white
and black cherts, the chert con- \ Beacon Hill (?)
taining fossils, probably either Miocene (?}

Bilurian or Devonian. No micro-
organizms were found in the clay.
Band, shade of brown sugar.............. 117 % 120 *

8and, darker and clayey. ...ovieeerena. 120 % 130 ¢
Sand, shade of brown sugar again...... 130 ¢« 180
Band, again darker and clayey........... 180 “ 185
8and, shade of brown suger............. 165 * 200 *
Dark brown BaBd.....c.vvereeverersivansene 200 ¢ 240 « )

®Th- specimen of horinzs at 40, 45 and 75 feet showed small shells, much broken up by the drill,

Proi. H A Pi-Lury, Cosservator of Concholozical Collections at the Academy of Natural Sciences,
Phallele's b, Slentit o} O fuact 11 o ara, Sap; Gemwea gemma, Totten; Nassa irivitatia, Say;
and o e neg 2es PR pry These are recent species, such as are now living. In a very clayey

sand, cuoked fromowoar the top of the we'l, acd which probably was from within the same interval,
were found par_c spivnl s and marine diatoms, among them Triceratium Savus, EArb., a form now
living and alwa ch qacteristic of rocont tovsil depeosits, but which is not found in the Miocene.
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Dark sand, clayey. v, 240 feet to278 feet.
Dark sandy clay....ccccvcsirencisnneneea 278 ¢ 300 ¢
Dark tough clay, with a few diatoms... 300 *“ 318 “
Band, with water....cvcecveccciiiciinecnnn. 318 % 384 ¥

Bluish sandy diatomaceous clay, with

small shells, smong them Thrri-

tella plebeia, BAY...ccovvvvviresirierennns 338 866 ¢
Band, with water........ccccveeevinneennnnn %68 “ 811 “
Blnish clay, with shells, among them

Turritella plebeiaz quite plentiful.... 37t * 886 ©
Diatomeceous clay.. ........ tisssesrsesnene 980 % 402 ¢
Bpecimens were taken at the depths

of 385, 395, 420, 435, 445, 450, 470

and 492, and all showed marine

diatoms under the microscope.
8and .. JSUUPRURRORY - L  ELLIN + 1 § B
Sand, ﬂne gmvel and commmuted

shell, Diatoms in clay. Water in

sand. Overflow, 7 gallons a min-

L1 O PRTN 511 “ 528 ¢
Bluish sandy clay, diatomaceous.......... 628 “ 800 *
Brownish hard sandy clay, with

shell, dialomaceots.....coevvervniennnnns 600 <« @58 “
Specimens of clays from the deptha of

520, 625, 550, 560, 570, 586, 590,

696, 600, 608, 610, 616, 630, 635,

650 and 855, all contained marine

diatoma.

Rock, 18 inches, 68Y..ueviieiseerenicrraasans 658 * 660 “
Gray sand, comminnted shell in the

firgt five feet......ccccviiccciieinennne 660 ¢ 875 ¢
Clayey sand, diatoms........ccoevurenrrnnss 878 % 680
Fine clay, hard, no dxatoms, p]enty of

shells of, &ec.... v, 080 ¢ 685 ¢
Band, with waler... v 685 “ 890 *«
Fine gravel, sand, shell and three clay

seams, no diatoms, .........cccvvennnens 600 *“ 716 ¢

Alternationa of clay, gravel, eand,
shell and thin ¢lay seams, no dia-
toms; water at 720 feel: flow, 25
gallons a minote......ceeievvcncsenree. 7TI6 % 736 ¢

Brownish sand, with lignite.............. 736 746 ¢
Conarse brown eand, with water, 140
gallons 8 Minute...c.eeerermernerennans . 746 % B2l ¥

173

Miocene, more or
less  diatomaceous,

" egpecially so below

885 feet.

, Miocene.

Not diatomaceons.
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BORED WELL AT CLAYTON, DELAWARE.

Elevation, 40 feet (?) ; depth, 152 feet.
Notes on the stratigraphical position of Heliopelta.*

Some years since & boring was made at Clayton, Delaware,
tor the Baltimore and Delaware Bay railroad, to a depth of
150 feet and was then abandoned before reaching any of the
water horizoos that exist lower down. Upon learning that
gurface and driven wells in close proximity and at about the
same level find water at depths of 35, 60 and 85 feet, the rail-
road company subsequently had a well put down to the depth of
35 teet which has answered for their supply.

Stratigraphically this boring is especially interesting and it is,
theretore, placed on record. This well was cased to the depth of
102 teet; the 50 feet below this peunetrated & blue clay** so stift
thiat the wulls remained open without caging, By sounding, the
writer obtained some of this blue clay, and, upon microscopic
examination, it was found to contain marine diatoms, among
them being Heliopelta a form characteristically confined to the
Atlantic Miocene diatomaceous beds and to the basal portion
thereot only,

To the northward this form occurs in the clay that overlies the
Miocene shell marl, near Shiloh, N. J., and to the southward it
Las been found in Miocene clay dredged up at the steamboat
landing st Claiborne, Md., on the eastern shore of the Chesa-
paske. Its presence at both the last-named localities was learned
by & microscopic examination of clays that had been personally
collected by the writer in the field.

Heliopelts also occurs at Asbury Park in Miocene clay that
overlies Focene marl, the top of which is found in the well-bor-
ings at the depth of 80 teet. Heliopelta similarly occurs over
Kocene marl nt outcrops along the Patuxent river, near Notting-
ham, Md. It has also been found in similar position with refer-
ence to the Kocene in & well-boring at Wildwood, N. J., at the
depth of 1,040 feet, and in another boring at Criefield, Md., at
the depth of 790 feet.

& Tesnicly o 2onphoeer Hel polte, Granow or, as formerly classified, Heliopelta Ehrenberii.
It .- diczem v ~ ¢ oo’y by the aid of a microicope. Illustrations, magnified 200 diameters, occur on
plate VI, page 172 of the annual repart for 1854.

* ¢ This ha. been described to the writer as “* marsh clay, gray in color,” which is its appearance

when dry. 1t has 10 boen described as sticky and as soapy in character.
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In all the localities above named, this diatom manitestly occurs
near the base of the Miocene, or, as the geologists of the United
States survey would say, near the base of the Chesapeake Miocene.
The writer has made very many careful examinations of mounts
ot diatoms prepared from numerous cleanings made trom Mio-
cene clays above the basal beds, and which had been obtained
from well-boringe ranging in location from Barnegat, N. J., to
0Old Point Comfort, Va., and has alwaye failed to find this form
stratigraphically higher, Its occurrence at any locality, there-
fore, marks a definite geological horizon. This exact species has
not, a8 yet, been found elsewhere in the world.

ARTESIAN WELL NO, 3, AT S8EA ISLE CITY.

Elevation, 3 feet (?) ; diameter, 8 inches ; depth, 854 feet.
‘Water rises 14 feet above the surface; overflows at the surface, 160 gallons a
minate.

In the spring of the present year, Kisner & Bennett finished
the boring of a successful well at Sea Isle City. The total depth
reached was 854 feet, Water horizons were found between the
depths of 785 and 800 feet, and again between the depths of 818
and 854 feet. The well was finished with & strainer, so arranged
as to draw from both these water-yielding strata. The water
rose 14 feet above the surface, and has a natural flow about one
foot above the surface, of 160 gallons a minute,

The contractors courteously furnished a full set of specimens
of the strata, and an accurate detailed memorandum of the same.
After careful study of these and comparison of the same, the
writer presents the following record :

Feet,
4. Beach sand........cocenvenninne. O ft, to 4 £t
8. Meadow mud, the same as
that which can be seen
outeropping on the beach

at low water....c.cooeieins 4 ¥ 10"
26. Dark muddy sand.............. 10 © 36
113 {Coa.ma white sand............. 3 ¢ 48¢
*{ Coarse white sand, with
gome gravel.....cunienn 43 " 149 ¢
Wood and hark in the up-

per 40 feet; wood hored
by teredo; scarcely ligni-
tized.
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Feet.

]

100.

3l
33.
28,

78.
32,

2.
10.
4.

8.
12
38.
40.

[

H

82. 1

78.
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Blne clay, very fine........... 1481t to 167 ft.

Blaaclay, sandy...eeerreereens. 187 ¢ 172 ¥

Light-colored clay..............172

Gravel and coarse gand...... 178
Waler rose to surface be-
low 261 fest.

Muddy sand......cersecennnnnens 278
Dark-blng clay.ceweniauan 309
Fine quicksand......... snvenane. 342

Water rose to the surface
horizon, the same as that
supplying the Continental
Hotel and Electric Light
Works wells,
Tough bluish-gray clay.......870
Tough bluish-gray clay.......446

Lighter in shade.
Rock (2 ft. 6 in.), say.........478

Rand and shell.....cceeenenen... 480
Clay and rhell...cuveerinnennne. 490
Quicksgnd c.vvernreinarronenianes 624
Dark-brown clay......ree... 530
Greenish marly sand ......... 542
Greenish clay..iiiieirinn....580
Dark-brownish clay...........620
Dark-brownish clay.......... 638

Dark-brownish clay...coees..667
Dark-brownish clay, sandy, 677
Dark rand, clayeY.... e 702
Dark-brown elay..c.coeeeinnn, 707
Brownish muddy sand.......713

Brownish fine sand............730
Brownish 88nd...c.oveeenvennn 749
Sand, muddy .. 768
Band, waler-bearing......u.... 781
Muddy sand ..eenniceneeene 800

Coaree sand, water bearing..818
Fine sand, wator-bearing.....833
Brown sand, waler-bearing...849

i

L1

178"
978 «

300
342 «
870 *

448 ~
478 ¢

480 «
490 [
524 ¢
530 1]
542 ¢
580
620 *
638 i
657 i
877 ¢
702 ¢
707 ¢
713 i
730 ¢
749 ¢
768 L1
781 ¢
800 “
818 «
833 L1
849 13
854 "

A few sponge spicnles,
A few sponge spicules.
A few sponge apicules.

Diatoms, sponge spicales and
cocoliths.
A few sponge spicules.

A few sponge spicules.
Diatoms.

Diatoms and sponge spicules,
8ponge spicules and diatoms,

Diatoms, Aectinocychus, &c.
Diatoms, Actinoptychus, &c.
Diatoms,

A few diatoms.

Diatoms, a few.

No micro-organisms,
No micro-organisms.

The water horizon utilized by this well is the equivalent of
what, for convenience, may be called the 800-foot horizon at
Atlantic City. A higher horizon was observed, while boring,
between the depths of 342 and 370 feet, This is the same as
that which supplies two wells formerly put down at this locality,
one of which, at the Continental hotel, was noted, in the report for
1888, as having reached a depth of 880 feet, and the other, at the
Electric Light works, was noted, in the report for 1890, as having
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attained a depth of 464 feet, the flow, however, being stated to
come from 350 to 390 feet.

It will be noticed that the great Miocene diatom clay-bed of
the Atlantic coastal plain was here again pierced, as has been the
case with all wells in Miocene strata along the New Jersey coast
south of Barnegat.

Diatoms were found in every clay specimen, twenty in number,
from the depth of 309 to that of 702 feet, a thickness of nearly
400 feet. The same thickness has been observed by the writer
at Wildwood, N. J., and at Crisfield, Md.

ARTEBIAN WELL NO, 4, AT MILFORD, DELAWARE.

Elevation, 5 feet; diameter, 10 inches ; depth 244 feet.
Correlation with wells Noe. 1, 2 and 8, noted in the Annua! Report for 1891,
Three water horizons.

Firat horizin at the depth ofu....cous vvcviivvivccinnnininnee. - 30 feat
Becond horizon between the depths of ........................... 145 feet aud 160
"Third horizin between the depths of......oc.cervinenvennerennn 207 ¢ 4 298 ¢

J. H. K. Shanahan, of Esston, Md., reports having bored a well
the past year at Milford, Delaware, to the depth of 244 feet,
obtaining a good quality and quantity of water from between the
depths of 207 and 228 feet. This is the fourth well that has
been put down at Milford for the Light and Water Commission
there. The three former wells were reported in detail and
illestrated in the annual report for 1891, pages 227 to 230,

The wells are all situated on the south bank of the Mispillion
creek, near the head of tidewater, which here rises and falls
about 4 feet. The ground rises gradually from the stream, the
area occupied by the water plant being from 2 to 5 feet above
high water.

Certain factors common to all these wells may be tabulated
thus:

Size of Flevation of Rise of l='umpin‘,v,H patity
"Well,  Casing. Depth. Surface, Water, our,
No.1, 6 incheas.....160 feet...... b feet......2 feet above surfice...... 4,000 gallong,
No.2, 6 *“ ... 150 ' ... 2 . b “ e d 000 M
No.3, 6 * ..B84 % .. 6 “ ....Juet to surface...............8,000 *
No. 4,10 *  _..244 ..., — e Large overflow when not pumping.

The illustrated record of 1891 is here reproduced as far as to
the depth then attained of 160 feet, below which we add the
record for the remainder of the section as revealed by this (No.
4) well :

12 geo
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THICKNRS, 3. BEDS,
- - 7 KOTES MADE DY
= Gravel, JAMES H. BELL.
1N
pt Blue-Gray Clay.
From about 10 feet to 60 feet,
- Fine Gray Sand, fine s2nd mized with lumps of
- blue clay, which gave the water o
a IVater flows to surface, decided dirty color.
S Blue-Gray Clay.
|
i OUJ - J—
i
k- P Fine Gray Sand.
o ) - At 66 and B0 feet, wood, in
. 73 o ___ Blue Clay. pieces y; to 3§ inch in size.
- Fine Gray Sand,
- with woody particles.
a At 85 feet, clean gravel, broken
_— shells and fragments of thin stone,
‘ Fine Gray Sand
- ine Gray San
4 comtaining Sells, At 110 feet, very fine sand.
1
I e
t 121 D Hize Clay. At 120 feet, very smail spail
- . - - - and broken clam shells, then
| mostly very fine saand to greatest
] Fine Gray Sand. depth of 160 feez.
‘ i - A Is all th
3 W — Greenish Clay, t intervals all the way down
o 140 | -— Tee 2k from 100 feet, fractured clam and
! mz:lil shells, but hﬂ“ ver;é mlnui:e,
. and except in about a dozen in-
Fine Blue.Gray Sand. stances requiring a magnifying
9 lass to determine their character,
ut with this there was no mistak-
I 160 Hater Nows two feet above surface. ing what they were,
I ConTinraTiON oF WELL No. 4. NO'TRS BY THE
| AUTHOR,
e
]
j Clay, Diatomaceous,
| a0
—_ . _
- Melanepsis, &c.
‘g . Gravel, Shell, Sand and Vater, St. Mary’s Fauna.
f finol Miocene,
= Clay Diatomaceous.
J 214!

Wire-Secrion, Mitroro, Der,
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The wells were drilied by the hydraulic process. Wells No. 1
and No. 2 draw from the same stratum, and were each cased to
the depth of about 141 feet. No. 1 was continued about 20 feet
and No. 2 about 10 feet further and a considerable quantity ot
sand pumped out and replaced with clean, pebbly gravel, to keep
back the sand and allow a free flow of water.

Well No. 4 obtains its supply from between the depths of 207
and 228 feet.

The process employed in boring ground the shells noted in the
section 8o thoroughly that only small fragments were obtainuble,
but by sifting these from a considerable quantity of material left
uear the wells after their completion, and then carefully looking
over the fragments, the following genera from above the depth
of 160 feet were recognized: Area, Astarle, Natica and two
forms of Turritella,* the latter being specifically the same as two
forms that occur so abundantly in the shell marls near Shiloh, N. J.

Between the depths of 207 and 228 feet is a water-bearing
stratum 21 feet thick, consisting of & mixture of sand, gravel and
fossil ehells. Among the shells picked out from the borings at
the depth of 225 fect are the following: Melanopsis Marylandica,
Astarte, Corbula, Tvittia, Peclen. There was also found Balanus
proleus, & barnacle, and Otolithus (scianidarum) elongatus, Koken,
the latter the ear-bone of a fish allied to the present weakfish and
Cape May goody.

The Otolithus is identically the same form as was found in the
well-borings at Wildwood, though occaring here stratigraphically
many feet higher,

The shell fauna indicates the upper or St. Mary’s Miocene.
The Melanopsis has heretofore been found at Wildwood, depth
328 feet, also in borings at Cape May and in outcrops at St.
Mary’s, Maryland.

The water horizons—140 to 160 teet and 207 to 228 feet—are
intimately associated with the upper portion of the great Atlan-
tic Miocene diatom bed.

These facts respecting the shell fauna show that the strata in
the wells at the two localities enter beds belonging to the same
geological period, 7. e., the Mioceae, and determine their position
in these wells to be, not in the superficial horizontal gravels and

*Turritella Cumberlandin, Conrad. Turritella mquestriata, Conrad.
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gands, but within the underlying series of clays and their inter-
bedded sands, and which are known to have a slight dip to the
southeast.

Considering the northeast and southwest strike of the Miocene
strata along the Atlantic seaboard, these water horizons should
be fonnd in extreme southern New Jersey. If the dip for these
beds near Delaware bay be the same as that indicated by the
facts connected with the wells along the section from Weymouth
to Atlantic City—that is, about 25 feet per mile—then the 140 to
160-foot horizon at Miltord must be nearly equivalent to that of
350 to 390 feet supplying the electric light company’s well at Sea
Isle City, N. J. (See Annual Report for 1890, page 272.}

It should also be looked for at Cape May at a depth of 475 to
525 feet, A well put down some years since at Cape May Point
and abandoned at the depth of about 450 teet, was probably dis-
continued not far above this water horizon,

Sec. 3.—Well in Recent Strata,
TEST-BORINGS AT S8ANDY HOOK.

Some test-borings, to the depth of 200 feet, were made at Fort
Haocock, Sandy Hook, by P. H. & J. Conlin, who furnished a set
of specimens, from which the following record is made:

Depth of

specimens,

Coarae White 8and .. vieeirrosessreeersismmmestrrmsas ainnnssnsrnes resvesroneen at 30 feet,
‘White sand and fine gravel... e B3 W
Gray sand and gravel; some fra.gmenta of aheu evndently clam I £ T
Fine yellowish-gray sand... reesrenen sacssemstaresrassrarssanseranenncarmierses - 18
Coarser yellowish-gray sand. 107 ¢
Medinm yellowish-gray sand “ 116

Greenigh, fine, clayey sand, with sponge spicules and dialoms.. e 125
Greenish clay, with diatoms and Foraminafera, and small fragments

OF MOIUSEAN BRElIRccereeermarensiisinrasissiasssonart orsenam sansens seas at 185 to 145 ¢
Gray sand... eres .. at 155 «
Brownish-gray sand ..... rreeeeeeremeearenrannresssseasassnnsesenanessrsnnrenes o 163 6
Brownish, muddy sand.....cc.oouiieniennniinnnn . e Y185 ¢
Brownish-yellow BANd..cireeimreemriisneminmncs sarssnnsnnieos amssesas srvasenes %200 ¢

Beneath the clay noted at the depth of 145 feet, we are
intorroed there was liberated quite a quantity of gas, which was
exhausted after three days. See, also, page 133.
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I1.

Bored Wells, Mostly in Northern New Jersey.

OUTLINE,
Introduction.

8ec. .—Reported by P, H, & J. Oonlin.

Newark, b welle. League Island, Pa., U. 8 Navy Yard.
Harrigon, 2 wells, Camden.

Reesoville. New York City—

Fort Lee. Columbia University.

Jersey City, 2 welle. Tenth Ave. and 50th St.
Plainfield. Tenth Ave, and 128th Bt.

Sounth Plaintield. Waldorf Hotel.

Pasgaic. East New York.

Bayonne. Connecticut,

Sandy Hook. Norfolk (Va.).

Seoc. 2.—Reoported by Stotthoff Bros.

Lake Hopatcong. Plainfield.
Morristown. Lebanoon.

Hamburg. Hamden.

Franklin. Flemington, 5 wells.
Augusta, Three Bridges.
Deckertown, 2 wella. Ringoes.

Newton, 8 wells. Frenchtown.
Stillwater, Lambertville,
Markghoro, 2 wells. Hopewell.
Phillipsburg. High Bridge.
Whittaker. Lawrenceville.
Carpenterville, Ewing.

Paterson. Yardley {Pa.), 4 wells,
Lake View, b wells. Ranches {Pa.).
Ridgewood. Yardville,

Passaic, 12 wells. Delaware.

Somerset. Pleasantville (N. Y.).
Belmont. Cornwells (Pa.).
Arlington. Torreadale (Pa.).
Roselle.

NEW JERSEY GEOLOGICAL SURVEY




182 ANNUAL REPORT OF

Bec, 3.—Reported by W, R. Osborne,

Port Reading, 3 wells. Ford's Corners, 2 wella.
Woodbridge. Carteret, 2 wells.
Metuchen, 3 wells. New Castle (Del.), 3 wells.
Perth Amboy, 2 wells. Hare's Corners {Del.).

New Brunswick,

Sec, 4.—Reported by others,

Metachen.
INTRODUCTION.

The following wells are mostly north of a line joining Amboy
and Trenton. There are included a few wells on the Pennsyl-
vania side of the Delaware river and a few in New York city and
state. These are introduced because of their intimate association
with the geological tformations in New Jersey which, in fact, they
help to explain. Excepting the well noticed in section 4
the data respecting them has been furnished by three well-
contractors, viz.,, P. H. & J. Conlin, Stotthoft Bros.,, and W, R.
Osborne.

Sec. 1.—Bored Wells, reported by P. H. & J. Conlin.

P. H. & J. Conlin write as follows respecting wells put down
by them the past two years, We copy their letter verbatim :

WELLS IN NEWARK.

“\We put down for the Citizens’ Gaslight Co., near the Harrison
bridge, a well about 600 feet deep; rock was met at 35 feet, then
red shale at a depth of 90 feet, when Belleville sandstone was
struck.

“Wo had to case oft the water met in soft shale on account of
the percolation of the gas trom the holders impregnating the
gurface-water and the water found in red shale. 'When we were
down to the lower vein the yield was 60 gallons of water per
minute,
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¢ A gix-inch well for Unger Bros., Beecher street near Clinton
avenue, 300 feet. Clay and quicksand to 80 feet, then red rock.
The well produced 35 gallons per minute.

“ Well for Weingarten Bros., High street near the incline plane
of Morris canal, All through soft ehale to & depth of 200 feet ;
well produced 30 gallons per minute,

« Well for the Newark Jewelry Co., onN J. R. R. avenue, pro-
duces a good supply of water.

“We are sinking a well at present for P. Louentrout on the hill.
We are down about 400 feet through red shale; we have a good
supply of water. The well is ten inches in diameter.

WELLS AT HARRISON, OPPOSITE NEWARK,

“ We sunk three wells for the Benj. Atha & Illingsworth steel
works, at Harrison, N. J. They are 80 feet deep and yield 85
gallons of water per minute; the quality of the water is very
good ; it is in sand and in gravel where we found the water.

“A short distance from the steel works we made a test for the
General Electric Co., 80 feet. We met nearly all quicksand,
quite a difterent strata and no gravel ; the two points are not over
500 feet apart.

WELL AT ROSEVILLE (NEWARK).

“At Roseville (Newark) we sunk a well for the St. Mary Ceme-
tery, 120 feet in red shale, which yielded an abundant supply of
good water.

“In nearly all the Newark wells the strata is about the same, but
the level of the water is falling and is now about the tide-level,
showing that the supply comes from nearly the same strata.

WELL NEAR FORT LEB.

“ Near Fort Lee, tor the Bergen County Traction Co., we sunk
a well and found red shale under trap-rock and got 30 galions
per minute at 150 feet.
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WELLS AT JERSEY CITY.

“InJersey City, near the Pennsylvania railroad station, we sunk
a well for Colgate & Co., through fine sand to 35 feet, where we
met gneiss rock and mica. We went to & depth of 1,500 feet.
Well yields but fifteen gallons per minute. At other points near
there we put in wells, and where we found red sandstone under
trap or gray rock we found water,

““We have put down a second well in Jersey City for the Jer-
sey City Paper Company. The formation met with was very fine
sand ; we found a good supply at 90 feet; we encountered no
rock.

WELLS AT PLAINFIELD,

“At the Plainfield Gas and Electric Company, near the Central
railroad, we put down two wells for condensing purposes; their
combined yield is about 300 gallons per minute; their depth, at
present, 400 feet, and we expect to go deeper, There iz 15 feet
of quicksand at surface, and all the wells are in red shale.

WELLS AT S80UTH PLAINFIELD,

“We sunk three 12-inch wells at South Plainficld, near the
Lehigh Valley depot; each of them flows about 150 gallons per
minute, and produces, on pumping, 500 gallons per minute.
They are through red shale, and each 200 feet deep.

WELL AT PASSAIC.

“ We put down a 12-inch well 303 feet, for Reid & Barry, on the
Passaic bank, 80 feet to rock; the strata above rock is quicksand
and some gravel, then we met red shale. Well tested 500 gallons
per minute,

WELL AT BAYONNE,

“ For the Bayonne Chemical Company, at Bayonne, N. J., we
sank a six-inch well, entered red shale and got good water. The
well is not finished. This well is peculiar for the reason that the
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Standard Oil Company sark several wells on the adjoining prop-
erty, where they struck trap-rock, which shows that the strata at.
the lower end of Bayonne runs very unevenly,

WELL AT BANDY HOOK.*

“ The most noticeable of the wells we have put down this year
was a test-hole at Fort Hancock, Sandy Hook. The top forma-
tion is sand, like nearly all on the coast-line of New Jersey. Ata
depth of 150 feet, underneath a bed of greenish-blue clay, we
encountered a vein of sand and gravel, and a strong vein ot ¢ car-
bonic acid gas,’ tbat must have had a pressure of over 200
pounds to the square inch. ¢ When it was first struck it shot
the sand and water in the air to a height of 75 to 100 feet, but
gradually fell off, and in three days exhausted itself after throw-
ing out saveral hundred yarde of sand and dirt with water.’

WELL AT LEAGUE ISLAND, PA., AT PHILADELPHIA NAVY YARD.T

“We are drilling a ten-inch well at the Leagune Island Navy
Yard. We are down about 450 feet. It was sand and clay to
230 feet, then we encountered soft gneiss rock. We are still
working at it.

TEST WELL AT CAMDEN.

“ We made several tests on the site of the new armory at
Camden, for the foundation. We found sand, with water-bearing
strata, all the way from surface to a& depth of 200 feet. We
encountered no rock.

WELLS IN NEW YORK CITY, N, Y.

“ We put down several wells in New York City. One at Co-
lumbia College, Fiftieth street, near Tenth avenue; one for Cash-
man’s bakery, near Tenth avenue, on Fifticth atreet. In both
wells we passed through gray gneiss and mica. We found a
poor supply in both wells, while for D. G. Youngling’s Brewing

* For a detailed record of this well, see page 180.
1 For a detailed record of this well see page 114.
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Co., at One Hundred and Twenty-cighth street and Tenth avenue,
at & depth of 135 feet in gravel, we found 75 gallons of water of
excellent quality, These wells have all been sunk since our last
report.

** We drilled saveral 16-inch holes at the New Waldorf Hotel, in
New York, and found considerable water in the gneiss and mica
formations.

WELLE AT EAST NEW YORK,

‘The greatest yield and the best quality of water wo got at East
New York for the Long Island Water Supply Co., where it is all
gravel and coarse sand. The yield was about two and a half
millions gallons per ‘day from six 8-inch wells that ran from 65
to 95 feet deep.

WELLS IN CONNECTICUT.

“ We have put down several wells in Connecticut. The deepest
one we sunk was 1,500 feet, at Noroton. The rock was very
hard, and no water of any account was tound.

TEST BORINGS AT NORFOLK, VA.

“ Have made tests to a depth of 120 teet, and found the forma-
tion nearly similar to that found at Atlantic City and at Lewes,
Del.”

Sec. 2 -Bored Wells, reported by Stotthoff Bros.

The following seventy-one wells are reported by Stotthoft
Bros. as having been drilled by them the past two years in New
Jersey and parts adjacent,

LAKE HOPATCONG, AT H. W. CORTRIGHT'S,

Earth. .. cieresssneenns B fo0t.
Gray rock very 1rregulnr nnd fnll or hard and aoft. streaks JOTUTOT ' R
Depth ... USRI 11 B

Water, 2 gallons per mxnute
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MORRISTOWN, TWO0 MILES WEST OF THE TOWN. FOR L. C. GILLESPIE.

Started in bottom of old well ; depth.............. reaserienssnesraranarn s rerans 67 feet.
Hard granite; very few changes in character, and not much water..... 137 *

B9 723 131« OO U PO TP PP PP 204 feet.

HAMBURG, SUSSEX COUNTY, FOR REEVES HARDEN.

70 feet.
50
15 [13

Blue clay....
chksand creereee .
Fine gray sand, mlxed WIth clay

Depth... e e .13 ¢
Water riges thhin 14 feet of the surface yleld 20 gallona a mmnte.

FRANKLIN, SUSBEX COUNTY, FOR JAMES MAY,

LiOBEOIIE 1 vuurntneeeenre veraerens asosnne sareriarmsesssenssenssssssssresssassesnsassenssrnes 30 JOOL

AUQUSTA, SUBSEX COUNTY, AT GEORGE ROE'S.
Farth and gravel ..o ervenssaearrees eratasias s 63 feet.
BlALE TOCK. cvuriverrnierierecerern s rrer i eetias s rn s e st aers rann heevrrensanee 187 «

Depth cciiiiemmmcrininn irrererenesernraesranessranaraansssesasnenee 200 Y
Water, about 16 gallons per hour.

DECEERTOWN, AT SUSSEX COUNTY CONDENBED MILK COMPANY’S.

Earth and gravel....c.ccorieriiiimmseninmer e e vorsenaes 22 foet.
Blate rock. .cciicimeiinie e ssasniae eesneranasees Vrerssesrraressatirarenas 12 0

DEPH e irertrvescorises cosssssns onresensessasessesssssssnsets smsserererasesesse S8

DECKERTOWN, AT DR, JOHN MOORE'S.

D 70 o 1 + S PO U PTN 8 feet.
BIRLE TOCK . verrvren srerrerascnsnmrentssenmesnrsssssssarsensens it eieransans veeerreainenes 59 “

Depth..ccciirnis cneneans Ceeeheai TR e r b e nee Eanen raraa g AeRba e R et 6

NEWTON, AT JOSEPH HUNT’S,

BRI B eeeeeevnrensrmsene sessnnsssns sesvareriessasessrassnssnsennssrarnarensssarsansnessssnisene 1 f08E
Blate rocK..coriiiiiiaiiii e vers sesssvasearensertee serarseenreeranees 489 ¢

Depth... reerererernstbesasaneransaneernaratsenessssassarssnanaraines OB O
Water, 16 ga.llons per hour
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NEWTON, AT WM., M'CAIN’S.

This well is located near Newton.

Esrth.,................. Seerrer e taarreain e rrerasian e ranan e bbraera st e e cerren e 3 feet.
Blate rock...ccceveeinninennas R ersaEreareenreras ressnrrersstersasarinresvosansennasensanrs 198 M

Depth... L P 139 *«
Water, 25 gs.llons per mmute.

NEWTON, AT WM. LATAMORE'S.

BRI cvvrevsmveressssaesseensceesse s sersssesssesesessasesees s e eeeo rerereneens 12 fogt.
Blate rock. cueiencereensnn- veeras GO ¢

Depth ... e e e e reeersrnrer e e e en ¥
Found water in t.he rock 5 gallons par mlnute.

STILLWATER, SUSSEX COUNTY, AT LEWIS ROY’S.

Clay and gravel.................. U U 23 feet.
Limestons rock v ieecrneeeninessnn 3 ¢

DEPtH oeevrrerecencresssssecessessessasnsessessenns OO S
Water, 20 gallons per minute.

MARKSBORO, SUBBEX COUNTY,

This well is located at Yellow Frame Church, near Markshoro.

Clay, gravel and bowlders......... ........ U PURTOUPRUORN 25 -y
Elate rock - 13 ¢
DePth .. ciieeiiisirsiis i cenesssetesesesssrstiesiosrssssessesesssesssrsseenss 80 5
Water, 6 gallons per minute.

[ETT YT

MARKEBORO, BUSSEX COUNTY.

Band and ZrAvEl. i sncian serteeenesesssesessseessenes 20 fo8E.
Limestone rocK......cccceemisvueeincieciiiiernesinrrinmsmsmsrecissesmesssinessssnsenn T4
Gray rock on the bottom............. U RUINURT | B

Depth e oo e e 4 erbes ervrarenararavan arararnn 29 o«
Water, 20 gallons a minute.

PHILLIPSBURG, AT PORTLAND VULCANITE CEMENT COMPANY’S,

Earth and gravel.......occimveiiennnnen. PP ORI (| I -1 :| 3§
Cement rock (used in making cement}).....c.cosvecrrenenneeeereans vorrveneess 247 ¢

DEpth cioreiiis e s b e 277 =
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WHITTAKER, TWO0 MILES EAST OF PHILLIPSBURG.

Very open limestone, full of pockets ; depth.. ceeee cieiiinicresccenc e 99 foet,
Twelve feet of water in the bottom of the well; 9 gallons per minute.

CARPENTERVILLE, FOR TWINING & LARGE, QUARRY,

LAimestone.. ..coccveet viessrarsnnieniesranninisnetsnnnsuses crnserrasesranenanens 170 foot,
Cement rock famMe as nt Whll‘.takar Cement Company 2
Limestone... reabetr asestsessasuatarEerTarated1aletieEs et enet rrsenesarsann sashrn 2

Depth .coociinranmmenannionsens cavestarsbasaransirn 192 &
Got the water at the lower peam, between tha cemeut and the hmestone.

PATERBON, AT HENRY HOBSON’S.

EATL R, ceestusnnnsrsss canransornrenes nanssrabsrsbsss themsrasssrssarassrnrentrincaseassrnserssenta b feet.
Red sandstone rock....

Water, 20 gallons a minute.

LAKE VIEW,

Earth......covniiiirasionnnn eearserens smmarenETarrransentaas e Ernane raermesneraraensens 8 feet.
Red BADdStONe. e w iivricorasrcisemsss vasssensniasens 704

Depth.ecraeeianins « envese et reuseas terenase srbnarserisbisebases . 8¢
Water, 10 gallons per minnte.

LAKE VIEW, AT DAVID SWEENY'S,

Earth...... eohtebas anseanrenanennstureesnarnenneasnenransrenrssbeastariarsisrarnieniesnenianns 10 fOOL,
Redsandutonerock rrettetneasrnaennsreerentsannnanranrntarsssnrsrasennsrnnsrasrernnss G0

Depth......... PSR UOIUURUIOTITORI ;| B
Water, 16 gallona par mumte

LAKE VIEW, AT JOHUN HAND’S.

Earth and gravel......... ... rriesesisseminrrninaes teesenns 15 feet.
Red gandstone rock... ....ccccvieeniniosensens ranee VRPN - | B

Depth ....ocvvinee e OO * . Ml
Water, 15 gallona per minute.

LAKE VIEW, AT H. B, GRAVATTS,

Barth and gravel.....eiemesciesinecemsiansnesiessasassessrsses sseveress tesenrses 17 1808,
Red sandstone FOCK..usrsiesrissmesssmnrerner sonssatseraiassens sensansssnsasssnnanss 83 ¢

DEPth evecrerssrersesannsnsnessrsnsssseriosnsesennes srnesissisesssernsnsimnsisanessas 100 ¢
Water, 10 gallons per minute,
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LAKE VIEW, AT GEORGE EVERITT’S,

Band and gravel.. ..o iirreeoneenennecnans PPV | S (-~
Red 8andstona rock......cuireninscmnurnenseeniesiine sssssssnsseecessoesen soveserss 85

Depth .......... U O UUR USRI - ') B
Water, 6 gallons per minate.

RIDGEWOOD, FOUR MILES ABOVE PATERSON, FOR JAMES WHARTON.

Band... E e H bt arr et e ne st b e e e e e n e tes s n b eea et et e tran et orn s soaa 17 fest.
Red sandatona OO : 1 S

Depthk .....u. O IR - B
Water rises w1th1n 30 feet of the surface yleld 10 gnllous [y mmute

PASSATC, AT W. H. ANGLEMAN’S.

Earth .o cen s s 24 fant.
GIATEL e e ecerircreciise s tanssereneensnoes veeveaenrees 40
Red 8andatone r0Ck....uuiieireerrccnesrcsiverenriiiinennsisine s e serens vonrevareers 20 %

DBPLE crtieiaitanereire sesrsisesetantrsniraereersesssnatn s bsntbe sens snessens sarens 84
Water, 20 gallons a minute.

PASSAIC, AT HENRY RODEL’S.

Sand and gravel.......... OO UTURURRRTRNE ¢ ¢ (- -
Red 8andstone rock........cuuiimeereieres seessnsrneisssssecressesssnee severssnnnenss 10 %

Depth ........ P URTTRRR (1 B
Water, 25 gallons per m.umte

PASSAIC, AT D. J. DOW’S,

Earth and gravel......cccciiiiiiiiimin ceerreneecrensieiiees svvssenes sessnnss ros oo 08 feet.
Red 8anG8t0D8 FOCK.. .. .vvirrerereemrinicsiisireiiiiicsmacsnssieseesen sessssnrsssonsens 32 1

Dopth o i et ee e TO Y

PABSAIC, AT NORTH BOTANY WORSTED MILLS.

Band 80d ClaF . e st s veenesenesaresese e 93 T,
Red sandstone . ...ccceccevenieeciiinnennnnn. O A

DEPth.ccstsirermerrrersessnsasssssssnssissrssesins s sesssssesscenee sessmenneens 100 6

PASYAIC, AT PASSAIC BEEF COMPANY’S,

Red sandstone surface, to........c.cevsenreanrennaans . 171 feet.
Water rizes within 17 feet of the aurface yield 25 gallona a mmute
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PASSAIC, FOR RICHARD KIPP,
COATBO BANG.....cuvvnrivraeemreniereisrensnsassrones sesrsecsnane bt aas veer Bl feet.
Red sandstone............. rereransresararerensnnnnrsnsnnsesetnassronsrssantirersassrnersns DO Y

DEPth.cees erereeenerersenssereererens e reiesreeees 101
Water rises within 10 feet of the surface 25 ga]loua per mmnte.

PAEBAIC, ON BELMONT HILL, NORTHEAST OF THE TOWN.

Three wells, within a radius of one-quarter of a mile.

No. 1:
Earth... rerereeernaren besbaniiraise
Red atandstone.

B 1T 13 T OO UO PPV PN wo"

Earth..cooeciinien ttversnbesararannerarsersaranraarrsennnrnssessnternsntavanssnnansnrasass 18 1881,
Rod BANABLOMO. . .vvvierirtrrrenre stransorsessons sarnorsessssarsansrassrarsssspsasansiasass B8

DOPER . cevcerceeearserseena o sassensarerssenssasassasessassesssesseseieseesesnenee | 40 &

All are good wells for house use.

PASBAIC, AT ELECTRIC LIGHT COMPANY'S8 PLANT.

Band and gravel......... Crrenieninn e tran et s e e 20 feet..
Red 8andBtone TOCK....corevevrrvecrsiscisrarcenrasssssasssr rasnsssrrrosssensssssssnenanss 106 9

Depth...covviiiiinnns e beat b et e e e R E R R Ra LR b 126

This well will give, at 25 feet from the surface, 375 galilons of water per
minute.

PASSAIC, AT BOTANY WORSTED MILLS.

Fine sand and gravel.............. barremeessiistss rennarassninane ssnsasssensnnainaanans 100 fOBE.
Red 8andstone TocK......coeeccineient sarsensrsserassnsnissnissessssacnieseressnsss 1000 1

Depth... e reaeravireesentransrarrrtsnseraansusensnensiranaresnsrinranerares SO0 O
Water, 3 gnllons per mlnute.
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PASSAIC, AT JOHN GRAY'S,

EaT L ioii et vivacaincscriemtmrrtsreirsrnrearee ieraarenmcenrarareranans rvananvennrasannsecanass 12 f00E,
Red sandstone ruck ......................................................... crererrnenen 48 0¥

Depth ... ettre ettt ber s rensasres sasesnesiessot rstsestnenensssoresnsns BB
Water, b gallons par mlnute

SOMERSET, TWO MILES 80UTH OF PASSAIC, FOR J. AGRAMONTE.

EArth. i sriieaie sernsses s innsnes sressse sossntens sarssvssssarasnsmneniees 11 fO0E,
Red BANdBLONe. . creeenrienieieceierenes rerenesresrinrs sesvesaan nsrasnse casanrareninnrs 20

DAPth. e e e e s assarens pL

BELMONT, BERGEN 0QUNTY, AT BOTANY WORSTED MILLS.

Earth and gravel........ s e rniess crsvesneennsns 30 fo0t,
Red 8and3tone ........cocinvuniannnsionins e rarnraas OV ) S

Dapth cooireies i sesrmsser s s e ceiccssnsaenans. 8L 6

ARLINGTON, AT A, W. 8CHULER’S,

Band and gravel.. oo i s s s s s 42 feet,
Red Bandstone rocK.........ccconns coreerenn ennanrans 10«

Depth ... U S
Water, 10 gallons a mmute

T PP LT DY P Iy

ROSELLE, AT J. H. CHILVER'S.

Earth, ocecmiiies cevmicrrcriies ceeneneenn ceens
Red 8hale rock e ciiirere ceiie et titaar bt e an et b earren v

e 10 foot.
e 107 0¥

EETTEL PV YT PR YR

Dapth coocies s s e sbeaes seesssssennes 117 ¢
Water, 15 gallons a minute.
PLAINFIELD.

Earth and gravel. ..o i i e s e eeraenes 65 feet,
Red shale rock, ..o eiiiiimei e e i e s conee 3B Y

Dapth .ooiviieiniins sessniscnssenne crvens i smssanasssrseressosasnsn sosssssenans 300 %
‘Water, 10 gallons a minute,

LEBANON, HUNTERDON COUNTY, FOR A. L. RAMAY.

Earth and Clay..cecviiiins veecaniininnnssnne rerareestossisnons revsmsensrassssnssas ssaas 53 feet.
Boft, crumbling rock, resembling gray rock..c.cc i sisrsicsivnnene, 12 %

Depth.cicnicesneisiinens rrererrrer s rare ey s area e e e b bra s aes e sanntas 66 *
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HAMDEN, HUNTERDON COUNTY,
Red BHATE..covevirscrrrerrersrerrernsisesnirsiesnsersnnrrarsesssssnsnsserssarrinreinessnsnrens  OL f00E,

FLEMINGTON, AT E. W. BARNES
This well is located on a hill one mile west of the town, on thé
change between the red shale and the blue rock.

§ 1710 | T U PRSP PUIPRRTPPTRRS b1t B (:7:)
Water, 20 gallons per minute.

FLEMINGTON, AT ELECTRIC LIGHT COMPANY’S PLANT.

DePthucsveuer erevnerreseessorsns seneeenranrs ccens eeerreetna e e srres 158
Water, 25 gallons per minute.
FLEMINGTON, AT H. E. DEATS"
Clay and graveli. ... oo et e e e 26 feet.
Red ghale rock..coociiiiimniiiiinnn o + ereasereeetieesnaaians Vit veeriar srraerierens 120 ¢
DOPtH.cctes evieeemeae cerresretaissears st et se st s nent ot eeneeemrer srreneren 146
Water, 40 gallons per minute,
FLEMINGTON, AT TORAN & ABENDROTI'S.
ClaY v crrarien O PPN 10 feet,
Red 8hale roCK...cooiiiieen i e v e st e eanaae cereerenras 119 “
DOPth.cuener it e e e verveeee 128
Water, 30 gallons per minute,
FLEMINGTON JUNCTION.
DY £ X« TR PR eteec arrearare eeuane 6 feet,
Hed shale rock,..cieeciiiiinnininniscisn e, v e serernarerans 9%
DEPth. e e i i e v w2 o«
Water, 15 gallons per minute.
THREE BRIDGES.
Earth and gravela. oo s 9 feet.
Red shale rock............ eeanas b et eaae s swrreaserebieeastieete sarnoanenes 27 v
Depth viiieiiierrner e e et ey e s 38 -
Water, 10 gallons a minute.
3 GEO
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RINGOES, HUNTERDON COUNTY, AT 8. 8, STOUT'S.

This well is near Ringoes.

Earth......c..... U U PP 8 feet,
Red shale rock, very hard, which seemed to be about in the turning
point to something much harder than the shale, although of a

reddish color......ccocvvcnieeniinn SO UR PRI 41 *
i) 11 SO SO PO TP PSR 40 “

Water, 2 gallons a minute.

FRENCHTOWNXN, AT PENXSYLVANIA R, R, DEPOT.

Earth.coeeviecines eeeetreearsarsrssnnrebasaenierarares ok ettt rnran onaane vanes 12 feet.
Red Shale TOOCK ..ovutivrerieertcaies crrrrrrns setr s rrerastasasrnstns anes svsrarsersesnes 35
Depth ........ O U U &0

Water, b gallons a minute.

LAMBERTVILLE, FOR STANDARD OIL COMPANY.

CETRTE] eeeecurarionerusnsssnres srasnssietosanssieseerssnsa intansanninans bansontraessranss aseen 38 feet.
Hard, bastard red shale.. .....ccovminn i e, 14 «
073 113 T SO PO OSSR 52 =«

HILL NORTH OF HOPEWELL, FOR WEBSTER EDGERLY.

Bowlders 8nd eArth ....covr et e e e 30 feet
Bastard blueatone, very seamy and hard....ci i 76 ¢
Depth vevenneen. vtbabe erarenens seteesannsaseae SR seRers seserenssae bt enrns 106

Good supply of water for the house; 25 gallons a minute.

HIGH BRIDGE, FOR W. 8. NAUGHRIGHT.

REA BHBLO cveeersrrrenrrecernsanrmrmrssararsrmismissasssianssssssnisissss wsemsnanrisenienna 104 feet,

LAWRENCEVILLE, AT H, M. HAMILL'S,

Moil and clay .cooeeee vreeee 23 feet.
REA BANG 11 veversrvrenrennmirrarss sesrastssossienessssnsssnnsnnsitnstant = saiaansinnninniin 24
Depth coseerenees cevnreians P PPPOPN 47 =
NEAR EWING, FOR CHARILES SCHMIDT.
Rod BBNABLODC. . vetrarrcvarerieaereistittissrrares sriss sremsise coniens reavnsssieseves 40 feet.
8oft crumbling formation resembling soapstonc...cniiiinenn. 20 ¢
Io very smail pieces; filled drill hole up; bad to pipe throngh it.

DEPLH.cever vrerarrincennnies sevenc e e e s s ensenns G0 1
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YARDLEY, PA., FOR EDWARD TWING. DIRECTLY ACR0SS THE RIVER
FROM WILBURTHA. =
) O o ¥+ T O 10 feat
Red Bandatone....ieis coevniiiii ity s s 6O
DEPth cocvnr it e e ees s aereeae 60 *«
YARDLEY, PA., AT AARON S8LACK'S,
Earth and gravel. ...t e e ervenenns 350 feet,
Red 8andatone rock ... e e aereares 26 ¢
DBPth.. it s i s e e 56
Water, 10 gallons per minute.
YARDLEY, PA., AT MISS SALLIE COOK'S,
Earth and gravel.......ccoeei i e e 23 f e,
Red sandstone rock......... ..oocov et i e e 29 «
DBPH. coverura s ettt crnrbe rreaeaesseraenats sersae e eeeeneeans oo 52
Water, 8 gallons per minute.
YARDLEY, PA., AT B, FRANK LIVEZEY'S.
Gravel and gand...........ceeneee. errr e ey aere e 21 fEgE,
Red gandstone rock 30
Depth v i e e e e 6o

Water, 10 gallons per minule,

RAUCHES (PA.), FARMERS’ DAIRY DISPATCH COMPANY; ON THE
POTTSVILLE DIVISION OF L. V. R. R.

All red shale rock....ccocoecs vin ciiviiiici i rhsrecie e ieies e 115 feet.
Water, 20 gallons a minute.

YARDVILLE, FOR M. A. LLART.

DEPlh et e s e 142 foEE,
Specimens of these borings were furnished the survey. A de-

tailed record appears on page 144,

DELAWARE, AT BMITH, HOYT & LOYT'S,

All quickeand and bowlders to.......cc.ccivivmrvair svreaniennerie cenrsssrnesannans 93 feet,
Then found sand and water, 10 gallons a minute.
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PLEASANTVILLE (N. Y.), AT HENRY BOLZER’S.

Farth and gravele. s erise e raneess e e 28 feet.
Rock of white limestone order mixed with mica and strata of marble, 42 *
Depth .. rbebessrsitanee vesvesmnsesnrenveneasaneoreesesesersrrnrerorernenance A0

Water, 10 gallons per mmuta.

CORKWELLS (PA.), AT MRS. CHARLES M'FADDEN’S.

Earth and gravel.......coovumniine e, b rbserresiieerr ey eeasene 35 feet,
IR TOCK ovrnes cersreren rreevemstsenses ssssamnns baserssioriosasnsssnsns smnsusnassannrassnnes B8
Depth ... ST PUTURURRUUUCRU ; ¥ Sl

Water, 10 gn]loua 8 mmute.

TORRESDADE (PA.), FOR EDWARD WORRELL (SIX WELLS.)

There are six wells at this place, fifty feet apart, arranged
in one row. Depth, 40 to 50 feet. Record for each:

Earth 0d IVl criniariiiiirerree et et s e e 20 feet.
Mica rock to the bottom of each well.
Water, 10 to 15 gallons a minute from each well.

Sec. 3.—Bored Wells Reported by W. R. Osborne.

In response to our request, W, R, Osborne has kindly furnished
the following information respecting wells put down by him dur-
ing the year in Northern New Jersey. He has ulso furnished
intormation respecting wells near New Castle, Delaware, which
latter we have incorporated in the reports of Cretaceous weils in
Souuthern New Jersey:

HORED WELL AT PORT READING, FOR THOMAS BROWN.
Diameter, 4 inches ; depth, 96 feet.
This wel} is 500 yards west of Sewaren Water Works. Record:

Red shale and gravel, mixed, t0. e iiieniinii i i s 35 feat.
Rerd Bhale e ioeeereaimsnes s serresiinen cnsrenes reratne s nrs s e 35t0 96 *

This we!l was finished in the red shale, at the depth of 96 feet,
with plenty ot pure water, perhaps 25 gallons per minute,
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BORED WELL AT PORT READING ETATION.
Depth, 26 foet,

This well was bored for the Port Reading Railroad Compauy,
at the Electric Light plant, Port Reading station, Central Rail-
road of New Jersey. This well penetrated red shale and gravel
mixed, to the depth of 26 feet, where water too brackish for loco-
motive use was found in & brownish sand.

BORED WELL WEST OF PORT READING STATION, FOR 1. C. BLAIR.

Deptb, 30 feet.

This well draws a large supply of water from a coarse gravel.
The material above the water is & reddish drift.

BORED WELL AT WOODBRIDGE.

Depth, 48 feet.

This well is at Ellis Mundy’s dwelling. Water was obtained
at a depth of 48 feet, in brownish sand, the material passed
through, above the sand, being gravely shales.

BORED WELL AT METUCHEN, FOR NATHAN ROBBINS.
Diameter, 8 inches; depth, 75 feet.
At the depth of 16 feet red shale was struck, Which continued

to the depth of 76 feet, where plenty of water was obtained.

BORED WELL AT MRTUCHEN, FOR JOHN POWERS.
Diameter, 4 inches; depth, 40 feet.

At 16 feet rod shale was encountered, which continued to tho
bottom, at 40 feet. This is almost a flowing well.
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BORED WELL AT METUCHEN, FOR MISS MARGARET R. ROBBINS,
Dapth, 64 feet.

Tnis well is near the Pennsylvania railroad station. Water in
red shale at 64 feet. About 25 feet of red drift next the surface
in this well,

BORED WELL WEST OF PERTH AMBOY.

Diameter, 4 inches; depth, 84 feet,

This well was sunk for Therklesen and Brown, near Keasby’s
brick tuctory, west of Perth Amboy.

Commenced in bottom of dry well at the depth of............ .....20 fest.
40 feet.” Blue clay.......... erreasrnerrrn e v e reriaeraeerns 20 to 87 ¢
5 ' Band, with water.......... w

12 “ WHhite claFu o erereenene rerrrri s onrere st e tete et seean qZ g «

White sand, with water, under white clay—evidently the same
water a3 reported from Keasby’s welis two years ago.

BYRED WELL IN THE CITY OF PERTH AMB(GY, FOR FARRINGTON
AND REMYON, AT THEIR RESIDENCE ON HIGH STREET.

Sand and gravel (drift) t0...cc.covcceereiicirnreiseisinns U .. 90 feet.
Then very coarse gravel, with water,

BORED WELL TWO AND ONE-HALF MILES NORTHWEST OF NEW
BRUNSWICE, FOR STEPHEN G, WILLIAMS,

Depth, 60 feet.

A well at this place was deepened to the above depth. The
¢ountry is all red shale. Pienty of water was obtained.

BORED WELL NEAR FORD'S CORNERS, FOR WM. F. CUSTER.

Thie well is & short distance southeast of a well drilled for
Haus Errickson, on ground about eight feet higher, aud noted in
the report of last year,
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Surface drift similar to Erickson, to the depth of coevieiiiieniicains 158 feet.
RO BHALE.. werteeesveriesrassrrnereeesrs mrasrsss sasisannernnass seceatsissanan, 48 foot = 214 **
Ended on black shale.

Water in moderate gquantity in the red shale.

BORED WELL ONE MILE WEST OF FORD’'E CORNERS, ON DANIEL
LA FORGE'S FARM, ON THE ROAD TO METUCHEN.

Elevation, 110 feet ; depth, 98 feet, Water rises within 88 feet (?) of the
grurface.

A well has been bored on Daniel LaForge’s farm, one mile
west of Ford’s Corner, on the road to Metuchen, of which we
have been furnished the tollowing record :

Sand and Eravel.....ceieoscsnsie e et 83 feet = 83 feet.
Red 8hale....oiierieerrnevasinnnescinsisrases e vrevessierarenees B % =88 ¢
Bluish shale, changing to red at the ba.ae ................. PN 10 “ =g8 ¢

Water was found at the depth of 88 feet, which rose 50 feet in
the well, or within 38 feet (?) of the eurface.

BORED WEIJ, NEAR CARTERET, FOR CAR FACTORY, THREE MILES
EAST OF WOODBRIDGE.

Diameter, 4 inches; depth, 60 feet.

Yellowish sand... veverreetssseasestsormnnen sessnesnrennans b0 40 fot,
Bluish sand, mlxed wnh black c]ay veeeneess D ROt =60 *
Fine white clay...ccccorrrimmmrmmrinmmiininiiin o, L 10 ¢ =80 ¥

Heavy hard rock; dulled the bit in fifteen minutes.

At s new factory along the shore, near the above well, two
wells were put down by another party, with about the same
resulte, the rock being encountered at 90 feet. * The rock is evi-
dently trap-rock.”

BORED WELL AT CARTERET, FOR 8. B. FARRINGTON, A SHORT
* DISTANCE FROM THE CAR WORKS.

Commenced in bottom of dug well at the depth of.......ceee were wernees 16 feet,
Pure white sand, very nice quality......cccoenrmmmiiirricninnns vetans 19 feet =35 *
Then comes coarge yellow sand, with water.
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Sec, 4.—Bored Wells of which Information has been Obtained
from Other Sources.

BORED WELIL, NEAR METUCHEN.
Elevation, 140 feet ; depth, 162} feet.

A well has been bored on the hill rorth ot Metuchen, not far
from the village, It is located at the residence of Charles Cor-
bin, who furnished the record below, which we bave received
through the kindness of Dr, A. C. Hunt:

Red shale Arift.....cccv v ceviinin v eniecnens s censeensaeons. 70 feet = 70 feet.

QUICKERNE ..cecveeeecreere oot vene s eessrsre s eevenenes 30 6 =100 ®
CIRT. crerrearsraerreesirersneas sesserass seersssensseesenssssssnessssronssssses .82} ¢ =1823
ROCK c.vuvvererevatnriassenesrenestessesresassssens osses censen venesesns snsaes 30 “ =162} ©
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Stratigraphy of the Fish House Black Clay and
Associated Gravels.

Fossil Horse, Unionide and Plant Remains. .
The Age of the Beds much Later than that of the Surrounding
Cretaceous Plastic Clays of the Region.

RECORDS OF TEST-BORINGS AND OF WELIS PUT DOWN
FOR WATER-SUPPLY.

Immediately northeast of Fish House station, on the Camden and
Amboy Division of the Pennsylvavia Railroad, five miles from Fed-
eral street ferries, Camden, and pear the Delaware river, there is a
very extensive excavation in a bed of black clay, which has been
worked for many years for the manufacture of red building-brick,
fire-brick aod terra.cotta pipe. This deposit has been called in
former reports the Fish House clay-bed. The locality on the river
has been known to boatmen as the ¢ Peashore,’”” and some writers have
referred to it under that name. Bat the name Fish House may
be regarded as permanently established, both geographically for the
place and geologically for the black clay-bed.

The floor of the excavation is nearly level and has an elevation of
eighteen to twenty-five feet above tide. 1t consists of an iron-stone
crust which everywhere mnarks the base of the black clay and separates
it from a medium fine cross-bedded gravel underneath.

In the excavations the clay has shown a maximum thickness of
about twenty-five feet, a small part of the upper portion being yellow-
ish in color, while the rest, when freshly dug and before weathering,
is quite black, with the exception, occasionally, of about one foot of
a yellowish shade at the base next the iron-stone. Near the base of
the bed there is a layer containing casts of fresh water mussels, Unio
and Anodonta. A short distance above the shell layer there have
been found portions of at least two, and as we shall see beyond, of
probably four individuals of an extinet fossil horse, while throughout
the bed there occur flattened tree stems nearly ohanged to lignite,
though uvot so thoroughly so a3 the plants in the adjacent white
and yellow clays of the neighborhood. Owver the clays there is a
thin layer of coarse gravel, and above this a greater thickness of fine

(201)
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gravel with, at some places in the latler, an interbedded fine sand.
[ these surface deposits there were found early the present year,
scattered in isolated spots over a few acres in extent, buried upright,
coniferous tree stumps with the wood well preserved and in natural
condition, without change, that is, veither silicified nor lignitized.

The black clay, the overlying surface deposits, and the life forms in
both, will be referred to again more in detail,

The Fish Iouse clay is located within the area occupied by the belt
of plastic fire and pottery clays that constitutes the Raritan or basal
division of the Cretaceous formation in New Jersey. The facts now
in band, and which will be presented in this paper, demonstrate that
the black clay and the gravels above and immediately below it rest
unconformably upon the Cretaceous white clays, sands and gravels and
are of much more recent age.

The age of the black clay has been variously assigned by different
authorities, being regarded by some as Cretaceous and by others as
either ’liocene or Pleistocene. We cite below these authorities and
their opinions.

Previous to 1868, according to Prof. E. D. Cope, Prof. {W. B.]
Rogersand others who had examined the bed regarded it as Cretaceous.t

In 1868 Dr. Lea considered the bed Cretaceous.*

Almost simultaneously the same year (1868) Prof. E. D. Cope
believed it to be Pliocene, and remarked that * the underlying coarse
red sand is, in all apparent respects, identical with the material of a
stratum which underlies the soil ” near Haddonfield, and which he
says “rests unconformably upon the Ripley division of the Creta-
ceous,” and “ may be the same bed.” { As will be noted later, the
last named authority now regards it as belonging to a still later
pericd, the Pleistocene. See page 208.

In the Qeology of New Jersey, 1868, page 256, aud again, page
338, the then State Geologist, Prof. Geo. H Cook, includes it within
the Cretaceous. It is known, however, that shortly afterwards he
changed his view as to its age, and in the annual report of the State
Geologist for 1878, issued by him, it is stated, page 67, ¢ that the bed
i+ more recent than the plastio clay formation ;” also, page 68, that it
“ may lie upon and abut against ”‘these older fire-clays; that is, it is
more recent than the Cretaceous, to which division the plastic fire-
clays helong.

*Proc Acad Nat K, Phila., 1868, p. 162,
#Trans Amer Phiws Soc, Vol XIV, N, %er, pp. 249,250 The Fresh-water Clayas of the Pea Shore,
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It is known to the writer that the present State Geologist, Prof. J.
C. Smock, also early regarded the bed as more recent than the Creta-
ceons, and though he has not thus appeared in print over his own
signature, it may be authoritatively stated that the reference last
noted from the report for 1878 was originally prepared by him as
assistant geologist, and was based upon an examination perzonally
made in the field.

In 1883 Dr. C. A. White says that these clays © are almost certainly
of post-Tertiary date.”*

In 1884 Prof. . P. Whitfield referred the beds to the Cretaceous,t
evidently following Dr. Lea, and, we apprehend, misunderstanding
Prof. Cope, who, he states, “appeared to consider them” (the con-
tained Unionide) “ as occurring in beds actually below the lowest of
the green marls,” which is diametricaliy the opposite of any correct
inference to be drawn from either the Pliocene age to which formerly,
or the Pleistocene age to which latterly, Prof. Cope, as above noted,
has really referred the beds.

In 1884, Prof. H. Carville Lewis, in a field lecture given on the
spot, at which the writer was present, stated that the bed was inter-
glacial. See page 211.

This lecture he afterwards prepared for publication in the columns
of the Philadelphia Public Ledger. Slips were cut from the papers
containing this lecture and others in the same course, and were
arranged by him on note sheets, forming a small pamphlet, which is
now bound, with other geological papers, and may be consalted in the
Academy’s library.

In 1889§ Dr. P, R. Ubler refers the Fish House black clay to a
series of beds which he states are above the Potomac (Raritan) and
below the Marl series for which in 1888 he had proposed the name
of Albirupian, thus practically placing the clays in the Cretaceous.
He claims also that the Flora and Fauna characterizing the Albirupian
are of a younger type than occurs in the Potomac, and instances
among the faunal forms  shells apparently related to Unio.”

In 1844, Prof. R. D. Salisbury established and partially mapped
the Pensauken formation-—a bed of fine and coarse gravels which is

*A Review of the Non.Marine Fossil Mollusca of North America, 1883,

1 Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
Vol. I, pp. 243 to 252.

1Geol. Tracts, Library of Acad. Nat. Sci, Philada, Val, 43a, Part XI, page 13.

¢ Trans. Maryland Acad. Sci., 1892, p. 185 to 201,
} Albirupian Formation, &c. Proceedings Amer. Philos. Soc., 1888, pp. 42-53.
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widely spread over southern New Jersey, and which he shows overlies
unconformably the Cretaceous, Kocene and Miocene deposits, and
states that the Fish House clays are post-Pensauken.* In 1895,
however, after further study of the Pensauken, he modified this view
slightly so as to include these clays within the Pensanken, with the
proviso, **if present interpretations are correct.”’t

Late the present year (1896) Prof. II. A. Pilsbry read a paper
before the Academy of Natural Sciences of Philadelphia,} in which
he considers the bed a lagoon-like fluviatile deposit on the margin of
the ancient Delaware river, and refers it to the Pleistocene period,
with the farther remark that *“it is either interglacial or preglacial,
probably the latter.” We shall refer beyond, at considerable length,
to Prof. Pilsbry’s paper.

The present writcr, since his first acquaintance with the bed, in the
year 1884, has regarded the occurrence therein of an extinet horse,
which had previously been reported by Prof. Cope, § as alone and of
itself sufficient evidence in favor of a very recent geological age for
the bed, and this view was only the more firmly established when,
in the year 1888, he himself also obtained some teeth and portions
of the enclosiog and other adjacent bones of another individual
horse. It also seemed to him that the views of those who regarded
the bed as Cretaceous must have been formed from a misinterpreta
tion of the facts upon which such views were bhased. Itis therefore
the object of this paper to prove that these facts, properly understood,
cumulatively harmonize with the evidence presented by the Egquus
remains in favor of a much more recent geological age than the
Cretaceouns.

In short, the writer would place it within the Pensauken, leaving
the determination of the exact equivalency of that bed in the geological
coluwn to Prof. Salisbury, who, under the auspices of the State Sur-
vey, is still working upoun the formation,

We will now review the evidence presented by the Unionidwm, or
fresh-water mussels, after which we will consider that presented by
the horse, or the genus Equus. Some notice will then be made of
the plant stems found in the clay, This will be followed by the pres-
entation of some purely stratigraphical evidence which has been

*An. Rep, State Geol. of N. |, 184, paye 108,

f An. Rep. State Geul, of NL J,, 1893, page 8,

1 Proc. Acad. Nat, Sci. Phila , s, pp. 567 to 570.

g Trans. Amer. Phlios Sov., Yal NIV, N. Ber, pp. 219, 250,
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learned from the examination and study of numerous borings that
have been made the past year, and which extend in two directions, at
right angles to each other, entirely across the field occupied by the
Fish House clay, and in one of these directions beyond it.

FRESH-WATER MUSSELS, UNIO AND ANODONTA, IN THE FISH HUUSE
’ CLAY.

These fresh-water moliusks are found in a layer near the base of the
bed. They were probably first brought to notice by Prof. E. D.
Cope, who collected and handed some forty individual epecimens to
the late Dr. Isanc Lea, Dr. Lea identified and described therefrom
ten of the twelve species now known from this locality in a paper
published in the proceedings of the Academy of Natural Sciences of
Philadelphia for the year 1868, Dr. Lea evidently, as his paper
shows, adopted the view that the bed was Cretaceous because of its
geographical posilion within the area occupied by beds of that age.
Descriptions and figures of the entire twelve species, the other two of
which were established by Prof. R. P. Whitfield, have been published
at the close of the first volume of Whitfield’s Paleontology of the
Cretaceous and Tertiary of New Jersey.*

Prof. Whitfield also, as the first paragraph of his paper indicates,
evidently partly on the authority of others, and partly as noted above
from a misconception.of Prof, Cope’s views, T regarded the fossils as
Cretaceous, though he states that with respect to their geological
position he offers no opinion, not haviog visited the beds himself.
This reference to the Cretaceous we think erroneous for reasons we
proceed to note.

Prof. H. A. Pilsbry, in the paper before referred to, page 204, and
which was published in the proceedings of the Academy of Natural
Sciences of Philadelphia for 1896, under the title of * Geology of the
Mussel-bearing Clays of Fish House, New Jersey,” calls attention to
the very close aflinity of these mollusks to those now living, and
notices the fact that Dr. Lea had evidently observed the same when
he assigned to the fossils a specific nomenclature derived from the
same root-words that had previously been used in naming the living
forms. I illustration we give below in paraliel columns the specific
nomenclature of the fossil and existing forms. To the latter we
append their habitats as kindly furnished us by Prof. Pilsbry :

. B':;chiupoda and Lamellibranchiata of the Raritan Clays and Green Sand Macls of New Jersey,
Pp. 243-252.
tConsult Prof. Cope, Trans, Amer. Philos Soc,, XIV N. Ser., pp. 249 and 250,

1
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Allied Living Forma.
Fogsil at Fish House. Habitat East of the Alleghanies.
Uanio naentoider, Lea .......... ........Unio naeutus, Say. Hudson, Delaware and
Chesapeake drainages.

Unio cariosoides, Lea. ................. Unio cariosus, Bay. Delaware, Chesapeake
and Potomac drainages.

Unio humeroeoider, Lea............... Unio humercsu3, Lea. Rivers of Norih
Carolina, .

Unio roanokoides, Lea................ Unio roanokensis, Lea. Rivers of North

Caroling, and U. northamptonensir, Lea.
Connecticut to New Jersey.

Unio radiatoides, Lea......coceueun... Unio radiatus, Lamarck. Great Lakes and
N. E. Atlantic States.

Habitat Exclusively West of the Alleghanies.

Unio subrotundoides, Lea.............Unio subrotundus, L.ea. Northern Misais-
gippi drainage.

Unio ligamentoides, Lea... ............Unio ligamentinns, Lamarck. Great Lakes
and Northern Mississippi drainages,

Ugio alatoides, Lea......................Unio alatus, 8ay, Great Lakes and North-
ern Mississippi drainages.

Anodonta grandioides, Lea... ........ Anodonta grandis, 8ay. Great Lakes and
Northern Miesissippi drainages.

Anodonta corpulentoides, Leo.......Anodonta corpulenta, Cooper. Great Lakes
and Northern Mississippi drainages.

Similarly Prof. Whitfield continues the parallelism :

Unio rectoides, Whitfield............. Unio rectus, Lamarck. Great Lakes and
Northern Missisgippi drainages.

Unio pr:eanodontoides, Whilfie!d ..Unio anodontoides, Lea, Mississippi and
Gulf drainage.

The term Nortiiern Mississippi drainage as used above comprises
that stream and its tributaries north of the mouth of the Ohio, includ-
ing the latter river and the Missouri and their lateral streams.

Both Dr. Lea und Prof. Pilsbry note that a considerable number
of the species have no affinity to forms now living in the drainage of
the Atlantic coast. Dr. Lea notes the living counterparts of these
as occurring in the Ohio aod other western waters, and Prof.
Pilsbry, as already stated, as inhabiting the Great Lakes and St.
Lawrence, and the Upper Mississippt drainage. The latter also
states, however, that cerlain forms, characteristic especially of the
Lower Mississippi and its tributaries, but occurring also in the
Upper Missizsippi and some of ils tributaries, are entirely want-
ing in the Fish IHouse fauna, which he says iz “therefore to
be assimilated rather with the Great Lake system than with the
Mississippi and Ohin drainage,” and adds that “the species prob-
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ably found their way into the Atlantic system in New York State
where the Lake and Atlantic waters are in close proximity. They
may then have become extinct on the Atlantic slope during the glacial
period when the rivers north of Delaware bay were so profoundly
affected.”

The close resemblance of the fossil to the living forma can be seen
by comparison of Lea’s Fish' House types in the Paleontological col-
lection of the Academy of Natural Sciences of Philadelphia with
numerous specimens of existing forms in the Academy’s Conchological
collection.

Of the forms above listed, Prof. Pilsbury especially states that Unio
ligamentoides, alaloides, preanodontoides aud Anodonta grandioides
and corpulentoides have “no modern representatives in the Atlantic
drainage south of the Great Liakes and the St. Lawrence river system.”

The most namerous of the fossil forms are the two species of
Aunodonta. Ol thirty-four specimena recently collected there by the
writer and comprising eight species, ten individuals belong to the two
species of Anodonta.

Prof. Pilsbry also on another occasion collected about three dozen
specimens, the preponderance of the two Anadonta being in about the
same proportion,

While therefore the above list shows that the species whose allied
living forms have their habitat in waters exclusively west of the
Alleghanies are but slightly greater in number than those whose
representatives are now found in the Atlantic coastal waters, the pre-
ponderance in the number of individual Unionide is much more
greatly in favor of the western fauna.

The close resemblance of this fresh-water fauna to that now living,
and its occurrence in beds, as noted beyond, whieh recent test borings
show to overlie unconformably the basal beds of the New Jersey
Cretaceous, and above all the association therewith of the remaius of
an extiuct horse, Fouus complieatus, Leidy, to be next noted, cumula
tively point to a quite recent age for this bed, and one much later
than the Cretaceous.*

*[n this connection it may be interesting to aote the fresh-walter shells now living in the Delaware river
at the sam=locality. Recently there were collected by Prof. Pilsbry, in the quiet waters of the bay or
cove formed between the shore at Fish House an | the Fishers” Point dyke, the {ollowing :

Unio nasutus, Say... et s Ear rrs imraE faemRSSEE i rmEFTEL iR ERAERESARS benbat s hobentn s momrnn

Unio complanatu Sol:mder « ! Unionidie

Anodonta ﬂuwauhs Dillwyn., . [ (bivalv.s),

Alasmondonta ucdulata, ay. -

Goniobasis Virginica, Say.. - Gaslropoda
Campeloma decisum, Say... {univalve),

It may be observed that only one of 1hese, U muutus occirs in lhe fossil bed, and this one is quite
extended both in geological and geographical distribution in the Eastern United States,
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FOSSIL HORSE IX FISH HOUSE CLAY.
EQUUS COMILICATUS—LEIDY,

In the transactions already referred to of the American Philo-
sophical Society for the years 1868 and 1869, new series, Vol. XIV,
jage 250, Prof. E. D. Cope accarately.illustrates with a figure the
stratigraphy of the Fish Hous: clay beds, and correctly shows the
position of the Ubionides near the base of the black clay. In the
text and in the figure he notes the association therewith of the remains
of a fossil horse, which he at that time veferred to Equus fraternus,
Leidy. In the Geology of New Jersey, 1868, page 741, Prof. Cope
farther states that this specimen was found twenty feet below the sur-
face. In the year 1838 the writer obtained from a workman in the
clay-pits some of the teeth and portions of the maxillary bone of a
fossil horse, which Prof. Cope has kindly identified as Equus com-
plicetus, Leidy, which he saye belongs to Pleistocene time. It may
possibly be the same in species as the specimen formerly noted by
Prof. Cope, but which is not now accessible for comparison, the
difference in nomenclature being probably due to some revision
thereof, the result of the advance made in recent years in the com-
parison and critical study of the fossil remains of this genus.

The spot in the bank which the workwman pointed out to the writer
as that whence the remains were obtained was about twelve feet below
the top of the clay, from which had already been removed, by strip-
ping, a vovering of some six feet of surface gravels. The teeth and
hones are black in color, both within and without, and there is therefore
10 reason to helieve otherwise than that the remains were actually found
in nndisturbed strata at about the depth named. The specimen is
now in the collection of the Academy of Natural Sciences, of Phila-
delphia. A photo reproduction is presented on plate X,

The specimen con<ists of a portion of the right cheek and upper
maxillacy bone, with the first and second milk premolars and the first
and secomd true wolars in place in their respective processes. The
third milk premolar was missiog when the writer obtained the speci-
mens, though its process intervenes between tl.e second milk premolar
and the first true molar.  This process is apparently occupied by the
succeeding premolar, which had not yet come into view. There were
also fragments of bone from the upper left side containing the first
and seeond trne molars,
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Cross Section, First
Molar
{A) above.

Fossil Horse (Colt), Equus Complicatus, Leidy.
From Black Clay. Fish House, N. J.
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The first true molar on either side each shows very slight evidence
of wearing of their crowns, while neither of the second true molars
present any such evidence and had probably not protruded through
the gum—in fict they hdd but barely risen above the maxillary bone.
This dentition indicates a colt abont two years of age,

Professor Cope informs the writer by letter that the horse remains
obtained by him are those of an adult, and “ consist of some superior
molars and incisors in the jaw.”

The wearing of the crowns of the true molars in the specimen
obtained by the writer being so slight, it became necessary, in order
to distinguish the intricate foldings of the enamel that are usually
seen thereon, to cut across or bisect one of the molars below the
crown. Kor this purpose a lapidary was employed, who so bisected
the first true molar on the upper left side about one inch below the
top. The drawing on the lower left-hand corner of plate X shows
the enamel folds of this transverse section so made, a3 also the den-
tine and cementum of the tooth,

Besides this Fish House deposit there is, perhaps, but one other
fossil deposit of similar or nearly equivalent age known in the region
near Ihiladelphia, and that occurs at Port Kennedy, in the Schuyliill
Valley above Norristown, in a fissure in Silurian limestone, filled by
deposition in a more recent age. Here well-preserved teeth of the
same species of horse have been found in association with two extinct
species of giant sloth, the teeth of the mastodon and the remains
of numerous other animals,

The association of fossils indicates, according to Prof. Cope in a
paper in the Proceedings of the Academy of Natural Science for
1895, that the age of the deposit in the fissure is Pleistocene.

Closely related horse-remains, Equus infermedius, Cope, and three
apecies of sloths from Petit Anse Louisiana have been named, figured
and described by Prof. Cope in the Proceedings of the American
Philosophical Society, Vol. XXXV, pages 458 to 468. These also
indicate, as stated by Prof. Cope in a personal interview, a Pleisto-
cene fauna, the equivalent, or nearly so, of the Equus beds of Texas,
and which are related by the similarity of their contained fossil life
forms to certain strata in Oregon, where the designation Equus beds
was first applied. '

The crowns of the milk premolars in the writer’s Fish House
specimen somewhat resemble in the convolations of the enamel those

14 g0
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of Prof. Cope’s figure of Equus infermedius from Louisiana in the
work ahove cited. These are, however, much more complicated in
the cross-section of the first true molar, from an examination of which,
as above stated, the specific name of Equus complicalus, Leidy, has
been assigned.

We have compared the dentition of this Fish House colt with that
of a number of musenm specimens of the horse of to-day, and with
the following resolts: The teeth are much more robust than those
of the adult race-horse, Edwin Forrest, whose skeleton is mounted in
the Museum of the Academy of Natural Sciences of Philadelphia.
The two diameters also measure one-eighth to three-sixteenths of an
inch greater than the teeth of the largest horse crania in the Aca-
demy’s collections. They, however, measure almost precisely the
same as the teeth of two specimens of the large English draft-horse
that are in the Museum of the Wagner Free Institute of Science. If
the bony skeleton of the Iish House specimen was like that of the
present horse, then this colt represents an animal which, in the adult
state, was as large or larger than the largest of existing horses. With-
out, however, any other of the bones, as of the limbs, &c., we cannot
be positive as to its size, and the animal may have been one with a
large head and relatively small body, such as the zebra and quagga of
to-day.

Besides the two individuals of the fossil horse already noted, there
are in the collections of the Academy of Natural Sciences of Phila-
delphia one bone, a Patella, and a fragmeut of another, possibly
from one of the long bones of a limb, that probably represent two
additional individuals. The Patella is about one-fifth less in size
than the Patella of the Wagner Institute mounted skeleton of the
large Euglish Draft Horse. It was personally obtained in the year
1892 directly from the black clay by J. E. Ives, at that time a stndent
at the Academy. This fact was recently furnished at a personal
interview with J. E. Ives. The specimen was presented to the
Academy and is noted in the list of presentations published in the
Proceedings, 1892, page b14, though rather vaguely stated to be
from Camden, The fragment which was probably from the end of
one of the long bones of a limb of probably another individual horse
was procured by the writer the same year, 1892, from a workman
who had carried it to home some months previously.
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VERTEBRATE AND INVERTEBRATE FOS3ILS AND ALS0 PLANT REMAINS
AT FI&Il HOUSE AS XOTED BY PROF. H, CARVILL LEWIS,

Before leaving the subject of anuimal remains found in the Fish
House clays and before introducing our own remarks upon tree and
plant stems therefrom, we will quote verbatim Prof. Carvill Lewis
upon the contained fossils, both animal and vegewble.* He says:
“At Fish House, a few miles above Camden, there occurs a stiff dark
clay of interglacial age which is of interest in that it is the only ene
of the Delaware river clays of Quuternary age that contains fossile.
Eight species of the large mussel shells (Unios and Anodonias), the
gkull of an extinet horse, bones of the wolf, scales of fishes, bark of
pine and birch, leaves of oak, maple and other trees are among those
which bave been found here. Some of the Unios are identical with
those now living in the Obio river.”

Were the author of the above, the present writer’s late friend and
preceplor, now living, it would be desirable to learn from him more
definitely regarding these fossils, and especially the plants.

We have, however, recently been reliably informed that for the
purpose of study Prof. Lewis had collected together at one time in
some trays at the Academy of Natural Sciences, of Philadelphia,
specimens of Uniouids, including, besides those already belonging to
the Academy’s collection, a number obtzined by himeelf; also, the
skull of a horse,t and some bones not those of a horse, and that he and
Prof. Cope held a consultation about the same, the bones other than
those of the horse being pronounced by Prof. Cope to be these of
wolf. Corroborative of the fish scales we have been informed by a
resident of Delair that in connection with the fiading of *“‘clams”
{Unionide) near the bottom of the black clay in digging a well on
premlses occupied by him some years since, he had obtained the
impression of a fish, and that he had given away the specimen toa
geologist who had called on him shortly afterward.

Field Lectures in Geology in the vicinity of Philadelphia, by H. Carvill Lewis, 1884,

(From the Public Ledger Aprils June, 1884".
« | Geol, Tracts Acad. of Nat, Sci., Philada., Yol. 43a, part X1, page 13,

The title given above is in MSS. in the handwriting of Prof. H. Catvill Lewis,
The text is in print on slips cut from the Philadelphia - Public Ledger.”
4 This was probably the specimea before referred to as having been obtained by Prof. Cope.
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FLATTENED TREE AXND PLANT STEMS IN FISH HOUSE CLAYS.

Besiles the mollnscan and vertebrate fossils before noted there also
occur in the Fich House clay a considerable number of larger and
smaller frauments of flattened plant stems or tree-trunks. This
flattening i+ prohably the result of gradual pressure for a long period
of time, and is very noticeable, One specimen measured was § of an
inch in the shorter diameter and 23 inches in the larger diameter. In
another the two dizmeters were respectively 3 and 8 inches.

Unlike the fossil trees, to be later described, from an overlying
and still more recent bed these trees do not appear, on microscopic
examination of preparations of sections, to be coniferous.

Since writing the above paragraph, the writer has obtained from
this bed considerable sized masses of vegetation in the form of peat.
The vegetable filers were flatiened and closely massed together in
laminz and consisted of the stems of plants and probably also of the
roots, From one of the largest stems he prepared thin semi.trans-
parent, tramsverse, radial, and tangential sections for examination
under the microscope. This specimen proved coniferous, and while
much pressed aml distorted, several undoubted tracheids or bordered
pits were clearly seen, Other specimens of the same non.coniferous
wood noted before were also procured on this occasion.

The character of the plants further than as above noted the writer
leaves for the future determination of some competent paleobotanist
When so determived it will probably not conflict with the evidence
as to age already presented by the molluscan and vertebrate remains,

Before leaving the consideration of the contained plant remains we
will potive the occurrence of a single leaf from the locality, but
whether from the black or white clays is not certainly known.

NUTE ON TILL.TPHYLLUM DUBIUM, NEWBERRY—A FJOSSIL LEAF
FOUXND AT FISH HOUSE,

Prof. J. 8. Newberry, in a Monograph on the Flora of the Amboy
Clays* has described and figured from Fish House a fossil leaf to
which he as<igned a new generic and specific name, Tillephylium
dubiua, but it scems to the writer, rather significally remarks that
‘it resembies some leaves of our basswood, such as could be collected
in almost any forest,”

# Monograph U, 5. Geel. Survey, Vol. xxvi, page 100, Plate xv, fig. 5.
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We have ascertained that the leaf certainly came from the locality
and was cellected by Dr. L. N. Britton, but after a personal interview
with Dr. Britton and an examination of the matrix of the specimen
which is now, though badly preserved, in the collections of Columbia
University, New York, we find it is impossible to determine whether
this leaf is from the black or the white clays of the vicinity. DBeing,
however, the only specimen, so far known, it cannot be regarded as
of any value in determining the geological age of whatever bed it may
belong to.

STRATIGRAPHICAL EVIDENCE RESPECTING THE FISI HOUSE CLAYS.

As before indicated, the black clay at Fish House lies within the
area occupied beneath the superficial deposits by the belt of plastic
pottery clays which crosses the State from near Amboy to Trenton,
and then skirts the Delaware river to Pennsgrove, forming the Rari-
tan or basal division of the Cretaceous in this State.

If the conclusions in favor of a much more recent age for the
black clay and the underlying gravel which we draw from the con-
gideration of the paleontological evidence be correct, then the strati-
graphical evidence to be in harmony therewith should show that the
black clay and its associated gravels rest uncouformably upon the
plastic clay, &c., of the Raritau formation. We are now able to
state that such is the case, though until recently, owing to the simi-
larity of the very slight dips presented by the black clay and by the
white clays in the immediate vicinity, this has not been readily ap-
parent. We may now, however, constract with much certainty and
accuracy the stratigraphy of the region.

By reference to the map plate X1 there will be seen on the east side
of the area occupied by the excavation a triangular space enclosed
between the forks of two cartways, shown by dotted lines, and the
River road, the latter forming the base of the triangle. The bank
adjacent to the River road between the two cartways is now much
obscured by a talus of the superficial deposits; nevertheless, an
examination reveals characteristic whitish plastic clays. A dove-
colored plastic clay also occurs in the corner formed by the southern
of the two cartways and the Cove road. The recent gravels (Pen-
sauken ?) rest directly upon these white and dove-colored plastic clays,
and in the corner at the Cove road there is now displayed a
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striking unconformity between the two deposits.  We are informed by
Augustus Reeve & Son that a somewhat triangular tongue of white
and dove-colored cluy has been dug away, which formerly extended
from this base on the River road toward the point of junction on the
west of the two cartways.

Ou the map we have outlined the area formerly occupied by this
tongue of white clay by a dotted semi oval line with the letters W, C.
within,

This clay is stated to huve had a maximum thickness of about twenty
feet, but to have declined upon its western margin to a thin sheet. The
black clay which had occupied all the rest of the excavation sur-
roundivg this tungue overlaid the thinner westers margin of the plastic
clay, but did not extend over it to the eastward where it was thickest,
near the River road, where, as already stated, the superficial gravels
can be seen to rest directly upon the plastic clay, as they can likewise
be seen to rest upon the black clay to the north and to the south.
These relations of the gravels and the black clays are now well shown
in latel’s side of the baunk on the north side and in Reeve’s bank
ou the south excavation.

There is thus demonstrated a considerable unconformity between
the black and the white clay deposits, and that the black were laid
down over the white and are therefore the more recent. Other evi-
dences of this unconformity we now proceed to note:

(1.} Within the past few years quite a number of wells have been
bored at Delair for water-rupply.  Some of these, which were iu the
area occupied by the black clay, have passed through it and through
undoubted whife plustic elays somewhat further down, before reaching
a water-hearing raml or yravel,

(2.) During the preeent year a large number of test-borings have
been made to seortain the thickness and extent of the Fish House
clay Led in order to fix the compensation to be paid by the Pennsyl-
vania Railread  Company for the right-of-way of its new seashore
route,

(3.} O.her test borines have also been made for the railroad com-
pany on both bavks of the river, and also beneath its bed, preparatory
to the building of the railroad bridge and its approaches. The exact
locations of these various borings, nombered 6, 6a, &c., to 52, are
shown on the aceympanying map, plate X1, which has been prepared
by a careful draft-man frem offivial surveys of the Pennosylvania Rail-
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road Company and of the Delair Land Company. P.D. Staats has
also made a topographical survey, and placed thereon, while in the
field, contours for each five feet of elevation.

The topography of the present excavations in the black clay north-
east of Fish House and of two excavations iu the white elay southeast
of the same, was also carefully surveyed, and is outlined on the map;
the contours show the depressions of their floors.

The area from which black clay has been taken is marked B. C.,
and those from which white clay has been removed are marked W. C.

Detailed records of these 52 borings are appended at the close of
this paper. (Pages 218, to 244.) Oanly one of these, No. 9, has been
previously noted in the annual reports. *

The wells bored at Delair for water-supply, after penetrating surface-
beds of greater or less thickness, have passed through several feet of
unmistakable white plastic clay before reaching the water-bearing
gravels. In some of these wells the surface-deposits below the first
few fect consisted of black clay and an underlying gravel ; while some
which were toward the river and were beyond the wesiern margin of
the black clay did not find it, they, however, penetrated the same
gravel which in the others underlaid the black clay.

Oune of these wells on Derousse avenue, midway between the C.
and A. railroad and the River road, was dug to the base of the black
clay, finding near the bottom, at the depth of about twenty-two feet,
what were described as *clams” and which undoubtedly were fresh-
water mussels, such as have already been noted as occurring in the
bed near Fish House station, Below this first horizon this well was
continued by boring, first penetrating the underlying yellow gravel,
and then, at 55 to 73 feet, about 18 feet of sirata, described as stiff,
white fine clay and white sandy clay, before reaching the desired water-
bearing gravel. This white clay stratum and the water-bearing gravel
beueath it, are certainly Cretaceous.

Through the courtesy of J. F. Stuart and others, civil engineers
for the railroad company, and also of Hatch Brothers and of
Augustus Reeve & Son, owners of the Fish House black clay
banks, and also through the kindness of W. II. Knowles, contractor
for artesian borings, we have been placed in possession of consider-
able information respecting these various test borings east of the
Camden and Amboy Railroad, and have been permitted to examine
geveral full series of specimens of the same.

# Annual Rep. State Geol., 1895, pp. 60-170.
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We have also been furnished with blue-prints of carefully con-
structed vertical sections, one of which is a west and east section across
the beds from near the River road to near the Burlington pike, while
another is a north and south section from near Derousse avenue,
Delair, to the Cove road at Fish House station, passing directly across
the excavation made in Hatch’s and in Reeve’s banks, but running
approximately parallel with the strike of the beds, There were also
three short cross-sections of Reeve’s bank at the southern end of the
area.

All of the test borings made through the Fish House clay-bed
passed into a yellowish gravel within which most of them terminated,
Three borings, Nos. 33, 34 and 37, however, either on or near the Cove
road, on the southern margin of the Reeve property, passed from this
underlying gravel into white clays unmistakably Cretaceous.

One boring, No. 14, on the west and east section first noted, and
which was put down beyond the eastern margin of the black clay
toa greater depth with reference to sea level than the other borings
on that line except one, No. 18, ulso encountered unmistakable white
plastic clay beneath u yellow gravel apparently the same as that which
underlies the black clay.

The one boring, No, 18, above excepted was on the lowest ground
along the section line und near its eastern end towards the Burlington
pike. Though not so deep as some of the other borings on the line,
its bottom was about ten feet nearer sea level. Indications of white
plastic clay were found at its base,

The test borings, Nos. 0 to 6 and 6a, put dowa preparatory to the
building of the bridge and approaches and along the line of the
same all entered Cretaceous strata beneath a greater or Jess thick-
ness of superficial beds. A careful examination of the specimens
from the three sets of borings above deseribed and of the records as
appended to this paper show that at varying depths below tide-level
the uneven floor of the Creticeous plastic clays is met with and that
upon this uneven floor is depusited fine yellow gravel such as can
be seen beneath the iron stone erast forming the floor of the black
clay excavation, and above this the black clays and associated orange-
yellow clays.

For further information respectins these borings read, Notes on Test
Borings Nos. 0, 1, 2, 3, 4 and 6, page 219; and, Special notes on Test
Borings Nos.10 to 42, pages 297 and 228.
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SUMMARY OF THE FISH HOUSE BEDS,

Under the name of the Flish House beds we would include the black
clay and the associated orange-yellow clays that geoerally form its
upper portion, and also a similar orange-yellow clay that sometimes
occurs beneath it, together with an underlying laminated and cross-
bedded stratum of coarse yellow sands and medium coarse yellow
gravels. As to the age of these beds we incline to the view already
published in former annual reports, by Prof. R. D. Salisbury, that
they are Pensauken, for the reason that on the Reeve property, at the
southern side of the Fish House excavation, where the underlying
gravel consists of larger pebbles than at the northern end, on the
Hatch property, and where, consequeutly, its character can be better
studied, occur pebbles the size of shellbarks and larger, some of which
are of partially decomposed sandstones and shales, apparently Triassic,
which can be readily crumbled between the fingers. Such pebbles are
characteristic of that formation. If this nomenclature be correct, we
have additional proof of the unconformity of the Fish House beds
with the Cretaceous, and also of their much later and in fact their
almost recent date, since Prof. Salisbury, in the last three annual
reports of the Survey, has traced the Pensauken as a widespread
formation, to the eastward overlapping successively the beveled or
npturned edges of the plastic clay, clay macls, and the three true
marl divisions of the Cretacecus, and also those of the Eocene and
Miocene formations.

In short, since the white clays were deposited and before the black
claye were laid down in the region of Delair and Fish House, nearly
the entire coastal plain portion of New Jersey, and, in fact, nearly the
whole Atlantic coastal plain southward to Florida, has been built up.
This length of time covered nearly all of four geological periods, viz.,
the Cretaceous, Eocene and Miocene, and much of the succeeding
time during which the superficial gravels, known as the Pensaaken,
were laid down so as to cover the slightly upturned edges of the three
preceding periods just named,

In barmony with this view of the recent age of the deposit, and,
indeed, conclusive proof thereof, is the occurrence, as above recorded,
of two well-authenticated specimens of portions of the crania and
dentition of an extinct fossil horse obtained several years apart by
Prof. E. D. Cope and by the writer, the circumstances of the finding
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each of which was carefully investigaled and established by each of
us at the respective times when each specimen was secured.

The occurrence of such fossil horse is further emphasized by the
existence of in each case a single skeletal portion from each of prob-
ably two other individuals obtained later than either of the above,
but at different times, by J. E. Ives and the writer, under circum-
stances which may be regarded as also fully authentic.

Not inconsistent with the late age thus indicated is the oceurrence
of the Unionidm or fresh-water mussels, so long by some considered
to be Cretaceous, but whose affinities may no% be regarded as quite as
fully indicative, if not more so, of a more recent age, and although
it may be said that Cretaceous Unios from the West differ generally
but slightly from recent forms, yet coupled with the occurrence of the
fossil horse, which in anything at all resembling the size and species
of the specimens found did not extend below the Pliocene, if, indeed,
it went that far down, we feel we are compelled to regard the Fish
House naiad fauna as quite recent geologically. It may be further
said that no fossil horse, no matter how primitive, has been found so
far back in time e the Cretaceous,

The evidence presented by the plant-remains, so far as they have
been studied, is quite meager, but it is probable that should their
affinities be well made out they too would fall into harmony with
our conclusions,

Appendix to the Statigraphy of the Fish House Black Clay
and Associated Gravels.

TEST BORINGS AND WATER SUPPLY-WELLS AT POINT NO POINT, PA.,
IN THE BED OF THE DELAWARE RIVER, AND AT DELAIR AND
FISH HOUME, ¥. J,

The fullowing buring-, numbered Nos. 0, 1, 2, &c., to 52, might
have been ineluded under the sub-heading, Wells in the Southern Part
of the Cretaccous Delt, in a previous portion of this report. They
do not, however, ull of tiem enter the Cretaceous, quite a number of
them being only in the superficial strata overlying the beds of that.age.
A large numaber of them also were ot bored for water-sapply, but as
test borings for reasons which will appear later. They form a group
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by themselves that are opportune at this time to demonstrate the geolog-
ical relation of certain yellow and black brick clays and white and
dove-colored plastic clays that have long been worked at Fish House,
N. J., for economical purposes and about which aathorities have differed
for many years as to the geological age of each. For this reason their
records are placed here in immediate connection with the preceding
papers on the Stratigraphy of the Fish House Black Clay, &c.

Borings Nos. 0 to 5 were made on the Pennsylvania shore and in
the bed of the Delaware river. The remainder were put down in
New Jersey. The latter may be found located on the accompanying
contour map, plate X I, which has been prepared from accurate official
surveys. The elevation contours were especially surveyed for this
map and placed thereon while on the field by P. D. Staats.

NOTES ON TEST BORING3 Nos. (0, 1, 2,3, 4, 5 AND 6 ON THE SHORES
AND IN THE BED OF THE DELAWARE RIVER AT THE PENN-
BYLVANIA AND NEW JERSEY RAILROAD BRIDGE BEIWEER
PHILADELPHIA, PA., AND DELAIR, N. J.

All of these enter Cretaceous strata.

Early in 1895 a series of six test borings were made by Geo. H.
Orcutt on either shore of the Delaware river, and also on the river-
bed between Point no Point, below Bridesburg, Philadelphia, on the
Peonsylvania side; and Fisher’s Point, adjacent to Delair, north of
Camden, on the New Jersey side. These borings were preliminary to
the building of the abutments and piers for the railroad bridge con-
necting the Peansylvania Company’s main line at Frankford, Pa.,
with its Atlantic City route at Haddonfield, N. J.

Through the courtesy of the railroad company’s officials the writer
was permitted to examine the specimens of the various borings, which
had been carefully marked and preserved. The subjoined records
have been made from this examination. They follow each other from
west to east, and are directly across the strike of the strata. With
the records there is included a boring (No. 6a) made on the New
Jersey bank for water-supply.

NEW JERSEY GEOLOGICAL SURVEY



220 ANNUAL REPORT OF

We commence the records, however, with a boring (No. 0), made
later, or in the year 1896, one block west of Pennsylvania abutment,
by another contractor. 'We have numbered the borings 0, 1, 2, &e.,
from west to east.

The borings, Nos. 1 and 6, on either shore were made to rock. On
the Pennsylvania side soft rock was found at the depth of 87 feet
and solid roele at 112 feet. On the New Jersey side, soft rock was
reached at the depth of 142 feet and hard rock at 159 feet. Closely
corroborative of the latter depth is the information received that some
years previously, at the time of the coustruction of the Fisher’s Point
dyke, a test boring was made at the landward end of the dyke which
reasched hard rock at the depth of 168 feet. The foundations for
piers Nos. 2, 3, { and 5 were wade at the depth of about 66 feet.
They rest upon coarse sand and gravel strata near the base of the
Cretaceous,

No. 0.—Test Boring on the Sea Shore B, R., Carbon Street, Phila-
delphia.

Elevation, mean tide level ; diameter, 8 inches; depth, 56 feat.

This boring was made on the line of Pennsylvania Railroad Com-
pany’s new Sea Shore railroad near its crossing over Carbon street, on
which is located the Belt Line railroad. This street is one block west
of Delaware avenue. The boring was made by the drill and saad-
bucket process, by which good specimens of the materials penetrated
can be obtained, and the record is therefore of especial value. Samples
were taken at every foot. These have been divided with the writer,
through the courtesy of the company’s engineers. From a careful
examination of these we make the following record :

Mud (allaviom}, containa Dia-

M3 . vivnciinsiecrinsreenaneeens 19 feat == 19 feet. Recent.
Heavy gray gravel....... cere e 4+ “ =2} “  Trenton gravel. (?)
Heavy yellow gravel, mized b

with fine.. coviiiiiiiine e 3 228 L
Heavier yellow grave!, with 13 feet. Age (7)

large pebbles.......coiiviviinneae. 13 % =4 ¥ j
White elay...cce veees viee viverenns 200 43 W ]l [ Plastic
Yellow clay...ccvis vvevivvnicnccnss 209 243 © _ Clays.
Orange yellow clag..ccves vouveese 4 % 2 g IF = 15 fest. f
Greenish sandy clay. v veee 7 % .56 1 LCretncBouu.
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The alluvium at the top contains a mixture of fresh and salt-water
diatoms, the fresh-water forms preponderating. This deposit is, of
course, quite recent and has the same thickness as has been noticed by the
writer in similar deposits in borings elsewhere along the margin of the
Delaware river, say about twenty feet. This is ita thickness at Cramer
Hill ferry, and Gloucester, N. J., and also at the Philadelphia navy
yard, on League Island, at the mouth of the Schuylkill, The Glou-
cester locality is on the margin of the marshes of Newton creek, and
the Cramer Hill locality on the former site of a small stream whose
channel has been recently diverted by artificial means to the south-
ward.

No. 1.—Test Boring at Point no Puint, for Bridge Abutment, Pennsyl-
vanic Shore,

Diameter, 6 inches; depth, 112 feet.
Notes on the Diatom, Triceratenm favue, Ehr.

This boring was made on the meadows just inside the dyke that
faces the river on the Pennsylvania shore. The following record was
made from an inspection of & full series of the borings, which were
carefully preserved in the railroad company’s office, at Broad street
station, Philadelphia.

Meadow mud, containg dicloms.......ocovreceveevcnreeeeernanan, 3 feet.

LoBMY Clay..ccuecirirmimnscincenceneerarr rensne s eeeaeone 3t0 7 “ | Latest
Clay,sand and fine gravel.....coceesccevususicsen evee 766§ 65 f Pleistocene.
Mnud, containg diatoma.....e coveirciineevvrrereieenns § 95 12 88

Sand and gravel.......occoives covniiiivininnennenn, 12 40 23 18

Clay ccnviiiinie i e e e ees vennen, 22 60 05 0

=21 1T PSR PRORY" ; SE LI . BT

White clay...ccouie ciiviriecie vrrersiicieiinnenn, B B4 ¢ ]

31T, IO U S SO

Fine gravel.....ovcoecvveeennnne <+ 61 77 w [ Cretaceous.
Veary coarse gravel.............. .. 7T 8T

Loose or disintegrated rock, micaceous ............. 87 * 110 ¢
Bolid rock, micaceous..........vverevrrvririrvesensnnan 110 ¢ 112 #

It is interesting to note that the interval of 9 to 12 feet shows a
river mud overlain by fine gravel and sand and loamy clay, and that
over the latter is spread the more recent river deposit that now forms
the broad stretch of meadow-land seen on the western approach to
the bridge. It is farther interesting to note that these two muddy
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stratn contain diafoms, mainly fresh-water species, though there are a
few forms which thrive in either salt, brackish or fresh waters.
Among those so oceurring in both these beds is Zriceralewm favus,
Ehrenberg, which the writer has seen in Delaware river marsh de-
posits at varivus points alung the shore from the bay upward to the
latitude of Philadelphia. It also occurs fossil in the clays beneath the
older portion of the latter city which, a couple of generations back,
were used fur brick-making, and which may now be found below the
surface within the area bounded by the 25 and the 40-foot elevation
contours. Diatoms do not oceur in Philadelphia clays having a greater
elevation than 40 feet.

This diatem is also fuund in ¢lays not far beneath the surface along
a narrow strip of comparutively level land bordering the ocean shore
of the State whose elevation does not exceed 40 feet. It should, per-
haps, be mentioned that o preparation of cleaned diatoms made from
recent river mud at Burlington has failed to yield this specific form.

The recard for Pier No, 2 which follows next shows black mud
deposits at the depth of 28 to 30 feet, and at 32 to 36 feet, which are
probably the equivalent of that at 9 to 12 feet in this well, The dis-
tance between the two points is 1,300 feet.

The microfossiliferous mud beds are of the latest, Pleistocene, age.
No beds of mud or clay of similar age ocour in any of the borings
between Lier No. 3 and the New Jersey shore.

No. 2.—Tust Boring for Pier No. 2 (Second Picr from Pennsylvania
Shove).

Diameter, 6 inches; depth below mean high water, 683 feet.

Depth to river-bed....cc. corirrerieninnniiinn 24 feet,

4 font, SABA. . eieerrsiecrnmssiesnresssserssmsseseneesnnnnn 24 t0 28 4

2 # Black M. crcrrinririnmennn oo 28 20
DI - T DU O U PPUU PR TORPIORYE. |- - B

4 ¢ Black mud.....cccmminiseini s 32 “ 36 *

B 0 BANGaenscereessrssnressessrssssnsanse oemnenreenen 36 C 41 Y

10 “ Sand and gravel...covceressimenenninnnnen 4l 051
T 40 BARArerermreorerssaeserstsessmriseess conseensatontonsns 5158 ¢ |
B * Sand and gravel............

Large gravel and broken stones on which

.58 “ 63 “ %’ Cretaceous.
this boring stopped.....ccccveoisirarrenian 63 " JI

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 223

This record was made from an examivation of specimens in the
office of the railroad company’s engineer, at Delair, N. J.

Afterward, upon sinking a caisson for the construction of this pier
a tree-trunk was found at the depth of 62 feet.

No. 8.— Test Boring for Pier No. 8

Diameter, 8 inches ; depth below mean high water, 78 feet.

. Depth to river-bed........ceermiveriicnaiasienssccnnane 40 feet, 1
16 foet. BADG......ceurresnn cerererenrereeresseer A0 t0 55 16 4
3  Coarse gravel cmd cobblca RO i1, Tl i 1. B
5 ¢ Coarse gravel and white clay mlxed .58 63 o Cretaceous,
8  Yellowish brown sand, finer............ueeeee 63466
8 (oarse BANd....coucmerirseiiretiininissorarsnrnninenas 66 74
4 “  (oarse gravel and large pebbles............... 744078 ¢

No. 4.—Catsson Record at Pier No. 4.
Depth below mean high water, 66 feet.

This pier carries the draw-span of the bridge, and is in the deepest
part of the channel, which here lies near the New Jersey shore, the
depth to the river bottom being 42 feet. The succession of the strata
was obtained from the record kept by the railroad company’s con-
struction engineers during the sinking of the caisson preparatory to
the building of the pier. It corroborates the borings made on either
side at piers Nos. 3 and 5. The following is the record :

Depth to riverbed............ PSRN 42 fest.
2 t'eet Gravel... veevsrssnriensarneerare nannennenannno 42 fE0t 10 44 ¢
3 Gravel and cobbles ............................. 44 ¢ 47 =
6 “ Gravel and BARd .. eeecverrrnvirsrere o470 B3 €
4 * Band.. [URTRTPPTOTN : : SN ¥ AL Cretaceous.
2 ¢ Sand, thhahttle c]ay POPPOUPRUN . 1 SR i B
7 % Band... 59 “eogg o«
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No. &.—Test Boring for Pier No. 5 (First Pier from the New Jersey

L= LR~ - R
-

Shore),

Diameter, 6 inches; depth below mean high water, 95 feet.

Depth to river bed....cveees vvcneeeinrinnienninnn 30 foet.
. Yellow elay.ccminiinrnr ierennevnneanns ORI 30 to 31
. White elay.......civircnn o siiees 81 4 40

White eand.. G sesesberesstennneans 40 '* 51
Gravel sand and whlte clay, mixed.........51 * g1
Coarse 5aNd .uveciss vecnerearienannans 61 63
Fine grave! and sand ............................. 83 ' 66
Band and clay...ccceveeeieiiiiccriinrineesinennnnn .85 4 69
White sand.. RN ;- LI/
Cozrse gravel and pebbles...... . .‘5 AT
Band and gravel.......ccoeeocvvnvienrevnenen e, 76 44 81
Coarse gravel............................ sveerennnn 8L ¢ 88
Gravel and s8nd.....coeeivevevriseeies crverarenn 86 * 95

~

+ Cretaceous.

No. 6.—Test Boring at Fisher’s Point, near Delair, for Rridge Abul-

15 f1.
2 ik
2 L[
2 L1}
3 "
3 L1

II 1)
1 L1}
9 &

11 *
5 13
6 (1]

1
15 %
3 [l
2 u
1 &
18
5 e
2 L
9 [
2 L0
1 "
8 i
17 «

ment, New Jersey Shore.

Band and gravel............ rrererranieisarasenn
Large coarse gravel...c.ccciovversrersrissansees 15 t0 17
Brown clay.ceeriieriienian . w17 419
Clay and sand......coeecirernrennovniinienisnsinnen 18 % 21
Gravel...... v reiscrsrnneesmmneenessnersnnen 21 # 25
White clay....cccumivinreneennrernen. revessas areanans 25 28
Coarse Band.......vcveresecsrevenrossnnseenessinene 28 “ 39
Fine gravel....eec icceevee sreesrrsninensssonenronsn 39 “ 40
White clay....c.cnniririiirenereerireres senennndl 4 49
Coarse Band..cvreisiiiinieimeriesencrnnessevseennn 49 4 80
White clay..ciiiiiiinrcsrnenesinnierisen s cnanenss 80 % 65
White clay with coarse hea.vy gravel and

BANG ., crensssresaes srssvrnsarens ressrsaeranarasarenas .85 * 70
Couaree ETAVEl..iiiccicrecsissiisssinserasenneseens Y (VIR 3 |
White elayueencnnas rebesebaerennrensronan snrnennnne.81 ¢ 95
Clay and gravel mixed.......... rerseniseranrans 96 “ 99
Band........ Crerererasarasieenianss eererrraseseesenarnas 99 to 101
Gravel......... ervnerarasstrasranans errerristbnsrans 101 *“ 102
Coarse Eravel. .o rseerereessirreriens sreserenr 102 “'115
Coarss gravel. . veorviss nermneereenenennnn 115 % 120
White elaf. i inenererceneerennnna 120 % 122
Fine gravel...cc.cvcvvinininicnini cersnrenn e 122 % 181
Gravel and sand.............. crmresirr e e 131 “ 183
White clay....... vers rsnrenrrasnassosnerenssansaesn 193 ¥ 184
Gravel and sand .....eeeveeenninereecnn. creeneen 134 ¢ 142
Disintegrated roek. ccciveeeerinneeriers renenenn 142 % 159
Btopped on hard reck....ccveviicrernervernnns
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{t is noticeable that this boring does not show any red clay, from
five to ten feet of which has been fouod in borings made at Pavonia,
both at the pumping station on the river and at Stockton Water Com-
pany’s plant on the C. & A. R. R. north of Pavonia station and
also at the rail company’s shops south of the same station.

The recent Alluvium deposit containing diatoms that is noted near
thesurface in borings Nos. 0, 1 and 2 is absent in this boring.

No. 6a.—Bored Well at Fisher’s Point, Delair, for Water-Supply.
Elevation, 5 feet ; depth, 75 feet.

Immediately adjacent to the bridge abutment at Fisher's Point,
George H. Orcutt put down a well to the depth of 75 feet. This
well furnishes water to several houses in Delair occupied by the civil
engineers connected with the railroad company. The strata penetrated
are, a8 would be expected, the same as are recorded for the test (No. 6)
made for the abutment. The well obtains a supply of excellent water
from the coarse gravel noted in that record at the depth of 70 to 75
feet,

The details of strata, furnished by the men who drilled the well
and corroborated by specimens received, are ag follows :

Brownish sand.....cccevcrcrcnieneieciinnennnnes . 1 foot to 10 feet
Coarse 8And..ccovver.venrrnrrannennns 10 feet to 18

Big bowlders.,.......cocciisiieicoriernen cervnneranes 20na 18 22 "
Brown 8A% . cureeiiiieri i rrerer e sere rrersennas 22 ¢4 24 %
Yollow clay covcivveeiiine i v 24 % 26 0
White BN, ceereenrscarverrie cerereieiens cmemiemenveneeeene 26 83 %

White clay.....eerrerrrensnnss 38 ¢ 85 ©

+ Cretaceous.

White sand...ccors i85 Y 43¢
WHhILS ClBFu-vvecrrrreres seceserrscarrsrerissnnesseenencd3 16 40 ©
Band... ORI | BB 57 S
White clay - U TRReserer ;. SR -
Sand and coarse gravel ................................. 54 ¥ 75 ¢ J

No. 7.—Test Boring near Delair Station and on the West Side of the
Camden and Amboy Roadbed.

Elevation, 15 feet ; depth, 50 feet.

Another test boring was made by Geo. H. Orcutt near the Camden
and Amboy Railroad and a short distance southwest of Delair sta-
15 GEO
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tion, preparatory to the building of bridge abutments for the Sea
Shore Railroad to pass over the Amboy tracks, We here iuvsert the
record. It is compiled from an examination of specimens of the
borings in the office of the Pennsylvania Railroad Company’s civil
engineer, J. F. Stuart, at Delair station :

Yellow clayey 10am....ccceivveveirennnmmininireeass senienans 0 to 6 I‘eet
GIRAVOL.ceeue e s tivbenrberienaes tutbiiaes cesssasinisierss sasasanns “ 12

White clay.......... 12 “14 ¢

Clay and 88nd... oot icevnivinnivnier rerreess 0 me cnenens 1493005

White clay... wrnene rres veereecarraressnrenseens 90 33 ¥

Clay and yellow sand cvemrrermmrsinssenineenes 33 ¢ 40 ®

Coarse white gravel e reveeesians s 40 4 45 @ | Cretaceous.
Yellow clayey sand. .evceee ceeveros crerervecmvssssneioesss 45 4 47 4

White clay... weerenercrenen vrereeeneenenrens 47 9 49 ¥

Yellow sand and gravel rirniss sesnnpeyenennes 4941 80 Y ]

No. 8.—Dug Well at Delair, for Waler-Supply to Railroad Tank.
Tilevaiion, 35 feet ; depth, 33 feet.

This well was dug at the locality of the stump marked C on the
accompanying map, plate X, and was commenced at the bottom of a
rather extensive excavation made by the railroad engineers on the
south of the right-of-way. The elevation of the floor of the excava-
tion at this point is estimated at 35 feet. )

We are informed that this well, after penetrating a bluish-clayey
sand about one foot thick near the surface, was sunk to the depth of
33 feet entirely in gravel.

No, 9.— Bored Well al Delair.

Elevation, 40 feat ; depth, 78 fast. Water rises within 40 feet of the surface.
Revised from Annual Report, 1895,

This boring was commenced at the bottom of a dug well at the
depth of twenty-five feet, The dug portion stopped near the base of
a black clay stratum in which near the bottom the then owner of the
property informs us that casts of * clams” were found and also the
impression of a fish. The *clams” were undoubtedly the same
forms of fresh-water mussels that have been so long known as
occurring at the same horizon in what must be an extension of the
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same black clay bed at Hatch’s and Reeve’s clay banks to the south-
ward near Fish House station, Below we copy from the anopual
report for 1895, page 70, the record of the bored portion of this
well. It was furnished by W. C. Barr, artesian well contractor.

Thickeess. Depth,
Dog well, bottom in black clay at.... 25 feet = 25 feet.  Fish House clay, &e.
Dry, coarse gand.. crireranane .8 “ =5 *¢
Stiff white clay, ﬁne white sand Raritan Plastic
then stif white clay again........... 18 “ =73 ¢ } Clays.
Coarse sand and heavy gravel......... 6 “ =78 ¢ Cretacecus.

This well supplies excellent water which rises within forty feet of
the surface or about to tide-level. It is obtained from the yellowish-
white gravels that are characteristically interstratified within the
plastic clays.

SPECIAL NOTES ON TEST BORINGS NoS. 10 To 42, AT DELAIR AND
FISH HOUSE, IN SUPERFICIAL ESTRATA OVERLYING CRETA-
CEOUS PLASTIC CLAYS,

Nos. 14, 18, 33, 34 and 37 also enter the underlying Cretaceous strata,

In acquiring the right of way over valuable clay land for the new
sea-shore connection for the Pennsylvania Railroad from Broad
street station, Philadelphia, via Frankford Junction, Delaware river
bridge, Delair and Haddonfield and in estimating the compensation
to be paid therefore, a number of test-borings were made at Delair,
along two lines, one on the main route eastward from the River road,
and the other southward from Browning’s lane, on & projected south
branch, since abandened, but then intended to connect below Fish
House station with the Camden gnd Amboy route.

The specimens from this entire series of borings, except Nos. 41
and 42, have been courteously placed in our hands by the engineers
in charge of the coustruetion of the railroad. They are located on
the map by Nos. 10 to 42, The detailed records of each which fol-
low have been mude from an examination of these and some other
duplicate specimens. Moreover, these records are unusually reliable,
having been made under the supervision of the railroad company’s
civil engineers, The exact elevation at eagh well was nccurately
noted, while the thickness and depth of each specimen was carefully
attached thereto, a sample being taken for every change.

NEW JERSEY GEOLOGICAL SURVEY
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Borings Nos. 10 to 19 on the east or main line pass through a sue-
cession of sands, clays and sandy clays of an orange-yellow or
yellowish-brown color, and also enter a medium coarse gravel, in
culor and grain apparently identical with that noted below as occur-
ring beneath the black clay on the south branch,

Of these wells No, 14 passed beyond the gravel into white, stiff elay
and white, sandy clays at the depth of about ten feet, the elevation of
the surface being fifty-four feet. Between the depths of twenty-four
and thirty-four feet we especially note a solid bed of fine white,
plastic elay. All the beds in this boring below about ten feet belong
to the Raritan division of the Cretaceous.

Of the borings Nos, 21 to 40, on or near the line of a projected south
branch afterward abandoned, Nos. 29, 30 and 31 were made on the
floor of the excavation, and immediately passed into a medium fine,
yellowish gravel, known to be cross-bedded from pits dug into it
elsewhere from the same floor at the points marked on the map I G
and F G. The remainder of this group of borings were apon the
higher ground surrounding the excavation, and most of them after
passing through the surface sands penetrated a greater or less thick-
ness of yellowish clay, and then of dark or black clay, and thence
passed into the same yellowish gravel noted as occurring below the
floor of the excavation in the three borings above named.

Three other borings, however, of this group, Nos. 83, 34 and 37,
which were made on the southern margin of the field near to and on
the line of the Cove road, and toward the River road, after penetrating
a thin layer of the upper, orange-yellow member of the Fish House
clay bed, soon entered undoubted Cretaceous, white plastic clays, whose
upper surface is at a higher level than the lower portion of the black
clays, showing that the Fish House black clay bed and underlymg
gravel abuts against the Cretaceous, white clays with decided uncon-
formity.

No. 70.—Test Boring at Delair, 375 Feet East of the River Road.
Elevation, 63 feet ; depth, 45 feet.

. BOrface BANG. ... eiireenreninirsrrs cersennirrsrrerent wrensen e & f80b == 4 feet.

1

2. Band and Bravel.... v icrierenns e ereneerrinenneae 831 =104 ©
3. Reddish-yellow ClRY.veeereraiieieriiiiimrtiini i cniaerens s aoes g ¢ =1 °
4. S8andy clay and gravel... rerrae rerrnernr it e 2 0 =213 0
5. Sapd lighter in color... crviseensnnsesssennnennnee O 0 =18} ¢
6. Reddish-yellow ciay, llke No 3 s B Y =284
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. Dark-black clay......coeeuunnn Vererees eereererne . e e n s et 1} feet — 26 feet.
. Clayey sand, dark color....... eeerarereritecerireie reresenienn 8 ¥ =28 ¢
9. Black clay...c.ccceccrimmrciniionnns ebba et e reserr e rarnnar e iaasas 73 ¢ =3¢
10. Reddish fine gravel...... bt e be e b ade b e saap s retbae 4 Y =30} ¢
11, Black sand... reecerrreretrinerrineerenns 4 =44 Y
12. Reddish, clayay grave] an No 10 ................................ 1 “ =4 “

09 =3

No, 10K.— Test Boring at Delair, within 1 Foot of No. 10,
Elavation, 63 feet ; depth, 47 fest.

This record has been made from an examination of borings in the
possession of Wm. H. Knowles:

1. BOrfACe BADG. veerivrerrreenrnsearnrnrsrtareees saranrsrossnssnnninencenes S 1088 = 2 feeot,
2, Olayey 8and ..cocovvevecvririvravrninrnr e ceins seneeas 8 0 =10 %
s Gravelly Clay. . .cccrcmmrinncr s, £ = 12 ¢
. Deep-yellow clay...cccooivnniviinnininnnns ceerearae comrsii s 1 =190
. Orange-yellow clay......c...ocoevinnmimni i a3 4 =22 ¢
Dark-brown ¢lay .iccviviriv i, wriieanen.n 1680 =38 *
. Orange-yollow Clay.....c.covreirereenniininieiinnnie covenverenrinens b S —
. Orange colored sand, fine.....c.cieevvmrenenininnaeniinns veveineese 1% — 42
. Blue, cloyey Ba00. e cincrnscnseisiorisssrercrmonnessesemenees 1 9 48 #
10, BIUG €AY e vuvrennrriesseirimssisn srrees sraeer s1evsrbrsmnsrnnsssanansan 4 " =47 "

© WO ;e W

No. 11 K.— Test Boring at Delair, 200 Feel Fast of Nos. 10 and 10K.
Elevation, 70 feet; depth, 47 feet.

Record made from inspection of specimens shown by W. R,
Knowles.

Boilis it e s s s 1 {006 = 1 foot.
Orange red Clay ... ccocrcrininrnrerciseincssnnr coisntsssinersessarec a3 f88t = 4 foot,
Orange-yelloW Cla¥....ccviviiiis ieies cmvniinrcsniiinns cisiisrerrmreveenee 9 0 = § 1
Medinm coarse gravel. ....c.ccovorieie e e LT 165«
Orange-1ed ClaY... cveversreinriimniscsnssinens e nsesen svnas ssesesssansersns & 4
Yellow 8aRdY Clay......icevvriivicri rcrmrsi i ieres @ W =28
Darker yellow clay, Gne. .c....ccvccviinniieiei i i 2
Fine gravel......ccoivmnemmeriis i censnienianen. PR
Dark yellow clay.......... o serae veemresnernrae rearenrans Cerirre e e 2
Orange-yellow CIBY ciivvvnr srrrereninirer e e 2 00 = 30 ¢

4

2

2

2

7

I 0

‘ “ clay...
*  colored grave] medmm CORrse..
“ ‘  gand, medium fine... v rebs e eee R ians
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No. 11.—Test Boring at Delair, 300 Feet FEast of Nos., 10 and 10K,
Elevation, 68 feet; depth, 44 feet.
(65 73 1) S TS 4% feet = 4} feet.

Orange-1ed ClaY.. .c.ovce corrmermriimnes mrrnessreanirirrn e senes 78 0 =12 ¥
Yellow fine gravel..cccecciiiiiiiciins srevriniminirnicsesssiene 2 0 =14 ¢

Orange-Follow ClaF...coceiininiinini i s e, 3 “ =17
“ “  clayey Band...... i mnnsnsneieenne. 3 0 =20 ¢
Reddish clay......ccccvveviiiiviiiinriiiiciiisieisvisrresnin e 3 0 =230
Clay (00 BRIPLE)...iccvvmrn i ssar s s er s ne e 1 v =2 ¢
Fine yollow gravel ....ccccovviiiviniininiviemeninisnevsssssesieensineens 8 4 =382 ¢
* ¢ pandy clay......... RPN breiets Cerbass essanee s 2 ¢ =8 “
Reddish yellow sand................ eereriestenees erreete e aaie 1% * =35} ¢
“ “ “ glightly coarser......ccovirervnevrnineeee, 84 Y0 =44 ¢

No. 12.—Test Boring al Delair, 300 Feet East of No. 11.
Elevation, 67 feet ; depth, 23 feet,

Soil and heavy gravel, with pebblea cererennnnenncannense 13 foet = 14 feet.,
Yollowigh-red elay. ccccrerrimnincvnsissn cneernseecnneresnersn e 08 0 = 7 ¢
Yéllowish-red fine gravel........coce criviiivvinnnee, 8§ " =1
Yellowish-red fine clay........ Veerasreninnbnbae s 3 * =18 =«
Yellowish-red fine gravel, lighter in Bhade + " =18 “
Yallowish-red sandy clay... rraran canres e 13 <20 %
Fine gravel or sand, hghter ﬂhade veeveenrierans srrstnbnnneeneneeees 1§ 0 =218

(1]
Gravel ..o i i e e e, y =82 &
FIno BN, eeen s i cererre eerairrss s sss rrars sssnee basssesiasta toseerans 1 ¢+ =25 ¢

No. 12K.—Test Boring at Delair, 20 Feet Fast of No. 12.
Elevation, 88 feet ; depth, 32 feet.

Record made from borings shown by Wm. H, Knowles, artesian
well contractor :

Yellowish-colored 108M... . crriermmrenn cvrressrsccinssmsciisarasioncanr 2 feet—= 2 foet.
Reddish-yellow gravelly clay....c.oinisiiinivecnnineraninninn “ =45 “
Yellowish gravelly clay... e =10 *“
Lighter-yellow clay, thh large gravel in 1t “ =26 ¢
Tronstone, 6 inches.....c..v.e. .. ¢o=28} ¢
Orange-colored BANA, .ccveies corvini e e e “w =32 *
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No. 13.—Test Boring at Delair, 300 Feet East of No. 11,

Elevation, 70 feot ; depth, 12} feet.

[2]+) ] ISR
Yellowish-red BARd.....ceveee verems creisirenimnnansnn i sissssns el
Ironstone crust, 4 inches.

Reddish-yellow clay.......coccivivinioiririennnnens S eseatrar s aii e 1 ¢
Reddish-yellow sandy clay... 7
Reddish-yellow sandy clay, llghter in shade Y I

Jd foot== 1 foot.

= 2 feet.

(=

[

3
6 113
12; [

No. 13K.—Test Boring at Delair, Within 1 Foot of No. 12.

Elevation, 70 feet ; depth, 25 feet.

Record made from examination of specimens shown by W. H.

Knowles.

Hoil...

Reddxsh clay
Orange-yellow eand

Orange-red sand........................... N

Orange-yellow sand..........oeesrreererairens

B eNeEsarastRrenraRr sra TRk RRAER B bt

svrsesranrenseinenn

.. 1foot = 1 foot.

.. 4 feet
e 3
ceveaaraas B ¥
errerbresaaeraain rrreaean verens 12

L3

5 feet.
8 '
]3 [13

[

1] — 25 111

¢

No 14.—Test Boring at Delair, 300 Feet East of No 13.

Elevation, 54 feet; depth, 39 feet.
Ten feet of white, plastic clay at 24 to 34 feet.

Soil.. Cerenereaanin weareansnee

veereraenes 2 foat

Gravel and reddlsh yollow sandy clay ceinnes 13

Reddish-yetlow clay and

Reddish-yellow fine gravel

Lighter-colored fine gand. ....

White plastic clay.....ccue..

White fine sand. ......cccceveunvans
White plaatic clay.............

White fine sand.....cvverieress
White sand, coarser....

medium coarse

or coarse sand.... 4

........................ 4}

Yellow coarse sand or gravel ...................... &

White plastic clay, ...

White clay (no specimen)

White 8and. .cicsvinnianvane
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3

43
8}

8
=11
=12}
=17
=23
=233
= 34}
=37
=39

flanl

2 feat,

L1

Raritan

" Cretaceous.
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The engineer’s profile of these test borings shows that the Fish
House clays have disappeared before reaching eastward to the location
of thiz well. A few inches of white clay are noted at the depth of
about ten feel, while ten feet of white clay occur between the depths
of 24 and 34 feet. All of this section below the depth of about ten
feet is characteristically the Cretaceons, white, plastic clay and sandy
clays, and belongs to the Raritan division thereof.

No. 14K.—Test Boring at Delatr, 46 Feel East of No. 14.
Elevation, 46 feet; depth, 18 feet.

This record was made from borings in the possession of Wm, H.
Knowles, and being in a hollow between test borings Nos. 14 and 15,
and therefore on lower ground, especially completes our section.

Brownish sand.....cc.eeriiecninie veerrim e ene e aee eees. 8 fBt = 4 feet,
Yeliow clay.... .1 % = ph
Light orange-yellow aand .................................................... 11 “ =16 “

No. 15.—Test Boring at Delair, 300 Feet East of No. 14.

Elevation, 58 feet ; depth, 28 feet.

1. Yellowish-red sand......cccuvererrereriiemrerneeneeninnitvsesee e 2 fegt = 2 feet
2. Yellowish-red gmve] v & % = 6
3. Yellowish-red gravel, llghter shade crerenerenene 1 ¢ = 7
4. Yellowlsh-red gravel, 88 No. Z.....ccui ccovvirminicnnnrinannansnns 1l ¥ =138 =«
5. Yellowish-red gand, lighter shade........c.. ccccovrenrniriinns 3 " =11 =«
6. Yellowish-gray sand ....cccoeviviiiiiimiiiiininvinnnnisnnceccias 74 4 =18} ©
7. Brownish 8a0d ...cccviviiiivminiiceiini s cvcnnesennieniennnenns 14 % =200 ¢
8. Brownish 8a0d ...ccceo i s e e e 1 =21 0
9. Gray 880 s e e e 44 0 = 254 Y
10, Fine 8B .cevviee ccrrerercernenirieiensremieransesnsesnsnisons seennson % =28

11, Coarge BANM.....cveivvereircaraeniiiioraasensomsacensrosemsenreneneane £ ¢ =27 ¥
12, Fine BANd..ccciiii v i ciiriiii i reeisverenestneressieiarnnees e 1 == 28

No. 16.—Test Boring at Delair, 300 Feet East of No. 15.

Elevation, 64 feet ; depth, 20 feet.

Soil... ane PR UUTRRPUOURUUTTORUUPRTORRE. S {11 S S -1 -1
Reddmh gravel nnd clay STURRTUURVSUIRUPUURTRTRURTOI L1 ST I S
Light yellow Band... coccieiiiiiiiiiiiins sinmimiinsissisr e ienssseiesenins 3 " 18
Light yellow sand........cocoveeeenn fevertmnuserencesuan e terentianereran 4 " 20 ¢
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No. 17.—Test Boring ot Delair, 850 Feet Fast of No. 16

Elevation, 58 feet ; depth, 21 feet.

Boil... - reererevresesesrsencemessemerneeresenevenns & fOOE, 4 foOk.
Reddmh yellow clayey sand vereresneennnscnnensesmnneerens nenes 124 fo0t, 13 fogt.
Orange-yellow sand... SRVUPUUSUTURRTRURURRUVERPOUNPTORPRRTE | SLLID © I S
Orange-yellow clay, 2 inches erertrenrerinssaensesetnareesnrernsennntnes = — U
Qrange-yellow gravel or coarse BARd.........ivmesininicennn 8 « 18 ¢
Fine gravel, slightly lighter shade.......c... i 8 w21 ¢

No. 18.— Test Boring at Delair, 360 Feet Bast of No. 17.

Elevation, 36 feet; depth, 21 feet.

B8 eee e seee s s et essee et smare meerensbesecte 2} feel = 2} feet.

Tronish-yellow fine gravel......cwusrscrersssmescrsneiannineens & = 6} o
Light-colored ClaY..oreieecirmmriosisiis i iansrnts sesenssesinnin ¥ o== 7 ¥
Orange-yellow 880 . reencrenvesiniiiniisnnearnrasss s s 5 ¢ =12 *
Orange-yellow 880, CORIBBT........o.coiiiviinmmanin iascrutisinsenis 2 ¢ =14} ¢
Medinm coarse sand, lighter color......e s 2 ¢ =16 ¢
Finer sand, lighter ColoZu......cveervensnasnssnsssiannnen e 4 % =21 e

The last stratum closely resembles the white sands of the Plastic
clay formation.

No. 19.—Test Boring al Delair, 300 Feet Euast of No. I8.

Elevation, 46 feet ; depth, 20 feet.

Soil... verrersrrsesmenesnsannns 1 foOt = 1 foot.
Omnge-yellow coarge snnd or ﬂne grave] srereirreriinenns T foet = B feet.
Orange-yellow coarae gravel........cccisirirmr i 12 ¢ =20 “

No. 20.—8hallow Dug Well near Fish House.
Elevation, 5 feet; depth, 20 feet. (7}

This well was dug inside the terra-cotta works of Augustus Reeve.
Its depth is probably vot over 20 feet. It passed through a thio
bed of white clay, probably of the plastic clay series, before obtaining
its supply of water.
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No. 21.—Test Boring South of Delair, on the South Line of Brown-
ing’s Lane.

Elevation, 34 feet; depth, 20 foet.
Record made from specimens in the possession of Hatch Bros., and correlated
with the railroad company’s duaplicate series,

1. Boil... . ceeres 1 oot = 1 foot,
2. Fine gravel Fieseeearars nab e reerae tetbararerreonssaes .. 3 feet = 4 feet,
3. Yellow ﬂnesand cerannnns OO S LI S
4. Gravel.................... ......................... et i e e ree 34 =10 "
5, Orange-yellow Sand........cccceieiriirrenirmnrnininecrernsiannes s 208 =z 12 0¢
8. Orange-yellow coarse BAIOd .....c.ccrvcverirerrnvirerimrinnens ssnenaene 2 86 — 14 %
7. Orange-yellow sand and coarse gravel........cccccoeviiiriennnenn, 2% =16 *“
8. Orange-yellow sand, fine........c...coevverivniecinnrninennanes ‘e 4 =20 ¢

No. 22.—Test Boring South of Delair, 100 Feet South of No. 21.

Elevation, 35 feet; depth, 18 feet.
Record made from specimens in the possession of Hatch Bros., and correlated
with the railroad company’s duplicate saries.

B - U 1 foot— 1 foot.
2. Yellow Band crrrerme et L % == 2 foet.
3. Orange-yellow Band or gravel ererrirereiaia ssrssrsensinrenne 2 feet— 4 ¢
4, Orange-yellow sand and heavy gravel.....................‘..... 4 ¢ — g} ¢
B. Brownigh-yellow claF.......covccrricisniiicrcrnncns sevecnenreeees 33 4 =12 ¥
6. Orangs-yellow coarse sand or grave] R S & S
7. Orange-yellow sand, lighter color,....... Cereev ey e 3 ¢ =18 «

No, 23.—Test Boring South of Delair, 175 Feet East of No. 22,
Elevation, 33 feet; depth, 13 feet.

Record made from samples in the possession of Hatch Bros., and
correlated with the railroad company’s duplicate series :

1. 800k ccieirinrenirner i rrebis i csnseeses s e res s e e 3 f006 = 1 foOt,

2 Fine yellow gravel.. Ceresranensnens ettt e 2 f606 = 3 foet
3. Fine yellow gravel and coarge sand el Y = 6 ¥
4. Yellowish €lay....coveivivirarrineineiimi i e caese e 7 % =13 ¢
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No. 84.— Test Boring South of Delair, 300 Feet South of No. 23.
Elevation, 34 feet; depth, 18 feet.

Record made from specimens shown by Hatch Bros., and correlated
with the railroad company’s duplicate series :

1, Boiliorrrirerciiaciansmnmninn, 2} feet — 2} feet.
2, Band or fine gravel ........ resrinrieerresrerrrensannnenn 3 0 = 4} ¢
8. Dark cla¥.criiien. errereerenene 7y W o=12 ¢
4. Black sandy clay......cocieerirnainnn “ =18} *
6. Orange-yellow clay... e e rreiseranaias =137
6. Orange-yellow coarse snnd or ﬁna gravel s v =18

No. 25.—Test Boring South of Delair, 300 Feet South of No. 24.
Elevation, 43 feet ; deptb, 28 feet.

Record made from specimens shown by Hatch Brothers, and corre-
lated with the railroad company’s duplicate series,

1. B0oil.cniiincsnnens rerrersbssisnnsranresennies sereermensnsenennens 1 f00t = 1 foot,
2. Orange-yellow sand ..................... edasetiresranntiraransiriany 1} feet = 23 feet.
3. Orange-red sand...... Verenrrssressasasraresensisas et 2 " o= 4} ¢
4. Orapge-colored gravel or coarse BARd. .coccecencvvvrrscnensene 3 ¢ =&
5. Orange-red irony BA0A.. e e cmnceneiins ey & = B}y
6. Orange-yellow BBR..uicreservsrsarecsensens sesnssieinens e 3N = #
7. Fine gravel and eand, lighter color.......ccoovcinnnnn, $ ¢ = 6} “
8 Sand and gravel and large pebbles ST UPI 13 * =8
9. Dark clay.....coernens L4 =022 ¢
[ Ironstone.... '}
10. { j Orango-red clay. o " R S

Ironstone crust B lnches. } AssrENTrreERt AR AANIRT IR EAA Y
L Orange-yellow gravel ......... J

11. Yellowish-gray gravel.......covieeie reerrenrerernenaeenreees ¥ =24F ¥
12. Yellowish-gray gravel, llghter shade ceeresrenneennees 34 0 =28 ¢

No. 86k.—Test Boring South of Delair, 42 Feet South of No, 26.

Elevation, 45 feet ; depth, 28 feet.

Record from samples shown by W. H. Knowles.

BOH eevrrvrrrcncianianeninnimn e ienes t eriesiererrasereasense vrreesas wreervensen 1 foot= 1 foot.
BRABA o1oevrrevree e erierrarerr st rrany seenaasesssnns 2 feet=: 3 feat.
Band. . e feerereaEiasearateceneiasenierratanesvasrarnin 1 ¥ =4
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Yellow a8ndy lay..eeiiniiiniceniicn i e 3 feet= 7 feet.
Fine gravel...vicccne i mnrvnsrsniccrnniresssnrennens & % = § @
YelloW Clay vvuereieeinrisiiiccin s et e ey 8 0 =15 0
BIacK ClBY.. coccesiniirmisiiiiinini e reeieneees seees st s rees 8§ * =28 ¥
Orange-Fellow CIaF....cocvivvimeiiiiininiees i s ssrintreaeee rereseran 1 % =24

Ironstone erumt,...oiee vvvsiinen it v e, Y =243
Orange-yellow BaNd....ccoveiicreicnricciniiiirscenstsineessereeecnessniens 34 ' =28 4

No. &7.—Test Boring South of Delair, 300 Feet South of No, 95.
Elevation, 52 feet; depth, 34 feat.

Record mnade from samples shown by Hatch Brothers and corre-
lated with the railroad company’s duplicate series.

L BOMlu corrisenisranrrininiie e et e drnrr e e re et s sra seaeas 2 feet = 2 foet.
2, Orange-red gravel........ccccociciicrrivrsernenese e enessiene e, 2 " =4
3. Light-yellow gravel... .covrieemsireeriniinsiinciiincecicine e, 44 #1 = 81 ¢
4. Gravel.....ovciis e e § M 2= @ 0
B. Orange-red clayey 8and........ccoceviniisirensieecvunrnsesnnenrornns 2 Y o=11
8. Dark €lay...cuimu rervrniieincin e e 214 0 =324 @
7. Yellowish gravel..... ccccevemiiiiiiiveriioreicnieressires iessss sesrennas 13 ¢¢ =3¢ o

No. 28.—Test Boring South of Delair, 200 Feet South of No. £7.
Elevation, 52 feet ; depth, 35 feat,

Record made from specimens shown by Hatch Brothers and corre-
lated with the railroad company’s duplicate series,

The saperficial sands and gravels of the preceding records had been
stripped from the surface of the clay at the location of this well.
The boring commenced on the top of the clay. The elevation noted
is that of the top of the clay and not of the original surface, which:
must have been some five to eight feet higher.

1. YolloWish ClaY ..ccceicriniiiiiieiincrrniiionieeiincreceerntveesenn e 81 feet = B} foet.
2. Dark ClaY. e ciierniins s s s e e 154 * =24 ¢
3. Dark randy €lay...... ooiviiiis cicvinie sessreeeercenene cerern e " =381 "
4. Ironstone crust, &0 ...cceecvveneivicrienieinrennans et eae L2t =34
b. Light-colored 880d......eivievrirmiininresrerucimenee e cnienan 1 ¢ =3 '

No. 20,— Test Boring South of Delair, 100 Feet South of No. 28.
Elevation, 25 feat; depth, 7 feet.

Record made from samplesshown by Hatch Brothers and correlated
with the railroad company’s duplicate series.
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This Loring was made on the floor of the pit, most of the black
<clay of the previous records having been removed.

BIAacKk ClAF . uierieernmenieisisisisisniiinsnsinnirnensinins rars anresbssinessicane e 4 feet = 4 feet.
Qrange-yellow clay......ccccceniiiiiiiiniinin i e 1% =p
Ironstone crust, say 6 inches.

Band And gravel....ue e e s 2% =7

No. 80.~—Test Boring South of Delair, 140 Feet South of No. £9.
Elevation, 28 feet ; depth, 8 feet,

Record obtained from the railroad company’s profile.
Like the preceding well, this one also was located on the floor of
the pit from which nearly all the clay had been removed.

Yellowish clay...cccooenieimiiiicinieiiiniiis nensssinisisnsnne s e 1 foot =1 foot.
Sand and gravel......... . ceeecvecrinnisnenesnsieenes cennnnes 7 1004 == 8 foet.

No. 81.—Test Boring South of Delair, 95 Feet South of No. $0.
Elevation, 3! feet; depth, 21 feet.

This boriog was also made from the floor of the excavation, An
examination of specimens furnished by the railroad company gives us
the following record :

Burface sand.... .cccerniiciin i s e e 100 fest, 10 feet,
Orange-yellow 880 .vceuvis ciiriisivaniiiesi s iies sasersrms ssesasesinr 3 ¢ 13 ¢
Orange-yellow sand, lighter in shade.....c.ooveciriviciiiiviciiennn 74 % 21 ¥

No. 32— Test Boring South of Delair, near Fish House Station,
486 Feet South of No. 31.

Elevation, 21 feet; depth, 6 feet.

This boring, like the three borings previously noticed, was made
from the floor of the excavation. It commenced on the iron-
stone crust, which has “a thickness of about three to six inches,
and then penetrated a. yellowish gravel to the depth of six feet.
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No. )5, —Test Boring South of Delair, Near Fish House Station,
190 Feet Southwest of No. 32,
Elevation, 41; depth, 36 feet,

Record made from an examination of the railroad company’s
borings.

Boil... BNV SIS (s 1+ S S (111
Ornnge-red annd rtsesinieiaesinneeneeee 2 f68L 3 feet.
Orange-red sandy cla.y. . 1} 4 @
Orange-red clayey sand L I
Orenge-yellow sandy clay........... rerenn borenes 28 100 -
Orange-red sand......ceeeees crcereiieeiienrisinecsicnns & ¢ 16 ¢
Dark clay..coirare v PRV R S 1 B
Orange-yellowish clay rrenees e eneeeee 10 17 04
Orange-reddish yellow Bs.nd ﬁne ............. Ve 2 “ 19 =«
Orange-reddish yellowsand, fine..................... g “27 ¢
a. Light-colored sand, coarge........c.ooceenemeeccvene 3 4 30 ¢

]
b. Light-colored sand, iner. . e ivsirersienn 1 “ 3L “ ! Raritan

c. Light-colored sand, much coarser thana...... 3 * 34 t Cretaceous,
d. Fine white 8a0d...ue.verereeroriveemeecrirsiessnnes 2 4 36 0

No. ) j—Test Boring South from Delair, Near Fish House Siation,
on the Cove Road, 90 Feet Southwest of No. 33.

Elevation, 38 feet ; depth, 28 feet,

Record compiled from samples of the boring furnished by the rail-
road company.

B0ilueeriirin crriirire e e 2 fe0t, 2 feet,
Fine yellow sand.......cc.ccociiviiniiiirinniennnenn . 6 30 0

Orange-yellow gravel....cccocceiciicn covmrvrnnsneenl 0 4 ¥
Orange-yellow sandy clay......... e e 2 ¢ g v
Coarse gravel............... renire rern e et | S
Orange-yellow clay...ccoovvvrmeinceniiiciciniicnnn2 0 9 4

Light yellowish white clay......ccooeoives weiennn B4 4 143 )

White elay..cooeic i scene e By 200 |

White C1ag...--vu-eves civeresnsrmssemmersssrmrnsesnres core T I i
White clay....... .coccvvuinnan. “ 95 o

White 8and...c..viveemin voereinine crecarnn s rersenees 28 ¢ J
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No. 85 K.—Test Boring South from Delair, Near Fish House Station,
and Near No, 35,

Elevation, 44 feet; depth, 33 feet.

This boring was made by W. H. Knowles, who kept a careful
record, which he furnished to Augustus Reeve. The latter courteously
placed the same in our hands. It is as follows:

Specimen » Thickness of Total
umber. Kinds of Material. Strata. Depths.
1. TOop 80ili.ccriemririccmriciciiininiin v ineres wosreeeninenns. 34 feBt. 3} feet.
2. Moulding 8and.....ccovcvemre i . 139 5
3. [ 1 s 4 © g
4, Very fine gand........ cococive e vieinneisicinsneenn. & ¥ 13 ¢
b. (3 00 ) F U U RPUTUSDRRUPRRTRTITUU [ Sl 145 ¢
6. Blue Clay..ccnviins s e e B} 20

Tronstone Crust. ..ccevieveeer cierrenrensrenressiesnssonsiies 8 inches. 20} “
7. Dark 8and.....cooiicrmiiiiiiiin e s e, 2} feet, 23
8. Fine light sand........ccc. cooeimrennrenns et rnaien 4 v 27 =
8. Dark sand... ee S FTUUUTRIY: S s
10. Light sand and gmvel ...................................... 8 3

No. 35.—Test Boring South of Delair, Near Fish House Station,
185 Feet South of No. 82.

Elevation, 41 fest; depth, 30 feet.

Record made from an examination of the railroad company’s
borings.

Boil... PO URPRUPRTRRORS S (+:3 S B ;> 1o1 X
Omnge red sand e s nna 2 [80E 3 feet.
Orange-red clay... SO VU RPUURDRRTOTINS ST S
Orange-red sand, ﬂne ............................................................ 7 Y 11 ¢
Orange-red BaNd, COBIBBL. ... vrree nrrieers israrenssrrarasasnsienss rassnssse 1«12k ¢
Black clay...cccciiiieiminiiriiiin e s 8 203 ¥
Trom-1ed ARG .ot ettt ety e aaeee P2
€7 23 P TP 5 w28
Band v e s e e d 0300

No, 86, —Test Boring South of Delair, Near Fish House Slation,
65 Feet South of No. 35.

Elevation, 42 feet; depth, 19 feet.

Record complled from an examination of bormgs furnished by the
railroad company’s engineer:
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Soil.. v veveserer riee e erbeiaerrsaren esrannan vrrsrne Verrennertneestant by 1 foot, 1 foot.
Orange-yellow 8and.....c.o.-.. ererrsrsnsinansensn e J0BE, 8 feet,
Otange-1ed SAR0.. wuveeee virveerrseeiiscimassirenn s st e s g 5 ¢
BIACK CIBF.eerreee-aeerriesresssasessorsnranssmests terassasssiarn mrens seenssansnnssss 1 ¢ 6 -
Iron-red sand........ FUUIUPPURCRIRU B 7
Dark elay. s carecne UL e enrars v erenr 1« g «
Orange-yellow gravel, with large pabbles rrrerererarm e 10 ¢
Orange-yellow €lay. vrieninnnn. ITTUUUTURTURPRRRRS LRI § S
Orange-yellow clayey aand [SUTUSUBUNVRRTeITre et : SR & T
Black BANAY ClAY..eerrs vorserarsvanrneriemsrmrrecsisrsians i an seams e e 6 « 19

. 47.—Test Boring South of Delair, near Fish House Station, on the
Cove Road, 155 Feet South of No. 36.

Elevation, 35 feet ; depth, 30 feet.

Record made from an examination of the railroad company’s speci-
mens of the borings,

E310) | PSP berterieree s 2 feet 2 feet
Orange-red BARd ..ocvveeiniorninririsnes oo w1 8
Orange-red gravel, with pebbles. ...... “ B«
Orange-red sandy ClaY coerin wane o oo S B
Fine yellow clay......ccomnneimvnineniiniinciones e “og
Course gravel....vvsrimrmisen e . P I VA
Fine sand, light in color...... rrererer e 1t 18
Yellow sandy clay........ ereseniaernne ¢ e aees RPN 5« 23 ¢
Orange-colored gand........coocimriiinenan .2 % 2

4 = 29 ¢ Raritan
1 ¢ 30 ¢ COretaceons.

White clay, sandy
White clayey sand

A, -78.— Test Boring South of Delair, Near Fish House Slation,
150 Feet South of No. 55.
Elevation, 40 feet ; depth, 38 feet.

Record compiled from an examination of specimens furnished by
the railroad company : )

Boil oo eveeserermrinneeannansietran mraanan tereererssaenrinesrerennneneneennionnl foot = 1 foot.
Yellow gand...ccoene o0 pearreaniiene DU PPTOTIPN 5 feet = 6 feet.
Fine sand...... Vet eeerensaniesarisinban T et e n b peseren e TP iy " =T ¢
Gravel, yellow. wocarennienne et erersamermriieiiis teversasensreenynnbiny 3 ¢ =104 ¢
YOLLOW CIAYcvverraeerercrsurairnacessirersssmanerssmssmsssssnssnsmannnssnsns L 0= 113 ¢
Black clay...... ereeerreersranearane etens s aerenneeeg == 1440
YBIIOW ClAY ccurnnrnrs sremeersnas intrnnes ceaensanrnens tensaa b e 1 % =18} "'
Tron-TO8EY BADA reeeaes svirrees smrrne st s et s Wl M =164 ¢
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Reddish-yellow fine gravel............. ceeviviiiiiirciineiininn i iereens 2} foet = 19 feet.
Yellow eand...... VaivEbeetenstteriEsiersbratne s nernera e s i saabaiae orousan 2 “ =31 *
Reddish-yellow sand........ccc.ovvevireniininiae el evee b “ =26
Yellowsand and gravel........ccocviiimviiiiiiiieii st ¢ == 81 ¥
Whitish sand............... R st s nes e e s ses e e e e s ne e rrans 7 ¢ =38 ¢

No. 38K.—Test Boring South from Delair and Near Fish Houss
Station, Adjacent to No., 38.

Elevation, 40 fest ; depth, 20 feet.

This boring was made by W. H. Kuowles, who kept a careful
record which he furnished to August Reeve, for whom the work was’
done, and who kindly placed the record in our hands. It is as fol-
lows:

Number of Thickness ‘Total

‘Specimen, Kind of Material, of Strata, Depths.
1. TOP B0il.cceiiiies crvrrrceeree et e ree e e 84 feet. 3} fest.
2. Moulding sand.......cccoiiiin i it v e, 13« 65
3. Sand... e essennnt e arniaren s araaraesterann 2 70"
4, Very ﬁne aand......... ................................. 1 ¢ g
5. Gravel...v.ccovvermmrneiannns ererrrenran tesrenaeaaas 3 iunches.
6. Yellow clay.crrerne coienins vrenissncvininrinianenienes 54 foot, 13 “
7. Gravel . e e e B Y 20 *

No. 39.—Test Boring South of Delair, Near Fish House Station,
76 Feet South of No. 38.

Elevation, 39 feet; depth, 15 feet.

Record made from an examination of borings made for the railroad
company :

Boil... g S UURNOPRTRPUPPTE I (1 s | - SR (:Y+ %
Fmeyellowaand..... Hembraan e rar e beeeere saeeaaaaaees serrina 3 feet = 4 feet.
Orange-yolloW elay...cuieeiiiivien riiiiie e ceen e e 1 “=5§ «
Gray AN, e mireinie i cersiereeniinerenn rrrrseararanns 4 Moo= g ¥
Orange-red clayey 8and.........cccccveriveirceiier ciiirinnee ceniens 1 ¥ =10 *

Greenish elay...ciiiiiiins i e ® =11
Yellow ClaY.wvieniiiivrrrennne crircenn e secersoiesnicnanenn, § =114 %
Black clay.ciiieeceemnciirniriiiiciieacererane e eeeeies s raens weres 2 4 o=13 =
Light or colored clay..........cooovnniiicieeceinnn. vere e 1y ¥ =15 ¢

16 gEO
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No. ju.—Test Doring South of Delair, Near Fish House Station,
100 Fect South of No. 39, on the Cove Road.

Elevation, 34 feet; depth, 15 feet.

BUIFACE BRI e coeer it iiitient ersnra it n s ras s e b rere 1 foot 1 foot.
Orange-yellow sandy clay ...oovoovnes v ceeiy vieeees OO, 2 feet 3 feat.
Orange-red Clayey BANG . ovivevreiooes et e rerie e cerrrrrerane 1 4
Gravel, some large pebbles.....covvri o e e 2 " ¢
a. Orange-Yellow, 8andy clay..... v i e 1~ 7
b. Yellow clay, lighter in shade than a... ... oo v 2 v g«
Orange-yelloW BARG..orievieriic i it st ey e e 6 " 15

Nes. 31 end j2.—Test Borings South of Delair, Near Fish House
Station.

Fish House clay absent.

These borings were made 125 feet and 225 feet, respectively, south-
west of No. 38.  They were put down to a depth of but a few feet
only in sand nnd gravel, sufficient, however, to show that the yellow
and black clays of the Fish House had run out before reaching so far
to the southward, No specimens were obtained of these two borings.

No, 4} —DBorcd Wl af Délair, River Road South of Velde Avenue.
Elevation, 57 feet; depth, 60 feet.

This well Las a depth of 60 feet. In the upper portion 14
feet of black clay (IYish House clay) was penetrated. Water was
obtained at the depth of 50 to 60 feet in a mixture ot white sand
and gravel with large pebbles. The water horizon is probably Cre-
tnceous, while all, or cearly all, above is of a much later age.

No. 5.~ Bored Well at Delair, at the Public Hall, River Road South
of Engard Avenue.

Elevation, 35 feet ; depth, 60 feet,

This well probably enters the Cretaceous in the lowest 10 or 15
foet. \Weconld not obtain information respecting it except as to depth.
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No. 46,— Bored Well at Delair, Velde Avenue West of Holman Avenue,
Elevation, 60 feet; depth, 49 feet.

As we write, this well is being bored. It was commenced in the
bottom of a dug well witk a depth of about 20 feet. It almost
immediately passed into the Fish Iouse black clay bed and into gravel
beneath, and had not at the depth attained of 49 feet encountered any
strata resembling those of the Cretaceous,

Its record, as furnished us by the men who drilled it, is:

Bottom of dug well on black clay at the depth of..................... 20 feet, 20 feet,
BIBCE ClaY. cvviiviiiiciiiiiiinirrerrereen cereantns smtms it e st e s vreves seen 17« 37«
Iron-Btone Crust.........ccimviinreciriinimnnes e e rrreees ceneas 1 ' 38 «
Reddish-yellow sand and clayey sand. ...cureievreriveriniine sveeenien. 11 “ 49

No. 47.—Bored Well at Delair, Velde Avenue East of Holman.
Elevation, 60 fest; depth, 65 feet.

This boring is said to have passed through black clay, undoubtedly
the Fish House beds, and to have obtained water at the depth of 60
to 65 feet in a coarse, white sand, probably Cretaceous.

No. 48.— Bored Well at Delair, Delair Avenue West of Day Avenue.
Elevation, 32 feet ; depth, 43 feet.

This well is on lower ground thaa any of the wells we have noted
west of the Camden and Amboy Railroad and north of Derousse
avenue,

It has a depth of 43 feet, and is said to have passed through yellow
and black clays shortly beneath the surface. The water-supply at the
bottom evidently is from the same horizon as that supplying Well
No, 47, the difference in depth being mainly due to the difference in
elevation.

The clays of the upper portion, probably, represent nearly the most
northern extension of the Fish House beds, the water horizon being
below them in the Cretaceous.
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No. 49.—Bored Well at Delair, South Side Derousse Avenue, East
of River Road.

Elevation, 70 feet; depth, 68 feet.

This weil is reported to have passed through considerable yellowish
clays before reaching a water-bearing whife sand at the base, at the
depth above named. It is but about 300 feet north of test wells Nos.
10 and 10K, and is on ground about seven feet higher. The two last-
named show by the borings we have on hand that they did not pass
below the Fish House clays and underlying yellowish gravel. This
well (No. 49) probably passed into Cretaceous strata at about the
depth of 60 feet.

No. 50.— Bored Well at Delair, Curtiss Avenue West of Barnard
Avenue.

Elevation, 35 feet ; depth, 60 feet,

This well is said to have been bored entirely in sand to the depth
of 60 feet, finding water in a white gravel at the bottom.

No. 51.—Bored Well at Delair, Curtiss Avenus, Euast of Barnard
Avenue,

Elevation, 35 feet ; depth, 60 feet.

This is a driven well, put down to a depth of 60 feet. White clay,
probably Cretaceous, plastic clay, is said to have been passed through
in the lower portion before reaching a water horizon.

No 52.—Bored Well at Delair, West Side of Railroad Avenue, Nirth
of Curtiss Avenue.

Elevation, 22 foet ; depth, 37 feet.

This well is said to be thirty-seven feet deep and is said to have
missed the black clay, being beyond its western margin, and to have
been sunk mostly through sand and ‘gravel.

NEW JERSEY GEOLOGICAL SURVEY
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ANRUAL REPORT STATE GEOLOGIST OF NEW JERSEY, FOR 1898 FLATE XIN

Buried Tree Stump, Delair, N. J. Largest One of
Clump seen on Plate XII. Circumference at
top, 14 inches. Length to the Branch-
ing of the Roots, 1% feet.
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BURIED TREE-TRUNEKS AT DELAIR IN GRAVELS ABOVE THE FISH
HOUSE CLAY BEDS AND OF MORE RECENT AGE.

The extensive excavations made by the railroad company at Delair
reveal, upon the farm lately owned by Eli W. Browning, a surface
deposit consisting of five feet, more or less, of a fine gravel, almost
without a single pebble as large as a pea. This gravel at the cross-roads
in Delair rests directly upon the brownish-yellow colored upper stratum
of the Fish House black clay, but southward and southeastward there
intervenes between the surface-gravel and the clay, first and upper-
most, two to four feet of a fine sand- with a slightly greenish tinge
and somewhat clayey consistency ; then beneath this a bed only a foot
or 80 in thickness of yellow coarse gravel, with large pebbles and some
cobbles.

The same fine, surface gravel, the somewhat clayey fine sand and
the heavy gravel occur in the same order one-half mile southward, on
the Reeve property, at Fish House. They may there be seen in the
northern end of the cut through the hill, near the Cove road, to again
rest directly upon the black Fish House clay.

Five different points scattered over one field of the Browning farm
were pointed out fo the writer by several informants, where in con-
sequence of the excavations referred to there had been found in the
superficial gravel, a few feet from the surface, buried tree-stumps in an
upright position. The stumps had been removed from most of these
spots by a steam shovel and had probably been reburied in the railroad
embankment made close by. At one point on the side of a lane
which had been depressed to pass under an intended railroad siding,
since abandoned, there was early last spring to be seen still remaining
a single stump, and thirty feet therefrom a group of four stumps
which, by a little additional digging into the side of the bank, was in-
creased to six. This group is shown in place on plate XII, which is a
reproduction from a photograph made at the time by H. C. Borden,
who kindly loaned the negative for our use. The largest stump, which
was really a double one, representing, evidently, two trees joined a¢
the base, is shown in the photogravure, plate XILI, which also was
made from a negative of H. C. Borden’s. It measured fourteen inches
around near the top and is one and a half feet long to the branching
of the roots. This specimen is deposited in the Survey’s collections at
Trenton. When taken from the bank the tendrils of the roots were
still clinging thereto ; this may be seen in the picture.

NEW JERSEY GEOLOGICAL SURVEY




216 ANNUAL REPORT OF

The wood is in a remarkably good state of preservation, and can be
worked with either knife, saw or plane as readily as that from any
tree of the forests of to-day.

E. W. Browning states that until within a few years when under-
drains were put in, the area where the various stumps occurred was
more or less swampy most of the time., ladeed, the remarkable pres-
ervation of the wood unchanged is probably because the strata in
which they were imbedded has been continuously saturated with water,
held therein as in a reservoir by the impervious Fish House clays
beneath, The trees evidently grew upon the top of the sand bed,
since the branching of the roots occurred exactly at the junction of
the sand and the overlying fine gravel, the roots ramifying downward
into the sand and the trunks being imbedded in the gravel. From
an excavation, not pow exposed, but which had been wade near by
below the level of the depressed land, we areable to record the follow-
ing succession of strata, the elevation of the surface being nearly forty
feet :

Boil, with roots of living trees, which did not pass below this............. 3 feet.
Fine gravel, without pebbles; buried ‘ree-stumps in this....ccerreeinennnnn. g v
Greenish-gray, slightly clayey fine sand ; roofs of buried tree-stumps o

0 8o} 24
Reddish_—yellow hard gravel, almost hard-pan, with large pebbles and} 1

sometimes cobblef....ccccrss viviiinnne crrrenres rereereeererenaieraeieias

Below this are the Fish House clays, brownish on top and black
beneath,

The same succession of strata, as already stated, can be seen one-
half mile southward, io the cutting through the hill immediately east
of Fish House station and north of the Cove road. The uppermost
bed of fine gravel is here some nine feet thick, with a one and one-
half foot layer of moulding sand slightly above the middle. The fine,
greenish-gray sand is four feet thick and the underlying heavy gravel
again about one foot thick, and at the north end of the cut rests
immediately upon the black Fish House elay, which is well shown
in Reeve’s pit adjicent. Buried stumps have not, however, been
reported from this locality.

Piate XIV shows the correspondence of the stratification at the
two points noted, viz., at Delair and Fish House.

The group of stumps above figured and described, and the single
stump near by, have since been removed. As we go to press, there,
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however, still remain, some 300 feet westward, two other upright
buried stumps, one of which is eighteen inches in diameter and two
feet high. This stump, like the others, was buried in the fine surface
grave!, three feet of which was above it and two feet around it. The
bed of sand on and in which the others had grown appears to bea
lenticular bed, and had run out before reaching so far eastward, so
that these two stumps were just beyond its margin, and their roots
grew downward directly into the heavy underlying gravel, there being
packed among the roots heavy hard sandstone cobbles ranging from
two to fifteen pounds in weight.

Microscopical examinations of preparations of thin transverse,
radial and tangential sections from the trees in the clump and from
the two trees last noted have been made. These sectious demonstrate
that the trees are coniferous. Resin cells, with the resin still remain-
ing, can be seen with moderate magnifying power in the tangential
sections, while with high maguoification the radial sections show the
peculiar bordered pits known as tracheids and which are characteristic
of conifers. The pits are arranged in a single row on the wall of each
longitudinal tube.

We regard the thin bed of heavy gravel beneath the fine clayey
sand as of Pensauken age. The fine sand and overlying fine gravels
are, of course, of a slightly later age, but whether of a late Pensauken
time or of time still later than Pensauken, it may not, perhaps, be
safe to be too positive. We, however, incline to the latter view, at
least for the fine sand, in which case it may be of Jamesburg age.
Whether the overlying fine homogeneous gravel in which the stumps
were buried is of Jamesburg date and of fluvial origin, or is of more
recent date and possibly of wind-blown origin, and even within
historical times, we leave for fature determination.
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Bone of a Dinosaur,

An Immense Reptile, Associated With Ammonites and Other
Molluscan Fossils in Cretaceous (Matawan) Clay Marls, at
Merchantville, N. J.

Elevation of surface at the locality, 76 feet.

The Pennsylvania Railroad Company put down a test boring at
Merchantville, at the crossing of the Moorestown pike over their
branch from Delair to Haddonfield, The strata are as follows:

Boll A0 J0AM .. ..1itriiiisrierrercnrenenntinians it s sesseenseaenes 3 foot, = 3 feet.
Light-colored claY. ...coorinmrvireesiineicrieccr i ssinineee 8 = 6
Yollowish-Drown ela¥..eccriieniciicniiinirnninininir e cvaeninns 6 - =12 “
Brown and yellow-mottled clag........ccccoceeiiiinnnns vrerernan 6 « =18 «
Black clay marh. wvviiini e 24 Y 242 ¢

This boring was made preparatory to the making of a cut and the
building of bridge abutments to permit the turnpike to cross the rail-
road above grade. On subsequently making the excavation there
were found in the black clay marl of the above record, at the depth of
23 feet from the surface, or at an elevation above tide as stated by
the company’s engineer, of 53 feet, casts of ammonites and other
molluscan fossils, the specific forms of which are the same as those
occurring at Lenola, and which were noted in connection with the
record of a well at Maple Shade, in the annual report for the year
1893. The following are the forms obtained here:

CEPHALOPODA,

Ammonites (Placenticeras) placenta, DoKay,
Ammonites delawarensis, Morton,

KNauntilos dekayi, Murton,

Scaphites hippoerepiz, DeKay.

Baculites ovatus, Bay,

LAMELLIBRANCHIATA,

Axinea mortoni, Conrad.

Callista delawarensis, Gabb.

Cardiom {Fragum) tennistriatom, Whitfield.
Dianchora echinata, Morton.

Idonearca antross, Morton.

Martesia cretaces, Morton.

Neithea quinquecostata, Conrad.
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PLATE XV.

METATARSAL BONE OF A DINOSAUR.
Order Predentata, Marsh (Herbivorous).
Sub-order Ornithopoda, Marsh (Bird Foot).

Genera and Species—Ornithotarsus Immanis, Cope.

Figure 1—Right Side.
¢ 2—TFront.
3 —Left Side.
4—Back.

]I
i(One-llalf size of original.
J

5—Upper plane of fracture. Exact size of original.

6—Lower plane of fracture, with Joint below.
Somewhat larger than original.

The fracture planes exhibit the cancellated structure of the

centre of the shaft.

Mattawan Clay Marl, Cretaceous,

Merchantville, N. ]J.
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Panopea decisa, Conrad.
Pholadomya occldentalis, Morton,
Plicatula urticosa, Morton.

Teredo tibialis, Morton.

GABTROPODA.

Avellapg —— ——58p?
Lunatia halli, Gabb.

Pyropsia erraticus, Whitfield.
Turritella vertebroides, Morton.

DINOSAUR REMAINS,

A few feet above the molluscan horizon just noticed, there was ob-
tained from the iron rusty, brown and mottled yellow clay of the
above record one of the bones of the foot of an immense Dinosaur.
Plate XV shows photographic views of the four sides of this boue,
one-half the natural size, and also a view, natural size, and another
slightly larger than nature of a cross-fracture of the shaft near the
lower joint. The cancellated structure characteristic of bone tissue
is well shown on the fractured surfaces. The bone is fifteen inches
long, and near the middle of the shaft is four inches wide and two
and one-half inches thick. Ouo submitting the specimen to Prof. E.
D. Cope, he pronounced it the middle metatarsal of the right hind
limb of an animal of the family of Dinosaurian reptiles known as
the Hadrosaurs. Without other portions of the skeleton he could not
be certain as to the species, but said it was probably Ornitholarsus
immanis, as named by him in 1869 from some bones found by the
Rev. Samuel Lockwood in the clays on the shore of Raritan bay. '

In the Museum of the Academy of Natural Science of Philadelphia
there is a restored skeleton of another species of an Hadrosaurian
Dinosaur { Hadrosaurus Foulkii, Cope), obtained from a higher stratum
of the clay warls near Haddonfield, N. J., and but a few miles east-
ward from this locality. The corresponding bone in the Haddonfield
specimen is but ten inches long, or two-thirds the size of the bone now
being noticed. This indicates probably a much larger animal.

There are both carnivorous and herbivorous Dinosaurs; this one
was probably herbivorous. These animals were dominant in Triassic,
Juragsic and Cretaceous times. Many of them, and especially the
Hadrosaur family, had comparatively short fore limbs, long hind
limbs, and a long tail. The fore limbs had five digits, and the hind
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ones only three, They walked on their hind limbs, and made im-
mense three-toed impressions in the sands of their day, which have
been especially well preserved in the Newark or Triassic red sandstones
of the Connecticut valley, and were long erroneously supposed to be
the tracks of large birds, The limb to which the bone at Merchant-
ville belonged was probably about ten feet long.
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View from the Base.

View toward the Base.

Silicifled Tree Trunk, Lindenwold, N. J.
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Silicified Tree=trunk at Lindenwold, N. J.

Length, 26 feet.
Diameter at the base, 7 fest 6 inches; diameter 12 feet higher, § feet.

The record of a well-boring on the 100-foot hill west of Linden-
wold station, shows that beneath the surface gravels and sands, which
are of a lightish-yellow color, there oceurs a bed of deep orange-colored
sand, the top of which is reached at about the depth of 25 feet. This
sand bed, with the same characteristic color, is found beneath a thin
layer of cultivated soil in a field about one-third of a mile northeast
of the well, on ground twenty to forty feet lower and between the
80 and 60 foot contour lines shown on the topographical map of that
region. ’

From this orange-colored sand, at a poiat in this field on the 70-foot
contour line and on the south side of the valley occupied by thesouthern-
most of the two main streams supplying Kirkwood pond, the farmer
has been annually plowing up fragments of orange-colored silicified
wood, which he has left strewn upon thesurface so as to cover a space
some twenty feet or more in diameter. Suspecting these indicated the
remains of a fossilized stump, the writer, accompanied by three friends,
visited the spot and had an excavation made revealing a prostrate tree-
trunk, of which we present on plate X VI, reproductions from photo-
graphs taken by George Vaux, Jr., showing two views a8 it lay in the
ground, one looking upward from the base and the other downward
toward the base. Its width at the base is shown by two staves placed
on the opposite sides, to the right and to the left of the sitting figure.
It measured about seven feet six inches mcross at the Llase, which
had been much broken by the plough, The width seven feet higher
was six feet three inches, and five feet still higher five feet two inches.
Beyond this the central part of the trunk was missing, but the outer
portions continued as two parallel arms, in live with the lower part of
the trunk, for about the same additional distance. The total length
as carefully measured, was twenty-six feet. The tree lay pointing
inward upon the side of a slope facing eastward. The base was even
with the surface, but the upper end was buried about two and a balf
fect. The silicification is most perfect. The rings of annual growth
are plainly shown. They numbered twenty in one fragment with a
thickness of one inch, and fifty-two in another with a thickness of two
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inches, while in another fragment, one and a half inches thick, seven
rings were shown oo one side within the space of one half an inch,
and eight rings immediately adjoining on the other side within the
space of one inch. The seven thinner rings were each of abont the
same average thickness. Each of the eight large ones were also of
about an equal average thickness, Judging from the curvature of
the rings, the thicker ones were on the outer side of the specimen. A
few fragments were obtained in which the individual rings were of
stil] greater thickness.

From the figures given above, an average of seventeen annual rings
f growth per inch may be estimated. Six feet may also be taken as
the average diameter and three feet as the radius of that portion of
the trunk from which the fragments connted were taken. By calcula-
tion, we have 600 years as the approximate age of the tree when it
fell. Fragments split lengthwise, as also those broken directly across,
show beautifully the stracture of wood. This is especially well seen
by the use of an ordinary single magnifying glass or hand-lens.

A thin transparent radial section was ground and mounted in gly-
cerine for microscopical examination by F.J, Keeley, a member of the
Academy of Natural Sciences, of Philadelphia. The upper figure
on plate XVII shows a photomicrograph of this section, magunified
forty dinmeters by the use of a low power objective. Under a one-sixth
objective, with careful illumination, a double row of bordered pits is
seen on each of the tubes shown in the microphotograph, and which
run lengthwise of the tree. The bordered pits are directly opposite
each other—that is, they do not alternate. Occasionally, however,
but one such pit is seen, which is then centrally located. On the
lower half of plate XVII there is a drawing, about 250 diame-
ters greater than nature, which shows three cell-walls, the middle one
of which illustrates this exceptional structure, The bordered pits
identify the tree as a couifer.

Similar thin sections, both transverse radial and tangential, have
been prepared by the writer, mounted in Canada balsam, The trans.
verse sections show a beautiful open cellular structure, very suggestive
of the coniferons woods, but the writer's radial sections fail to show
the bordered pits. It is thought, however, that these have been
obliterated by the crystallizing process, which has been 8o complete in
the specimens prepared that beautiful flat, six-sided crystals of quartz
are seen crowded together throughout the whole woody structure.
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N 40,

Photo-Micrograph of Radlal Section, Lindenwold Silicifled Tree Trunk,
showing Cell Walls and Medullary (Cross) Rays.
The Dark Space Marks the Division between Two
Annual Rings of Growth.
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Sketch of Threoe Cell Walls of Sectlon Above, Still More Highly Magnified,
showing Pits on Medullary {(Cross) Ruys and & Double Row of
Trachelds or Bordered Plts on {Yerticul) Cell Walls.

The Middle Cell Wall shows Two Exceptional
Yreaks in the Double-Row Arrange-
ment of the Bordered Pita.
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With the polariscope and a selenite plate a magnificent display of
variegated colors is developed, a phenomenon characteristio of crystal.
line, but not of amorphous quartz.

Possibly, however, the failure of the bordered pits to appear in the
writer’s sections may be partly due to the mounting medium, since F.
J. Keeley tried his section first in balsam and again in moncbromide
of naphthsline without being able to see the pits.

The orange-yellow sand bed in which this trunk was buried, and
the gravels of a lighter yellow color that overlie it at the locality of
the Lindenwold well, near by, are known to have at least a wide local
distribution, since the same succession of beds is shown in well-borings
at Gibbsboro, two miles northeast ; at Laurel Springs, nearly one mile
southwest ; at Lucaston, one mile southeast; and in the 160-foot hill,
two and a half miles also southeast. The latter locality is one mile
east of Clementon. It is probable however, indeed it is almost cer-
tain, that these beds occupy a much more extensive area than is here
indicated.
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Beacon Hill Molluscan Fossils, Fulgur and Venus,
South of Mitlville, N. J.

The molluscan fossil casts shown on Plate XVIII are from the
lower portion of Charles Key’s glass-sand baok on the west side of
Muurice river, about two miles below Millville. The glass-sand
forms the lower two-thirds of an 86-foot hill and belongs to the
Beacon Hill formaticn of Prof. R. D. Salisbury ; the capping of the
hill over the rand being a medium coarse gravel, the Pensauken form-
ation of the sume authority. In the annual report for 1894 Prof.
Salisbury say« that the Beacon Hill formation “is kuown to contain
fossils ut a point near Millville and at another near Mullica FIilL” It
may be that the Millville locality referred to is the same as that from
whicl: the fossils now figured were obtained. The glass-sand is
mined at thiv locality upon the southern slope of the hill, one pit be-
ing in the upper portion of the bed west of the road leading south-
ward from Millville, and another east of the road and in the lower
portion of the bed which here forms the bluff, facing the river. The
horizon containing the fossils is in this blaff. They are oceasionally
thrown out by the workmen, though they are not at all plentiful.

The specimens figured, plate X VIII, were kindly presented to the
writer by ('harles Keyv. It will be seen they represent two species,
one a bivalve, probably a Venus, and undoubtedly a clam, perhaps
much like the edible clam of to-day, Venus mercenaria ; the other, a
upivalve shell, probably much like the conch, with protuberances on
the whorls, which can be picked up on the New Jersey beach to-day,
and techoically known as Fulgur carica.

As fossils they are poor casts, and yet very good for the locality,
So far as we know they are the first mollusks figured from the Beacon
Hill formation. All of the casts are geodes, and consist of an outer
thin shell of cemented sand, the interior of which is filled with a
very fine, almost imapalpable, powder of iron oxide (iron rust). The
darlc space on the front of the middle Fulgur on the plate shows an
opening artificially Dbroken into the interior cavity, The casts are
slightly flattencd, The fgures are natural size. Three specimens
have Leen deposited in the Museum of the Survey, at Trenton, and
three others in the Academy of Natural Sciences of Philadelpbia,
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Reverse View of Another.

Ohbverse View of One Specimen.

The Extension Downward of the|Canal is Wanting in These Specimens.

|
|

Large Specimen, Showing Extension of the Canal Below,

NTERIOR CASTS|

OF THREE CONCH SHELLS-FULGUR, Probably, CARICA, GMELIN—AND ONE CLLAM-VENUS—Sp.
FROM GLASS SANDS, BEACON HILL FORMATION, SOUTH OF MILLVILLE, N,
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This Clam is Slightly Shortened, Vertically, by the Photographic
Process. With this Exception All the Figures
are the Size of the Originals.
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Notes of the Flood of February 6th,
1890, in Northern New Jersey.

BY

C. C. VERMEULE.
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Notes of the Flood of February 6th, 1896,
in Northern New Jersey.

BY C. C. VEERMEULE.

On February 6th of the present year violent and disastrous floods
occurred on all of the sireams of the northern part of the State, In
the last anoual report we discussed at some length the effect of forests
upon stream-flow, reaching the conclusion that the presence of forest
could exercise no marked control over the rate of discharge of
extremely high floods. The Report on Water-Supply, of 1894, also
gave a very full discussion of the floods on our several streams. In
the notes of floods on the Raritan river in that report it was pointed
out that there had beeu three very high ones during the century,
namely, November 24th, 1810; July 17th, 1865, and September 24th,
1882, The great flood of this year followed so closely upon these
studies thst it presented an unusually favorable opportunity for
further examination and investigation of the subject, an opportunity
which occurs generally but once in a generation. Field examinations
and copious notes were consequently made immediately, the results of
which it is now our purpose to present.

The conditions of frozen ground, a considerable amount of accumu-
lated snow, and a sadden heavy, warm rain are such as might be
expected to cause extremely heavy floods. All of such conditions
were present at this time, yet, strange to say, the three previous heavy
floods of the century, to which we have referred, occurred during the
summer and antumn months, which shows that there are other causes
which produce heavy freshets. The destructiveness of the flood is
always determined by its rate of maximum discharge, rather than by
the total volume of water run off from the catchment. This floed of
1896 was peculiar in its remarkably sudden rise and high maximum
rate of discharge. On most of the streams this rate exceeded that of
1882, which we have considered heretofore to be as high as any
previous flood of the century.

17 aEo (257)
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The Raritan river reached its maximum in 15 hours against 38
hours in 1882, and the maximum rate of discharge was 15 per cent.
greater than that of 1882, whereas the total amount of water delivered
in a period of 64 hours from the rise was 16 per cent. less than in
1882. On the Passaic, the maximum was reached in 44 hours against
66 hours in 1882, but the rate of discharge was 8 per cent. and the
volume 14 per cent. less than in 1882, But on the Paesaic branches
we observe the same quick rise, and a maximum rate exceeding that
of 1882 by about 10 per cent. on the Wanaque, 25 per cent, on the
Pequannock and 12 per cent, on the Rockaway. The Whippany also
exceeded the highest previous flood, but the Ramapo, being blocked
with ice, showed a rate of discharge 20 per cent. less than in 1882,
The reason fur this extremely quick and violent rise is found in the
meteorological conditions which prevailed. Oan the 6th there was
generally from 6 to 8 inches of snow lying upon the ground over the
Passaic and Raritun catchments, It grew suddenly warm and began
to rain in the forenocn, the temperature reaching a maximum of about
52 degrees on the Highlands, and 55 degrees on the Red Bandstone plain,
The rainfall amounted to about 3,7 inches in 24 hours. Just before
noon on the 6th, the snow began to melt and went off with great
rapidity, adding an average of about .6 of an inch, so that a total of
4.3 inches depth of water over the entire watershed resulted from the
combined rainfall and melting snow. 8o much of this as could not be
absorbed by the ground or held in the lakes, which were low at the
time, rushed at once to the streams and had to be discharged. Our
examinations show that from 2.5 to 3.5 inches went off in flood dis-
charge, and the remainder was almost entirely absorbed by the ground.
In the case of the Pussaic, about one-quarter of an inch was held in
the lakes and ponds, The amount of evaporation which could have
taken place during the short period of about three days in which the
flood was dischargred, eould not possibly have exceeded .1 of an inch,
and it becomes plain from these figures that it is wrong to assume that
under such conditions as these frozen earth cannot absorb a cousider-
able amount of rainfull.  Absorption is undoubtedly somewhat re-
tarded by such frozen conditions, and what determines the volume of
flood discharge is the amount of rainfall or melted snow in excess of
the amount which the carth can absorb, In the case of the flood of
September, 1882, the rainfall amounted to over 10.5 inches, of which
about 3.5 inches was discharged in flood, and the difference of 7 inches
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was practically all taken up at that time by the ground, a prolonged
dry period having preceded the flood. If at any time such a rainfall
should occur when the ground was already full of water, it is ap-
palling to think of what the result would be upon such a stream as
the Raritan.
A study in detail of the action of such great floods as that of last
February on such streams as the Passaic and Raritan is the best possi-
ble way to arrive at a clear understanding of the action of streams in
floods and all the conditions which govern the rate of discharge and
its volume. These studies are well calculated to throw the light of
trath on the effect of such forests as prevail in New Jersey upon flood-
discharge, for the reason that we have widely varying portions of
forest area on the several branches considered. These studies in rela-
tion to forestry have been prosecuted in a spirit entirely friendly to
the cause of forest preservation and improvement. It has appeared
to the writer that, while the real effect of forests upon the regulation
of stream-flow is of the highest economic benefit, some of the reasons
advanced for the preservation of forests in eonnection with stream-
flow are unfounded. The danger to the cause of forestry has appeared
to be that before long investigation must prove conclusively that the
reasons thus advanced had no foundation in fact. Should this point
be reached before the real beueficial effect of forests has been clearly |
pointed out, the result may be a reaction most injarious to the whole ‘
cauge of forestry. The investigations made by the survey in this con- |
nection have been entirely in the interest of truth, which is the only |
safe basis on which an argument for the preservation of our forests ‘
can rest. In the last anoual report we attempted to point out what
the real beneficial effects of forests upon streams were, and as our ‘
studies of the present flood have caused no important modification of |
the views then expressed, we may recapitulate that they were to the |
eftect that forests do not diminish to an important extent the height ‘
or the extreme high floods, but do materially diminish the number of |
floods; also, that even heavily forested streams will occasionally be |
subject to very low stages in dry seasons ; but, nevertheless, the dry
periods on forested streams will be much shorter and less frequent,
and that such streams, because of the general equalizing effect of
forest, will be far more useful for purposes of water-supply or water-
power than streams the catchments of which are deforested. It was
also pointed out that streams with forested catchments would be less
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subject to roiliness, and the soil of their catchments would suffer less
from wash,

Returning to the causes of the flood of February 6th, a careful
examination of the records of the New Jersey State Weather Service
shows that the conditions were as given in the following table

RAIN AND S8KOW IN INCHES.

Rai
Passajc Watsr-shed, Feb. th::,r:d Tth. Snow, Tatal.

Highland portion.....c.cciniinniinnccnsiiiinne.. 4156 .70 4.85

Red sandstone portion...c.uvcrnrecen vernreee 3,30 .60 3.90
Whole catchment.......cceoviiiiiiriivsrneeeins 8.72 .60 4.37
Ruritan Watcr.shed.

Highland portion.......cooieiiveeneeieresvennnnan, 410 .70 4.80

Central ValleFo. .o s 3,58 .60 4.15

Upper Millatone...... .corvevnrvirenimrmeniss cnrannans. 3,65 -40 3.956
Whole catchment........vcevemeieniiinnnns 3.66 .60 4.26

The rain given as falling on the 6th and 7th practically all fell in
24 hours, beginning with the morning of the 6th. The column
headed *““Snow ” is snow reduced to water, by the common rule,
taking one-tenth of the depth of snow on the ground. This prob-
ably underrates the amount of the water fromn the melting of the
snow and ice. This is added to the rainfall to give the total amount
of water upon the catchment of the streams. The snow apparently
began to melt somewhat earlier on the Raritan than on the Passaio
catchments, and earlier in each case on the red sandstone portion
than on the Highlaoud portion of the catchment, Generally it began
to melt between 6 and 9 A, M., and between 9 and 11 had become
suturated with water and went off to the streams with great rapidity.
The temperature records show that it was three or four degrees
warmer on the red sandstone plain than it was on the Highlauds on
the 6th, and on the Millstone catchment it was fully eight degrees
warmer than on the Highlands, It apparently averaged fully four
degrees warmer on the Raritan than on the Passaic catchment. It
will be seen from the table that the rainfall in the Highlands was
heavier than on the red sandstone, and that the combined rain and
snow amounted to upwards of 4.8 inches on the Highlands, against
about 3.9 inches on the red sandstone plain, Carefully equating the
results, it is evident that there was no material difference in the total
supply of water per square mile from rain and snow combined on the
Passaic and Raritan catchments,
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Passaie Catehment.—The rise began on the Passaic, at Dundee, at
10 A. M., on the 6th, and the river began to rise very rapidly about
1 P.M. At 9 P.M. it had reached a discharge of 10,442 cubic feet
per second. It then began to fall off and continued falling until
about 7 A. M. of the Tth, when it again began to rise rapidly, reach-
ing a maximum of 17,217 cubic feet per second about 6:15 A. M. of
the 8th, after which it fell off uniformly, the entire period of flood
being eight days, which is the usual duration of floods on the Passaic.
The accompanying diagram, Fig. 1, shows the movement of the flood
at Dundee, and Fig. 2 compares it with a similar diagramn for the
flood of September, 1882. In 1882 the maximum rate of discharge
at Dundee was 18,265 cubic feet per second, which was reached sixty-
six hours after the beginning of the rise. The area of the catchment
at Dundee is 822,7 square miles. In the Report on Water-Supply,
page 153, a full history is given of the flood of 1882, and a table of
all the floods on the river from 1877 to 1893, a period of seventeen
years. The flood of 1882 also showed an early rise followed by a
falling-off of the stream, and in both cases this is found to be due to
the quick rise of the Pompton. A complete record of the flood
of this year, including several readings each day at Dundee dam, was
obtained by the courtesy of the Dundee Water Power and Land
Company.

At Little Falls a record was also obtained which shows clearly that
the movement of the river there agreed in time quite closely with
Dundee, and that the discharge was closely proportional to the dis-
charge at Dundee, the drainage area above Little Falls being 773
square miles. At 7 A. M. on the 8th the river was discharging over
Little Falls dam at the rate of 16,745 cubic feet per second. The
Dundee record being, on the whole, more complete and satisfactory, it
has been adopted in preference to the Little Falls record in our
studies of the flood. The diagram for Dundee will answer equally
well for Little Falls if 6 per cent. is deducted from the amount to
find the discharge at any given period. The river is practically within
its banks when it reaches a discharge of 4,000 cubic feet per second.

On Pompton river, at the head of the Pompton feeder of the Morris
canal and at the junction of the Ramapo, the rise began at 10 A.M.
on the 6th, and at 11 P.M. the highest point was reached. On the
morning of the 7th the stream had fallen one foot. Mr. Graham,
who lives nearby, says the river at this point was higher than it has
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been in thirty years, This is just below the Junction of the Ramapo,
Wanaque and Pequauonock.

At the dam on the Ramapo river, at Pompton, the water began to
rise about 8 A, M., continuing steadily until 12 P. M., then more
slowly until 9 A. M. of the 7th, when it reached ite maximum of
8,731 cubic feet per second. This was considerably less than the
maximum of 1882, which amounted to 10,540 cubic feet per second.
Irquiry at Oakland shows that the river reached its highest there at
10 P M. of the 6th. There was an ice gorge above the Pompton
dam which held the water back at the highest, and made the discharge
of the river more gradual. It remained at nearly the highest point
for 9 hours, and there is little doubt that this is the cause of a
somewhat lower discharge at the maximum than we should have had
otherwise. The following table shows how the river discharged over
Pompton dam :

Discharge,
Date. Hour, Cubic feet per second.
15 14 s SRS FA Mo 312
Gl viireniiiiins 9 A Macviviececeeet o, 800
BB evviveresiinrenen 12 Bo Mo, 7,609
Theiireecenniias vees 2 A Mot e, 8,100
= ORISR - 1 WS  SRSURRTR 8,781
[ PO 6 P Moerviiciees v, 4,619
L3 VR YA M., 3,310
S | T 5P Muisisreienirieeres viee o 2,610

O cenrnsineens 8 A Moo vesteneeninn s 1,200

We find from this that in a period of 72 hours the Ramapo dis-
charged 1,166 million cubic feet, or 3.13 inches in depth upon its
catchment. The area of the catchment is 160 square miles.

At Ramapo, New York, the Ramapo river has a catchment of 86
square miles. At this point the rise began at about the same time on
the morning of the 6th, and the river reached its maximum at 11
. M., when it discharged 4,800 cubic feet per second. At 10 A. M.
on the 7th the discharge was 8,500 cubic feet per second, and the river
fell back to a normal discharge at 10 A. M. on the 9th, about 72
hours after the beginning of the rise. The total volume discharged
amounted to 3.01 inches upon the catchment, about half of which
was discharged in the first 24 hours,

Wanuaque river has a catchment of 101 square miles above the
dam at Pompton. The rise began at 9 A, M, of the 6th, and at
9 I’. M. the stream reached it maximum discharge of 7,203 cubic feet
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per second. It then fell off quite steadily, the flood being almost
over in 36 hours. In a period of 72 hours the discharge amounted
to 510 million cubic feet, or about 2.18 inches on the catchment.
About one-third of the catchment is controlled, however, by Green-
wood and Sterling lakes, and consequently had its flood-flow held
back, which would bring the total discharge nearly proportional to
that for the Ramapo. This gives the maximum discharge at a high
rate—nearly 100 cubic feet per second per square mile.

The Pequannock has a catchment area of 85 square miles. The
rise commenced about 10 A, M. Thursday, and at 4:30 P. M. the
stream reached its magimum of 5,500 cubic feet per second and did not
fall below 3,600 cubic feet per second until 8 P. M. The flood was
over within 24 hours. The storage reservoirs of the East Jersey
Water Company caught the flow of 37 square miles, so that the above
maximum is that of 48 square miles of catchment.

Mr. Clemens Herschel, engineer of the East Jersey Water Com-
pany, kindly fornishes the following discharge, or natural flow of
river at Macopin intake during the flood : February 5th, 47,600,000
gallons; February 6th, 1,703,300,000 gallons ; February Tth, 1,674,
800,000 gallons; February 8th, 898,700,000 gallons; February Oth,
283,700,000 gallons. This is from 63 square miles of catchment.

On the Rockaway river at Boonton the rise began about 10 A. M.
of the 6th, and at 6 I’. M. the depth on the dam had increased 24
inches. At 7 P. M. there was 3} feet of water on the dam. At 2
A. M. of the 7th the river had reached its maximum discharge of
5,445 cubic feet per second. In September, 1832, the maximum dis-
charge was 4,300 cubic feet per second, so that the present freshet was
much higher. It was the highest known flood at this point, and it
did considerable damage below the falls, washing away the high rail-
road trestle. The following table shows the rate of discharge during
the flood, which was over in less than 48 hours. The catchment area

in 118 square miles:
Discharge,

Date. Hour. cubic fect per second.
BB rrearenrnnssrersenessssrasenes 12 BOOM coriianniniasrnnniesranenn e 165
BERroereessrernesarrssnsmrrnesenes 1 Bo Muiiiinneneen. 3,390
U2 V5 | (OUONRROvR I pRes 5,445
1 TS PP ORY A Mo 5,400
{1 TOOT IO SIS P RN 5 A Moiiiireeenseesarosansaneeness. 3,060
TR oveescereeranervorarsesersiacsss JZ THOOMesun s ronasnssnnnniieiissanenas 3,830
RPN 1= D 25 | MRS 1L
BEuurreere cerneerersmrneranenenrss @AM 800
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The total volume discharged during a period convering 72 hours
from the rise was 685 million cubic feet, or about 2.50 inches upon
the catchment,

On the Whippany the flood was very heavy, and the dam at Mor-
ristown went out, somewhat increasing the rapidity of the rige. At
Whippany the rise began at about 10 A. M. of the 6th, and the max-
imum was reached at 8:08 P, M., amounting to about 3,200 cubic feet
per second on 38 square miles, * This was the highest ever known.
About 5:30 P, M. the water rose about 7 inches in 15 minutes, then
fell away slightiy, and afterward rose again steadily to the maximum,
This first rise was probably the water from the lake at Morristown.
In 21 hours from the beginning the river was back to about its normal
condition. The total volume discharged amounted to 158 million
cubie feet.

At Chathem the rise in the Upper Passaic began about 9 A, M.,
and was very rapid. The maximum was reached about 3:30 P. M,
and the river did not fall much until the afternoon of the 8ti,

At Coold’s bridge the rise began at about 10 A, M., and continued
for about 24 hours, after which it remained nearly stationary from 12
to 16 hours. The water was about one foot lower than in 1882. The
rise amounted to about 5} feet.

At Pine Brook the water began to rise about 10:30 A. M., of the
6th, this water being local from the rain and melting snows in the
immediate neighborhood. The waters from above did not get down
until night. By about 5 P. M. the rise amounted to from 12 to 16
inches, und the water continued rising until the afiernoon of the Tth,
then remnined stationary about 24 hours. At 3 P. M. of the 8th it
had only fallen a quarter of an inch,and at 5 P. M from one-half to
three-quarters of an inch. The rise amounted to a little over 5 feet,
The morning of the Oth the fall amounted to 2 inches, and by the
evening of the same day 6 inches. The morning of the 10th it was
down 1 foot. The Rockaway, at Pine Brook, began to fall before the
Passaic had reached its highest point.

The following table shows how the maximum discharge at various
points compared with the maximum in September, 1882. We repeat
that it iv our belief that the Ramapo, if it had not been restrained by
an ice-gorge, would have reached a higher rate of discharge, probably
as high s in 1882. Allowing for this, it is observable that on the
branches the maximum was reached much earlier during the present
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flood, and was at a considerably higher rate than in 1882. The
Ramapo, we should also repeat, reached its maximum at Qakland,
just above Pompton, about 12 hours after the begivning, and this
would have been the actval time at Pompton if unrestrained. The
maximum rate at Little Falls and Dundee is controlled by entirely
different conditions from those which determine the maximum rate on
the branches. The volume of the flood and the extent to which it
fills up the meadows above Two Bridges, determines the rate of dis-
charge at those points, and we have already remarked that this volume
was considerably less than in 1882, Both of these points, however,
show the suddenness of the rise.

RATES OF FLOOD DISCHARGE.

é SEPTEMBRR 22, 1832, i Faoruary 8, 1896,
& .
| a5 R4 & SED
TR
B0 | e, Egh e, |EgR
g a o n . " o e
& | 882 |&8EY | 25f |&5d%
Passaic, Dundes... . 822 ' 68 118265 || 44 [17,217
u Little Fa.l] 773 66 19,000 44 | 16,745
Ramapo......... 180 ' 24 i10,540 24 8,731
Wanaque... 01 - 24 6,666 11 7.203
Peqmmnock 85 | 20 4,460 | 7 5,500
Rockaway... .. 118 36 4,800 16 5,445
WHhIPPAOY verreverererriereeremneseisieesnenns 38 J 10 | 3,200

The maximum rate of discharge may be greatly modified by local
conditions, natural or artificial obstructions and other minor causes.
It is always influenced largely by topographical conditions also, mainly
the extent of the flood plain and the rate of fall of the valley, to-
gether with the arrangement of the branches. A stream made up of
several branches of nearly equal length converging within a short
distance along the valley will show a much higher rate of discharge
than where the maiv stream is long and has maony short tributaries
distributed quite evenly along its length. In the latter case the fiood
will remain near its highest a considerable length of time. A much
better indication of the rapidity with which a watershed yields up the
water falling on it is had by studying the volume of water discharged
during a certain number of hours from the beginning of the rise.

From the data obtained by vs at the several gauging points, we have
made up the diagram, Plate 19. This shows the rate of discharge of
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the Passaie and its braoches from the beginning to the end of the
flood. The diagram for the Passaic is for the discharge at Dundee,
The curve for Little Falls would be very similar, as we have already
explained. The diagrams for the Ramapo, Wanaque, Pequanunock
and Rockaway are also from observation. The first three unite at
Pompton to form the Pompton river, and our gauging points being
in each case a short distance above their confluence, we are enabled to
build up from the three a pretty accurate diagram for the discharge
of the Pompton itself. This diagram shows the rate of discharge for
that stream at Pompton Plains where its catchment area is 350 square
miles, and before it has had an opportunity to spread over the broad
extent of meadows below. It will be noted that our estimate of max-
imum discharge for the Pompton is greater than for the whole Pas-
saic. There can be no reasonable doubt as to the accuracy of this
conclusion, Ilad not the Ramapo maximum been suppressed by the
ice gorge which we have referred to, the Pompton maximum would
probably have been nearly one thousand cubic feet per second greater.
As it is, we estimate it at 18,500 cubic feet per second.

It will be noted that the PPompton catchment area is somewhat
less than half the total area above Little Falls. The remainder is
made up of the Whippany, Rockaway and Upper Passaic. These
treams all fall into a wide expanse of flat meadows long before
reaching a junction with the Pompton at Two Bridges. They do not,
therefore, come together so as to form one stream like the Pompton,
but tlieir waters are widely dispersed over the flat. Taking the dia-
graws for the Rockaway, however, and the facts ascertained as to th
Whippany and Upper Passaic discharges, we can draw a plain infer-
ence that if the waters had been confined to the stream channels
instead of spreading over the meadows they would have delivered at
Two Bridges in very much the same way that the Pompton delivered its
waters, The maximum would probably have been reached a very little
later, and the Passaic at Little Falls would have reached its maximum
discharge at nearly the same time. This maxium could not well
fiave been less, under such conditions, thar about 38,000 cubic feet
per second, instead of the 16,745 cubic feet per second actually
recorded.  What actually happened was that the water was poured
into the Lroad flats in the Central Valley, including a total of some
30,000 scres, at about the rate which we have indicated. The rise of
the Passaic at Little Falls was governed by the filling up of these

NEW JERSEY GEOLOGICAL SURVEY




THE STATE GEOLOGIST. 267

flats until a sufficient height was reached at Two Bridges to enable
the channel thence to Little Falls to reach the recorded maximum
discharge. This was not accomplished until 30 hours after the time
of mazimum discharge of the branches into the central valley.
The difference between the large volume discharged into the central
valley and the much smaller amount passivg Little Falls, accumulated
on the flats, and was not entirely discharged until the 8th day after
the beginning of the rise. The following table shows the total
volume of water discharged into the valley at the end of the first,
second and third days of flood and the corresponding amounts dis-
charged from the valley at Little Falls, together with the accamu-
lation of water in the valley. The amounts are determined by
gauging, except for the last three catchment areas, which had to be
estimated. No serious error is believed to exist from this cause.

FLOOD-DISCHARGE INTO CENTRAL PAESAIC VALLEY.
Beginning February 6th, 1896, at 10 A, M.

Area. TOTAL DISCHARGE IN MILLION CUBIC PRET.
Catchment, square - e e = -

miles. In 24 hours. In 48 hours, In 72 hours,
Ramapo ....cceceiirviireriiinicns v 160 408 975 1,166
WaNRQUL. v iiiieiennsin 101 337 424 510
Pequannock.... .cccvveirennninns 85 299 337 291
Rockaway,....ccovemeeiiiivissanan 118 333 570 635
Whippany ..o cvivervmrmriranns 25 126 140 153
Lower Pompton................... 34 112 170 195
Upper Pasgaic........cocearevananr. 100 330 500 570
Central Valiey...ocrnieenenninnnn. 150 495 750 855
Above Little Falls.......... 773 2,530 3,866 4,625
Discharged at Little Falls...., 773 650 2,023 1 3,094
Accumulated in valley....|.....coeeun. 1,880 1,843 | 1,331

It will be noted that the greatest accumulation of water on the flats
was at the end of 24 hours, there being no substautial decrease in the
accumulation up to the end of the second day.

The diagrams of discharge over Dundee dam for the floods of
February 6th, 1896, and September 22d, 1882, are shown in Plate
20, the time being reckoned from the beginning of the rise. This
shows plainly the smaller volume of the flood of the present year,
and also its rapid rise. Both diagrams show the preliminary maxi-
mum followed by a falling of the river, and in each case this occurred
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just 38 hours before the river reached its highest point. It agrees in
time with the maximum of the Pompton, and is undoubtedly due to
the rush of water from that stream, together with the water from the
lower portion of the catchment between Little Falls and Dundee.
That it does not rise much higher is due to the fact that a large part
of the water from the Pompton goes to fill up its own flats above
Mountain View, and also the Great Piece meadow at Two Bridges.
Its waters reached Two Bridges considerably before those of the
Rockaway, Whippany and Upper Passaic were able to come down
across the flats. A strong upward current is noticed at Two Bridges
during every high flood at the time when the Pompton is filling up
Big Piece meadows with water. In 72 hours the discharge at Dundee
amounted to 3,292 million cubic feet, or 1.72 inches upon the catch-
ment, while during the entire period of 8 days it was 6,083,000,000
cubic feet, or 3.18 inches upon the catchment. The following table
shows how the flood of February 6th compared both in maximum
rate and volume with the three greatest floods since 1876.

GREATEST FLOGDS ON THE PAfSAIC AT DURDEE BINGE 1876.
Area of watershed, 822.7 square miles.

TIME FROM BREGINNING | .
Maximum OF RISER TO Total flow
Dute of maximum discharge, flow, e — — .- — -] inmillien | Incheson
p‘:;b;:::::l Maximuzm Eaod cubie feet, | watershed.
} ’ hours, ’ days,.
September 25th, 1882...... 18,265 66 8 7,101 3.71
February 8th, 1896 . ....... 17,217 44 8 6,083 3.18
December 12th, 1878....... 16,592 80 8 6,878 3,47
Febroary 14th, 1886....... 12,452 60 8 5,729 3.00

Raritan Cufehment.—On the Raritan the flood of February 6th
was discharged with great violence. It showed even an exaggeration
of its usual contrast to the discharge of the Passaic at Dundee. This
was no doubt partly due to the earlier melting of the snow. The
general results of our inquiries are to the effect that the snow melted
first of all on the Upper Millstone, but all over the Red Sandstone
portion of the watershed it was running off at 7 A, M., whereas in
the Highlands along the North Branch it began to go between 9 and
10 A. M., and through the German valley about 9 A. M. We can
safely infer that on the higher portions of the Highlands it wasa
little later still, It probably averaged nearly three hLours earlier on
the Raritan than on the Passaic catchment,
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At the Delaware and Raritan canal dam, below Bound Brook, the
river began to rise at 8 A. M, of Thursday, and during the afternoon
rose very rapidly. It reached a height of 15.2 feet above the crest of the
dam, about one foot higher than in 1882, The highest point was
reached about midnight, and at 8 A. M. of the 7th it had fallen about
two feet. At 8 A. M, of the 8th the river was within its banks, At
Bound Brook the rise agreed in time with that at the dam below.
Here, and up to the mouth of the Millstone the rise was first noticed
about 9 A. M. and the river rose steadily all day. From 5to 11
o’clock P. M. it was very rapid, amounting to four feet from 5 to 8
P. M., and nearly as much more by 11 P. M. It is said that near 5
P. M. the river rose ten inches in as many minutes. It was highest
here about 11 P. M. Much damage was done in this vicinity. The
highway bridge at Finderne was carried away, also the Philadelphia
and Reading railroad bridge, and the banks of the railroad were
washed out. The tracks of the Central Railroad of New Jersey and
of the Lehigh Valley railroad were under for some distance, and
traffic was seriously impeded on the Central and Reading railroads.
The water was also deep in the lower streets of Boand Brook village,
and a fire caused by the flood reaching some stored lime added largely
to the damage done. Inquiry on the Millstone river indicates that
that stream below Rocky Hill reached its mazimum about 3 P. M.,
the maximum being clearly shown at Blackwell’s Mills and Griggs-
town. ‘The rise of the Raritan continued, however, until 11 P. M.,
backing the water so that it also rose at Weston, on the lower
part of the Millstone, until 11 P. M. The flood on the Millstone
itself was less severe than in 1882. At Blackwell’s it is snid to have
been the highest at 4:30 P, M., and at 3:15 to 4:15 P. M. the river
rose ten and one-half inches, going up much faster than usual, The
flood was about seven feet higher than the ordinary level of the river,
but four feet lower than the flood of 1882. The stream was about
three days getting back to its normal flow.

At Griggstown the river reached its highest point at 2 . M.,
when it was 8 feet above the usual level of the river, and the river
did not reach its normal condition until the morning of the 9th. It
was b feet 8 inches lower than the flood of 1882.

At Rocky Hill the river is said to have begun to rise at 4 A. M,
and by 7 A. M. was up 18 inches. It did not reach the highest at
this point until 9:30 P. M., and by 11 P. M. had fallen three inches,
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and at 7:30 A. M. Friday was down 18 inches. During Friday it
fell about one foot more, and by the morning of the 9th was within
its banke. At 5 P. M. the river commenced rising rapidly, gaining
four inches in half an hour. Tt was 7 feet 6 inches higher than the
ordinary level, but 5 feet lower than the flood of 1882.

It is quite clearly indicated in the notes for Millstone river, that
the rel sandstone portion of the water-shed discharged its waters
most rapidly. The entire catchment measures 286 square miles, of
which 99 equare miles is on the Cretaceous formation, very flat and
gravelly. The remainder, being the lower portion of the water-shed,
is steeper and quite bare of forest, The maximum noted at Black-
well’s and Griggstown was undoubtedly due to the discharge from
this red sandstone portion, The maximum at Rocky Hill was from
the slower waters of the upper Millstone, This is the usual move-
ment of waters on the Millstone, and gives rise to a lower maximum
rate ot discharge fur the whole water-shed as compared with the rest
of the Raritan brauches, The remarkable difference noted of about
6 feet between the height of this flood and that of September, 1882,
the total rise in February being only from 7 to 8 feet against from 12
to 14 feet in 1882, does not indicate such an extreme difference in the
rate of discharge as would at first appear. It must have been partly
due to the fact that the Millstone reached and passed its maximum
several bours before the Raritan, and is also partly due to the gentle
inclination of the trough-shaped valley of the Millstone, the fall
amounting to only about 18 inches per mile. The valley being
narrow and the floods closely confined, any addition to the rate of
maximum discharge eauses a rapid increase in height in order that the
stream may acquire the velocity necessary to pass off the flood.

At Raritan, on the main river, the maximom was reached at 7
P. M., the beginning having been early in the morning. The river
reached a height of 23 feet above its normal level, and it is said that
between 4:30 and 5 P. M. it rose 13 inches in 15 minutes, From
high-water marks it is said to have been 32 inches higher than the
Liighest previous flood. The river was back to its normal condition
in about 3 days. Much damage was done here. The bank of the
water-power raceway was severely washed, and the fencing on the low
lands was destroyed. Some of the mills also suffered a considerable
amount of dumage. At South Branch the rise began at 7:30 A, M.
and after 8:30 it was rapid. From 10:45 A. M. to noon it amounted
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to one foot; after noon it was more rapid, and was the highest from
4:30 to 5 P. M. It reached a height of 14 feet on the dam, and 204
feet above the ordinary level below the dam, By 4:30 A. M. of the 7th
it had fallen 5% feet, and the river reached its normal condition in
about 60 hours. From flood-marks in the mill this flood was 15%
inches higher than that of 1865, which was noted in the Report on
Water-Supply as being one of the three heavy floods of the century
on the main river. It may be observed here that these three floods
of 1810, 1865 and 1882, together with the present flood of 1896, were
remarkable in that they were general over a cousiderable extent of
country, but it would appear that on some of the smaller water-sheds
as high floods have occurred at more frequent intervals, thus the flood
ot 1850 is said to have been as high at South Branch as that of 1865,
As we shall point out later, it cannot be assumed from height alone
that the maximum rate of discharge of the present flood is greater than
of any previous flood, because we must take into account the many
artificial obstructions which have been introduced along the course of
the stream, and which tend to retard the discharge and increase the
height at many points.

At Neshanic the rise commenced about 9 o’clock Thursday, and
the river came up very fast, reaching nearly the maximum at 2:30
P.M., but continuing to rise slowly until ubout 5 P.M., when it began
to fall. The reason of the long high water here is stated to have
been that the Neshanic discharged its flood first, the South Branch
following later. 'This is but a partial reason, as the same thing was
repeated all along the course of the South Branch, which is a long
stream, having comparatively short branches scattered along its course.
Such conditions always produce the effect of holding the river near
its maximum a long time. From flood marks in the mill at Neshanic
it is found that this freshet is 1.85 feet higher than that of 1882, 2.21
feet higber than that of 1865, and 2.75 feet higher than that of 1850.
It reached a height of twelve feet on the dam. The South Branch
discharged an amount of water equivalent to 3.22 inches during the
entire seventy-two hours of flood. About noon, on February 6th, the
water is said to have risen two feet in twenty-five minutes. Oar
record of relative heights of previous floods at this point is not a cor-
rect indication of the relative rate of discharge, as there have been
obstructions introduced on the stream,

At Black Point Bridge, at the mouth of the Neshanic river, the
water rose fourteen feet above the ordinary level of the river.
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At Three Bridges the rise began about 8 A.M., and the highest
was reached at 5 P.M. At 7:30 P.M. the river had fallen one foot.

At Clinton the river began to rise abont 7 A.M., continuning elowly
until 11 A, M., after which it came up very fast, being most rapid
from 12 to 1 P.M. The maximum was reached, it is said, at 8:30
P. M., there being a first maximum at 6 P.M. We are inclined to
think that the second rise was due to some obstruction. After 9
P. M. the river fell steadily ; it was four feet high on the dam. The
water of Spruce Run usually comes down first; that from the South
Branch about one hour later.

At Taylor’s iron-works, High Bridge, it was noted that the river
had risen considerably at 11 o’clock A. M. At 5:16 P. M. it
reached the highest, 5 feet 6% inches on the crest of the dam, and we
find the rate of discharge at this time to have been 7,558 cubic feet
per second, or 118 cubic feet per second per square mile, the eatch-
ment measuring about 67 square miles. The water remained station-
ary about three quarters of an hour, then began to fall, At 11 P. M,
it had fullen three feet, and the stream reached its normal condition
in about three days. The total volume of discharge in 72 hours was
484,000,000 cubic feet, or 8.12 inches on the water-shed, of which
1.13 inches was discharged in the first 12 hours, and 1.73 in 24 hours
from the beginning. Through the German Valley above High
Bridge the rise hegan about 9 A. M. It was highest at Califon at
b P. M., at Middle Valley at 4, at German Valley at 5:30, and at
Nuughright at 2 P, M., remaining nearly stationary one hour. The
river was within its banks the morning of the 7th. It is every-
where «aidl to have been the highest on record. Most of the dams
through the valley were injured more or less, and also some of the
mill properties, while the road from Califon to High Bridge along
the river was made impassable. There was a good deal of damage
done zlso on the lower part of the South Branch, notably at Neshanic,
where the sture was flooded, the mill property damaged and the high-
way bridge carried away. Much fencing was destroyed, and the
railroads were washed and traffic impeded.

We have noted a rate of 113 cubic feet per second per square mile
al High Bridge from 67 equare miles of water-shed. Computations
made in two or three different wuys all indicate that the discharge
from the entire 276 square miles of catchment of the South Branch
was at a rate very close to 100 cubic feet per second per square mile,
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On the North Branch at Milltown, just above its confluence with
the South Branch, the river began to rise about 7 A. M., rising
slowly until 11 A. M., while during the next half hour the rise
amounted to 22 inches, The highest point was reached st 5:30
P. M.; at 6 P. M. the river was falling. The rige was said to be
faster than ever noticed before. The water reached a depth of 63
feet on the dam, and 13 feet above the river below the dam.

At North Branch village the river was observed to be rising at 9
A. M, and was over its banks at noon, From 2 to 3 P. M. the rise
amounted to 2 feet, and the highest point was reached about § P. M.
The river appears to have continned near the maximum from 4:30 to
5:30 P. M. It reached a height of 13 feet above ordinary level of
the river at the village bridge. Marks in the mill showed it to be
1.2 feet higher than the freshet of 1887, and 2.2 feet higher than the
one of 1886. It was also said to have been the highest at this point
since 1860, but the flood of that year was thought to be about the
same height at points above on the stream where no artificial obstruc-
tions had been introduced meanwhile. The water came in several
houses at this point, and much damage was done.

Chambers’ or Dumont’s brook is a small brauch of the North
Branch at North Branch station. An approximate estimate of the
discharge of this brook gave a maximum rate of 140 cubio feet per
second per square mile from 10.5 square miles of catchment,

At Bedminster the river was noticed to be rising at 10 A. M., and
the flood reached a height of six and one-half feet above the ordinary
level of the river. The maximum was reached between 3 and 4
o’clock, and the river soon began to fall. The evening of the 7ih it
had almost reached its normal condition,

At Hub Hollow, sbove Bedminster, the river was observed (o be
rising at 6:30 A. M., and it reached the highest at 1:46 P. M. At 3
P. M. it had fallen one foot, and at 5 P. M. four feet, the flood being
practically over on the morning of the 7th. It was seven feet higher
than the ordinary stage of the river. About noon the river is said to
have risen 13 inches in fifteen minutes. It is olaimed to have
been 18 inches higher than ever known before.

At Roxiticus snow began to run off at 10:30 A. M., and from 12
to 12:30 the water rose 16 inches. It is said to have been higher
here than ever before by about 18 inches. The highest was at about
1 P. M. of the 6th. At 3 o’clock it was falling, and is said to have
fallen rather slowly.

18 gE0
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At Burnt Mills, on Lamington river, it commenced to rise about 7
A. M. and reached the highest at 3 P. M., rising very rapidly from 1
to3 P. M. Itdid not get back to the normal until the forenoon of
the 8th. Below the dam it was about 11} feet higher than ordinary
stages, It came up faster than ever known before.

At Vliet’s Mills it began to rise at 7 A. M., and rose very rapidly
from 12 to 2 P. M,, at which time it reached the highest. It
remained up about one hour, then commenced to fall, reaching the
normal about 48 hours after the beginning. It was 10 feet above the
ordinary height of the river.

At Pottersville it was observed to be rising at 10 A. M., and
reached the highest at 2 P. M. From 10 to 11:30 A. M, it rose 18
inches. It did not begin to go down untii 4 P. M., and was over
about 36 hours after the beginning. The rise was very rapid, and the
fall at first rapid and afterwards more gradual. The maximum rate
appears to have been nearly 80 cubic feet per second per square mile
from the 33 square miles of catchment. It is considerably reduced
by the extensive flats above Chester furnace.

There are strong indications from data which we have at hand that
the maximum rate of flow from the 192 square miles of catchment
of the North Branch was not less than 100 cubic feet per second per
square mile, or about the same as that of the South Branch. The
North and South Branches both reached their maximum discharge at
about the same time, and from about 4 to 5:30 P. M. they were both
pouring immense volumes of water into the main stream above Rari-
tan. It was largely on account of this coincidence of the time of
highest water on the two branches that the rise lower down was so
rapid from &6 to 11 P. M., particularly at about 5 o’clock, although it
is to be noted that there was a period of extremely rapid rise almost
everywhere on the various streams, and the initial cavse of this was
the sudden rush of water from the melting snows, combined with the
heavy rainfall. It was generally remarked that the snow gradually
became saturated with water, and then the whole seemed to go off to-
gether to the streams, the suow disappearing in a very short time.

At the dam below Bound Brook, the total volume of the flood
during 72 hours was 5,600,000,000 cubic feet, or 2.74 inches’upon the
catchment of 879 square miles. The maximum rate of discharge here
was 59,600 cubic feet per second, or about 68 cubic feet per second per
square mile. The volume of discharge in September, 1882, amounted
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to 6,489,000,000 gallons, or 3.36 inches upon the catchment, while the
maximum rate was 52,000 cubic feet per second, or 59 cubic feet per
second per square mile, The flood at this point, however, was re-
strained, as 1t all had to pass through the opening afforded by the dam,
which is guarded by a high earthen embankment across the flats to
the east. It could not reach its maximum discharge until the valley
above had filled up to a height which would enable it to pass the dam.
The actual discharge of the valley above into the pond between the
dam and the mouth of the Millstone river was at a much more rapid
rate. We find that from 5 to 11 P. M. there was an average rise in
this portion of the river of 8 feet, and the accumulated water repre-
gents a volume of 421,000,000 cubic feet, which is equal to a discharge
of 19,600 cubic feet per second during the period of 6 hours, but
during the same period there was discharged at the dam an average of
89,300 cubic feet per second, consequently the average discharge from
the catchment into the portion of the stream between the dam and the
mouth of the Millstone during these 6 hours was 58,800 cubic feet
per second, or nearly as much as the maximum rate at the dam
where that maximum was sustained for only a short time. It is
ploi~ that this high rate of average discharge during these hours
i* .icates an actual maximum much higher than that recorded
at the dam. We have at present no means of ascertaining exactly
what the unrestrained maximum discharge would have been with
the river free from all artificial obstructions, but it could not have
been much less than 85 cubic feet per second per square mile. By
measuring up carefully the volume of water in the river at different
times between the junction of the North and South Branches and the
dam, we are enabled, however, to estimate the volume of discharge at
the end of given periods during the flood. Thus, about 11 P. M. we
find the volume of water in the valley was 1,814,000,000 cubic feet,
and up to that time there had been discharged at the dam 1,220,000,-
000 cubic feet, giving a3 the total yield of the water-shed during the
first 12 hours 3,034,000,000 cubic feet, or 1.5 inches in depth upon
the catchment. In the same way we find, for the first 24 hours, a
yield of 4,222,000,000 cubic feet, or 2.1 inches upon the catchment,
and in 48 hours ihe valley was practically free from water, so that the
discharge at the dam at that time represented the actual flood dis-
charge, and amounted to 4,964,000,000 cubic feet, or 2.43 inches upon
the catchment. In 72 hours it was, as already given at the dam,
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6,800,000,000 cubic feet, or 2.74 inches upon the catchment. Of
course it does not follow that the water would have been discharged
at this rate during the first 24 hours, as even without auy artificinl
obstructions whatever there must still have been a considerable aceu-
mulation of water in the valley, although it would have been mate-
rially less,

A study of the slopes assumed by the flood at different stages, along
the valley, is instructive and interesting, Thus, at 5:30 P. M. the
river had reached its height at the junction of the North and South
braunches, when it stood at an elevation of 64 feet above sea-level,
and about 18 feet above the ordinary height of the river, But at
this time at the mouth of the Millstone it had only reached a height
of 9.5 feet above the river, and an elevation of 29.5 feet above the
sea. This shows that at that time there was a fall of 34.5 feet in 8
miles. At the dam the river had risen 7.5 feet or to an elevation of
24.6 above sea-level, showing a fall of 5 feet in 4 miles. This rate
of fall wus apparently preserved quite uniformly until after the flood
had reached its maximum, Between South branch and the mouth of
the Millstone, however, the slope gradually decreased, and at 9 P. M.
the river had fallen to an elevation of 60 feet at the junction, and
risen to 33.5 feet elevation at the mouth of the Millstone, and 28.5
feet at the dam. At 11 P. M. it had fallen to 59 feet at the junction
of the branches, and had risen to 37.2 feet at the mouth of the
Millstone, and 32.2 feet at the dam. At 9 A. M. of the Tth it
had fallen to 58.5 feet at the junction of the North and South
branches, to 33.2 feet at the mouth of the Millstone, and 29.2
feet at the dam. During the period from 5 to 11 P. M., there-
fore, we notice that in the section of the wvalley above the mouth
of the Millstone the water rose about 8 feet at the lower end, and
fell 5 feet at the upper end. This shows the passage of what
is often called & flood wave, although the term seems a little
misleading. A true wave is caused by the impingement of some
body, such as the air in motiou, or a body of water from a bursting
reservoir upon another comparatively still and motionless body of
water, and a true wave produces almost no forward movement of the
waters, 1t is merely a vibration or vertical motion of the particles.
A rapidly rising river, such as the Raritan at this time, if confined to
about the width of its channel, would have a velocity proportional to
the square root of its depth. As the depth i this case at 5:30 P, M.
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was 18 feet at the upper end, and about 7.5 feet at the mouth of the
Millstone, the velocity would be in the proportion of ahout three
above to two below, which would tend to cause an extremely rapid
rise, and somethiog similar to a tidal * bore” in the case of a confined
channel, but in this case the river had to fill up the meadows on either
side before it could advance with a depth of 18 feet down the valley,
and this filling up of the meadows was constantly abstracting water
from the stream in large amounts, tending to retard its movement
down the valley to a very considerable degree. Nevertheless, the
effect of this movement was undoubtedly seen in the extremely rapid
rise noted along the valley and at Bound Brook about 5 P. M. On
the falling flood, as the river recedes, it has to draw back to itself
again the large volume of water stored on the flats. Indeed, where a
stream rises and falls as rapidly as does the Raritan, the bordering flats
are frequently of little account in passing. the flood down
the valley. All of the effective work, or nearly all, is accom-
plished directly over the channel of the river. The move-
ment on the meadows is mainly at right angles, or nearly
o, to the stream. It will be noted that at no time during the
progress of the flood was the fall above the mouth of the Millstone
less than about 22 feet in 8 miles, or 2.75 feet per mile. If we
should take the entire average cross-section of the flood through this
part of the valley and compute the discharge with this slope, it would
be found to be vastly in excess of the greatesi actual discharge which
occurred. We have often found in making such studies as this that
the channel of the river itself, with the depth at the maximum and
the observed slope, would carry the entire flood-discharge. This fact
explains why it is possible to encroach so largely upon the flood cross-
section of a river without disastrous results, provided that such
encroachment is made after a careful study and in a judicious manner.
The lessons of the flood under discassion in the Raritan valley, how-
ever, are very clearly to the effect that there is a serious amount of
injudicious obstruction of the river. The areas of bridge and dam
openings are often inadequate, and still oftener the bridges are
injudiciously located, so that the opening is not effective. Instances
have come under our observation where bridges caused back-water to
the extent of three or four feet during this flood, and this condition
of things not only causes much additional damage through the
valley, but is perilous to the bridges, as the scour resulting from
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the high velocity undermines piers and abutments. The fault
is not confined to any one class of structures. Many of
the highway bridges are inadequate, but here the fault is
often less serious because the approaches are lower, allowing
the water to run around the bridge to a considerable extent,
When a highway or railroad bridge is approached on embankments
thrown across the valley it should be given a waterway sure to be
ample for all contingencies. On all branches of the Raritan, except-
ing the Millstone, the present flood shows that 100 cubic feet per
second per square mile may be expected at times, and on some of the
smaller branches this will be considerably exceeded. Floods of this
magnitude on the main stream will not be of frequent occurrence, as
we have had not more than four which approach it during the century,
but on any given branch they may be looked for oftener, because of
local conditions, such as very heavy showers, &e. A considerable
amount of litigation has resulted from the alleged insufficiency of
waterway of bridges, and other artificial obstractions, which it is
claimed impeded the passage of the flood of February 6th.

Musconeicong River.—The Musconetcong drains 168 square miles
of the Highlands, about one-half of which is in the glaciated portion
and 39 per cent. is forest-covered. The stream is a long one, having
only short branches evenly distributed alobg its lower thirty miles,
The present flood exceeded the maximum recorded in the Report on
Water-supply very materially, It was impossible to get exact meas-
urenients on the lower portion of the stream, but some fair approxima-
tions convince us that the rate of discharge was pot more than 45
cubic feet per second per square mile. A good measurement of the
run-off was obtained at Liake Hopatcong from the filling of the lake.
For the first 24 hours the discharge amounted to 2.37 inches, and for
48 hours 3.01 inches, upon the catchment, which measures 21.6
squares miles exclusive of the water area of the lake, or 25.4 square
miles in all. This shows a rate of discharge greater than that of the
South Branch of the Raritan from its larger water-shed of 67 square
niiles,

At Waterloo the maximum discharge amounted to 2,284 cubic
feet per second, and at Saxton Falls just below it was 2,295 cubic
feet per second. The catchment at this place measures 68 square
miles, aud about 85 per cent. iz forested. The measurements here
and at Waterloo show that the run-off in 24 hours amounnted to 1,12
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inches, in 48 hours to 2.27 inches, and in 72 hours 3.78 inches upon
the catchment, which is taken at 68 square miles less 31 square miles
caught and retained by Lake Hopatcong and Stanhope reservoir, or
37 square miles net. The mazimum flow observed is at the rate of
64 cubic feet per second per square mile, making a new and much
higher record than any heretofore given. This was the lowest point
on the Musconetcong at which such a complete record could be
obtained.

The begioning of the rise was noted generally along the stream as
baving occurred at 3 A. M, of the 6th, while the highest point was
reached at Waterloo at 1 P. M. of the 6th, the stream remaining
stationary until about 10 A. M. of the 7th. At Hackettstown the
bighest is said to have occurred about 2 P. M. of the 7th, but below
this it occurred everywhere on the 6th, at Beattystown about 3 P. M.,
at Stephensburg from 12:30 to 3 P. M., at Penuvilleat 1 P. M., at
Changewaterat 4 P. M., at Hampton at 3 P. M., Asbury, 2 P. M., and
below that from 5 to 5:30 P. M. The time was carefully noted and
verified, and is interesting asshowing that the time of highest water at
successive points going down stream is not regularly later than points
above, but is modified by local conditions. This is peculiarily inter-
esting because this stream has no large branches between ‘Waterloo
and its mouth. It follows from this, almost necessarily, that the
rate of discharge at the maximum is not proportional to the eatch-
ment, a fact which we have frequently noted and explained. Similarly
we find a disagreement at diffzrent points on the stream as to whether
this was or was not higher than previous floods. It was said to be
the highest ever known at Waterloo, Hackattstown, Beattystown,
Stephensburg, Pennville, Changewater, Asbury, Bloomsbury and
Reigelsville, by amounts varying from one to four feet at the different
places. At Finesville it is said that a flood in 1838 was nearly as
high, while at Hampton one in 1857 was thought to have been about
as high. At Chaogewater the flood of 1857 was claimed by some to
have been one foot higher. The stream did not reach its normal
condition until about four days after the beginning.

Pequest River.—The notes made along the Pequest river show that
the depth of snow was from 7 to 8 inches; that it became saturated
with rain about 10 A, M., of the 6th, and two hours later it practically
disappeared. The river responded in its usual quiet manner, and the
maximum flood-flow at Belvidere did not exceed the previous highest
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of 12.5 cubic feet per second per square mile, but the stream remained
high about a week. This condition of things is due to the large area
of flats or meadows on the catchment, and the Pequest presents the
same conditions as the Passaic above Little Falls, but on a much
smaller scale. A flood in 1869 is said to have been as high as this,
but there must have been several others equally high. The stream
began to rise everywhere about 9 A, M., and had reached its highest
at Belvidere at midnight, and at Tranquillity about the same time,
while between Townshury and Belvidere the highest occurred about
5 P. M. This highest stage came from the rush of water from the
lower watershed., Above Tranquillity, near the headwaters, the high-
est point was still later than at Tranquillity. In its exireme slowness
and lower maximum rate, the Pequest is a striking illustration of the
paramount influence of topography upon the rate of flood-discharge.
The catchment has only 18 per cent. of forest.

Paulinskill—On this stream it was noted at several points that the
snow was from 6 to 8 inches deep on the morning of the 6th, and quite
firm or solid. It became saturated about 11 A. M., and had practi-
cally disappeared at 1 P. M, The stream began to rise slowly about
8 A. M,, and at noon the water is said to have come down with a rush.
A flood in Oetober, 1869, was from 12 to 14 inches higher than this
one at Balesville, and at most other points it is said to have been of
about the same height, At Warrington the maximum rate was 4,068
cubic feet per second, which exceeds the maximum recorded on page
104 of the Report on Water-supply, and amounts to 26 cubio feet per
second per square mile, At Paulina, where the catchment is 126
fquare miles, the maximum recorded was 6,734 cubic feet per second,
or 64 cubie feet per second per square mile, and we find that the total
flood-discharge for 72 hours amounted to 2.92 inches, of which 2.31
inches went off in 48 hours, and 1.2 inches in 24 hours.

MAXIMUM RATE GF DISCHARGE.

February 8, 1896.

Cubie feet
Aren in Percentage per second
Catchment. square miles, of forest.  per square mile,

Raritan, v vverseriiisenss cererrenen 879 13 68
PRBAAIC. . ..vverccerieienir e reen ey rrsainne 822 58 22
Pompton......osoricecrecnnvennnnanennnns 285 76 66
Bouth Branch......ueiieneiseereenns 278 13 100
Paniinskill...viieeeresene e rersnensnens 175 27 28
Ramapo .cvvivvisiininnieecnncnsennn,. 1680 75 54
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Cubic feet
Area in Percentage per second
Catchment. square miles, of forest.  per square mils,

Pequest. ..cccccenmennieneeisinrarsenen 158 18 13
MuoBeonetCong..covesviarinnresreses 180 30 45
Paolingkill,..ccceeiiernvisisientuvasaanen 126 27 b4
ROCKAWAY iivnrevisiriisrisiseresenneneses 118 82 43
Ramapo.... overvneiierienssriacsnnicncnn 86 80 56
WWANRQUO...ccervriess sraveans nes saravners 78 85 09
South Branchu....ccoccniverianarienens 67 30 118
Pequannock......cevrererssncenrarasninies 48 78 116
WhippanY..coooverieruivrisrsrnrsaresrenes 38 36 84
MUuBCONBLCODE. . ceenerrireiavrnisisnnrar . 36 85 64
Domont's Brook......cceeeiainisinrse 10 b 140

In this table, wherever the flood has been held back by storage
reservoirs, the maximum rate of flow is taken to be that of that por-
tion of the catchment not affected by such holding back. Such cor-
rection has been made on the Pompton for the storage reservoirs of
the East Jersey Water Company and for Greenwood lake. But sev-
eral other natural lakes upon the catchment have not been allowed
for, 8o that the maximum rate for the Pompton is undonbtedly still
reduced by these other lakes. The maximum rate on the Pequannock
is taken to pertain only to the portion of the catchment below the
East Jersey storage reservoirs, For the Wanaque the eatchment
has been reduced by throwing out the part controlled by Green-
wood lake, although nothing is allowed for Sterling lake. The
Musconetcong maximum is also corrected by throwing out the
portions of catchment controlled by lake Hopatcong and Stanhope
reservoir. The maximum rates of discharge here given are conse-
quently sufficiently accurate to admit of comparison. The table is
convenient for ready reference and general comparison, but without
allowing for local pecularities no useful lesson can be learned from it
a8 to the effect of forests upon flood-flow. The maximum rate of dis-
charge measured in this way is effected by purely local conditions,
mainly by the shape of the valley at the point where the measurement
is taken. The velocity of discharge down the valley is determined by
the depth of the water and the slope of the valley above the point of
gauging. It is also affected to a less degree by the capacity and slope
of all the valleys of the catchment. Where these are flat, so that the
water can spread, no great depth can be attained, and the rate of dis-
oharge is consequently lower. The retarding effect of forests, if' any
exist, would be better shown by the rate at which the water tomes in
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to the valleys from the surrounding slopes, Thus, on the Raritan,
we determine by taking the accumulation of water between the dam
below Bound Brook and the mouth of the Millstone, that for
six hours the water was discharged into this portion of the valley at a
rate which averaged almost as high as the maximum recorded for a
short time at the dam, and from this we must infer that the maxi-
mum rate of discharge into the valley above the dam was much higher.
On two water-sheds exactly similar in topography, the rate of discharge
will be greater as the size of the watershed is less, This fact appears
throughout the table, and allowing for this it is impossible to detect any
relationship between the maximum rate of discharge and the percentage
of forest on the catchment, The same conclusion was reached in
the last annual report by comparing the maximum recorded discharge
of a large number of streams. It is rather better shown now from
the fact that we are comparing these streams in a flood under almost
exactly similar conditions everywhere. The relative height of a flood,
as generally uuderstood, and its destructiveness, are accurately
measured by the maximum discharge above shown. On two catch-
ments fairly similar in topography, one of which is largely forest-clad
and the other deforested, the forest-clad watershed should show a
lower rate of flow if forests exert a controlling effect upon floods.
The Ramapo at Pompton and the Paulinskill at Hainesburg seem to
be fuirly comparable. The former with 75 per cent. of forest shows
a maximum rate of 54, while the latter with 27 per cent. of forest
shows a maximum rate of but 26.  Again, the upper Ramapo with
80 per cent. of forest shows a maximum rate of 56, while the
Wanaque with 85 per cent. of forest shows a rate of 99, and the
Pequannock with 78 per cent. ot forest a rate of 115. The
Pequannock shows about the same maximum rate as the South Branch
at High Bridge, although the latter has only 30 per cent. of forest.
There are enough of such instances to entirely break the force of the
cases In the table which seem to show a higher rate for a less percent-
age of forest, such as the Pompton and the south branch of the
Raritan, or the Whippany and Upper Musconetcong, and the con-
clusion is inevitable that any effect which forest may have had upon
the maximum rate of discharge is entirely subordinate to other con-
trolling influences which we have stated to be mainly topographical.

The destructive character of the flood under consideration, which
in most places seems to have been higher than any previously recorded,
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has, as usual, been freely attributed to deforestation. ‘We repeat our
caution that the mere fact that a flood is higher at a given point than
heretofore, does not mean necessarily that its rate of discharge was
greater, but may mean that the valley has been artificially obstraoted
during recent years by bridges, dams or embankments. Admitting,
however, that this flood generally had a higher rate of discharge, the
question at once arises, why, if this is due to deforestation, the effect
has not been felt much earlier. We pointed out in the last annual
report the absolute dearth of evidence either that the area of forest is
less, or that- its condition is in any way inferior to that of 1850.
Indeed the evidence is all to the effect that the country is less deforested
at present than it was 45 or 50 years ago. The long interval which
has elapsed since the deforestation seems to prohibit the direct infer-
ence that the more violent discharge was due to that cause.

The only positive evidence which we have is found in the relative
rates of discharge of various catchments under different degrees of
deforestation, Returning to the analysis of this evidence the follow-
ing table presents, in a more satisfactory way than the foregoing one,
" data which may indicate retardation of the discharge by forest, if it
exists

DISCIIARGE BY PERIODS.

In inches on caichment.

Areain Percept. Discharge in given hours from be.

Catchment, square of - ginning. ~
miles,  forest, 12 24 48 2

Passaic at Dundee.....c.cooeeemvrcinee 822 58 010 036 118 172
Raritan at dam.....ccoverieerserreosrenin. 870 13 0.41 1.48 2.43 2.74
Pageaic at Two Bridges.......cceeeens 773 B8 0.81 1565 287 272
Raritan above dam..........coserreneee 878 13 0.63 1.59 2.43 2.74
Pompton...coovreieveniinsassssnsenasnsons 850 76 0.71 1.565 242 2.89
RAMAPO.cerscarscarorrrosssssssaresiasars 160 75 054 134 262 813
Panlinakill.....coeeesverseerrrseasacssasen 126 27 03¢ 120 2381 2.91
ROCKAWAY ceearersereremnsrserasrerrsasnarin 118 82 044 1.21 2.08 2.60
RAmMBPO..corcreiresorsesrersesssnonnrsenss 80 80 0565 132 254 8.01
Sotth Branch..eeresereesviccssrorscnsenn 67 30 1.13 1.78 2.60 3812
Pequannock......ocsssriverrarrrnscenns 63 78 142 246 822 3.563
MuBcOnOtCOngE. , . cccmracersarnrarnorssss 37 86 1,12 227 853 3.7
Lake Hopatcong......cocisermervensssns 22 17 S 237 301 .. .
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FERCENTAGE OF TOTAL DISCHARGE.

By consecutive periods,

First Second First Second Third
12 hours. 12 hours, 24 hours. 24 hours, 24 hours,

Paagaic..iieenrininrnnnens sensenens 28 34 b7 30 18
RAritan. ..c..cccrvrvvereenmnecssnsens 23 35 b8 31 11
Pompton .....ccmmeerveeannneansnnen 25 29 54 30 18
Ramap0...... ceveeeesscnsvsnmnenen 17 26 43 41 18
Paulingkill....ocvimrennes veasrenas . 13 28 41 38 21
ROCKBWAY...oceeeieeriirirrerrensas . 18 30 48 36 17
Ramapo...cccovvrviinicarnernrennness 18 26 44 40 16
Scnth Branch......cceeiveireennss 88 19 86 28 17
Pequannock........ccceesrrennrenrs 41 29 70 22 8
Musconetcong. ......ovvsrese vees s 30 g1 61 34 5

In the first of these tables the figures first given for the Passaic at
Dundee aud Raritan at dam are for flow locally restricted. In the
cage of the Passaic this comes about through the operation of the
extensive flats and the restricted outlet at Little Falls, while in the
case of the Raritan it is due to the dam itself and other artificial -
obstructions. In the figures next given for the same streams this is
corrected, the Passaic figures being also corrected to allow for water
stored in Jakes and reservoirs, and we have the rate at which the water
came in immediately above the point of restriction. These two,
together with the Pompton, represent catchments large enough to be
free from local and accidental features, The diecharge by periods
does not show any effect traceable to forest conditions, indeed, the
rapidity of discharye is somewhat greater on the well-forested Pomp-
ton eatchment, and the figures are nowhere higher than for {he well-
forested Pequannock, In general the discharge in inches of depth for
the first day will be greater as the area of catchment decreases. This
law is well exhibited in the 24-hour period. Taking the whole
72 hours the volume of flood-discharge is seen to vary materially on
different catchments. This may be due to local differences in the
amount of rain or snow, or in the absorbent power of the soil. It
does not appear to be less on the forested catchments. In order to
eliminate the effect of differing volume of total discharge the second
table is made up to show what percentage of the total was discharged
duriog the first and second 12-hour periods and during the three
24 hour periods from the beginning. In these tables the agreement
between the forested Passaic aud deforested Raritan catchments
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is striking. The Pompton, being a esmaller catchment, naturally
shows a little higher rate for the first 12 hours. But it is about four
per cent. less during the first 24 hours, this four per cent. having
been earried over and discharged during the third day. We are of
the opinion that this slight retardation is attributable to the lakes and
ponds entirely. That it is not due to the high percentage of forest
seems proven from the fact that on the Ramapo, one of the branches of
the Pompton, having about the same percentage of forest, the retardation
is considerably greater than on the Pompton. Lakes and ponds
operate also in the case of the Rockaway to produce a similar result.
The South Branch of the Raritan shows a more rapid discharge than
the foregoing streams, but less rapid than the much better forested
Pequannock and Musconeteong, showing clearly that the difference is
chargeable mainly to the decreasing size of the catchment, and not to
deforestation.

The flood of 1896, therefore, so far as indicated by our studies, is
one of the extreme floods which occur at long intervals from peculiar
meteorological conditions, and it seems that these studies verify the
results of our previous investigation, from which we drew the conclu-
sion that forests had little or no effect in retarding the extremely high
floods. The beneficial effects are apparently confined to the more
usual stages of the river, as we pointed out in the last annual report.
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Drainage of the Hackensack and
Newark Tide-Marshes.

BY
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Drainage of the Hackensack and Newark
Tide-Marshes.

BY C. C. YERMEUGLE.

The tide-marshes commonly known as the Hackensack and Newark
meadows extend in a continuous belt about 18 miles long, and with a
general width of four miles, from Elizabeth northeastward to Hacken-
sack and Englewood. The Newark meadows, lying between Eliza.
beth, Newark and Newark bay, have an area of 7,289 acres, mostly
within the limits of these two cities. The Hackensack marshes have
o total area of 20,045 acres, of which 1,465 acres, lying between
Hackensack and Wood Ridge, is not tide-marsh but fresh meadow.
With this exception, the total of 27,334 acres is tide-marsh, lying at,
or slightly above, the level of high tide. Occasionally an unusual
high tide submerges the whole area, and it is always in a saturated
condition. The marshes have a soil consisting, for the larger part, of
blue mud or clay, but portions are the bottoms of former cedar
swamps, are of a peaty nature and countain many logs, roots and
stumps. The depth of mud has been sounded by this survey, and the
results of the sounding are given in the accompanying map. By far
the greater part shows a depth ranging between 10 and 15 feet,
although there are econsiderable aress where the depth is ouly from
4 to 8 feet, or even less, and also small areas showing over 20 feet.
In its present condition practically all of this area is unproductive.
It raises a Juxuriant crop of coarse sedge and salt grass having little
value. It is a breeding place for mosquitoes and other insects,
Owing to its trifling value this marshy area is gradually becoming,
and is likely to, in the future, become more and more a site for offen-
sive manufacturing industries, manure piles, and other nuisances,
The marshes are crossed by 12 important lines of railway, 6 of which
are trunk lines, and all of which carry a large and rapidly increasing
suburban passenger business, On this account these unattractive-
looking and neglected marshy areas are continually under the eye of
many hundreds of thousands of people, and undoubtedly ereate in the

1% gEo (289)
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stranger’s mind an unfavorable impression of what is really the most
rapidly growing and desirable residence district in the vicinity of New
York. Notwithstanding the phenomenal growth of this part of the
State, these marshes have consequently bad a retarding influence upon
its progress, and their improvement to such an extent as would trans-
form them into grazing lands or market gardens could not fail to have
a decided beneficial effect upon the real estate value of this whole dis-
trict. Aside from the direct benefit resuiting from a removal of a
blot upon an otherwise fair landscape, it is a well-known fact that the
nuisances attributable to these marshes are experienced by ali of the
populous country lying east of the Orange mountain, and extending
from Eligabeth, on the southwest, to Paterson, Hackensack and Engle-
wood on the northeast, The population of this territory in 1895
aggregated 900,000 people, It has increased very steadily during the
last half century, at a rate of 40 per cent. each ten years, and some-
times at o rate exceeding this. If we assume this rate to continue,
the population 23 years hence will be fully two million, and indeed it
is plain to one fully acquainted with the growth and possibilities of
this territory, that so long as it continues to keep pace in transporta-
tion facilitics znd attractiveness with the western end of Long Island
and the district beyond the Harlem river, its growth must continue
at an extremely rupid rate, probably exceeding any predictions which
we huve ventund to make, The assessed valuation of this district is
at present 450,000,000, of which about $340,000,000 is the assessed
valnation of resl estate alone. We believe that no single improve-
ment woulkl Jdo more to enhance the comfort and prosperity of this
large and wealthy community than such a judicious and moderate
improvement of these marshes as we shall attempt to outline. The
ficures of assessed vaiues, which we have given, show that a very
moderate percentage of increase in the real estate values of the whole
distriet will repay the cost of the improvement.

The potent reasons for urging an improvement of the marshes are
those which we have indicated, namely, the health and comfort of
this large population bordering upon the meadows, the increased
attractiveness of the whole district as a place of suburban residence,
and, if the improvement is carried forward on proper lines, the
increased facilities for conducting the growing commerce and manufac-
facturing industries of what must eventually become a vast city. We
consider the benefits of an agricultural nature, or the enhancement of
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the value of the marsh land itself for agricultural purposes, as some-
thing which should be regarded as incidental, yet they should not be
entirely ignored. Until it shall be needed for buildings and husiness
purposes, this large area of over 27,000 acres, with markets lying at
its very doors, or everywhere within easy driving distance, thus sav-
ing all freights, must have a very considerable value for dairying and
murket-gardening. If drained it will at once begin to attract manu-
factories along the banks of the waterways, where excellent sites are
offered but are now unavailable because of mosquitoes and unfavorable
ganitary conditions,

There is no doubt that the most economical and advantageous way
would be to have the district improved as a whole under the direction
of some single board or governing body. The cost per acre of em-
banking and draining, as a rule, decreases as the area or the scale of
operations increases. As there may be insuperable obstacles to the
accomplishment of the work in this way, however, we have thought
well to outline the subdivisions of the marsh lands into smaller dis-
tricts which might be operated upon by private enterprise or by the
communities most directly interested. By whatever organization the
works shall be installed, it should be kept in mind that they will be
of such a character that their continued good condition and efficiency
can only be secured by leaving them permanently in charge of some
controlling organization which can employ proper technical skill
and exercise intelligent supervision. Such drainage works cannot
safely De left in charge of the parties who might happen to be,
for the time being, the owners of the reclaimed lands. 1t is not
merely the reclamation of the marshes that is aimed at, but the sani-
tary and other benefits which will accrue to the whole district,
and the permanence of these benefits must be insured by proper
supervision. It ought also 1o be kept distinctly in view that this
work is for the good of the surrounding community asa whole, and
it not infrequently happens that some other township or county than
the one in which the marshes happen to be situated has a direct
interest in their improvement. On this account it becomnes especially
desirable that the work shall be done as a whole and shall be under a
common administration in the future, The actuzl method of pro-
cedure and organization by which the work may be accomplished
can only be suggested in outline. It is the aim of the present article
to point out with sowe definiteness how the engineering work should

NEW JERSEY GEOLOGICAL SURVEY



£92 ANNUAL REPORT OF

be planned and executed in order to secure the greatest benefits, and
aiso to furnish the necessary data and suggestions needed to inaugurate
such an improvement.

We have considered three methods of reclaiming these lands, which
have been suggested at different times. The first is filling-in by
dredging open canals through the marsh, the dredged material to be
used in raising the intervening lands above the level of high- water,
Such work could be executed mainly by machinery. A canal 100
feet wide at top, and 12 feet deep, with side slopes of two base to one
perpendicular, would furnish material enough to raise a strip of meadow
300 feet wide about 3 feet, About three-quarters of the meadow area
would be reclaimed, the remaining one-quarter becoming water surface.
The cost could probably be reduced as low as 10 cents per cubic yard
of filling, or $484 per acre filled three feet deep. It would lie be-
tween this and 3700 per acre, according to the circumstances. We
consider that this method of reclamation has but'a limited application.
Such a treatment would be suitable along the banks of the Passaio and
Hackensack, where material could be obtained either by widening the
river chanoels and deeping them, or by dredging basins and slips.
Especially so, since the best treatment of the water-front along these
comparatively narrow rivers, in order to give accommodation to the in-
creasing commerce of the future, would be to provide berths for ves-
sels beyond the limits of the river chanuel itself, dredging back into
the banks for this purpose. Aside from such limited application, this
method of improvement is not desirable. The dredged water-channels
would andoubtedly be expensive to maintain in good condition, and
it would be very difficult to keep up a proper circulation of water so
as to preserve goad sanitary conditions, Especially where the ground
is lilely to be occupied by cities, such open waterways would be ex-
tremely objectionable, an obstruction to land trafic and a menace to
health.

FILLIKG.

The next general method of improvement is raising the meadows
hy filling with extraneous material, either ashes and other solid refuse
from the cities, or earth brought in for the purpose, or the combina-
tion of the two. A certain amount of such filling can be done grad-
nally along the out<kirts of cities bordering on the marsh, with the
waste-material of the city itself, at a very small cost, and no doubt a

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 293

large amount will be done in this way, as has been done already.
Where material is brought in for the purpose, the cost will usually be
not less than 25 cents per cubic yard, which amounts to about one cent
per square foot of surface for each foot in depth filled, or $1,200 per
acre filled 3 feet deep. The actual depth of filling will vary from 3
feet upward, according to the grades established and the necessities of
drainage, &c. It would probably average 6 feet, and the settlement
of the marsh would increase the necessary amount of material. Land
reclaimed by this method would cost on the average $2,500 per acre,
While it may be applied gradually to land required at once for build-
ing, it is too costly a treatment for any very considerable part of the
large area with which we are dealing. We must recognize that it will
be a long while in the futur: before all this land will be needed for
cily uses, and such an expensive method of treatment should not be
applied more rapidly than the land is actually needed, as the interest
charges upon the cost would be burdensome. Meanwhile if the large
area of tide-marsh not needed at once for buildings does not receive
some method of treatment which will render it more attractive, the
growth of the whole community will be, to a certain degree, retarded,

Even at the estimated cost of $2,500 per acre, filling would not do
away with the necessity for pumping the sewage, as we could not
obtain sufficient fall across this wide extent of marsh to dispose of the
sewage by gravity, Ultimately the larger part of the rainwater would
have to be included with the sewage upon areas which came to be used
for city purposes, consequently there would be no important saving in
the cost of maintenance to offset the heavy cost of filling, if the filliog
should be applied to large areas.

EMBANKING AND PUMPING,

The ihird method of treatment considered is the ome which has
been usually adopted wherever reclamation has been successfully
accomplished on a large scale. It is embanking, or dykiug, and drain-
ing the water off by means of tide-sluices, or by pumping. Notable
examples of this method of treatmeant are found in the drainage of
fen-lands of Englaud and in the very extensive system of drainage-
works of Holland. In our own State it has been successfully applied
in the counties of Salem and Cumberland for agricultural purposes,
These last works have not been so successful in recent years owing to
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the rather depressed condition of agriculture and a consequent failure
to follow up the drainage and keep it in a proper state of efficiency,
but for many years they were very notable examples of successful
and profitable reclamation. The drainage there has invariably been
effected by the simple process of shutting out the tides with earth
ernbankments and draining off the water by means of tide-sluices,
The ordinary tide sluice consists simply of a wooden gate hinged at
its upper edge and hung so that it will open when the water inside, in
the meadow ditches, is slightly higher than the water without, thus
allowing the water to flow out freely, but immediately closing when
tiie current set~ in the opposite direction. By means of such sluices,
where the amount of water flowing into the meadow from tributary
streams is not too large, the water in the meadow ditches is kept down
nearly to the level of low tide. As our tide-marshes are usually a
little higher than ordinary high tide, and about five feet higher than
low-tide level, they are kept amply well draived in this way so long
a~ they retain their natural level. Experience in this State and else-
where bas shown, however, that where the marahes are of a peaty
nature, drainage and tillage results in a steady shrinkage or subsidence
of the level of the marsh, and this subsidence continues until the
marsh becomes a4 low as low-tide level, or lower if the drainage is
continned and the water pumped. Many instances of this shrinkage
were olserved duriog the leveling operations of the Topographic Sur-
vey, thus the natural level of Hackensack meadows was found to be
from about 2.3 to 2 75 feet above the level of mean tide; but east of
Hurrison, near the turnpike, in the portion of the marsh which was
embanked by the New Jersey Land Reclamation Company about
1889, the marsh had subsided in 1887 to .9 of a foot below mean-tide
level, or something like 3% feet below its normal level. Embanked
meadows in Cape May county and near Mays Landing had subsided
about one foot, On Cohansey creek, in Cumberland county, some
were observed which had subsided from 2% to 3 feet, and in Salem
county instances were noted of a subsidence of 3} to 4% feet, the latter
being within 6 inches of the level of low tide. Such a subsidence
must be recognizad in the designing of drainage-works of this
character. When it takes place, drainage by sluices in the way we
have indicated gradually ceases to be effective, and the water must
thereafter be removed down to a lower level by pumping.

Sometimes this settling of the marsh to which we have referred has
been successfully counteracted by opening the meadow to the tides,
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and allowing the water to flow in and deposit its sediment. Where
gtreams carry a considerable amount of silt, the marsh can be built
up in this way quite rapidly. It has been done in two ways.  One
was to keep the tide shut out for a period of years and continue the
cultivation of the meadows, then to open the banks and allow the tide
to flow in during another period of years and deposit the sediment
and fill up the meadow. Of course such a method as this could not
be entertained at all where the drainage is mainly for sanitary pur-
poses, as it will be on the Hackensack, Another method, and one
which has come to be preferred by the owners of such improved
meadows, is to allow the tide to flow in each winter, and secure in
this way enough deposit to keep the meadow up to a proper level for
drainage. The waters of the Hackensack river would in any ecase be
of little value for this purpose, as the amount of sediment carried is
not large ; those of the Passaic might be more useful, but it is not
likely that such flowage would be much resorted to on the Hacken-
sack meadows.
The accompanying map shows which portions of the meadows
‘ consist of blue mud, and which are of a peaty nature. Between |
these two divisions there are belts of meadow which consist partly of
‘ peat and partly of blue mud, The shrinkage of the blue mud will |
‘ probably be less than for the peaty portions. On the latter it will, of |
| course, be determined largely by the depth of the marsh, and we find
that, with the exception of some very limited areas, this depth is
generally 8 feet or less. The surface of the meadow may be taken to
be generally 5 feet above low-water level, so that it does not seem
probable that any very large area of this marsh will sink much
below the level of low tide. We must certainly look forward to
pumping the water from the entire area drained after the marsh has
had five to ten years of shrinkage, as the sluices will then become
ineffective ; consequently, if sluices are built, they may be of a tem-
porary character, of timber, but so constructed as to be tight and
substantial during their probable period of service.
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QUANTITY OF WATER TQO BE REMOVED,

In designing our sluices, drainage channels, and possibly the pump-
ing-works later on, it becomes necessary to know how much water
must be removed, and at what rate. The capacity of the pumps or
sluices must be equal to the maximum rate at which the water will
come down the drainage channels. The data for determining the rate
and amount are found in the Report on Water-Supply, published by
this Survey in 1894, The best measure of the rate is found in the
flood rates of flow of the neighboring rivers. On page 153 of the
Report on Water-Supply there is given a table showing all the floods
which occurred on the Passaic during a period of seventeen years.
The greatest flood, and one which has not been exceeded, probably,
during this century, occurred September 25th, 1882, and the table
shows that during eight days the amount of water discharged was
equal to 8.71 inches of rainfall on the water-shed. Another flood in
1878 showed a total of 8.47 inches of water running off in eight days,
and during the seventeen years there are ten floods exceeding 2,756
inches depth on the water-shed. The duration of the flood was
usually eight days, and it seems to be quite clearly indicated that a
total of 3.71 inches is not too much to provide for in the light of these
facts. As to the period during which this water woald run off, how-
ever, there are conditions on the large Passaic water-shed which make
the time considerably longer than it will be in the case of our smaller
areas to be drained. Thus we find that on the Raritan, in this same
flood of 1882, there was a total discharge of 3.36 inches in 64 hours,
80 that from this and observations on several smaller drainage areas,
it seems that provision for 3.6 inches depth of water on the entire
drainage area during a period of three days, or 72 hours, would be a
proper allowance. This amounts to .05 cubic foot per second per acre,
or 32,682 gallons in 24 hours for each acre draining into the drainage
district in question, This gives us the total capacity of our pumping
machinery or tide-sluices, which must be provided to prevent over-
flowing of the lands in heavy storms. The average amount of water
to be taken care of, however, will be very much less. Table No. 54,
ou page 198 of the Report on Water-Supply, shows in detail how much
water will flow off the Hackensack water-shed during each month and
year of an average, an ordinary dry, and the driest known year. The
following table, based upen the table quoted, shows the daily amount.
of drainage during each month of the average year’:
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Average amount of drainage,
Gallans per acre daily,

B 111170 o YOO 2,580

12071 13 43T OO 2,590
METCh.cveeiteirvienireiiesnnerernsnsse s vnsnassmmnnsans 2,470
APTi)s e 2,110
D - PP SN 1,730
B E1 1 <L OISO 1,200
JULF e iierierieeeasetes s arrennren sevenesns sesnsesas 770
ABZUBL.coviieiiiiie criiiiis e s e 890
Beptember........cocccviriiisiinn i s eeaen 730
L8 170 4T U 850
November......occciriiiiiiiniisici e 1,440
Dacember., ...cccooviiiiiiimeminiensesiirannie e 2,210

-7 OO 1,610

We find from this that 1,610 gallons daily for each acre drained
will be the average amount of water to be removed. It must be
noted carefully that the total amount will be determined not merely
by the acreage of marsh land, but by any additional acreage of up-
lands, the drainage from which finds its way into the marsh, We
must, therefore, provide for emergency a total pumping capacity of
33,000 gallons per acre of marsh and tributary upland each 24
hours, but for six months of the average year, or during one-half of
the time, we shall need only a capacity of 1,440 gallons daily per
acre, or about five per cent. of our total pumping capacity. The
other 95 per cent. will only be used occasionally, and 25 per cent.
only rarely. Such conditions of irregular use make the important
items in the cost of pumping, the wages and interest and depreciation
on the plant, and the fuel item becomes less important ; consequently
it follows that the best economy will be secured by machinery of mod-
erate cost and moderate duty. The centrifugal pump, for instance,
would be well adapted to furnish at least ninety per cent. if not all of
the pumping capacity of each station. Pumping has been effected to
a large extent in Holland by wind-mills, but the later and more
thorough drainage works bave almost invariably adopted steam
power. Which should be applied must be determined to some extent
by the particular case under treatment; thus, a portion of marsh
which has within its bordera a considerable drainage channel capacity
where the drainage-water can be received and held during a period of
calms, can be drained by wind-power, but where this is lacking and
the drainage must be continuous and constant, it is better to resort to
steam-power pumping.
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Pumps of the above capacity would cost, for the complete plant,
abont $10 per acre, supposing the plant to be of sufficient capacity to
drain about 1,000 acres or more. If the plant is very much smaller
than this the cost per acre would be somewhat increased. We esti-
mate the annual cost of operation of the pumps, including interest and
denreciation on the cost of plant, at from $3.35 to $4.10 per acre of
drainage, according to the efficiency of the plant, and perbaps $3.76
per acre would be a fair allowance for the cost of steam-power pump-
ing. The cost in Holland has been much less, but there the rainfall
exceeds evaporation by only about 8 inches per annum, whereas here
the excees of rainfull over evaporation amounts to over 24 inches,
or thiree times 88 much, which accounts for our larger estimate.

In providing for the removal of the water by slaices we have to
bear in mind that the water must be kept down in the ditches from
12 to 20 inches below the surface of the meadow for pasture or grass-
land, and from 20 inches to 3 feet for grain-fields. The rise and fall
of the tide being & feet, if the water could usually be kept within one
fuot of low-water level, it would be quite low enough to allow for
ordinary subsidence of the meadow. Grass could be raised successfully
after the meadow had shrunk two feet, without resorting to pumping.
Sluices should be set partly below the level of low tide. In order to
discharyge the maximum of .05 cubie foot per acre, one square foot of
arifice rhould be provided for each 26 acres drained, including all the
uplund draining into the embanked area. This is on the assumption
that the water of the marsh is never to be allowed to rise higher than
meun sea-level, and that the sluices will discharge under a head rang-
ing from nothing up to one foot. If this area of sluices is provided
the water will be kept at 2 much lower level usually, and will rarely
reach a higher point than eighteen inches above mean low tide. The
computation is made, however, on the assumption that the sluices will
discharge in a time of floods, for an average of six and one-quarter
hours for each tide, consequently they must discharge at a rate about
twice ad fast as the flood rate, or .10 cubic foot per second per acre.

The ditches within the marsh, on the above assumption, must have
sufficient capacity to retain all the flood-waters for a period of 6}
houra without a rise of more than 18 inches in the water-level. As
our flood-rate of 3.6 inches in 72 hours amounts to .3 of an inch in
six hours, the drea of ditches must amount to !/, of the entire area
drained, Io Holland the superficial area of the ditches amounts to
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from Y/, to %, the area of the polder, which it will be seen is
nearly five times as much as our estimate, but this practice may have
resulted largely from drainage by windmill power, requiring a larger
arca for storage. Our estimate refers to drainage by sluices. It
should not be less for steam-pumping, as it does not provide more than
enough waterway to pass the water freely toward the pumps, and it
might profitably be increased in the case of sluices, the rige of flood-
waters being correspondingly diminished, but the limit of such
diminished height will soon be reached, as it causes a corresponding
diminution in the time of discharge. It is doubtful if any increase
of ditch area beyond '/, of the area of catchment would be of
substantial benefit. This, of course, includes the ¢ntire area of both
main and lateral ditches. The main ditches and natural drainage
channels ought to provide for at least half of the required chanoel area.

It is apparent that economy requires as much as possible of the
upland water to be excluded from within the banks. Its drainage
naturally into the sea may sometimes be provided for by carrying the
banks back along both sides of the natural water-courses to the upland
and constructing drains along the edge of the upland to divert the
water from the marsh. It is also apparent that there will be a con-
siderable increase to the cost of maintenance of the improvement
where pumping must be resorted to, but, nevertheless, it will be
unavoidable, and when the subsidence of the marsh has made it
necessary the improvement should be followed up by steam-pumping ;
otherwise the marsh will revert to its original condition.

Taking the cost of pumping at our estimate of $3.75 per acre
annually, it will be seen that this is five per cent. on $75 per acre.
This is far within the cost of filling by any possible method. There
can be no valid objection to the method of dyking and pumping,
even where the marsh is used for city purposes, for the embankments
can readily be made strong beyond any reasonable doubt, and the
pumping capacity can be made sufficient to remove the water under
all circumstances, so that the drainage within the embanked area will
be in all respects as good as on the upland.

DYKING.

The method of embanking which has been practiced largely in
Salem county is as follows: A ditch is dug on the site of the pro-
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posed bank four feet wide and two spits deep. This removes the sod
and grass-roots of the surface, and allows the baok to be closely
united with the underlying clay, or other firm material. Then a
diteh 12 feet wide and three spits deep is dug along the line of
embankment, and from this the material is taken to build the bank.
The spits cut out of the trench are cut into small pieces and fitted
closely together in the bank by the packer in the same way that
stoues are laid up in a wall. The mad, when well packed,
forms a very strong and durable bank so long as it is kept
moist. If it gets too dry the bank will crumble down, but this
rarely occurs, The general size of the banks is 4 feet high above the
meadow, 8 feet wide at the bottom, and 3 feet on the top. The slope
is about one to one on the outside, and about one-half base to oue
rise on the inside. The steepness of these slopes explains the crumb-
ling referred to. Of course, in exposed stations, such as Finn's Point,
along the Delaware river, the banks are built much heavier. The one
referred to is 10 feet high, 12 feet wide on top, and 30 feet at the
bottom. This bank is also protected by a facing of stone on the river
side. The banks are usually built at a little distance from the stream,
leaving a strip of marsh outside, a rod or more in width, for the pro-
tection of the bank, and also to supply the mud used in repairing.
This space is called the guard or fore-shore. The cost of this worle
has varied considerably, of course, but generally the lighter banks
described have cost from two to three doliars per rod, and from ten
to fifteen dollars an acre bas been expended for building banks and
sluices and opening drains and water-courses. Diiches are cut at
intervals, varying with the needs of the meadow, and are generally
about 7 feet wide and 2 feet deep. The cost for repairs has ranged
from fifty cents to $1 an acre yearly, and some of the more exposed banks
have cost an average of $2 an acre, Much of the expeuse is caused
by the depredations of muskrats and of the soldier crab, or fiddler,
Unusual high tides causing breaks, and the settling of the banks
have been additional causes of expense in maintenance. The gettling
has been slight along the banks of sireams, for there the meadow
is usnally firm, but the cross-banks ranning back to the upland often
settle badly. The softer parts of these tidal meadows are usually
found near the edge of the upland, and where the meadows are quite
wide this portion is also often considerably lower than the meadow
near the streams.
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The dykes about the meadow in Kearney township, Hudson county,
were built by the New Jersey Land Reclamation Company, about
1869, as we have already mentioned. In this case, in order to guard
against the burrowing of muskrats, thin cast-iron plates were inserted
in the bank, reaching from about 18 inches above to 3} feet below the
surface of the meadow. This was, of course, a costly expedient.

The general results of the writer’s observation and acquaintance
with the embanked meadows of the State convince him that the success
of the work is, to a large degree, dependent upon the solidity and
permanent character of the embankments and tide-sluices. While it
calls for a larger capital outlay at first, which is an important con-
sideration where the work is done as a private enterprise, the interest
* on the increased outlay needed to secure the best work is but a small
part of the increased cost of maintenance due to building the works
too light. For the Hackensack meadows, we should recommend as
the minimum dimensions of the banks, a height of 4 feet above the
marsh surface, with a top width of six feet, and slopes on each side of
one and one-half base to one perpendicular, making the width of the
base of the bank at the surface of the meadow 18 feet. We would
also recommend that no turf should be used excepting for the slopes
and top of the bank. A trench should be dug 8 feet wide and about
2 feet in depth along the center line of the bank, reaching through
the turf and grass-roots so as to secure imperviousmess at that
point. Instead of the expensive cast-iron core, sheet piling of creo-
gsoted lumber 1} or 2 inches thick, and reaching from about 2 feet
above to 4 feet below the meadow level, would be equally effec-
tive and much cheaper. The fore-shore, or distance betwzen the
baok of the river or creek, should in every case be liberal, and since
it is proposed to eventually fill a broad belt of land along the banks
of the navigable rivers for use for business purposes, a liberal allow-
ance may as well be made as not. Where the banks are built close to
the edge of the stream in exposed situations, they must be built much
heavier and protected with stone. Such a bank as we have outlined
will require the handling of not less than 3 cubic yards of material
per running foot of bank, If the work is done by hand and wheel-
barrows, such banks will cost about $1 per runniog foot, but if done
on a large scale, machinery.can be used for most of the earth-work,
and the cost could easily be reducedbelow 85 cents per running foot.
The sluices should be carefully constructed, but as they will probably
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only remain effective about ten years, they may be of timber. When
pumping has to be resorted to, they may be filled up. The saving of
pumping expenses, for even five years, will pay well for building the
gluices, and meanwhile valuable experience may be gained for the
design and location of pumping plants. Of course in some exposed
places it will be judicious to use somewhat heavier banks, and they
will always have to be partially protected with stone facing. Some
addition will therefore be necessary to our above prices per running
foot, For cross-banks we would recommend about the same dimen-
gions, but sheet-piling could usually be safely omitted, Cross-banks
shouald not cost more than 60 cents per running foot built by hand, or
45 cents by machinery.

PRESERVATION OF WATERWAYSE,

I3efore we can intelligently outline a method of treatment of the
marslies, u description of the waterways afforded by Newark bay
and the ITackepsack and DPassaic rivers, and the treatment best
adapted ti cach will be in order. There is an ample channel from
New York bay and the Narrows, extending into Newark bay a dis-
tance of about one and one-quarter miles above the draw-bridge of the
Central Ruilroad, with a depth of 15 feet at mean low-tide. For the
pext two miles through the bay to about opposite Passaic Light
the depth of thi vhanoel is about 8 feet at mean low-.water, then it
decpens to 10 fiet, and proceeding up the Hackensack river after we
reach the Nuwur's and New York railroad it becomes 15 feet and
upward, end is gencrally considerably over 15 feet up to the Pennsyl-
vania railroud Dridge. From this point to Little Ferry we have
gounded the channel and find 15 feet at low-water all the way, with
over 30 feet much of the way. The soundings are shown on the
accompanying map. The least depth to tHackensack is 7 feet, and 10
could easily be sveured, while Overpeck creek could readily be im-
proved to 12 fect depth a distance of two and a half miles above
Little Ferry. Derry’s creek is navigable for canal boats to the plank
road ut Curlstadt, The Hackeusack has practically 15 feet at mean
low-water from the Newark and New York railroad bridge to Little
Ferry, therefore, and the deepening of about 4 miles of the channel
below the railroad bridge, through the bay, from its present
depth of 8 to 14 feet to a uniform depth of 15 feet, is so
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evidently feasible that its accomplishment should be looked for-
ward to in the future, when the improvement of the marshes
has increased the commerce of the river so as to demand it. The
work becomes the more practicable when we consider that the material
dredged could be utilized for the projected improvement of the marsh
lands. This would give us a waterway extending 18 miles, from the
Kill von Kull to Little Ferry, on the Hackensack, right through the
heart of this growing district. The Hackensack has a width varying
from 1,200 feet to about 500 feet. It will be seen that it affords
accommodation for a large commerce, and the water frontage along its
course must steadily increase in value,

The Passaic is navigable from its mouth to Passaic City, a distance
of 124 miles. For 4} miles from its mouth, up to Centre street
bridge of the Pennsylvania railroad, its width decreases gradually
from about 1,200 feet to 360 feet, and it has been improved to a
depth of 10 feet at mean low-water. From the Centre street bridge
to Passaic its navigable depth at mean low-water is 6 feet. It pre-
gerves a width of about 360 feet to Belleville, and above that
gradually decreases. The banks along the upper part of the river
are in many places quite steep, and do not not afford very ample
room for manufacturing sites. The requirements of commerce will
probably be met by a few docks here and there at accessible points, and
it would seem that the great natural beauty of the river valley and
its rather limited facilities for commerce point to some such treatment
as has been proposed for the Charles river in Boston ; indeed, it can
be made far more beaatiful than will ever be possible with the
Charles, by means of a well planned system of marginal drives and
parks, which should extend all the way from the northern part of the
city of Newatk into the city of Paterson. Such a line of parkways
would add greatly to the attractiveness of the valley after the river
has been purified by means of intercepting sewers. We make this
suggestion at this time mainly in order to indicate the radically
different methods of treatment called for by the two streams, the
Passaic and Hackensack, and also to emphasize the great future value
of the admirable waterway offered by the Hackensack river. The
lower portion of the Passaic, however, up to the city of Newark, is a
valuable waterway, and must become increasingly so in the future.
We find from the report of the Chief of Engineers, U. 8. Army,
for 1889, that in 1884 the commerce of the river amounted to
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1,200,000 tons, valued at $30,000,000, which by this date must show
a very large increase, The same report estimates the traffic of the
Hackensack in 1889 to amount to 150,000 tons, valued at $1,000,000,
bat it is known that this is increasing. That it is not very much
larger is due to the fact that the Hackensack, thronghout almost itsentire
navigable course, is cut off from the neighboring populous upland by
Lroad belts of tide-marsh, which make it entirely inaceessible, render-
ing almost useless its otherwise excellent facilities for manufacturing
and internal commerce. One of the great advantages which we
claim will eome from the drainage of the marshes and their improve-
ment will be the bringing down of the cities to the water front, so
that these waterways can be utilized. Those who understand how
rapidly and completely the water frontage of Hudson county, on
Hudson river and the bay, is being absorbed and utilized, will be the
better able to appreciate how valoable the Hackensack must eventually
become, and how important it is that these communities shonld retain
control of a reasonable part of its banks for public use.

Newark Bay has a broad cbannel much of the way, nearly half a
mile in width and npearly on its center line. Each side of this there
are quite large areas having a depth of less than 5 feet at mean tide
and less than 2} feet at mean low-tide. Considered as a navigable
waterway alone, it might seem wise to gradually reduce it to the
channel width of half a mile, the general width of the bay being 1%
miles. In view of the extent of marsh, a considerable part of which
must eventually be filled up, requiring a very large amount of
material, it would seem that the broadest and most rational treatment
would be to make the improvement of these waterways and tide-
marshes go haod-in-hand.  Indeed, it will not be easy to obtain
material for filling more cheaply anywhere than by dredging out the
bay and rivers. The first step, therefore, would appear to be to
dredge and improve the channel through the bay as already indicated,
then to obtain material for filling the shallow margins by broadening
and deepening it, thus improving both its commereial usefulness and
it sanitary condition,

METHODS OF PROCEDURE.

When we come to consider by whom the expenses of the improve.
ment of the marshes should be paid, we find that there are potent
reasons why the whole district east of the Orange mountains should
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contribute a certain share. 1t is probable that the improvement is in
advance of a time which would make it equitable that the whole cost
shonld be borne either by the owners of the marsh land or by the
smaller communities in which the marshes happen to lie. Thus the
town of Kearney has within its limits 4,520 acres of tide-marsh, while
its population is 10,487, whereas the town of Harrison has but 246
acres of tide-marsh and a population of 8,674, It is readily seen that
the interests of the town of Harrison in the improvement of the
Kearney marshes is fully as direct and great as the interest of the
people of Kearney township, nor indeed is the interest of the large
cities of Newark and Jersey City substantially more remote than that
of Kearny and Harrison. Nor will the improvement of the marshes
within their own borders relieve these cities to any substantial degree
80 long as the marshes in Kearney and other veighboring townships
remain unimproved. 8o we might go through the whole list, and
while we do not by any means wish it to be inferred that it would not
often be profitable for the separate townships and cities to improve
the marshes within their borders, it is apparent that the desired result—
the inauguration of sanitary conditions, the removal of a blemish upon
the surrounding country, and the ridding it of mosquitoes aud other
nuisances—can only be effected by the drainege of the whole tide-
marsh area. If we attempt to subdivide the improvement, we find
that with any practicable system of subdivision almost every sub-
district would require for its treatment the co-operation of two or three
towns, boroughs or cities. This is because the subdivisions must follow
certain natural divisions without reference to political boundaries.

Some sections of the marshes could undoubtedly be reclaimed
profitably by private capital vested with the necessary powers, but we
have to remember that the large incidental benefit to the neighboring
apland districts is something which could not be realized as a profit
to any private parties carrying out the drainage works. For this
reason, and because the improvement as a whole may not offer sufli-
ciently prompt returns to be attractive to private eapital, it may, per-
haps, be regarded a public rather than a private undertaking.

There are but two methods by which the work can be carried out
a8 a whole 8o a8 to derive the greatest benefit from it, Oune is by a
Special Commission created by the State, with full powers of condem-
nation, the right to issue bonds and levy assessments to provide funds,
and to do all things necessary and proper to execute and maintain the

20 ¢EO
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improvement. It would probably not be possible to at once raise
revenue enough from assessments upon ihe drained lands to provide
for interest and maintenance. It would be equitable that the tem-
porary deficiencies should be assessed upon the surrounding communi-
ties benefited, for after a time this reclaimed land would undoubtedly
become so valuable as to not only bear the whole cost of drainage, but
to add materially to the taxable values of that part of the State.

A second method of drainage is found in an application of the
Drainage Law of 1871, Under this law the drainage of any tract of
land can be secured on the application of five owners of land therein
situated to the Board of Managers of the Geological Survey. This
Board then makes examinations, and if the drainage seems to be
desirable, surveys are made and plans of drainage adopted. A report
is made to the Supreme Court, and it then becomes the duty of such
court to appoint three commissioners to superintend and carry out the
drainage of such tract. Such commissioners have the right to assess
the cost upon the land benefited, and have also the right to issue
bonds and borrow money, pledging for the payment thereof the
assessments.

It will be noted that this throws the entire cost of the improve-
ments directly upon the marsh lands. Private owners may avail
themselves of this law by preparing themselves to take up any of the
remainiog lands in the tract which may be sold for the assessment.
Without such support from private capital, it would have to be clearly-
evident that the lands to be drained would produce enough money to
pay the cost of drainage, if sold by the commissioners for the drain-
age tax. Unless the tract is marketable immediately at a price which
will cover the cost of drainage, bonds issued under this law will not
be marketable, and the money cannot be raised to carry out the work.
An amendment of this law which will provide some plan of having
the neighboring upland communities meei any deficiencies would
make it more applicable to the problem under consideration.

Methods requiring the co-operation of the owners of marsh land, or
8 majority of them, within a drainage district have been adopted to
some extent in other parts of the state, but the results bave almost in-
variably been unsatisfactory. Ways are too often found by ungilling
owners to obstruct action, and sooner or later the work is abandoned
or allowed to fall into a state of inefficiency. The advantages of prompt
and uniform execution, and the direction of the work on the broad
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lines necessary to secure the inauguration of better sanitary conditions
and the greatest futare public gnod, can only be secured by a commis-
sion, created according to one of the two foregoing plans, with suf-
ficient power to prescribe general plans and exercise general supervision
“of the drainage works. :

Supposing theexistence of a single commission with control of the
whole district the following is snggested as a practicable method of pro-
cedure: First, plans-should be prepared for the treatment of the
whole, including marshes, water-front and waterways, and keeping
in view the unltimate occupation of the whole area for commercial,
manufactaring and residence purposes. The entire marsh should then be
embanked and the tides excluded. Drainage may be accomplished for
the first few years by sluices, as their cost will be repaid by the saving
of a few years’ pumping expenses, but ihe introduction of pumps should
be looked forward to and would probably be necessary within ten
years everywhere, in some cases sooner. Main ditches should be cut
go as to provide everywhere an outlet for the lateral ditches; any
interior lands owned in the interest of the improvement could then be
sold or leased on condition that they should be cultivated and im-
proved at once, as without this ultimate improvement the sanitary
benefits of the work cannot be secured. These will be found good
grazing lands when improved, and their utilization for this purpose
would be desirable. Lands along the water-front, and probably along
railways, would be held for commercial and manufucturing uses. So
fast as it could be sold or leased a broad belt along the water-front
ghould be filled level with the top of the dyke. The filling could be
obtained by dredging and improving the waterways. It would, per-
haps, be preferable that a considerable part of the water-front should
be owned by the several communities, and wharf privileges leased.
This might be accomplished by the payment of a proper sum by the
city in question into the drainage fund. This broad levee sloping
back gently to the marsh level, would form an effectual safoguard
against inundations and the interior marsh could be allowed to settle
to its final level,

By this general method of procedure the improvement need at no
time be in advauce of the requirements of the particular district under
treatment. The embanked lands, as soon as they were utilized and
devoted to grazing and market-gardenivg, would become an ornament
instead of a nuisance. The more costly improvement of the water-
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front would only be prosecuted as fast as the land could be sold, and
would undoubtedly yield a substantial return. Lands along the
several railroad lines would become valuable at once for manufactur-
ing uses,

We have made an estimate of the expense of embanking and drain-
ing as proposed, the entire improvement being of the substantial char-
acter which we have recommended. It must be remembered that if
the work is dope in this way on a large scale, great economy can be
effected by the use of machinery. We consider our estimate liberal :

266,000 faet main tank @ $1.00. .o vinrinnvennnannn.. $256,000
81,000 faet cross bank (£, 60c....... cevernraerrrsiisrssnisnsenee. 21,000
10 sluices, large, @ $10,000.....ccvvvveeneirmennevmvaneneaee 100,000

55 sluices, emall, @ $5,000.....ccociivermirissierinrieniiennan 275,000
000,000 feet of main ditch @ 452....cccvnviivrenricirieimnannann 405,000
Add for contingencies 20%.....cccevrmvianvirneniiens e 211,400

TOtAE.cee i cveeteinssnemsessrisibessasimrsmsssiassinrans $1,768 400

This estimate shows that the entire 27,000 acres could be reclaimed
at a cost which need not exceed one and a quarter million dollara. It
does not include the cost of acquiring the marsh land.

The above amounts to about $47.00 per acre, and until pamping
becomes necessary we have, at five per cent., $2.35 interest; mainten-
ance may be estimated at $1.00 per acre, making a total of $3 35
annually.  When pumping begins it will add $3.75 per acre, making
$7.10 in all as the annual charge per acre, to which must be added
interest on the cost of marsh land. While the advantages of ample
markets within easy-driving distance would give the land considerable
value even for agricultural purposes, it is evident that returns must be
gsecured mainly from the portions adapted to better uses, and cultiva-
tion will for the most part only yield incidental revenue and maintain
the sanitary conditions necessary to make the more valuable portions
available for commercial, manufacturing and residence purposes.

Aside from the question of direct profit from the reclaimed land,
since the whole cost of reclamation amounts to less than one-third of
one per cent. of the assessed value of surrounding real estate, it seems
clear that the enhanced attractiveness, sanitary benefits and mitigation
of the mosquito pest will be quite sufficient returns for the outlay.
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SUBDIVISION INTQ DRAINAGE DISTRICTS.

The accompanying map shows the area of marsh under discussion,
the depth of mud and its character, the depth of water in the rivers
and bays and the elevation of the marsh surface above mean sea-level
at the present time. It alsoshows a suggested subdivision into drain-
age districts with the lines of dyke, etc. We shall now take up these
gaveral districts in more detail than has heretofore been attempted and
try to give some practical suggestions for their improvement,

Newark Meadows —This is the first subdivision of the marsh which
we shall consider. It embraces a total area of 7,081 acres, of which
4,003 acres are within the limits of the city of Newark, 628 acres in
the township of Clinton, and 2,45C acres in the city of Elizabeth.
The area draining into this marsh, including the marsh itself, amounts
to 12,900 acres, so that we have to provide for a maximum of 46,000,
000 gallons of water daily, and an average of 21,000,000 gailons
daily. The marsh consists mainly of blue mud, a portioa of it along
the borders of the upland being mixed with peat. Most of this peaty
aren lies north of the Peddie street canal, and west of the Newark
branch of the Central railroad. It is in that part of the marsh, there-
fore, which is likely to be the soonest filled up to be used for building
purposes.  Conditions are favorable for successful drainage of the
district by sluices for a time, to be followed by pumpiog whea ghrink-
sge of the marsh makes it necessary. This distriet is a good iilastra-
tion of the advantages of drainage on a large scale, instead of by
separate communities ; thus, if we should umdertake to drain the por-
tion in the city of Newark alone, 49,000 feet of main tide-bank would
be necessary, as the bank would extend tlie entire length of Bound
creek. If the meadows are all drained together, however, only 39,000
feet of bank will be required for the whole. If so treated there is no
apparent need of cross banks. The economy of comprehensive drain-
age, therefore, is expressed by the control of 7,081 acres, with 39,000
feet of bank, whereas independent action by Newark alone would
require, for the reclamation of 4,003 acres, 49,000 feet of embank-
ment.

The installation of the preliminary drainage -works, consisting of
embankments, sluices and main drainage channels, would cost less than
our average of $47.00 per acre and would result in great benefit to
Newark and Elizabeth. The outskirts of Newark are already advanc-
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ing upon the marsh, which is being gradually filled up and built upon.
The improvement of that portion within the city limits has already
been considered. Taking the tract as a whole, no substantial advan-
tage will accrue from filling it up. Even if filled an average of six
feet deep, when it comes to be built upon it will nearly all have to be
drained by pumping, ‘

The water-front azgregates 40,000 feet on Paseaic river and Newark
bay. Asthe chennel of the bay is, on the average, 3,000 feet from
the shore, if the bulkhead line is not advansced too far there will be
enough material to b dredged to fill the water front to a good height.
None of this area is over a mile distant from a railroad line.

Jersey City Meadows—Within the limits of Jersey City, and front-
ing on Hackensack river and Penhorn creek, there are 1,450 acres of
tile-marsh.  Bearing in mind what we have said as to the possible
future value of the Hackensack as a waterway, the improvement of
this tide marsh would give to Jersey City a valuable and what promises
to be u much-needed addition to her water frontage. The utilization
of thix marsh-land has already hegun and the filling-in of the portion
between the Pennsylvania and the Paterson, Newark and New York
railroads is so far advanced that the improvement can be as readily
completed on these lines as otherwise, so that this portion will not call
for embavking. The narrow strip south of Communipaw avenue and
along Morris canal also might profitably be improved by filling with-
out emhunking, It may be worth while, however, to embank the
pertion between Corimunipaw avenue and Pennsylvania railroad,
which bas a large area to fill and the filling of which woukl be in
aclvance of immediate requirements. This includes an area of about
400 acres, which could be reclaimed with about 7,000 feet of main
bank and 4,C00 feet of cross bank. It could be embanked and sluiced
and provided with main ditches at a moderate expense. The 20,000
feet of froutage on the Hackensack river would probably be improved
and utilized at no very distant time. With the improvement of navi-
gation on the Hackensack, some considerable relief to navigation and
railroad traffic would he atforded if the numerous railroad and high-
way briges were raised high enough to admit of tugs and barges
passing under, The remainder of the tide-marsh within the bounds
of Jersey tlity we have included in the Penhorn creek district, includ-
ing all from the Paterson, Newark and New York railroad to the
worthern line of the city.
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Penhorn Creek District.—This district affords another illustration of
the wastefulness of any independent attempt to improve the tide-
marshes by single communities. Tt weuld take more bank to shut
out the tides from the portion lying within the limits of Jersey City
alone than it would to improve the entire Penhorn creek district from
the Hackensack river to the Paterson plank-road. The area of tide-
marsh in this distriet is 2,030 acres, of which 775 acres is within the
limits of Jersey City, and the remainder in the town of North Bergen.
12,000 feet of main bank and 4,500 feet of cross-bank will shut out
the tides, and the cost should not exceed about $50,000. This land
is very favorably situated, and is mostly blue mud, Between Tyler
Park and Scheutzen Park there is an area of cedar-swamp bottom. The
improvement should be profitable, and would be a great sanitary benefit
to the northern portion of Jersey City, West Hoboken and Secancus,
including the county institutions at Snake Hill. Tt is remarkable that,
while ncar the mouth of Penhorn creek the marsh is at or slightly
above mean high-tide level, at the head of the creek, near the plank-
road, it is about two feet below. The numerous railroad and highway
bridges apparently so obstruct the inflowing tide that it reaches the
head of the creek much diminished in height, so that the marsh has
ehrunk as if embaoked. Immediately north of the plank road, at the
head of the Cromakill, it is normal, or about at high-tide level.

Secaucus District.—This lies along the east bank of the Hacken-
sack, extending from Snake Hill up to the Paterson plank-road, a
distance of 18,000 feet. It would be controlled by 18,000 feet of
main embaokment and 1,000 feet of cross-bank along the plank-road.
The marsh here is about at the level of high tide and its area is 1,250
acres, lying entirely in the town of North Bergen. The catchment is
only a little larger than the area of the marsh. The soil is almost
entirely blue mud, with a narrow belt of peaty mud near the upland.

Cromakill District.—This includes the remainder of the tide-marsh
in North Bergen township, Hudson county, extending from the
Paterson plank-road to Bellman’s creek, on the east bank of the
Hackensack. It lies opposite to Union township, the town of Union,
and Guttenberg. The marsh included measures 1,730 acres. At the
head of Mill creek and the Cromakill, extending about a mile
northerly from the plank-road, the marsh is of a peaty nature, with
some cedar swamp; the remainder i3 blue mud. It would require
21,000 feet of main bank and 5,500 feet of cross-bank dividing it
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from the Penhorn and Secaucus districts. It has a frontage of 9,000
feet on Hackensack river,

The marsh, at the head of the creek, uear Paterson plank road, is
generally level with high tide in Hackensack river, but in some places
it is three or four inches lower. It must be remembered, however,
that in such cases high water in the creek is also lower than in the
river, so that the mamh is not necessarily overflowed at high tide.

Ridgefield District.—~This includes all of the marsh between Belman’s
creek and Overpeck creek east of the Hackensack, together with the
isolated marsh at Fairview, an area of 990 acres, lying in the
township of Ridgefield, Bergen county, opposite the boroughs
of Fairview and Ridgefield. Its improvement would require
21,000 feet of main embankment, It has 18,000 feet of frontage
on Hackensack river, and 4,000 on Overpeck creek. A small
area on the point between Hackensack river and Overpeck creek has
been embanked, but the improvement is not in good condition. The
soil i entirely blue mud, varying from 1 to 12 feet jn depth,
but very little exceeds 7 feet, The shrinkage o! the portion referred
to as having been embanked was ascertained to be about one foot,

Overpeck District—The marsh drained by Overpeck creek bounded
on the south: by the road from Ridgefield to Little Fercy, has an area
of 1,395 acres, OFf this area 371 acres is in Teaneck township, and
the rest practically all in Ridgefield, with some wet-land at the head of
the marsh in Eoglewood township. The total catchment area drain-
ing into the marsh measures 17.36 square miles. The water surface
of Overpeck creel measures 320 acres. The marsh is very wet and
almost entirely worthless at present. It is also a nuisance to the sur-
roundinyg country, which is otherwise a most attractive district for
saburban residence. The mud is 4 to 5 feat deep near the upland,
and from 9 to 10 feet deep along the creek.

Two methods of draining the district are possible: First, by
embanking along the line of the Ridgefield and Little Ferry road,
and building sluices 50 as to keep the waters of the whole creek down
to pear low-water mark. As the creek would form quite a large
reservoir for the reception of water near high-tide there is little doubt
that this scheme would be practicable, but the ecatchment area is so
large that when the marsh shrinks so that pumping becomes necessary
there will be a large volume of water to be lifted. It will also be seen,
by referring to the map, that the creek aflords a very good waterway,
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capable of material improvement at a moderate expense. It might
not only be made useful, but will become a source of pleasure to the
surrounding country. For these reasons it does not seem desirable to
adopt such a method of treatment, as holding the water down at low
tide-level will almost destroy the creek for these purposes. It seems
better, therefore, to carry the dykes along both banks of the creek all
the way to the upland. This will permit the discharge of most of the
waters from the catchment naturally into the creek, and will reduce
the area draining into the marsh to 6.9 square miles, or 4,416 acres,
including the marsh area. This will require the removal of an aver-
age of 7,000,000 gallons of water daily, while the total pumpiog
capacity must be 165,000,000 gallons daily to provide for storms.
This plan will require the coustruction of 42,000 feet of main
embankment, and provision for pumping must be made after the
meadow has been under bank a few years. The improvement will
cost more than the average for dyking, and less for ditching, but, on
the whole, will somewhat exceed our average of $47.C0 per acre.
The improvement would be of very great value to the fine residence
district stretched along the Palisades from Ridgefield to Englewood,
as well as to the neighborhood of Ridgefield Park on the west side.
Polifly District —This district, lyiog jost east of Hasbrouck Heights
and Woodridge, is entirely inland. It is really a fresh meadow or
peat bog, the mud or peat being generally of slight depth, much of it
lying directly upon a light-yellow sand. Many sandy hummocks
project above the peat on the east side of the marsh, The elevation
of the surface, as shown on the map, is practically everywhere 18 inches
above high-tide level, and near the head and east side of the marsh it
is from three to four feet higher than the level of mean high-tide, A
moderate raising of the highway from Moonachie to Woodridge to
exclude extremely high tides, and the introduction of ample sluices
at the head of Berry’s creek, together with a thorough ditching of the
whole area, seems to be all that is necessury to secure good drainage.
The total area of catchment, including the marsh, amounts to 2,900
acres, 50 that we need about 110 square feet of sluice-opening. A
ditch has been dug across the highway referred to, to drain the eastern
side of the marsh into Berry’s creek, but if the Berry’s creek tide-
marsh district is to be improved, it would be preferable to abandon
this ditch and drain the whole area through one outlet at the head of
Berry’s creek. Another ditch has been dug from the extreme eastern
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border of the marsh across the intervening upland to Mudabock creek.
This ditch, also, does not scem very efficient or necessary, and if the
Mudabock district is to be improved, it might be preferable to abandon
this also,

The cost of ¢mbankments and sluices will be lighter than the
average, and in fact will be a small item. The main cost will be for
ditching, and the total improvement ought not to exceed about $20
per acre for the main ditches and sluices. It is not thought that
pumping will ever be necessary, The improvement wounld result in
great sanitary advantage to Hackensack, Hasbrouck Heights and the
towns on the ridge to the west, Quite a considerable amount of the
eastern portion of this marsh has already been brought under cultiva-
tion, but no systematic attempt has been made to drain the whole.

Judabock District.—This lies at the west bank of the Flackensack
and extends from Little Ferry to the Paterson plank-road. The area
of marsh is 1,550 acres, of which 192 acres are in Lodi and the rest
in Bergen towoship, There is some wooded swamp, including a con-
siderable amount of white cedar, and measuring 170 acres, Most of
the soil near the river iz blue mud, but a sprinkling of stumps and
smaps indicates thut perhaps one-quarter of the area on the upland
side is old cedar-swarnp bottom. The improvement of this district
will require 18,000 feet of main dyke and 8,500 feet of cross-
bank, the latter following the live of the Paterson plank-road. It is
possible that with » slight improvement this road itself might be made
the cross bank. The entire catchment area amounts to 2,100 acres,
includiog the marh. The average amount of water to be raised when
pumping becomes necessary will be 3,381,000 gallons daily, and we
shall need a total pumping capacity of 69,000,000 gallons daily to
provide for heavy storms. The district could be improved at the
average cost.  Small portions have already been imperfectly embanked
pear the Putersun plank-road, and also near the north side of the
marsh.  Huy is cat on most of the district. The frontage on
Huckensack river measures 18,000 feet with deep water throughout,
as shown by the accompanying map.

Berry's Creel: District.—This extends from the borders of the Polifly
and Mudabock districts to the southwesterly line of the borough of
Rutherford, and is mostly drained by Berry’s creek. The district is
traversed by the Krie and New Jersey and New York railroads.
Berry's creek is navigable for canal barges toa point above the Pater-
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son plank-road. There is also over 10,000 feet of frontage on the
Hackensack river. The area of marsh is 8,078 acres, which includes
890 acres of growing cedar swamp, and perhaps 300 acres more of
old cedar-swamp bottom. The remainder lying on the Hackensack
and Berry’s ereek is blue mud, and has a promising soil for improve-
ment,

If we keep in mind the drainage of the Polifly district by
sluices at the head of Berry’s creek, and the preservation of the creek
itself for navigation, it would seem best to extend the dykes along
both banks of Berry’s creek up to the Polifly sluice. The dykes
would therefore consist of 3,500 feet of cross-bank on the line of the
Paterson plank-road and common to the Mudabock district, and
52,000 feet of main dyke along the banks of Hackensack river and
Berry’s creel, with 3,200 feet more of cross-bank common to this and
the Kingsland district, and running from Berry’s creek to the upland
on the line between Rutherford berough and Union towoship. This
district ought to be improved for about the average of $47 per acre.
The area of catchment, including the marsh, amounts to 4,300 acres,
while we shall have an average of about 7,000,000 gallons daily, and
a maximum of 140,000,000 gallons daily to be removed. The im-
provement of this district would open up much property which must
become valuable, It would also result in an important sanitary
advantage to the growing boroughs of Rutherford and East Ruther-
ford. The height of the marsh in this district is sufficient to make
sluicing effective for a time, but after the first five years it is probable
that pumping witl become necessary.

Kingsland District.—This distriet includes the marsh west of the
Hackensack river, and between the southwesterly boundary of the
borough of Rutherford and Saw-mill creek, which is the line between
Bergen and Hudson counties. The soil consists of blue mud near
the Hackensack river, and blue mud mixed with peat near the
upland. The area of the included marsh is 2,170 acres. It hasa
frontage of 8,500 feet on the Hackensack and about 8,000 feet on
Berry’s creek. 1t is traversed by the Boonton branch of the Dela-
ware, Lackawanna and Western railroad. One of the dykes of the
New Jersey Land Reclamation Company runs along the south bank
of Saw-mill creek from the Hackensack river nesrly to the upland.
The tides have been rather imperfectly excluded from the portion of
the district southwest of the railroad by sluices across the mouths of
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SBaw-mill creek and Kingsland creek and a tide bank along the
Hackensack. The railroad embankment seems to be depended upon
to exclude the tides from the northeast, but it does so only imperfectly,
The result of this improvement has been to dry the marsh to a con-
siderable extent,and it bas shrunk so that it will be seen by elevations
on the map to be about one foot lower than mean high-water near the
Hackensack river and about three feet lower near the upland. In con-
sequence of this shrinkage the satisfactory improvement of this district
can only be accomplished by pumping. It will be necessary to repair
slightly and extend the bank along Saw-mill creek, also to strengthen
the bank along the Hackensack and extend it northerly to and up
Berry’s creek, Three thousand two hundred feet of cross-bank from
Berry’s creek to the upland will be common to both this and the
Berry’s creek district. The work will therefore consist of moderate
repairs of 15,000 feet of cross-bank and of 4,500 feet of main banl,
and the building of 13,000 feet of additional main dyke along the
Hackensack and Bergen creek. The pumping plant must also be
installed immediately und the sluices at Saw-mill and Kingsland
creeks may be closed up and the tides permanently excluded. The
area of catchment, including the marsh area, amounts to 3,300 acres,
80 that we must provide for the removal of an average of 5,300,000
gallons daily, and 109,000,000 galloos daily duriog heavy storms.
The map shows the original depth of mud in this district to be 7 or
8 feet near the edge of the upland, and from 14 to 23 feet near the
Hackensack river.  These depths are at present reduced by shrinkage
of the marsh to the extent of about 3 feet near the upland and 1 foot
near the Hackensack,

Kearncy District.—This includes the marsh in Kearney towaship
be'ween the Pus-aic and Hackensack rivers, embracing an area of
4,620 acres. It is most advantageously situated, having a frontage of
28,000 feet on the Hackensack river, and about 15,000 feet on the
Passaic. It has the growing towns of Kearney and Harrison imme-
diately adjacent to the west, and lies directly in the path of travel
between Newurk and Jersey City. It is crossed by the Pennsylvania ;
Delaware, Lackawana and Western; Paterson, Newark and New
York; and Greenwood Lake railroads; and also, at its southern
extremity, by the Newark branch of the Central Railroad of New
Jersey. It is also crossed by the highways leading from Jersey City
to Newarlk, both of which are traversed by electric railways. The
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facilities for communication are therefore the best, The district is
interesting, because of the attempt made to reclaim it by the New
Jersey Land Reclamation Company about 1869. The operations of
this company seem to have been interfered with by a decision of
courts that they could not exercise powers of condemnation. The
work on this district was quite vigorously prosecuted, and the
whole was enclosed with substantial dykes furnished with sluices. A
considerable part was immediately brought under cultivation, but
since that time the whole marsh area has steadily deteriorated and is
now in a saturated condition. The banoks are kept in fair repair, so
that water is usually held about three feet lower than mean high
water in the river. The marsh, however, has itself shrunk over three
feet, and is now only two or three inches above the ordinary level of
the water in the ditches, While it would appear that the water might
be kept somewhat lower with more ample sluice area, it is neverthe-
less perfectly clear that satisfactory drainage of this district can ‘now
only be accomplished by pumping. The dyking and ditching seems
to have been well done, and a moderate expenditure would put the
embankments in good order. The ditches also need to be extended
into the northern part of the district. The outlay now required on
embankments and ditches is comparatively a small one, but a pump-
ing plant should be installed immediately, and by this means the
marsh could be brought under cultivation to improve its sanitary con-
dition. As soon as this is accomplished the portions along the water-
front and along the railway lines would rapidly come into the market
for manufacturing and commercial purposes. The waier-front should
ultimately be filled up to the level of the top of the dykes in the
the manner which we have outlined as the proper one for this whole
improvement. Including the upland draining into this marsh, we
have 5,200 acres of catchment, which gives us an average of 8,400,-
000 gallons daily to be pumped. The maximnm during heavy storms
will be 170,000,000 gallons daily.

The depth of the mud was originally 7 to 9 feet north, and 9 to 17
feet south of the Penusylvania railroad. The map shows the original
depth. The shrinkage of the marsh has now reduced this depth to
an average of 3 feet. About three-fourths of the area is an old cedar-
swamp bottom, and the balance mainly along the rivers is blue mud
more or less mixed with peat,
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Iron Mines.

Notes on the Active Iron Mines.

BY GEORGE E. JENKINS, C.E.

In reviewing the iron-mining Iondustry of New Jersey, it is plain
that the facts commented upon in the report published in 1821 are
even more strikingly apparent, and that the number of actively-
operated mines is eonstantly decreasing, But on the other hand, it
is noted that a constantly increasing output is being obtained from
the mines in operation.

Many of the mines now idle have been forced into this condition
because of the extremely low prices of iron ore and the general
business depression throughout the country.

It ig, no doubt, true that the demand for Jersey ores, for use in the
furnaces in esstern Penosylvania, has been very much lessened by
the immense quantities of cheaply-mined ores from the Lake Superior
region, and the market beretofore exclusively controlled by the pro-
-duct from Jersey mines is now being supplied from other sources.

That there is still a future for the New Jersey mines is clearly
demonstrated, inasmuch as the mining enterprises have been able to
meet the strong competition and to a considerable extent hold on to
the market, though laboring under so many serious disadvantages.

In the past five years only the old and well-known producing
mines have been operated, and in these it is noted that every improve-
ment in mining methods and machinery has been adopted, and as a
consequence New Jersey ores are cheaper per unit of iron than any
competing ore in the Lehigh market.

The mines operated since the last notes were published in 1891 are
comprised in the following review :

21 @0 (321)
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SHOEMAKER MINE,

This property was in operation until about two years ago, when it
wos closed, us the company was not able to meet the prevailing prices
for iron ore. 'The Thomas Iron Company used the ore and it was a
desirable produet, but the item of a three-mile haul to the railroad,
coupled with the royalty, did not leave enongh margin of profit to
warrant continuing operations,

BELVIDERE MINES.

The numerous mining operations in this section have all ceased, and
the only mines that have yielded any considerable ore have been the
Queen aud Fellows mines,

Up to about three years ago the Sharon Ore Company operated the
Queen mine, but the low prices in the iron market compelled the
company to shut down,

FELLOWS MINE.

The Thomas Iron Company worked this mine until August, 1893,
whep the lease was surrendered. The work was carried on through
the two shafts referred to in the anuual report of 1891 ; the eastern
ghaft was upon the main deposit, and the working developed a paying
body of ore, but much difficulty was met with in holding the ground,
owing to the disintegrated character, or rather, complete absence of a
golid hanginpg-wall.  The whole formation showed that there has
been consideralile surface disturbance, and accordingly in carryiog on
the miniog operations the timber expenses were consequently high,

The ore is rick, yielding about 59 to 60 per cent. metallic iron,
after washing, and running about 0.07 per cent. in phosphorus and
about 9 per cent. moisture. At the time the mine was stopped its
preduct could not be produced cheaply enough to meet the prices then
prevailing in the iron-ore market,

OXFORD MINES,

The mines of Oxford were operated up to March 16th, 1895, whep
active mining ceased, owing to the failure of the Oxford Iron and
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Nail Company. "The mines, furnace and mill plant were all recently
bid-in under a foreclosure sale by the D., L. & W.R.R.Co. Daring
the period of re-organization the mines have been kept free from
water, and are in condition to produce ore at a short notice. The
opening, designated Slope No. 8, has now reached a depth of over 700
feet in the ore deposit. Some developments to the west were made,
and the working area consequently increased to over three hundred
feet along the length of the vein, In this distance the deposit keeps
its width as developed in the older workings of the mine, and runs
from ten to thirty feet, The walls are extremely irregular, and the
ore intermingles with the rock to such an extent that careful separa-
tion by hand is necessary to make the product yield from 53 to 65
per cent. of metalliciron. It is low in sulpbur, and just fails to pass
the Bessemer limit in phosphorus.

The workings in the Wushington mine are about as reported in
1891. Its product is high in metallic iron, but carries so much sul-
phur as to require roasting. A very excellent neutral mill-iron is
obtained from the mixture of these two ores, and the product in the
form of bar-iron was in good favor in the iron market.

The mines will be put into active operation as soon as the organ-

| ization is perfected,
‘ About 20,000 tons are mined from each deposit. per year,

KISHPAUGH MINE.

The old Kishpangh mine continued its course to the southeast
across the adjoining Cook farm, and the workings as now carried on
are upon the last-mentioned property. This remarkable deposit of
ore is more than 2,000 feet long on the strike of the vein, but in about
1,000 feet of this distance the ore has been removed. From the bot-
tom of the Cook shaft, at a distanee of 350 feet from surface, a drift
has been driven for 170 feet, where the heading was stepped in ore.
Tn the old workings, the vein had a width of over 25 feet, and the tests
made in the above drift proves that the vein keeps i width. Io
order to still further test the continuity of the deposit, a diamond-
drill hole was put down 500 feet west of the Cook shaft, and the vein
was encountered at a distance of 400 feet from surface. The walls in
the deeper workings are much firmer than in the Kishpaugh mine,
and there is an entire absence of any surface disturbances having taken
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place at the present deepest working. The ore is somewhat more
compact than that taken out in the upper part of the deposit, indicat-
ing that the mine is to such depth as to be below surface disturbances.
All the machivery has been left in the mine, and every precaulion
taken to protect the pole-pumps and leave everything in the best
possible condition for the time when better prices would rule the ore
market and warraot the resumption of mining operations. About
1,000 tons of ore are now in stock at the mine. The ore was last
used at the Franklin Furnace, Bussex county, and gave a yield, after
washing, of over 52 per cent. metallic iron, and low enough in phos-
phorus to pass the Bessemer limit,

HURDTOWN MINE,

In August, 1833, the lease of this mine changed hands, and the
Glendon Iron Company, which operated here uninterrnptedly for more
than forty years, gave way to the Mt. Pleasant Mining Company.
The bottom workings had reached, in 1895, a depth of about 5,500
feet, measured along the slope, which has an average pitch of 25
degrees. At this point, which is about 1,000 feet below sea-level,
the vein became so * stringy ” and so much rock had to be handled
in order to secure the ore, that it did not pay to operate, and con-
sequently the bottom workings were abandoned. At the same time
that the mining operations were being carried on in the bottom, con-
siderable ore was obtained from the sides and roof of the old work-
ings along the incline. In the previous operations, the ore overhead
was left standing in the form of an arch, in order to support the cap-
rock and hanging-walls; this ore is now being removed and the mine
robbed of all that ean be obtained from these places. The * rob-
bing ” was begun at a point 3,200 feet below surface and has been
continued upward to about 2,200 feet from surface. At 800 feet
from the mouth of the incline the old workings were so extensive
that the method of removing the ore by stages and long ladders could
not be carried on, and in order to reach the ore in the * back” some
other method of mining had to be devised.

It is very certain that the working-life of this remarkably pro-
ductive mine has come to an end, and the ore now taken out is
“robbed ” from old workings, preparatory to abandoning the main part
of the mine. Some prospecting for new deposits, as well as testa for the
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continuity of the old, has been made, but without success. Test pits
to the east of the old mioe developed some ore, but all was in “float”
deposits. The montbly product of the mine has very materially
fallen off, but this is mainly due to the time consumed in getting the
workings in shape for the present plan of attack upon the ore in the
roof and sides of the old workings.

WELDON MINES.

The Weldon mines have both been worked but a short time for the
past five years, and are looked upon as abandoued mines. While the
product of these mines is very desirable, it was found to exist in such
limited quantities, as the mines are deepened, that it did not pay the
operators to continue mining.

FORD AND SCHOFIELD MINES.

These two mines, though owned by different corporations, operate
upon the same veins. There are two veivs running parallel and sepa-
rated by a borse of rock, varying in thickness from 2 to 12 feet. In
the Ford mine the south vein has been worked out, and the bed-rock
which forms the floor of the shoot has also been reached in the Scho-
field. The ore in the north vein has not all been taken out in the
Ford mine, and only very little mined upon this vein in the Schofield.
It has an average thickness of over six feet. At the time the Schofield
closed down, sufficient development had been made to demonstrate
that there is a long lease of life for the mine, and the low price of ore
was the principal cause for the company ceasing operations.

The material is not very rich in metallic iron, but by careful hand-
culling it is shipped as a 52 per cent. ore. It is rather high in silica,
but is low in phosphorus. The sulphur in the form of pyrites is
variable, going as low as .016 and as high as 0.75. About 1,500 tons
were mined from the surface workings of the Ford mine during the
year by William Sedgeman, but the margin of profit was too close to
warrant the continuation of operation. The mining plant of the Scho-
field is being removed and shipped to the company’s works at Cata-
sauqua, Pa.
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OGDEN MINE.

The extensive concentrating plant of the New Jersey Concentrating
Company has been running from time to time, and work of an ex-
perimental character has been carried on. The mining consists in
quarrying down the lean, magnetite bearing rock to the east of the old
shafts, furnishing a material carrying abont 20 per cent. of metallic
iron. This is crushed and separated, producing a material in the form
of a briquette that runs about 68 per cent. metallic iron; very litile
work has been done, however, in the way of legitimate mining, and
es no shipments of ore are yet made, the works must still be looked
upon as of an experimental character.

HACKLEBARNEY MINES.

Only small quantities of red ore have been mined, as the price for
the product from these mines has been so low as to offer no induce-
ments to the owuers to continue operations.

HURD MIRE AND NEW STERLING SLOPE.,

The New Jersey Iron Mining Company has eontinued its opera-
tions in the New Sterling slope, and has worked the vein to a depth of
850 feet, on a dip of 45 degrees. As these workings are in the east-
ern extension of the * Old Sterling Shoot,” the dip and strike con-
furmas to that found in the old No. 13 workings. The present work-
imrs have been extended to the eastward as far as the old Harvey
ottvet, which is found to continue its course in these greater depths,
To the westward the explorations have been coutinued for about 300
feet, and the present stopes are about 400 feet from the old workings
in the No. 13 mine.

At the present bottom a cross-cut is being driven to strike the Hurd
vein, and it is caleulated that the distance to be driven is 150 feet.
The present vein is large, reaching a width of 30 feet, and is fol-
lowed until it diminishes to such a width as will not allow profitable
working,

The product has been very much curtailed during the year by a
beavy cave of ground, which began in the * back ” west of the slope
and extended throughout the whole of the mine from the slope to the
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face of the stopes then being worked. The slope was saved, and in
order to secure it more thoroughly five “log houses” were built—
two on the western side and three on the eastern side. Plate 21
represents the workings, and shows the relative position of the work-
ings in the old No. 13 mine when operated and abandoned by the
Thomas Iron Company.

The ore is a 60 per cent. non-Bessemer, and of a very open grain,

The concentrating-mill, having a eapacity of thirty-five tons per day
of ten hours, is continued in operation, and all the lean material culled
from the vein is put through and crushed down to a quarter-mesh
sieve, giving a product, after concentration, that runs 60 per cent.
metallic iron, The experiments with the lean magnetic ores from
“ Dutch Hill,” owing to the expense of hauling, were not entirely
satisfactory, in a commercial sense, and consequently the plan of
working-up this ore was not continued.

ORCHARD AMD MOUNT PLEASANT MINES.

The estate of J. Couper Lord bas not done any miuning in the
Orchard mine for the past three years, as the high phosphorous
character of the ore prevented its finding a market excepting at
exceedingly low prices,

Work has been continued in the Mount Pleasant mine, though for
the past two years it was plainly apparent that the old Mount Pleas-
ant vein was giving out. These workings at the tirae of the abaudon-
ment had reached a depth, on the dip of the deposit, of 1,400 feet,
being about 350 feet below sea-level.

The vein was then so small and “ bunchy ** and the amount of *“ dead
work " necessary to secure the ore was so great that it did not pay
to continue mining. At the most easterly shaft a test for the further
«continuation of the ore-shoot was made in the shape of a rock-sink,
which was put down to a depth of 150 feet, but without striking any
ore in paying quantities. Tests were made in the western end of the
mine at a depth of about 600 feet, vertical measure from surface, and
a drift was driven westward 800 feet, when a wall-defined and strongly
marked offset was met with, throwing the vein to the south into the
hanging-wall a distance of 70 feet. It is plainly evident that this is
the same offset which is shown in the outerop of the Mount Pleasant
vein at'the foot of the hill, about 1,000 feet east of the public road.
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On the western side of the offset the vein opened to from 15 to 200
feet wide, and back stopes were carried upward for 300 feet, and

along the strike of the vein for 500 feet. The offset, however, has-
completely changed the chemical character of the ore, and while it.

still continues rich in iron, the element of phosphorus is so high as to-
be detrimental, and the market became so limited that the mine had
to be shut down and abandoned. The vein in the west side of the
offset is the same as the Orchard mine vein, and it can be worked
through this opening very much cheaper than through the Mount
Pleasant slope. The cost of pumping the immense body of water,
1,000 gallons per minuate, which drained into the abandoned eastern.
workings, and the long underground tramming and hauling aod:
re-handling of the ore product would not warrant the plan of taking-
out the ore in the western end of the mine through the Mount Pleasant
slope. In consequence of this the entire works have been abandoned.
and the extensive mine plant is now being sold and shipped away.

RICHARD MINE.
The large and continuous output of this mine has been one of its’

remakable features for years, and during the past year the product
has been very materially increased over its past record. The main

workings are about the same as when last reported upon, excepting,

an iocreased depth. At the western end of the mine, however, the
rock whicl cut out the vein in the adjoining Baker mine has been
developed, and the working area of the vein consequently somewhat
shortened. The Eastern shaft, known as No. 3, is now 800 feet deep.
on a dip of abont 65 degrees. The No. 1 and No. 2 openings are 450
and 580 feet deep respectively. At a depth of 400 feet from surface-
and 80 feet east of No. 1 slope a cross-cut driven into the foot-wall
350 feet, opened upon the old Mount Pleasant vein, which was found.
to be 9 feet wide. A considerable amount of back-stoping has been.
carried on in opening this vein, and it is now made to yield about.
4,000 tons per month. A slope to the west of the No. 1 slope, and
known as No. 4, has been opened on the Mount Pleasant vein, and
the present yield of Mount Pleasant ore is taken from this slope.
Recently some explorations were made in the foot-wall of the old
mine between opening No. 1 and No. 2, and about 550 feet below
surface. The test shows that what has heretofore been considered the
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foot-wall is a *“ horse” of rock of about 2 feet thick, and lying upon
a deposit of ore over 17 feet thick. Plate 22 represents the plan and
elevation of the mine, At the point “a* the drift into the foot-wall
was begun, and the cross section of the mine at this point shows that
the small ore-body in the upper level shown in drift “ b?” is the same
ore-body as developed in the drifts at the points *a " and “¢” in the
lower level—the veins having opened out in width.

Not only does this conformity of the dip of the wall at the points
“ga,” “b” and “¢” lead to thia conclusion, but an examination of the
wall, as exposed, proves the correction of these inferences. The rock
of the “ horse” is made up of vein material and conforms to the type
of rock designated by Mr. Nason as the ““Ozxzford type,” while the
rock of the true foot-wall is of the “ Mount Hope type,”

As a farther test a drift was driven in the bottom of the foot-wall
at the point ““d,” but at this date the work has not been carried far
enough along to encounter the ore-body. The rock through whicly
this drift is driven is more of the character of vein material than
country rock, and this fact would indicate that the ore-body continues,
but is at an increased distance from the old workings. The two drifts
along the foot-wall at “a” and “ ¢’ shows the ore-body to continue
toward the westward, and in all probability it will extend to the point
“e” and “f,”” where a disturbance of cousiderable extent has taken
place in the main body of ore, forming a “ roll ” i the foot-wall of the
vein, the ore-body in the old workings at this point being very much
diminished in width, but only on the foot-wall side, for an examination,
of the hanging-wall shows it to keep its course without any material
change. Further developments will be awaited with interest,

The No. 3 shaft being in a rather unsatisfactory condition, and not
being located to the best advantage to remove the new deposit of ore
lying on the foot-wall, a new rock-shaft has been planned, which is
located in the foot-wall, 30 feet north of the vein and going down on
a dip of 52 degrees; it is 156 feet long by 6 feet wide, and divided
into 3 compartments. Cross-drifts will be driven from the slope to
the vein, the pillars in the old workings removed, and the walls
allowed to cave in, The slope being in the golid rock of the foot-
wall will not be endangered by the removal of the entire ore product
in the vein,

The character of the ore is the same as heretofore reported; the
product from the Mount Pleasant vein does not reach the standard of
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purity found in the Mount Pleasant Mine, and its chemical composi-
tion is very similar to that of the Orchard mine ore, which is the
western extension of the Mount Pleasant vein; the ore runs 56.17
metallic iron and 0.85 phosphorus.

The regular Richard mine ore is 2 or 3 per cent. higher in iron,
but about the same in other respects as the Mount Pleasant ore, The
monthly product is now over 11,000 tons.

MOUNT HOPE MINES.

The last work done in this vicinity was in June, 1893, when the
mines were closed. The large stock of ore then on bank has been
shipped, and this comprises all the work that has been done during
the past three years in these once active mines. The entire ruoning
plant is kept intact, and a brisk market is all that is needed to open
the minpes,

BEACH GLEN MINE,

Abont 500 tons of ore have been mined from near the surface dur-
ing the past year, It is the intention of the Beach Glen Mining
Company to carry on more active operations in the spring. The ore
deposit is large und can be mined cheaply, but the product does not
run very rich in iron, but it is 'ow enough in phosphorus to be a
Bessemer ore.

HIBERNIA MINES,

The Lower Wood mine Las been actively worked by the Andover
Iron Company, the present owners, and a large quantity of ore re-
moved. The deepest workings are now 860 feet below the mouth of
the pump-shaft, and the length opened in the course of the vein is
about 1,800 feet, In 1886 a pinch or barren strip in the vein de-
veloped in No. 8 level, and this characteristic of the ground has been
working to the eastward, cutting out a large amount of heretofore
abunduntly ore.yivlding territory. In all probability this is the bed-
rock of the main Hibernia vein, for while the explorations have been
carried on through tiis ground for a distance of over 200 feet at right
angles to the pitch of the rock, no paying ore-bodies have been dis-
covered. The pitch of the rock, being 27 degrees, conforms with that
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of the ore shoots, and this would indicate that it, in all probability, ia
the bottom rock of the main ore-body. The working area of this
mine has been increased, however, because of the gain on the eastern
end of the property.

The vein in the old Glendon lot has by the dip been carried over
to the property of the Andover Iron Company. In addition to this
area, the Andover Iron Company has leased that part of the property
on the Scott lot which lies between the eastern workings of the Lower
Wood mine and the eastern boundary-line of the Glendon lot, if con-
tinued to the southward. During the past year the monthly product
of the mine has been very materially increased, and if the demand
warranted it the annual yield would bave been very much above any
past yields.

The mine is thoroughly equipped with an excellent plant. Plate
23 represents the workings of the mine in elevation, and shows the
pillars, timber, and method of supports, The ground lying east of
the incline and between the underground railroad level and level No.
5 is now inaccessible, owing to extensive caves which took place six
or eight years ago. The incline was in danger from the movements
of these walls and, in order to insure its security, *“log-cabin” supports
of Georgia pine were built along the live. These have taken up the
weight of the ground and prevented any further movements of the old
workiogs., Experimental supports of brick and masonry and iron
columns were tried, but they all failed under the heavy strain.

The Glendon Iron Company has mined only upon the Upper
Wood lot, and these operations have only been for a short time. Of
the several mines owned or leased by this company, the old Glendon
mine has not been in operation since 1892, and is practically aban-
doned, as the bottom of the mine is about sixty feet from the south-
east boundary lise. This company’s lease upon the Scott or Church
mine was surrendered some time ago, and no mining has therefore
been done since the surrender of the lease. The DeCamp was last
worked by the Glendon Iron Cowpany, and in 1888 the lease was
surrendered, owing to the high royalty. The shoots of ore which
have been developed shows this mine to be the most promising along
the line of the Hibernia deposits. At the time the mining opera-
tions ceased the bottom stope showed a vein of clean ore ten feet
thick. The workings are 500 feet deep and extend along the course
of the vein for 660 feet.

NEW JERSEY GEOLOGICAL SURVEY



332 ANNUAL REPORT OF

In the Upper Wood mine operations were resumed in the Fall of
1895, after a period of nearly three years of inactivity, The work-
ing length of the mioe is 990 feet, and the deepest point 540 feet
below tunnel level, or 840 feet vertical distance from surface, The
No. 6 shaft was entirely re-timbered and a new skip hoist-way was
constructed an in operation at the time that the failure of the com-
paoy caused the mines to be shut down.

An extensive crushing and concentrating mill was bailt by the
Becket Foundry Machine Company for the Glendon Iron Company,
and some 6,000 or 7,000 tons were treated. The plant cost $53,000,
and is equipped with the best and most modern crushing and separat-
ing machinery. The material put through the mill runs about 40
per cent. metallic iron, aud is crushed down so as to pass through a
twenty-mesh sereen, :

Very satisfactory results are claimed to have obtained from the Ball
and Norton separaturs, the concentrates analyzing 60 per cent. metallic
iron and the tailing showing u loss of a little over seven per cent,
The operators claim that they are able to produce such concentrates at
a very good margin of profit,

WILLIS MINE.

This mive, now known as the Wharton mine, has been in continu-
ous operation for the past six years, reaching a depth of 950 feet.
The eastern extension of the Hibernia vein, as here operated upon,
was narrow and tight in the shallower workings, but the present
stopes show that the vein is widening out, and the output consequently
increased from a monthly product of about 2,000 tons to over 4,000
tons ; the ragged though firm walls still continue, but the “glabby
make-up of the hanging-wull is equally as characteristic as in the old
workings in the mines to the westward. During the past year a drift
was driven in the eastern end of the mine through what was hereto-
fore considered the cap-rock of the vein, and it proved that only a
pinch had cccurred, for, as the drift was driven further eastward, the
vein widened out. This drift has added about 225 feet. more to the
working length of the mine. Improvements have been made in the
mining operatious, consisting of a new skip-hoistway 950 feet long; a
ew hoisting-engine, capable of hoisting 23 tous, at a speed of 600 feet
per minute.
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The ore yields 68 per cent. metallic iron and is used at Wharton
Furnace, Port Oram, but as the furnace has been out of blast most
of the year the product of the mine has been stocked at the mine and
only one-quarter of the mine’s capacity has been taken out, The
Hibernia ore is especially fitted for making pig-iron, suitable for use
in basic open hearth process for steel manufacture, and both the
Andover Iron Company and Mr. Joseph Wharton have been having
satisfactory results from this use of Hibernia ore.

RINGWOOD MINES.

The group of mines at Ringwood consists of four shoots of ore,
each enclosed by well-defined cap and bed-rocks, and having a general
strike to the northeast and a dip to the southeast. The No, 1 shoot has
been worked to a denth of 800 feet, slope measure, and the ore-body
had pinched to such an extent as to make the removal too costly for
the present ore-market and it has consequently been abandoned. The
piilars, however, are being taken out by removing the hanging-wall,
and operations are carried on under the same plan as at the Tilly
Foster mine, in New York State. The Nos. 2 and 3 shoots are still
large and paying bodies of ore,and as long as there was any demand
for the ore operations were carried on upen these two ore-bodies.

The No. 4 shoot has only been opened at its outcrop and develop-
ments made there show that the deposit is a promising one, Tt is
the purpose of the owners to resume operations in the spring.

As the result of the review of the iron-mining industry of our
State, as shown from the information gathered from the foregoing
notes, the fact is very prominently brought out that the mines of our
State are not the remunerative enterprises that they have been in years
gone by. A combination of circumstances has led up to this result,
such as the low price now in the iron market, the high royalty
demanded by property owners, the increased cost from deep mining,
the high phosphoric character of the ore, and in some cases the long
haulage to railroads.

The prevailing panic has been the cause of the closing of the Kish-
paugh, Oxford, Belvidere, Hackelbarney, Mount Hope, Schofield,
Hiberoia, and Ringwood mines, and for many years these mines have
been the largest producers of ore.
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No new discoveries of ore in merchantable quantities have been
developed in the past twenty years, with possibly one or two excep-
tions, and there is no question of doubt but what the prospecting has
been thorough aml complete as far as carried on. The impetus to
searching for new depovits, however, has not been at all strong, and
the continued low value of iron ore has completely strangled any
attempts on these lines.

The new process of making steel, known as the basic open hearth
process, and which is becoming such an active competitor with the
Bessemer process, will probably open a wider field for the ores high
in phosphorus, The large deposits of soch ores extending from
Irondale to Mt. Hope and in fact almost the entire product from the
New Jersey mines is of the proper chemical make-up for use under
this process.

There are also several large deposits of lean ores low enough in
phosphorus to pass the Bessemer limit and capable of heing used for
making Bessemer stecl, but the low percentage in iron has been the
great drawback to their being used in this process. Thus far it would
seem that no economic process had yet been devised by which these
ores can be profitably concentrated and made available for use.

The concentrating mills of Port Oram, Weldon, Hibernia and
Ogden are examples of attempts at solving the problem, but it has in
no sense been definitely and clearly shown that the concentration of
New Jersey magnetites is a commercial success.

ZINC MINES,

STERLING HILL,

The Passaic Zine Company mines consist of two openings upon the
deposit, and its deepest workings are now 600 feet below surface, The
deposit has a length of 400 feet, dipping to the southeast at 60
degrees, and both hanging and foot-wall are well defined. The ore
is about 22 per cent., and is smelted at the company’s works at Jersey
City. The mine is well equipped with the most modern mining-
machinery, eonsisting of hoisting and pumping-engines and Cornish
plunger-pump, having a 5-foot stroke and plunger 10 inches in
diameter, and a lift of 170 feet.
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Force-pumps drain the lower levels. An Ingersoll air-compressor
furnishes air for operating three drilling-machines. The mining
operations have been carried on uninterruptedly for years past.

The New Jersey Zinc Company has not done any mining on their
Sterling property, which lies to the northeast of the Passaic Com-
pany’s mines, for some years past. The workings are kept free from
water, however.

FRANELINX FURNACE.

The Buckwheat or Taylor mine is now 300 feet below surface; the
porth chamber vein is 70 feet lhigh, and has a depth of 420 feet and
a dip of about 27 degrees; the dike of trap-rock which outcrops at
surface is found to be persistent in the lower level, and the fold in the
vein, dividing the mine into a north and south chamber, continues in
these greater depths. The figure below illustrates a cross-section of
the vein, showing the division into two chambers.

CRross SecTiON oF Ta V
FRANKLIN FORNACE: YLORVEIN..

i I |
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About 2,500 tons of ore per month, which runs about 32
per cent., iy the output of the mine, and it is all used at the com-
pany’s works, in Newark, excepting about 600 tons per month,
which is placed upon the market. In addition to the regular mining
operations, a crushing plant having a daily capacity of 500 tons is in
operation, crushing limestone for use in the Scranton Iron and Steel
Company’s furnaces, at Scranton, Pa. At the present time 800 tons
per week are crushed and shipped,

PAREKER BHAFT,

Operated by the Bterling Iron and Zine Company. The shaft,
which was beguun in 1891, was sunk to a depth of 950 feet, where it
opened upon a body of ore. Drifts along the vein have been
driven, opening up the mine for a considerable distance, and the great
width of the depesit as found in the old openings to the southwest is here
found, only to a still larger extent, and the yield from the workings
is consequently large. The plant is extensive, and embraces machinery
of the most modern type.

Daring the past year an extensive concentrating and separating
plant has been built by the Wetherell Concentrating Company and
the entire product of the mine is put through this mill. By this pro-
cess the franklinite, parnet, tephroite and fowlerite, and any other
smuller deleterious iron and manganese-bearing minerals are separated
from the willemite and zincite, leaving the last two minerals in a
condition for direct use in the Belgian furnace for the manufacture of
a very high grade of spelter metal.
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Notes Collected During a Visit to the
Forests of Holland, Germany,
Switzerland and France.

BY

JOHN GIFFORD.
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Notes Collected During a Visit to the
Forests of Holland, (Germany,
Switzerland and France.

BY JOHN GIFFORD.

Tt is no doubt indiscreet to publish one’s impressions of the forests
of such an ares, based upon a sojourn of only four months. Iu so
short a time one is little more than able to learn the geography of the
regions visited, not to mention the fine methods which are in opera-
tion, especially in the State and Communal forests of Germany,

Tt rained incessantly, rendering tramping in the woods, day after
day, fulfilling engagements in spite of the weather, not only laborious
but disagreeable, and, on the high mouatains, often uncomfortable.

In order to write comprehensively of European forestry methods,
one must spend at least six months in at least a dozen centers, These
impressions, therefore, are ouly cursory, and must be re-inforced and
enlarged by future visits to these interesting regions, In order to
comprehend the development of the subject in Europe one must wade

. through an immense amount of scientific and historical literature.

We lauded in Holland, and then visited the following forest
regions: In Germany, the Spessart, the Communal forests of I[lesse,
and the Black Forest; in Swilzerland, the Bernese Alps; in France,
the Dunes and Landes of Gascony.

HOLLAND.

Like Southern New Jersey, Holland has its upland, its meadows
and its dubes. The most fertile land in Holland corresponds to the
Jersey marshes, the © polders” to the salt ponds and shallow bays,
the dunes along the North sea to the dunes along the Jersey shore, and
the large area of upland or heath to the pine lands and savaouas of the

(339)
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southern interior, There is still in the little country of Holland from
four to five hundred thousand hectares of wasteland, which consists of
heath, moorland, dunes and morass. An association is at work striving to
to develop this waste land. When an important work is undertaken
by this society it receives royal approval and aid. Besides this, there
are no forestry officials in Holland excepting the Professor of Forestry
at the Royal Agricultural College, The young Dutech foresters find
employment in the vast colonial possessions. It is encouraging to
those interested in similar societies in America to know that the Dutoh
Heath Society and other societies throughout Europe have been suc-
cessful in many respects. Much that has been accomplished in Burope
is due either directly or indirectly to the work of societies similar to
the forestry sssociations of the United States, The Dutch Heath
Society has a membership of two thousand. This association has
accomplished a very great deal in the way of encouraging private
individuals to improve their waste lands by forest-planting. It has
also induced the government to appropriate money for experimental
purposes. The appropriation for dune-planting was placed in the
hands of this association, to be expended under its direction. In
Europe, as in America, it is evident that laws relating to the forests
owned by private parties cannot be enforced easily unless the people
are interested and willing, Government moueys for improvement of
waste lands are entrusted to its care, and expert foresters are employed
to give advice and to put into execution whatever may be desired.

An example of extraordinary patience and patriotism may be seen
in Holland, on the Schober plantation, at Schovenhorst. Forty years
ago this was a barren heath. At great expense thousands of conifers of
many kinds were introduced from many parts of the world in order to
show the species best adapted to the soil and climate of the heath-
lands of Holland. Although this huge experiment is still incomplete,
it shows what one unselfish, patriotic man can do in the way of demon-
strating the capabilities of the soil of his native land.

Only a small part of Holland was ever wooded. In the region of
Zeist and Arnhem there are many magnificent groves, while the forest,
mainly of European beech, near Scheveningen, the popular sea-shore
resort, is famous, having been planted long ago for a royal hunting-
ground. In the lowlands of Holland, especially in regions recently
reclaimed, there are of course few trees. The willow, the Cinderella
of plants, may be seen everywhere. It is used for many purposes—
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from serving as mattrasses and wattle-work to protect the dikes to
little baskets which are sold for a penny. The fuel used in Hoiland
comes in the form of coals from England, faggots and small wood from
surrounding countries, There are also in Holland vast areas of peat,
which is used for fuel in place of wood and coal. The lumber used
comes from Norway and Sweden, Germany, and to a slight extent
from America. The long, straight poles which are used for pilings in
the soft mud of the Lowlands come mainly from the magnificent
forests of the State of Baden. We left the practically unsettled peat
region, called “De Peel,” in Brabant and Limburg and entered
Germany, the home of forestry.

GERMANY.

In Germany the idea of the perpetuation of the forest is permanently
established. Many of the forests are worked according to very
elaborate plans, executed by well-trained officers, with scientific exact-
ness. The perpetuation and improvement of the forest, and the
betterment of the soil and the construction of roads are always para
mount in the minds of those who have charge of the State and Com-
munal forests. An amount equivalent to the increment is cut, so that
the forest always remains one of the most valuable of Germany’y
resources. Although the forests are serupulously cared for according
to very modern methods, the saw-mills are generally crude and the
implements clumsy. There is very little waste of material. In Ger-
many much attention is paid to detail. Forestry there is paramount,
not even secondary, to agriculture. The chief forester is ruler in his
district. He constructs the roads, cuts and plants the forest, lets
meadows, gardens and houses belonging to the government in his
region ; in fact, his duties are many and varied,

Leaving Holland, we rode-to Cologne and thence to Giessen and
Aschaffenburg, where important forestry schools are located. Thence
we traveled to Rothenbuch, a little town in the midst of the famous
oak and beech forests of {he Spessart. At the little inn we at once
learned that Sir D. Brandis, with a class of English students, and
Mr. Carey, of Maine, had shortly preceded us. Early in the morn-
ing we were surprised to see four hundred pigs and many geede being
driven into the forest. This is one of the peeuliar peasant rights of
the Spessart, which will be referred to later. Here and there near
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the town were many small but rich and well-irrigated meadows,
which yielded, in upite of the shortness of the season, four crops of
fiay per annum,

Tn the northwestern corner of Bavaria, enclosed in a bold bend of
the river Main, is a beautiful mountainous forest region known as
the Spessart. It varies from 350 to 617 metres above the level of
the sen, and is drained by many winding streams. The climate ig
fjuite severe and the snowfall heavy, causing considerable damage to
the conifers whicl: grow there—the Scotch pioe, spruce, and a small
jjuantity of white pine. Ouak and beech, however, predominate.
Generally speakiug, the soil is poor, being mainly a kind of sandstone
Ielonging to the Trias formation. When the soil is exposed, or robbed
by the peasants of humus and litter, it will not produce a fine grade
of beech and oak. Such land is planted in conifers until it recuperates
-utticiently to support the beech. One of the interesting features in
the management of the Spessart forests is the encumbrance in the
way of peasant rights which lave clung to it more or less since 1814,
wlhin the dukedoms of Mainz and Wiirzburg passed to the Bavarian
crown,  There are rights to litter, to wood, to pannage and to pasture,
At one time the peasants availed themselves of these rights to such
un extent that the soil deteriorated, and oak and beech in places could
not find sufficient nourishment. T'hese rights, however, have been
reculated by law.

‘The principal indigenous trees of the Spessart are the oak (§.
~wifolin) and the beech. Many of these oak trees are magnificent
~preimens, some of which are 500 vears. of age. These venerable
trevs formerly stood in abcient pasture-lands.  During the “ Thirty
yuura' war ” the cattle were killed or removed and after the close of
the war natural reproduetion followed, and what were once pastures
have hecome beautiful forests of oak.

In the Spessart, owing to mistakes in the early management of the
wands, there is o comparatively small quantity of vak of middle age
and an abundance of pure beech woods. This was due to the fact
that regeneration was eflected over large areas at one time and that
an undue proportion of standards was left. There was not sufficient
light to favor the oak, which is quickly crowded out by the beech of
ahout the same age, which grows more rapidly. This difficulty has
Leen overcome by prowing the oak in “horsts” or groups and by
Topping off and cutting back the beech. Heavy oak masts occur in
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Enrope about every 6 to 10 years, which is less frequent than that of
the majority of American oaks. The beech prevails in the Spessart
—in fact everywhere in Germany where it can be successfully pro-
duced. It is of little value commercially for anything but fuel, bat
the Germans are partial to the beech. Itis their favorite tree. They
point with pride to the forest which almost equals their ideal—itisa
forest of oak with clean, straight boles, with a dense underwood of
thrifty beech. The oak furnishes material for the construction of
casks in which to hold their precious wine and beer, while the beech,
by its thick deposit of leaves and dense protective canopy, enriches
the soil, conserves the moisture and stimulates the height-growth of
the oak. There are no weeds in such forests. The ground is covered
with nothing but humus, and the dense ghade of the beech prevents
the growth of shrubby heaths.

Young white pine is mixed here and there with the beech, although
it is generally not highly esteemed in Europe. The silver fir (Abies
pectinate), which reaches perfection in the Black Forest, is seriously
damaged by deer in the Spessart. This difficulty in Baden is
obviated to a certain extent by covering the tender tips of the silver
firs with linen tow. This tow, which clings to the mouth of the
deer, becomes distasteful and monotonous in the course of time, 8o
that he learns to leave the silver fir alone.

The great object in the Spessart is to produce forever a regular
yield of first-class oak ; to turn these regions into deciduous forests,
which, owing to the impoverishment of the soil, by removal of the
litter, are now only able to support conifers ; to cover the surface
with beech, in spite of the fact that firewood cannot be profitably
gold in the Spessart, and to grow pine and fir to sapply the demands
of the region. It is hardly worth while to explain in detail the
various metheds of regenerating these forests. The following has
proved the most satisfactory method : In areas (from & to 30 acres in
extent) where the soil is good, especially where large, thrifty beeches
have grown, acorns are sown. After thinning, when the oaks have
resched an age of from forty to fifty years, an underwood of beech is
planted. The young beech grows rapidly, the soil is enriched by
their leaves and kept moist by their shade, and the oak growth is at
once stimulated, resulting in a beautiful and valuable forest. We
next visited the Comuwunal forests of Frankfort and Darmstadt,
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TEE COMMUNAL FORESTS QF THE GRAND DUCHY OF HESSE.

Why do American citjes persist in having immense conventionsl
parks? They are little more than large unproductive playgrounds.
New Jersey could have a series of communal forests which would
answer for parks and at the same time yield a profit. A well-cared-
for forest, with excellent driveways, is, in every way, superior to the
ordinary American park. Were the citjes owning parkland willing
to convert these into profitable forests, they would be setting an
example of immense value to the State and private individuals, as
well as producing the proper sentiment in the minds of their people.
As it is, more support to the forestry movement comes from the cities

- than from the country, and more from the farm regions than from the

owuoers of forest. The forest of Darmstadt, for instance, serves the
purpose of a park and at the same time yields an income to the city,
With the completion of the system of public parks and parkways.
projected by the Park Commissioners, Essex county will rank with
the largest cities of the world in this respect. The park area will
approximate 3,000 acres. Were this as well forested as the Darm-
stadt parks, it would yield a haodsome revenue, and be at the same
time much more attractive and valuable than the majority of city
parks, This matter is especially worthy of consideration in case the
city owns the surface which supplies it with water.

If the region of the Palisades becomes a State or city park and the
forest is properly treated, it is more than likely, owing to its location,
that it will pay a good interest on the amount invested, improve in
quality, and at the same time serve as a place of enjoyment for tens of
thousands of people who live within sight of it. The following in-
teresting paper was prepared for “ The Forester,” under the direction
of Ministerialrath F, Miihl, of Darmstadt, on ¢ The Communal Forests
of the Grand Duchy of Ifesse.”

“The Grand Duchy of Hesse, with a total area of 767,859 hectares
{1 hectare = 2} acres) has 244,765 ha. or 31#; per cent. of ifs area
in forest. As to the ownership of these forests, the largest part, viz.,
38+ per cent. or 94,218 ha. belongs to the communes, societies and
corporations; these figures being double the average percentage for
the whole of Germany, 32, per cent. of the forests are private, and
the rest, 28 per cent,, belong partly to the State and partly to the
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crown ; those belonging to the latter, however, have been confided to
the care of the State. Thus the communal forests comprise about 12
per cent. or one-gighth of the entire territory. Their importance to
the State ns well as to the separate communes is therefore fully ap-
parent. From the earliest times, the communal forests of the ancient
Hesse, and of most of her incorporated possessions, have been subjected
to forestry regulations. Appreciating the position and significance of
the commune in the State organism, as well as the peculiar conditions
of forest management, a government regulation introducing the system
of forest districts as affecting communal forests was established in 1776,
according to which the management of communal and State forests
was to be uniform in principle and conducted by the same authorities.
An edict in 1803 confirmed the plan, establishing an * Oberférstamt,”
and especially declared that communal, society and corporation forests
should come under its rule and sway. These forestry regulations
were, however, not specified in detail nor generally systematized, and
this defect was greatly emphasized in the year 1806, owing to the ac-
cession of several Princedoms where forestry methods either differed
or were entirely absent.

The Organic Forest Law of January, 1811, applicable to the newly-
created State of the Grand Duchy of Hesse, corrected this defect; it
did not extend, however, to the province of Rhine- Hessen (acquired at
the time of the Napoleonic dissolution), owing to the fact that the for-
estry laws already existing in this province, derived in part from
French rule, were already sufficiently analogous in principle. The
established methods of forestry management contained in the organic
law of 1811 are still, in the main, operative, with the exception of the
principle applying to the care of private forests, these having been
released since 1819, although they are still subject to the role requir-
ing re-foresting after cutting.

According to Section 2 of the aforesaid Organic Forest Law, the
districts to be known as “ Oberforstereien ” and “ Forste”” shall so fit
into each cther that every spot of ground in the whole Grand Duchy,
whether covered with wood or not, shall belong to an “ Oberf&rsterei
and to a “ Forst.” The Grand Duchy, according to this principle, is
now divided into 6 “Forste ” and 71 “ Ober{orstereien ”’ which com-
prise state, communal and private forests, with boundaries fixed as
suitably as possible. The heads of the * Obefbrstereien” are called
* OberfOrster;” those of the Forste, *“ Oberforstmeister,”” The ap-
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pointment of these officials is made by the crown without reference to
the district they are to govern. They must bave passed a final gym-
nasium examination, have studied Forestry for three years at the
State University, and have passed the State examination and gone
through a practical course. The Oberférster carry out their adminis-
trativn under the control of the Oberforstmeister and under the
instruction of the Grand Ducal Ministry of Finance (Department of
Forestry and Finance).

According to thelaw of 1811, the term Communal Forests includes,
besides city and village forests, the forests of all societies and corpora-
tions. The Department of Forestry and Finance is subordinate to the
Grand Thucal Ministry of the Interior. Perpetual and permanent
management is the fundamental principle of the whole administration.
Technically, this is accomplished (according to ownership rights)
through the co-operation of communal representatives with district
officials (government authorities), As to the mutual relations of the
State Forest and the Communal authorities, Section 37 econtains the
following: “In the technical treatment of communal forests, the
Oberfirster do not serve under the wmagistrates, councilmen and repre-
sentatives of Communes, but only under the higher State Forestry
authorities, whose orders they must closely follow. Tley must never
forget, however, that they are administering the property of others,
that their rule must have no other aim than to further the good of the
Communey, that they owe the representatives of the Commune respect,
if not obedience, and that it is their duty to confer with Communual
nuthorities even about the technical treatment of the forest and to take
into account their views and wishes and give information upon any
phase of administration when it may be asked for”

Adopting the principle of what is called the ®compartment”
method, Commune forests are worked on a basis of “cultural regula-
tions,” established and renewed every twenty years, the accomplish-
ment of this work being entrusted to the Oberférster and the remuner-
ation paid for out of Communal funds according to a fixed standard.

Forest officials co-operate in carrying out the principles of manage-
ment snd in a revision of the Oberforster’s plans, and the approval of
the Division of Furestry and Finance as to methods of treatment
precedes the fixing by this body of the amount of annual eutting in
the sections. In order to hinder any threatened disturbance in the
normal condition of forests due to windfalls, conflagrations or insect
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pests, or to make up for such losses as are occasioned by unusual de-
mands of owners for payment of debt or other exigency, a reserve
amount of growing timber is maintained, . e, a quantity above the
normal supply. Variations from the established amount to be cut, in
the way of auticipated cuttings, are only allowed in case of need, oc-
cagioned by financial embarrassment, in building school-houses, roads,
ete., and only with the sanction of the government authorities, and
such additional cuttings are taken into account in the following year’s
calenlations.

The government, however, sometimes even authorizes “extra cut-
tings” without reference to the following year’s supply, and not in
strict accordance with economic rules, when circumstances seem
to justify them, In all such cases, and where disputes and differences
arise among the various authorities, the decision in favor of an extra
cutting is only to be made on the prineiple of keepi.g in view the
lasting benefit to the Commune, and the cutting is to be done in such
manner and with all such technical aids as shall ruinimize the hurtfal
effects, In order to facilitate a comparison of results with prescribed
vlans, a revision of the cultural regulations or working plan takes
place every ten years. It will be seen that the eo-operation of com-
munal authorities in reference to technical management of their forests
is only advisory, According to the law of June, 1880, relating to the
conduct of Forestry and Communal Bodies regulating Receipts and
Disbursements, the Oberforster have to hand in to Communal Board a
schedule containing the computed wood receipts and by-products of
communal forests for the following year, as well as the computed ex-
penses for choppers’ salaries, gathering of by-produets, cultural and
other works, such as road-building. Special cuttings are to be sep-
arately scheduled according to the object for which they are author-
ized. The schedule, after being passed upon by all communal av-
thorities, is ultimately referred to the *Oberf6rstmeister ” for con-
firmation. Mayors may be present at a revision of local plans,

Differences arising among authorities as to the schedule of com-
puted receipts and disbursements, the final decision rests with the Min-
istry of the Interior. Appointment of forest guards or wardens takes
place according to the law prescribed in 1811. Aspirants are pre-
sented by the Communal Board in question, and when there is no
opposition are confirmed by the Department of Forestry and Finance.
A dismissal of these confirmed forest guards, on the part of the com-
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mune alone, is not allowed. If the several communes are not large
enongh each io constitute a separate *“ Forst-Warte ** (circle), then the
contiguous State, communal and private forests are united to form a
circle. If these mixed Warte contain more than 25 ha. belonging to
the State the guards are called grand ducal forest guards, and the
State has full sway in appointing them. The mixed circles are sub-
divided into normal forest circles: such as contain more than 150 ha.,
State forests, and “ abnormal ” ; such as contain between 25 and 150
ha., State forests. The first are paid and pensioned by the State; the
second are paid and pensioned by the communes, and the State treas-
urer only disburses the amount raised by the commuues. For the
management of their forests the communes pay a fixed sum towards
the wages of the Oberfirster, the calculation of which is based on the
assessed valuation of territory.

The sum total of Oberfirster’s wages is 266,600 marks, the pro-
portion paid by the communes being 119,933 marks, which is a small
sum when the value which communal forests represent in the Grand
Dachy is considered. From the report of five years’ management
(1889 to 1894) the average net yearly income from State forests was
22 marks 79 pf. per ha. The capital valuation, therefore, according
to accepted formulas, would amount to 911 marks 60 pf. In the
communal forests similar statistical data are not available, but it may
be assumed that the average net returns of Jands managed in the same
mapoer and under the same control wonld be equal to the State
figures. The valuation of 94,218 ha. of communal forests would
therefore be 85,889,129 M., a sum which clearly reveals the import-
ance of these possessions not only to the communes but to the entire
State. This valuation is constantly beivg enhanced. It may be
mentioned here that the good condition and large yielding capacity
of the Hessian communal forests is chiefly attributable to the striot
laws in force fur fifty years regarding the use of wood litter, which is
not allowed to be gathered for direet use, but which is collected and
made up into salable portions and sold at public auetion, and the net
proceeds divided in cash among those entitled to receive it. The
gathering of “wood litter ” is restricted to a percentage of the forest
area. In coniferous woods, at the utmost 20 per cent., in deciduous
woods, 19 per cent. In the year 1893, which, owing to protracted
dronght, was a year of great dearth, the laws of 1839 regulating these
wethods of disposing of wood litter were suspended by a law empower-
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ing the Minister of the Interior, in case of extraordinary dearth of
fodder and bedding, to allow the “ wood litter ” to be delivered
directly. In this case the price is to correspond to the tariff price of
State wood litter.

Consider more closely the significance of the communal forests in
Hesse. The commune as a political unit for a certain number of
State residents in a limited territorial district, to which the individual
looks for benefits and advantages, has above all, in order to confer
such benefits, 1o preserve the communal property undiminished for
future generations. All speculative tendencies are therefore to be
excluded from communal methods. Such a purpose is accomplished
by means of ownership of forests in or near the commune. Com-
mune fonds are taxed heavily for the ever-increasing demands of a
growing population, for maintenance of schools, new schools, improve.
ments demanded by a higher standard of living—sach as water-works,
lighting-plants, publie slaughter-houses, hospitals, etc. ; works which
cannot be left to the discretion of individuals, but must be entrusted
to the cormmunal representatives. To meet all these demands, it is
imperative for the commuunes to know that their revenue shall be
certain and lasting. This, also, the forest ensures. The forest stores
up a large reserve, which is set forth in the annual official statement,
or in times of need supplements the ordinary revenue by means of
extra cuttings, Without such aid many commuaities wounld have to
forego the improvements demanded by the times or else still further
burden taxpayers, The development of industrial uses for wood
which was formerly consumed as fuel will still further increase the
revenue from forests and render profitable their more intense manage-
ment for an increased output.

Not unimportant also is the revenue from different by-products of
the forest. The leasing of hunting-rights, particularly in regions near
large cities, or accessible by rail, is a considerable source of revenue.
Also the leasing of stone quarries, sand and gravel-pits give large
1eturns, which, of course, are only accidentally related to forestry when
nseful materials are discovered in forest districts. Quite consider-
able, also, are the direct bénefits to be derived by residents from forest-
produets. The so-called “ Loosholz* supplies a large part of the
fire-wood and in some communities the whole supply. Also, from an
economic standpoint, the large quantities of * Leseholz” deserves
mention. It is not reckoned in the forest statistics, and in Hesse is
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understood Lo be dry branches blown down by the wind, such as are
not used to sell, and such dry wood (not over 6.25 cm, thick) as can
be reached from the ground without climbing the tree, and can be
broken off by one persnn. Considering that such brush-wood is
utilized only within a limited distance from dwellings, it may be
estimated as five per ceot. of all fallen wood. This gives as the
amount gathered from 94,218 ha. of communal forest at five cubic
meters per ha. a total of 23,554 cubic meters wood per year. This prac.
tice is politically and socially of peculiar significance, because in many
regions the wood thus gathered contributes largely or even wholly to
the fuel-needs of the poorer classes. A further product which the
forest provides, and in consequence of which communal forests are
often sorely taxed, is  Waldstren ’—wood-litter. Its use is some-
times unavoidable, though to the enthusiastic forester it seems a crime,
and is often the cause of diecord between forest officials and com-
munal authorities, and often has to be denied euntirely, owing to
cultural need of retaining it. To what extent, however, it may serve
to supplemont agricultural needs of the poor in years of dearth in straw
and fodder was shown in the year 1893, when the former law already
referred to was set aside. Io 1893, from communal forests, there
were harvested 14,000,000 bundles of wood-litter at five cubic-meters,
An average of 12.91 per cent. of the entire forest-area was made to
yield litter, and in some districts where the dearth was greatest the
use of litter extended to 46 per cent. of the forest-area.

Based on a caleulation of the coraparative valae of straw and wood
litter, the yield in 1893 was equivalent to 556,452 cwt. of straw, and
in truth it was the forest with its litter, its meadows, its supply of dry
grass and foliage fodder, which enabled the people to tide over the
bad season referred to. Of course, as a consequence, and in order to
heal the wounds occasioned by these inroads, the following years are
devoted to protection and restoration. S8till further to be meutioned
are the supplies of wild berries, a considerable yearly heip to the
poorer classes.

Consider the wages of labor connected with the culture, exploita-
tion and transport of forest products which accrue to the commune
residents. The average State expenditure in five years (1889-1894),
for wood-choppers’ wages, including expenses, applied to the 34,218
ha. communal forests results in wages received amounting to—
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Wood-ChOPPOIt.ciriciessssririrsininissnsrssssacsisarineieannnie 563,036 M.
Cultura! expenses.......c.vrirceenieiirsiasrsirencssnseiennnns oo 201,626 ¢
Road conatraction.. ..o isnssinsnrenninne. 286,487
Other 8XpenBes...ccccussvereeruinsiviisiiiserersssnssnenensiennns 146,087 @

TOLA) sasaeseassussssaar smsnsssrssssrocsioeseosrereotamsnenesnesnens 1,447,186 M.

Cost of transport is another considerable item. Danckelman esti-
mates the wages for wood transport in all Germany at 51,000,000
marks annually. The communal forests of Hesse would therefore
yield to wood-haulers 344,837 M. yearly, a total income to wage-
earners in Hessian communal forests of 1,800,000 M. annually. If
it is further considered that the forest labor occurs mostly af a season
when many industries are idle, when field-labor is not possible and the
outlook for other earnings is very slim, the benefits derived from the
commuual forests appear in a twofold light. How many classes are
also employed in the pumerous industries dependent on forest pro-
ducts? And human ingenuity is daily increasing the number of uses
for wood-products so that the presence of a forest often determines the
type of a whole community. The earnings derived by a given dis-
trict from the forest not ouly increase its revenue but add purchasing
power which is felt beneficially by other districts. As to the indirect
value of forests from a hygienic point of view, their influence on soil
and temperature upon moisture of the atmosphere and evaporation,
upon the frequency of rainfall and the volume of springs, as well ag
their protection against raw winds, the facts are well known. The
proper recognition of the great importance of forests in the economy
of nature and of States has led indeed to the establishment of forestry
regulations.

In Hesse, the extent of whose commanal foresis is only exceeded
in Baden and in Elsass Lorraine, these beneficial effects are very notice-
able, In general it may be said that the Communal authorities of
Hesse fully recognize the importance and significance of their forests.
In parts of the State where the woodlands still largely belong to pri-
vate peasant proprietors they are disposing of them, partly from
financial stress, partly from a convietion gradually gaining ground
that ownership of woodland more properly belongs to the State or
Commune. Thus large areas are being gained by the Communes,
This is also the case with land still under cultivation, but which, owing
to distance from markets, difficulty and unprofitableness of transport,
is only fit for forests. A similar process is going on in the province

NEW JERSEY GEOLOGICAL SURVEY




352 ANNUAL REPORT OF

of Vogelsberge in Upper Hesse. The comparatively well-wooded
lower portions of the province belong mostly to the State and anly a
small fraction to the Communes, while of the upper unwooded por-
tions, the poorest and most distant districts, two-thirds belong to Com-
munal, one-third to private owners. This considerable area owned
in common, consists mostly of pasture-fields with & small amcunt of
poor farming and meadow lands, which are, however, in reality all
pastured. This results in the inhabitants keeping an abnornal quan-
tity of cattle, which in years of drouth, as 1893 most sadly proved,
cannot be supported. This disproportionate tendeney to agriculture is
the reason for the lack of prosperity among the inhabitants of Upper
Vogelsberg, and the fact of a false balance between wood and farm
land, the fact that where lusty wood-crops should be growing there
are bare and desert grass-lands, accounts for the unfavorable climatic
conditions of this region. As Forstassessor C, Weber in his excellent
work has undubitably demonstrated, all these evil conditions in
Vogelsberg would be overcome by exchanging the pasture and waste
spaces for weods, and an almost entirely unproductive area would be
made productive. It will, indeed, take a long time for this rural
population, so stubbornly wedded to old accustomed ways, to attain
the proper standard, but a beginning has been made, In a number
of the districts of Upper Vogelsberg there are every year certain
lands re-forested, because of climatic difficulty and expense of other cul-
tivation. The State in such cases, recognizing the importance of the
subject, lends aid. In the State budget quite considerable sums are
set aside to defray half the cost of re-foresting undertaken by such
commuunes,

In closing, a further benefit may be mentioned accruing to small
communities and large cities as well, from the ownership of forests.
In aur age, where nervous maladies make such alarming inroads, it
becomes & necessity for many to retire at times from the heat and
burden of the day. There are regions whose heights are covered with
lovely woods, where the fresh, fragrant forest air acts as a restorative
to worn-out body and mind, and incites to summer excursions, the
ever-extending net-work of railroads opening up each yesr new
regions. Thus the Odenwald, with its charming heights and valleys,
sftording changing views, has become a goal for health and pleasure-
seekers, and many a little place with beautiful woodland surroundings
formerly but sparsely visited, has now become a famous resort, The
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city of Darmstadt, surrounded by forests of pine and oak, is becoming
more and more a favorite home for rich and well-to-do families, In
the case of such forests, of course wmsthetic as well as financial con-
siderations must prevail. That an interruption in business routine
notably contributes to the economic welfare of citizens and by increas-
ing their power of producing thus in the end benefits all classes,
hardly needs to be especiully mentioned. In summing up the fore-
going considerations we must admit that the communal forests play
an important role in the policy of communes, and that their preserva-
tion is greatly favored by the principle of a common ownership. The
proverb is here verified :

“Den Wald zu pflegen
Bringt allen Begen.”

THE BLACK FOREST.

At least some of the features of the Black Forest method of treat-
ing mixed, irregular woods can be easily and inexpensively applied in
America if the owners of large tracts of land would employ able for-
esters instead of mere managers,

The Black Forest is 8 mountainous land of beautiful evergreen
woods, with fertile valleys and rich, carefully-irrigated meadows. The
upper strata are not fertile, being a coarse sandstone similar to that of
several mountain ridges in northern New Jersey ; unlike them, how-
ever, in that fire is almost impossible and the forests are well cared
for in the Grand Duchy of Baden. The great beanty aod healthful-
ness of this forest region attracts many tourists and invalids, The
European chestnut, beech, maple, ash, two varieties of oak, the
mountain pine, the Scotch pine, the spruce and several American trees
are common there. The most beautiful, however, is the silver fr
(Abies pectinala), with its long, straight boles, many of which are used
for pilings in the soft mud of the Netherlands. Although of great
interest, time and space at present only permit of a very short descrip-
tion of these extensive forests,

Baden is the home of an excellent system of natural regeneration,
In many parts of Europe the forest is divided into sections,
Each section is planted and cut at a certain time. The young
trees, usually of one species, such as Pinus sylvestris, are grown in
ourseries and then transplanted. This method, although simple and
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gimilar to farming, has many disadvantages. A mixed forest is al-
ways healthier and never so seriously troubled by insect pests. Trees
are healthier and grow more rapidly when not transplanted. The sur-
face is always covered with forest and never exposed to the beating
force of wind and rain or the scorching effect of the sun. The Baden
method, wherever it is possible, is the cheapest and most scientific way
of treating mixed, irregular woods such as predominate in America,
The total area of Baden is 5,800 square miles or 1,608,113 hectares,
550,656 of which are in forest. The percentage of cleared land to
uncleared land is about the same as that of New Jersey. Of the forest
area 92,267 hectares belong to the State, 4,779 to the erown, 251,460
to communes, 182,885 to private individuals, and 19,265 to societies.
One is impressed with the fact that only an amount equivalent to the
increment is cut and o large percentage of this consists of wind-falls
and timber which has become diseased. In many places much more
could be cut with advantage to the forest, but the aze is cauliously
used and always with a purpose beyond the simple reaping of @ wood
orop. Much more attention is paid to quality than quantity. The
Black Forest saw-mill, although common everywhere along mountain
streams, is not a voracious instrument of destruction. With old-
fashioned up-and-down saws it works slowly but economically the
well-carned increment. Itis an essential part of these busy little val-
leys where agriculture, forestry and mannfactuces are evenly
balanced. The Baden forester plants with the axe, that is, by a cer-
tain skillful method of cutting, the forest yields an income constantly,
and at the same time, improves in quality. A forest properly treated
in this way is very beautiful, an improvement in fact on the natural
woods,

It requires, however, a great.deal of skill and a perfect knowledge
of the species with which one is dealing. Quoe of the secrets of this
system is to know just how the different species disport themselves in
varying quantities of light, since the amount of light determines the
amount of seed and the kind of young growth which follows. The
light-demanding aud shade-enduring kinds are grown together, and
here, as elsewhere in Europe, the beech is a famous underwood. The
productivity of the forest is held at its highest mark by the applica-
tion of ingenious methods, the resalt of long years of careful observa-
tion and experimentation, After a visit to these magnificent and
profitable forests, no one can refrain from reproaching the American
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people, the possessors of such extensive natural woods, for their
recklessness and maliciousness. The forest area in America is not
too large, were the owners conlent with cuiting the increment, instead of
glutting the market and cheapening the article by working the principal.

Our lumbering operations are sy:tems of robbery, our recklessness
with fire a crime in comparison with the treatment of the forests of
Baden, where the light and shade conditions of every gpecies are
carefully studied, and where the delicate and intricate workings of
pature are in the hands of the forester, who almost dictates the kind
of seed which must fall and the kind of tree which must grow in the
spot he has prepared for it. All this at present seems out of the
question in America, and we must devote ourselves to protecting the
forest which is left, leaving the waste-lands to wait their tarn or to
improve slowly under the processes of nature.

Tn the region of Badenweiler, an attractive resort in the Black Forest
(Schwarzwald), there are extensive forests of oak and beech, similar, if
not equal, to those of the Spessart. There i3 no place in all Europe where
forestry can be more advantageously studied than in the Black Forest
(Schwarzwald.) The person who kuows thoroughly the methods in
practice there is well equipped with the latest and most practical thought
on the science of forestry, We reluctantly left Badenweiler and as-
cended the Belchen, one of the highest mountains in Baden. It was
the first clear day in many weeks, Away to the west was the broad
fertile valley of the Rhine, at our feet the dark, dense forests and cul-
tivated valleys of the prosperous Black Forest, aud away to the south,
mingling with the clouds, the snow mountaing of the Bernese Ober-
land were visible,

SWITZERLAND.

It is often remarked that forest regulations cannot be enforced in a
country where there is much individual liberty. In disavowal of this
the Germans point to their neighbor, Switzerland, which is, in every
gense of the word,a republic. In the beginning, forest regulations were
bitterly opposed by the Swiss peasants, because the goats and cows, upoun
which they depended for a livelihood, were prohibited from roaming
in the regions set aside for reforestation. In one place the foresters
were pelted with stones by the peasants ; but publie opinion has rapidly
changed, and the evil consequences of destroying the forest cover are
vow understood. Switzerland has accomplished more than is usually
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upposed.  This may be due to the fact that much of the work which
i+ difficult and expensive is in inaccessible places and seldom visited,
except by those who, with foresters for guides, have strength and nerve
enough to climb extremely precipitous mountain-sides. It is a con-
stant struggle against the intensified forces of nature. Engineering
works, which have been constructed at great expense, may be swept
away in a minate by flood or avalanche. Every bit of pasture which
is turned into forest deprives some peasant of a part of his livelihood.
The available agricultural land is so small that protection, on the other
hand, is necessary against the destructive forces of nature which are
let loose by deforestation. There are strong winds, avalanches, land-
slides and floods. None of these, however, are more destractive than
the tens of thousands of goats upon which a large part of the Swiss
population is more or less dependent.

No nation has suffered more from the effects of deforestation, in
fact the safety of a large part of the population depends upon the
forest. In many places, by persistent work, the Swiss engineers and
fores'ers have prevented whole mountain-sides from slipping and
huge masses of rock from erushing the villages in the valleys. Their
boisterous streams, which are fed by perpetual snow, must De con-
stantly waiched and the young forests planted on the mountain sides
are in danger of rmin by avalanches, Everywhere, in fact, they are
persistently wrestling with forces which are far more serious and
uncontrollable than American conflagrations. By walls of stone,
wattle-work and a host of ingenious devices, they chain these forces
until the trees they have planted can gain a footing and hold the
rocks and soil in place. There are fields in the valleys almost com-
pletely covered with buge stones which have been started by wind,
water or frost, and have bounded many hundred feet down the moun-
tein-sides. Unexpectedly in the night the natives have been injured by
stones crushing through the roofs of their chalets, This has all been
stopped by constructing immense hreastworks and planting such trees
us the alder, and the peasants now live in safety. Whole mountain-
sides have thus been forested, and away up on the mountain tops, in
the home of the chamois, where the avalanche is heard, the foresters
are experimenting with trees which will grow in high altitudes.
Pinus cembra is indigenous to these regions. Beautiful forests of
beech and larch formerly existed in Switzerland, the catting of which
was a fatal mistake, It has been an expensive but fruitful lesson—
one which should be sufficient for the whole civili ed world.
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There will never be need of such work in New Jersey, owing to the
abgence of precipitous mountains, but there is no better place in the
world than Switzerland to study the influence of the forest in lessen-
ing in mavy ways the destructive forces of nature. We took the
train at Geneva, crossed France, which Jooked bare and depleted in
comparison with Germany, and in forty-eight hours arrived at Bor-
deaux and the region of the Dunes and Landes of Gascony.,

FRANCE.
THE DUNES AND LANDES OF GASCONY.

One of the most instructive and successful results of a combination
of engineering skill and forast planting for the reclamation of waste
land may be seen in the Dunes and Laundes of Gascony. In the early
part of this century the condition of this territory, which is bounded
on ove side by the rivers Gironde and Garonne, on another side by
the river Adour and on the other by the Bay of Biscay, was in brief
as follows: There were miles of marshy, treeless land, covered with a
low but dense growth of herbage. It was unhealthy, with but few
roada and was very sparsely inhabited. Even to day, now and then,
one of the old time peculiar and picturesque shepherds may be seen
watching his flocks, standing on stilts, wrapped in a woolly sheepskin
coat, kuitting stockings. It was, in short, a desolate, little known
and unproductive country. The ground being perfectly level, sandy
and underlain with a peculiar hard pan called alios, was paorly drained.
There was fever in consequence. Afi s is a sandstone, the cementing
material being organic matter and compounds of iron similar to the
ferruginous saudstone of South Jersey. Near the shore there were
salt ponds, fresh lakes and stagnant marshes. Bordering the sea for
miles there were huge masses of moving sand called the Duues.
These dunes arrayed themselves in lines along the shore, moving con-
stantly inlund, covering villages, filling rivers aud clogging inlets,
This aggravated the unwholesome condition of the territory in their
lee called the Landes. Early writers state that the sandy Dunes and
the marshy Landes were both at one time forested, and that this dan-
gerous condition of alfairs was the result of imprudent forest destruc-
tion. Imagine the dunes along the Jersey shore clogging up the in-
lets, the water from the interior flooding the marshes and lowlands.
The bays, which are now salt, would then become fresh in consequence,
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stagnation and sickness would follow, aud you would have an exact
repetition of what happened in Gascony, all of which is described in
(etail in the works of Chambrelent, Bremontier and Grandjean. The
first and most important step was to stop the shifting sand. This was
in part accomplished by covering the surface with brush and then sow-
ing the seeds of the maritime pine (Pinus marilima), and finally in
full by the construction of an artificial littoral dune. When the tide
fulls the sand of the beach, ground into powder by the waves, dried
Iy the sun and wind, is blown in the direction of the prevailing winds,
which is usually toward the shore. The sand moves like drifting snow
until it meets an obstruction, and there a dune is formed equal in height
to the height of ths obstacle. In order to protect the natural dunes
which bave been sown in pines, an artificial or littoral dune is con-
structed.  This is accomplished in a very simple but ingenious way.
A fence of boards or brush is built in a line along the shore a short
distance from bigh-water mark. This stops the sand which is mov-
ing inland, so that a drift forms similar to snow along a hedgerow.
When the sand forms a drift equal in height to the fence, so that
the fance is in fact buried, a new fence is constructed on the crest of
the dune which has just been formed. So on fences are buried and
constructed until the dune reaches the desired height, and if lacking
in breadth or too wide, the fence is moved back or forward a little to
euit the desires of the forester or engineer in charge. By the use of
palisades or brush an artificial dune can be easily and cheaply con-
structed. The dune should have a gentle slope toward the ocean.
When the dune has reached the proper size and shape it is necessary
to plant its windward slope in gourbet in order to hold the sand in
place. The gourbet or sand sedge (Calamagrostia arenaria) is com-
ron also on American dunes, This plant has rhizomes many feet in
length, by means of which it fixes the sand. This huge bank of sand
is constantly watched and kept in shape.

In traveling along the beach from the mouth of the Garoane to the
mouth of the Adour, one sees squads of men and women working on
this immense ridge of sand, planting gourbet here and there or dig-
ging it up in places in order to keep the dune in perfect shape. The
vast plantations of pine and the villages in the neighborhood of the
dunes owe much to the humble but persistent gourbet. Where were
once nothing but huge, barren, shifting dunes are now beautiful pine
forests close Lo the shore of the ocean—the location of several delight-
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ful resorts, with the pleasures of the sea and forest combined. Back
of the dunes in the Landes, canals and drain-ditches were dug through
the impermeable alios. Pine geeds were sown, and, through the
efforts of engineers and foresters, the region changed to such an extent
that & new province was really added to France. The Hugue method
of turpentine-orcharding was adopted, the main principle of which is
to prevent excessive bleeding. The cut is never more than the tree
can bear, unless it is ready for timber, and the turpentine drips into a
little vessel similar to a small earthenware flower-pot.

Bled timber is unanimonsly considered superior to the unbled, and
Frenchmen cannot understand why there is a prejudice against it in
America. Many rail and wagon roads were construcied, and immense
quantities of timber go to England. Rosin and terebenthine are manu-
fatured in large quantities, and fuel is shipped to the bakers in Paris,

With the advent of railroads forest fires increased, requiring the
construction of fire-lanes and the employment of watchful wardens,
The soil and people improved, and, thanks to de Villers, Bremontier,
Chambrelent and others, the Landes is ove of the most interesting and
prosperous regions of France.

Along the coast of America there are shifting dunes. At Avalon,
New Jersey, a huge bank of sand is slowly but surely destroying a
beautiful forest. Lt could be stopped at slight expense. These dunes
are moving inland over the marshes, leaving their natural beds so that
the marsh mud is exposed on the ocean gide, and the beach becomes
unfit for bathing purposes.

Destroy completely the forest which covers the southern portion of
the State of New Jersey, and it will become a bed of shifiing sand,
unproductive, unsightly, and unfit for habitation, although capable of
producing an abundance of valuable timber.

The illustration which accompanies this paper shows the forest, the
collectors of rosin, and the edge of a fire-lane on the Dunes of France.
Compare this with the shifting dunes of Avalon or of Cape Henlopen.

CONCLUDING REMARKS,

The social, economical and political conditions of the United States
and Europe are so different that it is impossible, at least at present, to
enforce regulations here which are enforced with difficulty in Germany
and France. One can sift, however, from their methods valuable
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points, or receive suggestions, which can be applied with more or less
profit to the peculiar conditions of parts of the United States. At any
rate, the rudiments must come from the old world, enlarged or modi-
fied to suit American conditions.

Few Btates have been more thoronghly deforested than New Jersey,
Just how to mitigate this evil without the expenditure of large sums
of money and without infringing upon private rights, or without
adding to the expense of those who are already burdened by unprofit-
able land is, indeed, a difficult problem upon which there is naturally
great diversity of opinion. After a visit to several of the principal
forest regions of Europe, where the forest officials spared no effort to
explain their methods, and show their errors as well as successes, the
writer believes that great caution is necessary in this work, and that
what is gained must come little by little until America has, after
much experimentation, developed her own systems applicable to her
varied climate, species, soils, and demands, Forest-planting, timber-
culture, insect and fungous pests are at present of secondary consider-
ation only. The first and most important steps are the prevention of
conflagrations and the construction of roads in forest-regions. A fter
B visit to the pine and cork forests in Var and the extensive
pine-forests in the Landes of Fraoce, where large areas have
suffered from the effects of fire, in spite of the value of
wood aod the attention the subject receives, one is convinced
that too much caution cannot be exercised in formulating laws and
expending cash. The writer is positive, nevertheless, that fires can be
prevented or reduced to a minimum in the course of time jn southern
New Jersey at comparatively slight expense. When fires are stopped
improved methods of cutting can be easily applied. The most
important step is to protect the forests which already exist, then to
improve them in a way similar to the method in practice in the irreg-
ular woods of the Grand Duchy of Baden, and then finally to reclaim
and plant the waste lands. In reference to forest lands owned by the
Federal and State governments there is absolutely no good reason
why they have not been properly protected and exploited, even if the
profits have not been sufficient to meet expenses. It is apparently
due to the selfishness, indifference or ignorance of those who have the
power to change the state of affairs were they so disposed. In a State,
however, such as New J. ersey, which owns no forest land, the problem
Uristles with difficalties. Selfish corporations, impatient and dis-
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couraged forest-owners and unpatriotic citizens must be converted,
persuaded or forced to accede to just regulations, which may be
formed for the benefit of all. In a region where the forest is wholly
owned by private individuals, in a country where every person cher-
ishes his liberties, progress in forestry must be gradual.

In Germany it requires constant attention to keep the peasants from
overstepping their rights. In the regions where the most scientific
methods of silviculture are in operation, where plans have been
arranged which extend beyond this and the coming generation, the
State has purchased absolute control. In several communal forests
the foresters have been unable to accomplish as much as they desired
because of the interference of certain peculiar peasant-rights. They
persist in driving their cattle, hogs and geese into the forest and in
collecting faggots and leaves at stated intervals, In spite of the
private ownership of forest-land there is hope for New Jersey. It
possesses a great variety of useful and rapid-growing species of timber
trees; natural regeneration, when the soil is not too seriously damaged
by fire, is prompt and vigorous; means of transportation are good and
rapidly improving ; large cities are near at hand for markets, aud only
a small proportion of the people are hopelessly ignorant. In spite of
soil-depletion occasioned by fires, a German forester would no doubt
regard the replacement of the pines by oaks—even if of a scrubby
nature—a favorable trade. After fires have been stopped, all that is
needed is care in the use of the axe, so that the forest will improve in
quality instead of deteriorate, as under the old-fashioned method of

| cutting.

| In order to reach the most desirable class in America, that is, the

| class which works the forest and handles its prodacts, the profit

| which will result from the proper treatment of the forest must be
clearly proved. Were one to demonstrate to a business man that he
could, without difficulty, reap an interest of six per cent. from his
forest for fifty years and at the end of that time have a forest superior
in quality and worth ten times its original value, he would disregard
it. The most convincing argument would be insufficient, because the
forest, if at all inflammable, is in danger of destruction at least five
months in‘every year, without the faintest’hope of recovering damages
in case it is burnt. The forest fire is a formidable foe, but no worse
than the dreaded avalanche, immense land-slides, and impetuous tor-
rents which the Swiss and French have harnessed by engineering skill
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and the planting of trees. The prevention of fires is a small task
compared to the fixing of the immense masses of moving sand along
the shores of the bay of Biscay, which buried villages in its conrse.
Although these sands are covered with pines, fires rarely, if ever,
occur on these dunes, thanks to the few railroads, the many
clean fire-lanes and constant watching on the part of the
wardens. On private holdings, however, they are not infrequent,
The following is quoted from a letter recently received from
8 French forester in the Laundes: “The maritime pine plantations
are exposed to a certain number of enemies which eause great
ravages. Danger from these sources is always most in planta-
tions of a single species.  Against fires only preventive measures can be
employed. With this object in view, a system of paralle] and trans-
verse fire-lanes has been created, composed of forest paths ten metres
in width, cleaned to the pure white sand every three years. The
amount of woodland comprised between two parallel and two trans-
verse lanes is about one huudred hectares. If a fire breaks out it is
of course at once extinguished and the burnt area is encircled with a
ditch, the burnt pines being almost always attacked by a fungous
disease of the roots, The ditch prevents the spread of the disease and
is ulway+ resorted to whenever the pines are thus affected. Fven the
smoke from the chimney of a woodman’s eabin is injurious to the trees
which are pear it.”

In order to bring about a change in the treatment of our woods,
there must be concerted action of all concerned. Were the State to do
its part, the railroads and people their part, there would be wo fires
ex ept those caused by unavoidable accident and lightning. The
number would be reduced to at least ten per cent., and many of these
would be extingunished without doing much damage.

Forestry which does not pay is not good forestry. Planting of
waste lands after the system employed in parts of Europe is entirely
too expensive to be considered at present. Where land is so cheap
and natural regeneration so rapid and vigorous, planting is unneces-
sary. The most important work is to protect the forests which re-
main, and to apply to these a simple method of improvement-cutting.

Although it is the unanimous opinion in New Jersey that some-
thing i3 needed, there is great diversity of opinion as to just what
measures should be adopted in order to protect the forests. Some

ecommend the appointment of a permanent forestry commission to
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attend to all matters relating to forestry ; others the purchase of a
forest reserve ; others wide fire-lanes along railroads and wagon roads ;
others fire wardens; others the continuance of investigations; others
lecture courses in all our public {nstitutions and the distribution of
reliable literature on the subject ; others the apprehension and convio-
tion of malicions and careless fire-setters; others a rebate in taxes to
all who plant or properly protect their forests, and so on. It is need-
less to say, that all these suggestions have merits and that any one of
them which is carefully inaugurated with proper machinery for its
enforcement and continuance would do an immense amount of good.,

A visit to the forest regions of Germany impresses one with the im-
portance of good roads. [Every forester understands road construc-
tion. It is one of his most important duties. Forest exploitation and
road counstraction go hand-in-hand, so that inaccessible forest regions
becoe profituble solely through the constraction of excellent roads.
It probably costs as much to cart a large log ten miles over a sandy
road in southern New Jersey as it does to bring another log of
the same size and perhaps superior quality by rail from distant regions.
Tu Germany excellent stone-roads penetrate the forest in almost every
divection. The importance of roads is well illustrated also in
France, In certain regions wood is a precions article, in fact
there is much inconvenience, if not saffering, in congequence of & lack
of it. A few grapevine twigs a day must serve a family for fuel,
while not far away, on the shores of the Bay of Biscay, immense
quantities of excellent wood is allowed to rot, simply because a lack of
roads renders its transportation unprofitable.  South Jersey is for-
tunate in having exhaustless quantities of gravel, which is excellent
rond material. The new State road, forty feet in width, from Phila-
delphia to Atlantic City, will be of great service in the transportation
of cord-wood. This, it is hoped, is the first of a series of wide roads
which will divide the pine regions into compartments. If cleared of
brush along their sides, they will prevent the spread of fire and serve
as a vantage ground in combatting it. As in parts of Europe, oue
man should have charge of a certain gection of road. He should
patrol his portion, constantly mending the small breaks before they
become serious, and al the same time keeping the side of the road free
from combustible matler, and extinguishing or reporting fires before
they become uncontrollable.  The two most important steps in
Southern New Jersey are, then, the construction of wide, well-cared-
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for roads and the prevention of fire, Since, as has been already said,
forestry is not good forestry unless it pays, and since it cannot pay
without the proper means of transportation and a certajn amount of
assurance against fire, it is evident to all that the efforts of the State, of
associations and of all private individuals interested in the subject
must be aimed in that direction, The fire question must be grap-
pled with, otherwise the weagre forests which remain will be
destroyed and larger areas will hecome not only unproductive but
eterile, without the hope of forests, little better in fact than a bed of
shifiing sand. One point is worthy of much emphasis in this con-
nection, When a large area of land is by constant cutting and
burning readered bare and barren, there are certain conditions of the
s0il and atmosphere which vanish with the forest. When the forest
once loses its hold it often requires years of toil and great expense to
re-establish it. This has been demonstrated again and again in Europe.
There is great need of the enforcement of proper laws relating to
fire-lanes along railroads and the use of the proper kind of spark-
arresters on locomotives. There is 1o longer any doubt of their
efficiency. An experimzet was tried in Frauee in a region where
rapid trains set continual fires during the dry season, Between the
years 1883-1892 forests to the amount in area of 48 hectares were
destroyed, with a consequent loss of timber valued at 32,000
franes,  Fire-lanes three meters wide were built each side of the
lines, at twenty or thirty meters from the tracks, and every fifty
meters paths one and a half meters wide were surveyed at
right angles to the lanes, extending between the lanes and
the tracks. The paths were kept free from vegetation dur-
ing the dry season. The cost of maintenance, which includeg
the cost of coustructing the lanes and the labor of cleaning
the path, amounts to 235 francs g year. Since the application of this
plan, damages which previously amouated to 3,195 francs a year,
were reduced to less than twenty francs a year. The figures speak
for themselves, The so called lanes along almost all the railroads in
southiern New Jersey are not lanes at all.  In many instances they are
covered with dry, inflammable grass and brush, A lane, to be effect-
ive, must be some distance from the track and must be kept perfectly
clean. If it is not possible to make the Janes wider, they should be at
least ploughed aloug their outer edge. The punishment of all cor-
porations, malicious and careless individuals guilty of setting fire
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should be more severe and better enforced. With wide roads to serve
as fire-lanes, with men to patrol them at all dangerous times, the per-
centage of fires will be somewhat reduced.

The encouragement by the State of individuals owning forest land,
in the way of allowing reductions in taxation on the land in guestion,
provided they improve it under directions, has been and is still suc-
cessfully applied in Europe. The co-operation of game associations is
also important. Large sums are received annually by leasing the
hunting-rights, under certain restrictions, in the forests of Germany.
And so on, one could write indefinitely of the suggestions which come
to one after even so short a visit to the forests of Europe. In conclu-
sion, let me quote the words of Mr. Carey, of Maine, who recently
visited the forests of Baden:

¢ The states and nobles supported the work. Seientists labored and
managers experimented, Forestry schools were established to spread
through the land the knowledge of what had been gained. Finally,
they piled up a mass of exact information about trees and everything
related to their life, and established a system of forest management
based thereon that is one of the finest monuments of the thorough-
ness, the conservatism and the patience of the German race. And to-
day the forest stands as one of the prime objects of the people’s
regard, a source of health, wealth and national independence.”

NEW JERSEY GEOLOGICAL SURVEY



Mineral Statistics.

Iron Ore.

. ) Gross Tons.
The output of iron ore amounted in 1896, according to thestatistics

reported by John Birkinbine, gpecial agent of the United

States Geological Burvey, Division of Mining Statistics, to...... 264,909
The total production, a8 gathered from the shipments of theeeveral

railway companies which carry iron ore from New Jersey

mines, and reported to the office of the Geological Burvey,
262,070

BBE.eveseesese sereneoss eraatrntodtiny AEaTes AR R R LT SRS A R s S p e e
In 1895* the total production of iron ore in the Btate, as reported

by Mr. Birkinbine, was...... crereeniens vesseransesanans P 282,433
And the total shipments for the BAME FOAT . wwmiirimrssecerreiiin 276,878

These figures show a decline of about six per cent. in the produe-
tion. Comparing the production of 1896 with the statistics as given
in the table below, the decline is noted as small, going back to 1893.
The statistics reported in this table are from the shipments of the rail-
way companies and the production of mines whose ore is used in fur-
paces in the State, but is not carried on any railway line, They are
re-printed from the annual reports of the Survey.

Zinc Ore.

The total production of zing ore in the State for the year 1896, as
reported by J. A. Van Mater, superintendent of the Sterling Iron
and Zine Company, is as follows:

Tona.

Total untreated ore ghipped from Mine Hill vccceevevnme 58,669.61

Total separated Franklinite......... venmnecsusornnenaeens 10,796.83
Total Willemite and Zincite ..occvneerrnns cernsernerreenesmensen $,898.76
Total zine ore shipped......ccceeas teeriesssarsnsranns trrsaere ——"7;,363.20
Zine ore shipped from Sterling Hill............. rerarrerassanins 8,717.70
78,080.90

# No mineral statistics were published in the Annual Report for 1895.

(367)
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The statistics from annual reports of the Geological Survey are
here reprinted.

IRON ORE,
1790......... 10 000 tons .........Morse’a estimate,
20 000 tons ......... Gordon's Gazetteer.

100,000 tons .........Dr. Kitchell’s estimate,
1869.........164,500 ton@ .........U. 8. census,

1864......... 226 000 tonsg ......... Annual Report State Geologist.
1867.ccnnuuen 275 067 tons ......... i " o
1870.........362,636 tons .........U. B, census.

1871........ 450 000 tona .........Annual Report State Geologiat,
1872..cee + 600 000 tons ......... v “ “
1873 ........665 C0O tons ......... ' ' “
1874......... 535,000 tons ..... “ “ “
1875....u0u. 390,000 tons ......... “ w «

1876.........285 000 tons¥.........
1877.........315 Q00 tons*...,.....

1878......... 409674 tons ......... u « W
1879.enen.. 488 028 tons ......... “ “ “
1880 ......... 745|000 tong Nenensene & 1 @
1881......... 737 052 tons Tasesanes “ " "
1882.........032,762 tons ......... “ u “
1883......... 521,416 tons ......... “ i &
1E84...ceev. 393 710 tons ......... u « P
1885..000ue.. 330,000 tons ......... " I i
1888....... . 500,501 tong ......... & “ “
1887..c00see. 847 B9 tons ....... . [ “ @
1888..ieaenn 447738 tons ........ . u“ “ “
1889......... 482,169 tons ......... (L “ @
1880......... 552,906 tons ......... “ “ “
1891......... 551,758 tons ......... o “ “
1892....... . 465,455 tons ......... “ u “
1883.. ......356,150 tons ........ . L t I
1894......... 277,483 tons ......... u i “
1895........ 282,433 tons ......... “ o “
ZINC ORE,

1868.........25,000 tonat........... -Annual Report State Geologist,
18710000000 22,000 tong ............ “ “ o
1873......... 17,600 tons ............ " i %
1874...... --.13,500 toms ............ “ “ "
1878..00000..14,467 tony ............ i “« i

* From statistics collected Luer, .

1 Fatimated for 15€9 and 1871, Statistics for 1878 to 1830, inclusive, are from reports of the milway
ompatles carrying the cres to the market, The reports for 1890, 1891, 1602, 1593 and 1594 were from
the companies weriing the mine-,
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1879.........21,937 tons ...... .....Annual Report State Geologist.
1880.........28,311 tons ............ u “ «
1881....00uue 49,178 toDB ...vev s, 4 2 w
1882......... 40,138 tons ............ “ “ “
1883......... 56 085 tona .......ccuu i “ “
1884.........40,094 tops ...... ..... “ 0 m
1885..c0nuue. 38,526 tong ............ “ u rt
1886 .... ...43,877 tons ............ " “ “
1887......... 50,220 tons .........ou. w “ “
188%.........46,377 tops ...... ..... “ “ “
1889..c0uviu. 56,154 tona ............ " “ “
1890......... 49,618 tons ............ . “ «
1891 ..... 76,032 tong ... a " "
1892.........77,298 tona ............ “ w “
1893.........55,852 tons ............ s “ .‘
1894 ........ 59,382 tons ............ " “ .
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Publications.

The demand for the publications of the Sarvey is continuous and
active, and several of the reports are out of stock. So far as possible,
requests are granted by giving the reports to such requests.

The sales of the topographic maps are slightly larger than in 1895,
The amount realized by these sales for the fiscal year ending October
31st, 1896, was $450.

It is the wish of the Board of Managers to complete, as far as pos-
sible, incomplete sets of the publications of the Survey, chiefly files
of the Annual Reports, in public libraries, and librarians are urged
to correspond with the State Geologist concerning this matter.

By the act of 1864 the Board of Managers of the Survey is a
board of publication with power to issue and distribute the publica-
tions as they may be authorized. The Annual Reports of the State
Geologist are printed by order of the Legislature as a part of the
legislative documents. They are distributed largely by members of
the two houses. Extra copies are supplied to the Board of Managers
of the Geological Survey and the State Geologist, who distribate
them to libraries and public institutions, and, as far as possible, to any
who may be interested in the subjects of which they treat. Several
of the reports, notably those of 1868, 1873, 1876, 1879, 1880 and
1881, are out of print and cau no longer be supplied by the office.
The first volume of the Final Report, published in 1888, was mostly
distributed during the following year, and the demand for it has been
far beyond the supply. The first and second parts of the second
volume have also been distributed to the citizens and schools of the
State, and to others interested in the particular subjects of which they
treat. The third volume is now beiog distributed from the office of
the State Geologist. The fourth volume is in press. The appended
list makes brief mention of all the publications of the present Survey
since its inception in 1864, with a statement of editions that are now
out of print. The publications of the Survey are, as usual, distrib-

(371)

NEW JERSEY GEOLOGICAL SURVEY



312 ANNUAL REPORT OF

uted without further expense than that of transportation, except in a
single instance of the maps, where a fee to cover the cost of paper and
prioting is charged as stated, :

CATALOGUE OF PUBLICATIONS.
Grotoay or Nuw Juwamy, Nowark, LAv3 Bvo , xxiv. - 809 pp. Qut of print.
Pontrovrtu o1 AMAls eczmpanying the same, as follows ;

V. Argic and paieazcie Lorenetins, inctuding the iron-ore and limestone districts ; colared, Scale, 2
miles L3 an inch,

2 Trieasle formarl-n, ie "uding the red sandstone and trap rocks of Central New Jersey: colored.
Scale, 2 mues ta at inch

4 Cretacesus foruata o, aclies O sreensand marl beds ; colored,  Scale, 2 miles to an inch.,
4. Tertiary and roeat faad s of Suatkern New Jorsey ; colored.  Scale, 2 miles to an fach.
3o Mapofagr wpefiram rones fn \erris county ; prioted in two calors, Scale, 3 inches to 1 mile.
G, Aap of the Ringneod oz mine | printed in two colors. Scale, 8 inches to 1 mile,
7. Map of Oxfard Furnaco iron-ere velns, colored. Scale, 8 inches to 1 mile,
8. Map of ths smc mines, Sus<cx coumy ; colored. Scale, 8 inches to [ mile,
A few copies are undistributed.
RearT on an: oay oo of Woodlridge, South Amboy and other places in New Jersey,
tagether with theie wees For fire beick, pottery, &c.  ‘I'renton, 1873, 8vo , viii. +381 pp., with map.
Qut of print,
A Pesrurvaw. Caravr wer of the Fiera of New Jersey, compiled by N. L. Britton, Ph D. New
Eruosw ok, 1esl ~vs a2l it gp Out of print,
Fisatn Hrevost -+ vne Svare Geoawodwast. Vel 1. Topography. Magaetism. Climate. Tren.
tom, 1%, Svo, xi L. pp Very searce.
Frsan Reeoov or sne 3iav. Guoweiast - Vol IL Part 1. Mioeralogy, Botany., ‘Frenton,
AU I S *
Frvar Rer-sw v e S7870 Geonrnasy, Vol 1. Part 11, Zoology. T'renton, 1890, 8vo ,
x  ®MNopp
Hevosr on Warre-Suerer, by Corneiigs Clark-on Yermeule. Vol Il of the Final Report of the
State Geoicght Freator te o se o svls 032 and 9 pp.
" Bsacmroot aso Laswinocrasciiava of the Raritan Clays and Greensand Marls of New Jersey,

by Rohert P Whitfield  Treaton, 1856, vaarto, pp, 338, plates XXXV, and Map. (Paleontology,
Val. [)

Gartmies rov o Croacee baof the Raritan Clays and Greensand Marls of New Jersey, by
R bt PoWEafie D Trepion, 199, yunarto, pp 402, plates L. (Paleontology, Val, I1.)

Avias v Nrw Jraery The complete work 1 made up of twenty sheets, each 27 by 37 inches,
in:lading masq, deade @t L0 OB acress, makiog the leaves of che Atlas 1834 by 27 inches, “T'he
Licatiman o =l or e ew Lraap oo J'ven Felow, Those from 1 to 17 are on the seale of 1 mils to an
inch

Nt AT ey U0 S v a s d W wetain, from Hope to the Siate line,

AVN ~ cowdde 07 with the seuthwost part of Kittatinoy valtey.

- [ Sl et oo mr At of Morrie county west of Boonton, and Sussex south and east
I Newten

Sl At s en 00N s el oy the cauntry lying between Deckertown, Dover, Iaterson

Y Dol F AR e 2, Trom Somerville and Princeton westward to the Delaware,

Nootous Dy e i wl e country castward to Newark and southward to the Raritan

ary Ffe st aed Foier, with parts of Passaic and Union.
New Hrun.wick to Bordentowm

t et b Metuchen 1o Lakewood

©Ti e vuele-tore and Bridgeton westward 1o the Delaware.
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Ne, 11, Vicinity of Camden, to Burlington, Winslow, Efmer and Swedesboro,

Ne. 11, Vicinity of Mount Holly, from Hordentown southward to Winslow and Woodmansie.

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

No. 14, Vicinity of Bridgeton, from Allowaystownand Vineland southward ta the Delaware bay shore.
No. i, Southern Interior, the country lying between Atco, Millville and Egg Harbor City.

No. 16 Egg Harbor and Vicinity, including the Atlantic shore from Barnegat to Great Egg Harbor.
No. 17. Cape May, with the country westward to Maurice river.

No 18, New fersey State Map. Scale, 5 miles 10 an inch, Geographic.

No. 10. New Jersey Relief Map, Scale, b miles to the inch. Hypsometric.

No. 20, New fersey Geological Map. Scale, b miles 1o the inch,

The maps comprising THE ArLas OF NEW JERSEY are sold at the
cost of paper and printing, for the uniform price of 25 cents per sheet,
either singly or in lots. Payment, invariably in advauce, should be
made to Mr. [rving 8. Upson, assistant in charge of office, New
Brunswick, N. J., who will give all orders prompt attention.

Rucort oF PRoressor Grorce H. Cook upon the Geological Survey of New Jersey and its progress
during the year 1863. Trenton, 1864, 8vo., 13 pp- Out of print.

Tur ANsuaL RerorT of Prof. Geo. H. Cook, State Geologist, to His Exceilency Joel Parker,
President of the Board of Managers of the Geological Survey of New Jersey, for the year 1864,
Trentan, 1865, 8vo. 24 pp. Qut of print,

AwnuaL Rerort of Prof. Geo, H. Cook, State Geologist, 1o His Excellency Joel Parker, Presldent
of the Board of Magagers of the Geological Survey of New Jersey, for the year 1863. Trenton, 1868,
8vo., 12 pp. Out of print,

Annval RerorT of Prof. Geo. H. Cook, State Geologist, on the Geological Survey for the year 1870.
‘I'renton, 1807, 8vo., 28 pp. Qut of print.

RerorT oF THR STATE GrovocisT, Prof. Geo. H. Cook, for the year 1867, Trenton, 1863, 8vo.,
28 pp. Out of print.

Annval. Raport of the State” Geologist of New Jersey for 1860  Trenton, 1870, 8vo., 57 pp., with
maps.

Anxual ReporT of the State Geologist of New Jersey for 1870, New Brunswick, 1871, Bvo., 75 -pp.,
with maps.

AnnvaL Rerort of the Siate Geologist of New Jersey for 1871, New Brunswick, 1872, 8ve., 40
pp., with maps.

AxnvaL Rurort of the State Geologist of New Jersey for 1872, Trenton, 1872, 8vo., 44 pp., with
map. Cut of print,

AxnvuaL Raport of the State Geologist of New Jersey for 1873. Trentoy, 1874, 8vo., 128 pp , with
maps. Qut of print,

AnnvarL RieeporT of the State Guologist of New Jersey for 1874.  Trenton, 1874, 8vo., 115 pp.

Qut of print,

Axnvab Reporr of the State Geologist of New Jersey for 1875. Trenton, 183, Evo., 41 pp., with
map,

Axnuvan Rarort of the State Geologist of New Jersey for 1876, L'renton, 1878, 8vo., 56 pp., with
maps. Qut of print,

AnnuaL Rurort of the State Geologist of New Jersoy for 1877.  Trenton, 1877, 8vo , 55 pp.

Qut of print.

Amnnuar Rerort of the State Geologist of New Jersey tor 1873, Trenton, 1878, 8vo., 131 pp., with

map, Qut of print.
Axnuar, REporT of the State Geologist of New Jersey for 1579,  Trentou, 1879, 8vo , 199 pp , with
maps. QOut of print,
AnnvaLl REPORT of the State Geologist of New jersey for 1880. ‘Trenton, 1880, 8vo., 220 pp., with
map. QOut of print.
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Axmrar Rerowo nt the State Geo’ gt o New Jersey fo- 1840, ‘Trenton, 1881, dve., 87 =107+ xiv.

pp ., with maps Out of priot.
Axnuar Revorpof the Stite Gealogetor New Jersey for 1882, Camden, 1882, 8vo., 101 pp., with
qaps. Cut of print,

Axxeat Revowrof the State U vt et New Jerey for 1587, Camden, 1883, 8vo., 188 pp.

ARSUAL Rpyvowr on v Stote Se st of New Joreey for 1854, Trenton, 1884, 8vo., 168 pp., with
maps
CANNCAL Ripokr e Seateoer s-tef New Jo~ey far 1885, Trenton, 1885, Rvo., 228 pp.. with
™ Lps.

Axnear Reeoncr of the State Ceglogint of New Jersey for 1586, Trentow, (837, Svo., 264 pp., with
IH.IP\.

Annean Res

Cris BUae s it of New Jurey lor 1887, Trenton, 1337, Bvo , 45 pp , with
map- .

Ansrar Rovors -7 the Stae Gosgst of New Jer-ey for 1388, Camden, 1869, 8vo |, 87 pp., with
map.

Anwn AL Riseout of e Stade Veclagiog of New Joroy for 1882, Camden, 1850, 8vo , 112 pp,

Axavan Rewowr ot e Sate Geloged of Now Jorsey for 1580, Trenton, 169t Svo., 305 pp., with
l'[i.'lp‘-,

Assiear Revarr Pt e Siee Goooag st of New Terwey for 1591, Trenton, 1892, 8vo., xil.+270 pp ,
w th wap-.

Axnrar Rirowt of the Btite Ges'azist of New Jewey for 1832, Trenton, 1803, 8vo., x.- 368 FP.,
with mag~

Ans—an Rereay clthe stes 66 veg 20! New Jerscy for 1893, Trenton, 1894, 8vo |, x. - §52 PP,
wothmaps,

Asxsrat Reeens O the B thoala ' of New Jersey for 1894, T'renton, 1893, 8vo., x.+304 pp.,
with geological map '

Ansuar Rueoar ! - State tealeo ot Now Jer ey for 1893, Trenton, 1808, Svo., x1 4194 pp.,
wiak peales . wmop

Assian Revw vt %t 3 Setef Neo Jercy for 1998, Trenton, 1897,
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ERRATA.

Page 41, 3d line, read macroscopical instead of * microscopical,”

Page 118, 8th line, read forty instead of “ four.”

Page 140, 4th line, read Spruance for * Bpuance.”

Page 1561, 13th line, read Bay Head for * Mantoloking.”

Page 176, 24th line, read Actinocyclus for ‘“Actinocychus.*’

Page 180, last line, read 185 instead of ** 133.”

Page 207, 7th line from the bottom, read complanatus for ** complanatn.”

Page 261, 9th line, read Plate 19 for “ Fig, 1.”

Page 261, 10th line, read Plate 20 for *“ Fig, 2.7

Page 332, 17th line, read tailings for ** tailing."”

Page 333, 8th line from bottom, read low prices now prevailing instead of “low
price now,” etc. .

Plate XXIV, opposite page 339, read Arcachon for **Arcadeon.”

Page 359, 5th line, Mﬁﬁéﬁﬁﬁf}‘&ﬁ% gk SURVEY
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GEOLOGICAL SURVEY OF NEW JERSEY.
JOHN C. SMOCK, STATE GEOLOGIST.

MAP OF

HACKENSACK MEADOWS.

TO ILLUSTRATE REPORT ON DRAINAGE

BY C.C.VERMEULE, CONSULTING ENGINEER.
1896.
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+++ + Existing Dykes <s+ses Proposed Dykes.
Figures onmeadows indicate depth in feet of mud below natural meadow surface.
&) Figures enclosed indicate present height in feet of' meadow surficce above
mean sea level.minws signindicates below)Where meadow is below@3)it has
shrunk after dyking, and depths of mud shown are too great for present conditions.
Figures onwater indicate depth in feet below mean low tide. Mear low tide
is about 2-dfeet below, arnd mean high tide about 2-d4feet above mean sea level.
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