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~Administrative Report.

The plan of work of the Geological Survey for the year 1898, as
presented in outline to the Board of Managers at the anoual meeting
in January, was followed along the the general lines of investigations
and surveys of the several divisious of the work, and was practically
& continoation of the work of 1837. The organization is the same as
it wag last year. Professor Rollin D. Salisbury has had the direc-
tion of the field surveys of the surface formations, and has given much
time to the question of the publication of the results of his long-con-
tioued studies of the surface geology of the State. He has been
assisted by G. N. Koapp. Dr. Henry B. Kiimmel traced the
Triassic red sandstones and trap-rocks of Bergen county northward
beyond the State line to the Hudson river, and prepared a report on
the extension of these rocks and the relation to the New Jersey area,
Mr. Cornelius C. Vermeule has continued in charge of the topo-
graphic survey, and has prepared a report on “ Water-Supply from
Artesian Wells” and one on *“ The Pine Belt of Southern New Jersey
and Water-SBupply.” He has been assisted by Mr. Peter D. Staats.
The records of artesian wells in the Btate have been continued by Mr.
Lewis Woolman. In co-operation with the United States Geological
Burvey, Dr. J. E. Wolff has given some time to the studies of the
crystalline schists at Franklin Furnace and Ogdensburgh. The forestry
survey has been carried forward oo the basis of the original plan of the
work, and a report on * Forest Fires and Wood Production ” has been
prepared for publication by Mr. Gifford Pinchot, Chief of the
Division of Forestry, U. 8. Department of Agriculture, Professor
Arthur Hollick, of Columbia University, has continued his studies of
the distribution of the trees of the State in their relation to the
geological formations. Mr, Irving 8. Upson remains in charge of the
distribution of topographic maps, and also is the disbursing officer of

the survey.
(xiii)
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xiv ANNUAL REPORT OF

SURFACE GEQLOGY.

The study of the geology of the surface, and the mapping of
the surface formations have been under the direction of Professor R.
D. Balisbury. The field work is practically complete, and the publi-
cation of the results of the surveys of these formations is begun.
The re-examination of local details will be necessary in places, for the
preparation of the sectional maps, and further investigations of the
extension of the formations beyond the limits of the State to the
northeast and to the southwest will be desirable that the correlation be
in harmony with geologic science. These studies may be made as the
work of prepariog the report and the maps goes forward. Professor
Salisbury was in the field from the first of April to July. He was
assisted by (. N. Knapp, who spent a moath working io the territory
of the Camden sheet, after which time he was engaged in preparing
notes for the report on the soils of the State. )

The report of the surface geology is to be in two parts or
volumes, one on the nothern part of the State and the other descrip-
tive of the southern part. The last volume of the Geological Sur-
vey series on *The Physical Geography of the State” is an intro-
duction to the subject, and the forthcoming reports are to form con-
secutive volumes of the series. One local map of the surface
formations has been published, viz., Atlas Sheet No. 6, the Valley of
the Passaic, with the country eastward to Newark and south to the
Raritan river. It was issued with the annual report for 1894, The
original plan of publication of the geological maps on the basis of the
subdivision into seventeen sections or separate maps, conformable to
atlas of topographical maps has been given up, and a new scheme has
been prepared. The new plan has thirty-four maps conforming to
the original projection sheets of the topographical survey. They are
not to be overlapping, as is the case with the latter, but joining edge
to edge, enabling the publisher to make up the transfer sheets with
accuracy, and avoiding liability to errors from the use of more irreg-
ular parts of the original projection sheet. The scale is to be one
inch to a mile, or the same a3 that of the topographic maps. The
new form is more convenient for study and for office use, and by a
combination of four sheets a convenient form and size is bhad for wall
map. Such combination sheets will be valuable for the exhibition of
the geology of many disiricts of the Btate where the single sheet
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THE STATE GEOLOGIST. XV

shows too small a territory. The new topographic surveys and the
revigion of the topographic maps are aflording valuable additions for
the base to be used in the geological series. As was said in the last
annual report, the delay in the publication has resulted in the elabora-
tion of a comprehensive plan, and allowed time for the revision of
the base, where most needed. [t has given opportunity to collect
additional facts on the relations of geology to economics. The value
of an eccurate knowledge of the surface beds, and the economic
application of the geological facts to the development of the natural
resources—of the materials useful in the arts, of the soils and their
capabilities, the water-supply, the forests and the scenic features in
their bearing upon residential property, demand care in their illus-
tration with accurate maps,

The report on the geology of the surface is to embrace all the facts
of the occurence and relation of the formations of the surface, both
to one another and to the underlying rocks, and also their history and
the origin or source of their materials. Short descriptions of the
territory covered by the several maps may serve as hand-books or
guides accompanying them. Two of these maps and the local deserip-
tions have been prepared. The publication of the sectional maps and
accompanying text or deseriptive hand-books is designed to serve for
local use and to meet the demands for particular information, instead
of general reports on the State, or on a large division of the State.
Iu a selective way the wants of a larger constitutency are served than
is possible without such sectional maps. The geological series
promises to be as valuable as the topographical one has been, and to
realize in full the original plan of the Geological Survey at the
beginning of its work, of publishing accurate maps.

In the annual report for the year, Professor Salisbury has given an
important contribution to our knowledge of the soils of the State, or
of what might be considered as the top or ufpermost layer of the
surface formations and that part which is capable of producing crops.

The classifieation of the soils of the State in the descriptions pub-
lished in the early reports of the Geological Survey was based upon
the kind of rock or underlyiog formation, and the divisions were as
follows: Goeiss or granite, limestone, slate, red sandstone and shale,
marl, miocene, drift and alluvial.* The relation to the underlying
rock formation and the origin of the soils and the chemical compo-

* Ann, Rep. of State Geologlst for 1873, pp. 115-118.  Ann, Rep, of State Geologist for 1879, pp.
103-115.

NEW JERSEY GEOLOGICAL SURVEY



Xvi ANNUAL REPORT OF

sition of typical specimens were given in these reports. Although the
composition indicates a general relation to the rocks underlying them,
the changes to which the surface formatiouns, or covering of earth on
the rocky floor, have been subjected in the long exposure to surface
agencies have been such that the relation is one which cannot always
be considered so intimate as to give character and serve as a basis for
clagsification without qualification or many exceptions. Professor
Salisbury has described the soils common to these geological forma-
tions as convenient and geographically well-marked groups or divisions,
giving in some detail the variations due to the influence of the later
geologic changes of the surface formations. The descriptions, as
hroadly outlined or indicated by the under or rock formations, are
interpreted in the light of the later geologic bistory. The terms
heavy and light, and clayey, loamy and sandy, are relative in appli-
cation, as the types or standards of comparison vary from district to
district, and in different parts of the State do not convey accurately
the same meaning. There is, however, a general agreement in the use
of these terms, 0 that they are convenient in description, although not
strictly scientific or accurate.

The soils which are residuary, or the result of the disintegration
or decomposition of the mineral constituents of the rock in place, are
in any given formation, alike in character and conditions bearing
upon their agricultural uses. The variation which arises from a
wide range of minerals occurring in the rock, as is the case with the
erystalline rocks, has to' be considered in any full description of the
soils of a erystalline rock district. The varieties which are thus pro-
duced are, however, not so largely chemical as physical in kind, being
more or less alike in having the same chemical constituents and often
in holding minute particles or fragments of the disintegrated rock.
The alteration by weathering is changing gradually these fragmentary
constituents into sands and clays, but in many cases the granular and
apparently sandy soil is made up of these undecomposed rock frag-
ments, and they indicate ite relation to the parent formation.

The decomposition of the limestones tavors more uniform character,
except the while, erystalline variety, in which the presence of foreign
minerals affecta the resulting earthy surface or soil. The slates and
the sandstones also afford less variety and the soils on them are not
so diverse in character as those of the ecrystalline rocks. In the
northern part of the State the sedentary soils are generally marked by
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the presence in them of partially decomposed rock fragments, They
are the-marks showing the origin. It is a common observation to
determine the kind of rock underneath by these fragments in the
surface earth.

That great transforming agent, the ice-sheet of the glacial age
and the waters of its melting and retreat, so planed off, ground down
and transported the original surface and so mixed the loose materials
that typical sedentary soils are limited to comparatively small areas.
Even beyond the limits of the ice-sheet the effects are seen in the mix-
ture of material by the floods of water along the river valleys and
over low-lying plains. The survey of the surface formations has
been necessary to an accurate description of the soils of the State,
showing in detail the areas of these various formations of the surface
and lyiog upon the rock formations. It is, as it were,also an agri-
cultural survey of the State. The results, when published, with maps
on a large scale, will show the nature of the surface and the soils.
The map which accompanies this report is too small for anything
more than to give a general representation of the principal divisions of
the surface.

In the southern part of the State there is a wide diversity in the
character of the soil and the intermixture of materials is greater than
in the northern part, and the variation from point to point, excepting
in the green-sand marl belt, makes any general descriptions impossible.
Local variation is characteristic. Clays, sands and gravels in ever-
varying proportions make up the surface layers and the soils.

The report of Professor Salisbury gives a good description of the
soils and their local occurrence, and short notes on their capabilities
and their adaptation to certain farm crops. Valuable suggestions on
the forest covering also are referred to ju this report, The steep sides
of the hills and mountains in the northern part of the State, partic-
ularly in the glaciated or northern districts, should not be tilled
and exposed to the wash of rains and floods, carrying the more valu-
able elements of the soil into the streams and making their otherwise
clear and limpid waters muddy and uunfit for water-supply to towns
and cities, but should be kept in timber. The soils in these situa-
tions are best fitted for crops of wood. Onb the other hand the
more clayey soil of some of the swampy distriets can be made, by
efficient drainage, into the best of farm land.

In the Red Sandstone belt the uniformly good soil has led to ex-

*2 Geol
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tensive clearing and the removal of nearly all the timber, particularly
in the valley of the Raritan river. Fortunately the trap-rock ridges
in this part af the State are so stony that they are generally left as
woodland. The reference to the valuable timber trees which appear
to thrive on these trap-rock soils is most important, The preservation
of the woodlands on these ridges would be of public benefit to the
Red Bandstone country and the timber would be the best crop to which
to devote these trap-rock soils,

The open, gravelly soils of some of the valleys in the northern par®
of the State indicate their unfitness for tillage or pasturage, though
generally now in farms, on account of the ease with which they were
cleared originally, and the labor of clearing the more stony hills and.
mountaing. The settlementa followed the valleys in the Highlands,.
and the lands in them were cleared of the timber, without regard to-
the natural adaptation of the soil or its unfitness for profitable agricul-
tore. If some of these valley lands were abandoned to wood, or,
better, were devoted to timber-culture, the State would be richer in
the sum total of patural assets, .

The extremely sandy soils and gravels which are a feature of the
surface of the Beacon Hill formation generally, are not fit for farming,
except possibly in most favorable situations and near to markets and
transportation lines. The unsuccessful struggle in many places is.
evidence of this ill-adaptation to agriculture. This part of Southern
New Jersey is the territory which is indicated by its poverty of soil as.
a forest reservation and gathering-ground for water-supply.

The report on soils is not only descriptive of conditions, but is full
of suggestions and a most important introductory chapter on the soils
and agricultural capabilities of the State.

RED SANDSTONE—TRIASSIC—NEWARE BYSTEM OF ROCKS.

In the ** Geology of New Jersey,” 1868, the extension of the red
sandstone, shale and trap-rocks of the Triassic age beyond the State
line into New York was described and the geological map of the Tri-
assic rocks was made to include this northeast extension to Stony Point
on the Hudson river. The State line crosses the zone almost at right
angles to the trend and has oo relation to the patural features or the
physical geography. The old estuary had its northern limit near the
Hudson river at Stony Point. The later studies of this formaiion by
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Dr. H. B. Kiimmel, the resulis of which are given in his reports in
1896 and 1887, and published in the annual reports of the Geological
Survey for those years, suggested the importance of extending
the investigation to the limits of the formations in New York. It
was hoped that some characteristic features or occurrences in the rocks
would be found which might help to explain what had been observed
in New Jersey near the State line, and add to our knowledge of the
Triassic rocks in general. The results of the survey of the north-
esstern extension of these rocks as made by Dr. Kiimmel are
given in Part I of this report. He made a detailed survey of the
New York area, lying in Rockland county, for the State Geologist of
New York, and through the courtesy of the late Professor James
Hall, State Geologist, the present report is published. The north-
west extension of the Palisade range is traced up the Hudson, passing
Nyack and Haverstraw, then tarning west and culminating in the
High Tor, vear Haverstraw. The absence of the mural front so
characteristic of the New Jersey Palisades, the depressions of Short
Clove and Long Clove as seen in the view, Plate II, are marked
features of this range. The trap-rock breaking across the sandstone
and shale, and the additional evidence of the intrusive origin of the
trap-sheet, corroborate the work done on the range in this State,
The marked ridge and valley structure in Bergen county in
the red sandstone is traced northward, and the explanation
is found in the varying hardness and resistance of the different beds
to weathering and erosion. The absence of the rocks of the Lockatong
division in Rockland county agrees with what was observed in Bergen
county and is econfirmatory of the absence of these argillites. The con-
glomeratic condition of the Brunswick beds also is notable as a variation
from their shaly conditions in Bergen county generally. The coarse
calcareous conglomerates at ihe northwest border make auother mark
of difference, indicative of diverse shore conditions on the old estoary,
The alteration in the Stockton beds immediately under the trap-sheet
of the Palisades is progressively less decided going northward into
New York, The Ladeatown outcrop of trap is demonstrated to be a
separate eruptive mass and not continuous with the Palisades sheet,
The evidences of faulting along the Highlands border, on the north-
west, are decigive.

The report with that of last year on the northeastern part of the
Newark system of roeks in this State, presents a complete view of the
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Palisades range, as a monoclinal ridge bordering the Hudson from
Jersey City to Haverstraw, whose features on the river are not broken
by a political boundary, but make a unit in natural scenery, and
whose preservation demands the care and co operation of both States
to prevent the work of destruction which is threatening alike the
range in both New Jersey and New York.

ARTESIAN WELLS.

The records of artesian and deep-bored wells are given in Part ITI,
of this Report, by Lewis Woolman. Many wells are reported from
the sonthern part of the State in considerable detail; from the northern
part of the State data have been furnished for this report of Mr.
Woolmsan, by Messrs. P, H. and J. Conlan, Stotthoff Brothers, W.
R. Osborne, Louis L. Tribus and Wm. Wallace Chrystie. The Geo-
logical Survey recognizes the courtesy and painstaking labor of these and
other well-boring firms in the State who haveso kindly given valuable
information for thia part of the Annual Report. Mr. Woolman has
discussed the subject of water-bearing horizons and their place in the
geological series, and the determination of these horizons is a valuable
help to all who areabout to put down wells in the southern part of
the State. The section from Philadelphia to Atco (Plate IIT) illustrates
the position of some of these water-bearing beds, and summarizes, in
a graphic way, a great deal of information which has been collected
by Mr. Woolman during the progress of his work for the Burvey.
The table of wells shown on this section, gives the references to the
Annual Reports where their records are published. The section and
accompanying text will be suggestive in the application to a large part
of Southern New Jersey. A few well records from Philadelphis,
Rock 1all, Md., and Old Point Comfort, Va., are included in this
report, because of the confirmatory character of the geological order
and of the position of the water-bearing beda.

Tn the northern part of the State, the reports of the wells at Madi-
son and Chatham are notable for the thickness of the earthy beds of
drift and the large flow of water above the surface. The sources
appear to be coarse, gravelly beds ia the terminal moraine.

The wells in the Red Sandstone belt, as here reported, show that
there are water-bearing beds, but their position in the formation and
the determination of any water horizons are not made out from the
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data at hand. Further studies of the bored-well records from this
geological formation of Trinseic age may show the position of water-
bearing, sandstone or shale beds, and enable us to determine the depth
to which wells have to be bored to get water. The success of some
of the well-borings in Jersey City is in sharp contrast with the great
depth of other bores near them.

The record of a well in the gneissie rocks of New York is interest-
ing and suggestive in the application to localities on such crystalline
schists.

The report of Messrs. P. H. & J. Conlan, of wells bored by the
firm in 1891, makes a valuable supplement to the records which they
have given to the Survey. The thickness of the earthy beds on the
Red Sandstone in Newark and vicinity and the large volume of water
which these wells afford are remarkable.

REPORT ON WATER-SUPPLY FROM WELLS, BY C. C. VERMEULE.

The subject of artesian wells, as discussed in the reports by Mr.
Woolman, has been restricted to the records of beds passed through,
and to the determination of the geologica! position of the water-bear-
ing beds, and largely in the southern part of the State, The import-
ance of a wider range of discussion and the desirablity of further
studies of the questions which are embraced in the whole subject of
underground water-supply, have been recognized and appreciated.
The Report on Water Supply, published ag Volume ITI of the Geo-
logical Survey Series of Reports, contained the results of the surveys
and studies of the surface water-supply or that from streams. The
underground supply is so intimately related to the surface supply that
the question of wells may be considered as a part of the general sub-
ject of water-supply. Accordingly the discussion of water-supply
from wells was included in the work of Mr. Vermeule. He has
begun his studies on the subject, and has discussed some of the
general questions of the conditions which are necessary to make flow-
ing wells. In this preliminary report, introductory to further discus-
sions of the subject, the source of all the underground water supply
available for bored wells is clearly set forth as from the surface. The
popular opinions about underground reservoirs and subterranean
gtreams are often erroneous, and the statements made by Mr. Ver-
menle deserve careful attention in order to an accurate conception of
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the fact that all the artesian wells draw their supply ultimately from
the surface waters. The available amount of water from a given
equare mile is shown by a study of the tables on pages 150-159.

The conditions essential to flowing wells are given and with partic-
ular reference to the wells on the Atlantic coast or sea-shore of the
State. Reference is made to the report of Prof. T, C. Chamberlin,
published in 1885, in the Fifth Annual Report of the U. S. Geolog-
ical Survey, where the conditions which produce flowing wells are dis-
cussed, Mr. Vermeule presents an important modification of these
general conditions, and one which is applicable in explanation of the
flowing wells of our sea-shore territory. The hydraulic grade-line, as
an element in producing flowing wells, is illustrated in the case of
wells on our coast and generally in the State.

The report includes a section on the rate of inflow of water throngh
natural material surrounding the well, and tables giving the velocity
through sands and gravels of varying size of graios and the relation
of this rate of inflow to the maximum yield of some wells as examples.

One of the most important sections of this report is on the deter-
mination of the limits of the gathering-ground, as it shows the distance
from which wells having a given capacity of flow draw from, or what
is called the well-cone. The limits are larger than is generally stated,
aod the distances given indicate the probable interference of wells
which are close together and drawing from the same depth. The effect
of gang-wells at Merrick, on Long Island, in lowering the ground-
water to the distance of a mile, is suggestive in its bearing upon the
question of water-supply from gang-wells or well groups in New Jer-
sey. The diversion of underground waters is likely to become as im-
portant as that of surface waters in relation to proprietorship, The
interference of wells in their flow is already a fact at several localities
in the State where they are near one another,

This report indicates the limits of the well-cone or gathering-ground
in homogeneous strata, and it suggests the explanation of the phe-
nomena of oscillations in the height of the water observed in some
wella at the sea-side, The more or less pervious strata of the well-
cone admit of a tidal force, which would not be possible were the
impervious beds prolonged seaward.

The importance of having clear conceptions of the nature of arte-
sian wells, and accurate knowledge of their sources of supply and the
limits of their gathering-grounds makes this report of Mr. Vermeule
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a valuable addition to the publications of the Survey. It ig the most
important paper on artesian wells which has appeared in these reports
and deserves the careful study of those who are about to bore wells,
and of all who are using the artesian-well system of water-supply.

TOPOGRAPHIC WORK,

The topographic surveys have been in charge of Mr. Vermeule, and
he has had Peter D, Staats as assistant. Mr., Staats has been in the
field throughout the season, making the surveys necessary to a revision
of the topopraphic maps and to the new series of large-scale maps.
He has given some time to a survey of the western border of the
wooded belt of the southern part of the State Local surveys of small
forested areas also have been made for the report on forestry.

The necessity for a revision of the topographic maps, particularly
in the more densely populated distriots of the State, bas been referred
toin the Annual Reports. The topographic survey was begun in 1877
and completed in 1887. The field work was on projection sheets,
having a scale of three inches to a mile, but the reduction to one-third
or one inch to a mile was necessary on account of size and the number
of sheets. A pericd ranging from eleven to twenty-one years has
elapsed since the surveys were made. The rapid progress of the
State has been marked by many changes, in the extension of city
streets, new country roads, new steam railway lines, electric railways,
new townships and municipalities and other changes of political boun-
daries. The revision for the new editions of the topographic maps
has been mainly that of the railway lines. It has been impossible to
do more, hence the new survey and revision for new maps and on a
larger scale. There is need of maps on a larger scale by the geologist,
for the accurate mapping of geological boundaries and for the exhibi-
tion of the several features of economic importance, as quarries, mines,
clay banks, sand and gravel pits, marl beds, ete. They are wanted by
the constructing engineer, also, for locating roads, railways, aqueducts,
sewers and other works of public service.

It was decided to begin a field revision of the topographic survey
and the publication of new series of maps. The scale adopted, 2,000
feet to one inch, is slightly less than that of the original projection
sheets. The scheme of sheets is such that the number covering the
State is large, but the work of revision in many of the country dis-
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tricts will be slight. They cover seven minutes in latitude and thir-
teen in longitude, making sheets 21 x 30 inches inside the margins, and
26 x 35, outside measurement. As they meet edge to edge the joining
of four sheets may be such as to make combined maps of related
parts, as for example, the Jersey City, Hackensack, Newark and Pat-
erson maps make a valuable and interesting suburbar map; or Eliza-
beth, Plainfield, Woodbridge and New Brunswick sheets ; or Camden,
Woodbury, Mount Holly and Adtsion, &. The field work for five
sheets, viz., the Newark, Jersey City, Paterson, Hackensack and
Camden, has been done. They are in course of preparation for pub-
lication. The field work is being done by Mr. Staats and the draught-
ing by J. R. Prince. The photo-lithographic work is by Julius Bien
& Company.

The new maps will be sold, as are the old topographic atlas sheets,
at a low rate—sufficient to cover the expenses of paper, printing and
mailing or express carriage to the buyer. The surveys necessary for
revision go slowly, and the publication, therefore, must go on at a
moderate rate of progress, the suburban and more densely populated
districts and where the changes have been greatest, taking precedence
in the order of publication.

DRAINAGE.

An act to provide for the drainage of lands, approved March 8th,.
1871, authorized the Board of Managers of the Geological Survey,
‘“on the application of at least five owners of separate lots of land
inclnded in any tract of land in this State which is subject to overflow
from freshets, or which is usually in a low, marshy, boggy or wet
condition,” to examine such tract and make surveys and adopt a sys-
tem of drainage for the same. Under the general drainage law, as
amended by supplementary legislation, salt marshes and lands flowed
by tide water are included in the provisions of these acts.

The Passaic drainage work was referred to in the last Anoual Report
by George W. Ilowell, one of the commissioners appointed by the
Supreme Court to execute the drainage in accordance with the provi-
sions of the general plan of the Board of Managers, The report of
Mr. Howell described the condition of the work and stated the needs
of the commission to carry out faithfully the drainage plan. The
want of the necessary funds to do the work has prevented further
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progress, and nothing has been done since 1892 toward completing
the drainage. The improvement in the financial world and the
abundance of capital seeking investment have stimulated the commis-
sioners, the land-owners and the friends of the drainage scheme to
- make further attempta to raise the money to finish the work. These
efforts have so far failed and no progress has been made, The im-
portance of the work in its relations to the lands in the upper Passaic
valley subject to overflow, in the improvement of the quality of the
water of the Passaic river at Little Falls, and in the betterment of
the sanitary conditions of all this part of the State, calls for immediate
attention on the part of not only the land-holders and residents of the
valley, but of all who are interested in the promotion of the public
health and the prosperity of the people of the State. It is not merely
a local work or improvement—it bears the approval of a department
of the Btate in its plan, and a State-appointed commission is charged
with the execution of the plan. The work must be done. But this
long delay is ubfortunate in leaving thousands of acres of rich
meadows to be wasted yearly by floods, in spreading malarial fevers all
through the valley, and in fouling the Passaic river water with an
enormous mass of decaying vegetable matter. It is piling up an
interest account which must bear heavily upon these lands unless
relief is had very soon. The State has given all the legislation which
has been asked, and the courts have certified to the constitutionality
of all the drainage laws which were effective in the case of the Pequest
drainage, where the conditions were similar to those which prevail
in this valley.

RECLAMATION OF THE HACEKENSACK AND NEWARKE MEADOWS.

The improvement of the tide-meadows along the Hackensack, and
near Newark and Elizabeth, by means of banking with dikes and
pumping out the water, has been referred to repeatedly in the Annual
Reports of the Geological Survey. One of the leading objects of a
vigit to Holland and to the fen country in England by the late Dr.
Cook, State Geologist, was to collect data bearing upon this question
of the reclamation of wet lands and lands subject to tidal overflow.
A full report on what was seen in Europe was given in the Anaual
Report for 1870.* In 1892% the question was again presented under

* Anpmal Report of the State Geologist for 1570, pp. 18-52,
t Annual Report of the State Geologist for 1892, pp. 331353,
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the heading, “ Notes on the Reclamation of the Lowlands of the
Netherlands,” and the application to the tidal marsh-lands of the State
of the Dutch methods of embankment was suggested as practicable,
and the value of these lands, so near the metropolis, was urged as an
argument for their reclamation. Short potes on the subject were given
in the Annunal Reports for 1893 and in 1895, and the importance of
having more information and accurate data suggested in 1896 the
reference of the whole questien to the Topographer of the Survey. A
survey was made of the meadows and a map published, accompanying
the report of Mr. Vermenle that year.* In the last Annual Report
the plan for reclamation works and the ultimate improvement by means
of canals and broad dikes, with street and railway lines and dock
fronts, were embodied in a second report by Mr, Vermeule.t These
fwo reports, with the map of the meadows, have been distributed ex-
tepsively in the portheastern or suburban district of the State and to
parties interested in such works of improvement. The subject con-~
tinnes to attract attention and the plan of the report has been approved
geperally by those who have studied carefully the situation. The
difficulties of intermunicipal agreement and their settlement are in the
way of rapid progress in any general scheme taking in the whole of
this district, and the solution appears to be in the direction of separate
action by cities and other municipalities each improving the territory
within its corporate limits. In this way the plan for the improvement
of a tract of 4,000 acres of marsh within the limits of Newark will be
considered and the work be begun at an early date. Jersey City has
within its limits 2,086 acres of tide-marsh, and Elizabeth has 2,658
acres. The three cities have, therefore, about 8,700 acres of the 27,-
000 acres lying between Elizabeth and Hackensack. Conditions are
also favorable to the reclamation of about 4,000 acres in Kearney
township. The promptness which will attend the work of reclama-
tion by districts is, perhaps, promising of an earlier general success
than is to be looked for in a plan or scheme taking in the whole dis-
trict. The objections on account of conflicting systems were stated in
the last Annual Report as an argument for a single comprehensive
plan of drainage, However, the prospects of action by the cities,
whose limits include large areas of the meadows, indicate reclamation
messures on a large scale and not neceasarily inconsistent with the re-
guirements of a general scheme.

* Annail Repest of the State Geologist for 1806, pp. 287-309.
t Aunual Report of the State Geologis: for 1897, pp, 297-315,
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Public opinion generally favors the reclamation of these Hacken-
sack and Newark meadows, and the capabilities of the plans of
improvement, as presented by Mr. Vermeule in his reports, are
attracting attention on the part of capitalists and business men, who
gee in these tidal lands of our cities valuable sites for manufactaring
industries and commercial activity. The economic argument, great as
it i, falls behind the sanitary importance of reclaiming these lands,
and saving them and the cities adjacent thereto from what ultimately
must be their conditions of iil-drainage, bad sewerage and pestilential
dumpiog-grounds. The enhanced value of the upland areas about
them as residential property should not be left out of consideration.

FOREST SURVEYS.

An act of the Jegislature, approved May lst, 1894, directed the
State Geologist, with the assistance of an expert botaniet, to make
investigations of the forested lands of the State, and to prepare a
report on the results of their investigations and surveys. Mr. Gifford
Pinchot (now chief of the Division of Forestry, United States
Department of Agricultare) was appointed as botanist. IHe has
made his report, and, by direction of the Board of Managers, that
report, entitled ¢ Forest Fires and Wood Production in Southern
New Jersey,” is published as an Appendix to this Annual Report.
Tt is valuable for its statistics of wood production under the condi-
tions of repeated fires and of woodlands which have not been burned
over. The result of fires in destroying the timber is shown by
several illustrations of fire-scarred woodland, and by the tables of -
production per acre. The crop of wood is now scarcely one-sixth of
what it should be if forest fires were prevented. Of merchantable
Iumber there is practically none produced. Some protective system
against fires is necessary, and Mr. Pinchot presents a plan for fighting
fires and affording protection.

So much has been written in a general way abount forest fires and
the losses due to their devastation that this report of Mr. Pinchot,
fortified Dby its statistics of acres of woodland of original growth, of
second growth, and of land repeatedly burned over, is exceedingly
valuable in evidence of the great aggregate losses from forest fires,
which now burn over nearly the whole of the pines belt of Southern
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New Jersey. It is au important contribution to our knowledge of
the forests of the State and their desolation by fires,

In the progress of the work in forestry, Prof. Arthur Hollick, of
Columbia University, has continued his studies on the distribution of
the tree species which occur in the State, and their relation to the
geological formations. An abstract of his report, which he has pre-
pared for the Survey, is here given:

J. C. Smock, State Geologist, Trenton, N. J. :

Dzar Bie—In my previous report of progress on the relation between
geology and forestry, in New Jersey, an outline was given of the general
principles upon which the investigation was based.

During the present year the investigations were continued along the same
genera! lines, constantly keeping in view the theory that the geological forma-
tions, or what amounta to the same thing, the soil conditions, both mechanical
and chemical, are the most powerful factors in determining the location and
limitation of certain species of trees.

During the early part of the season considerabie attention was paid to the
northern part of the Btate. Careful explorations were made in the vicinity of
Sparta and sections were traversed from Bparta to Waterloo, Waterloo to
Allamuchy and along the Delaware river from the Water Gap to Bushkill.

The result of these explorations was to confirm my previous experience, that
the mosat interesting region—the region containing the greatest number of facts
in connection with the limitation of species, was to be found further south,
Subsequent explorations were therefore made hetween the coast-line and the
Delaware river, and one complete section of the Btate was traversed from
Point Pleasant, throogh Lakswood, New Egypt and Mount Holly to Burling-
ton. Bhorter sections were algo made, from Freshold to Red Bank and from
Red Bank to Old Bridge. From the facts thus gathered I was enabled to
divide the Btate theoretically into three zones of vegetation: the northern or
decidnous, the sonthern or coniferous, and an intermediate one which I propose
to call the * tension zone,” because it ia there that the two floras meet or over-
lap, causing a constant atate of tension in the stroggle for advantage.

After recognizing this broad generalization, based on the distribution of the
two great classes of our trees, attention was directed to cases of specific distri-
botion within each zone, and several such were worked out with satisfactory
resnlts, These will be given in my final report, but one example may be given
here in order to indicate the general scope of the work.

Pinus rigida Mill, the common Pitch pine, exista over hundreds of equare
miles in Burlington and Ocean counties, often to the exclusion of all other
trees. Itis the prevailing species throughout the pine barren region and is
known outside the State from Florida to New Brunswick. Outside the con-
iferous zone, however, it occura only as isolated groves or individuoals, and if
these are destroyed a deciduons growth generally replaces them, whereas
within the coniferous zone, under similar conditions, they usnally reproduce
their kind., These facts at first seemed to indicate that the soil of the zone in
which they are most abundant was the moat favorable for them, but closer in-
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vestigation showed that this was not the case. The groves and individuals
growing forther north were found to be,asa rule, larger and more vigorous
than the average of the trees in the barrens, and the conclusion was finally
reached that they exist in the latter region not by reason of the soil being more
favorable for them, but by reason of its being less favorable for Jdeciduous trees.
The pines are therefore free from competition, and the natural inference is that
they would exist to better advantage in other soils, but that the stronger and
aggressive deciduous trees are able to occapy and hold these soils against them,

This conclusion naturally leads to the gquestion how long this struggle for
existence has been in operation and what the nitimate effect will be. The
historical development of the existing flora is thus brought into the problem
and this phase of the subject is being worked up from all the available data.
The complete investigation will therefore include not only the facts of modern
distribution but also the events which led up to them and & discussion of the
indicated ultimate result.

Respectfully submitted,

Nov. 2, 1898 ArTHUR HoLuick,

The question of forest protection in New Jersey is really included
in the greater problem of the State’s water-supply and its conserva-
tion. New Jersey is not a lumber-producing State. The areas
capable of producing merchantable lumber are of inconsiderable im-
portance in extent. In the southern part of the State the clearings
for agriculture are encroaching upon the pines belt; in the northern
part the value of the land for residential purposes and for private
parks and game preserves is too high for profitable forestry. And it is
doubtful if wood can be produced at a profit over any large areas.
These conditions of the forested territory of the State are against
forest reservations solely as wood-producing or for purely forest
culture. The relation of the forests in the Highlands to the stream-
flow and water-supply of the cities in the northern part of the Btate
was referred to in the Annual Report for 1895, Forest maps of the
Highlands have been made for the Report on Forestry and the
reservations are shown on these maps.

For the proper consideration of the forest problem in the southern
part of the State, Mr. Vermeule has prepared a short report on the
Pine Belt of that part of the State and its relation to the water-sup-
ply of the towns and cities of Southern New Jersey. A small map
of the State illustrates the report. The western limit of the forested
belt is shown, as also that of the pine belt. The territory which
seems available for farming purposes and for settlements, and which
is probably destined to be cleared eventually, is indicated by the ruled
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green parts of the map; that in solid color represents the unbroken
forest, and these districts are suggested as reservations. Their value
as great gathering-grounds for the unfailiog supply of pure water to
the many sea shore towns and settlements and the cities in the valley
uof the Delaware, is such as to make the reservation of these tracts for
this use a question of public importance,

THE IRON-MINING INDUSTRY.

Mr. George E. Jenkins, of Dover, has prepared a report of his
observations on the iron-mining industry and the iron mines of the
State.  All the mines which were reported in the last Annual Report
have been worked more or less throughout the year. The works at
Edison have added to the number of producing plants and to the total
output, which exceeds slightly that for 1897. The statistics for a
period of years appear on pages 239 and 240.

CLAYS AND CLAY-USING INDUSTRIES,

Mr. Jenkins has continued the work of collecting notes of the brick
and clay industry and their statistics ot production. The survey of
the field indicates a large increase in output and a general resumption
of work where last year plants were idle. The statistics show notable
increases in common brick, pressed brick and in fire-brick. There
is a large increase in the total amount of crude clays, moulding-sand
and fire-sand. The increase in the total brick manufacture is nearly
25 per cent, over that for 1897. As the clay beds of the State are so
situated on tidal and navigable watera as to afford cheap transportation
to the metropolitan market of the country, and are practically inex-
haustible, the brick-making industry of the State promises to con-
tinue to be & large one.

The collection of these notes in this survey of the brick manufac-
ture and the other clay-using industries has been made to serve as a
guide to a detailed survey and a report on the clays of the State and
their uses in the arts.

CHEMICAL WOREK.

The chemical work of the Survey l;iais been done by Prof. Wm, S.
Myers, of Rutgeras College. The examinations are mainly in the
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nature of partial analyses and assays to ascertain the nature of speci-
mens submitted to the Survey for report. No complete analyses or
exhaustive examinations of specimens are possible, inasmuch as the
Survey has no laboratory, and the work is of necessity done by this
special arrangement.

GEOLOGICAL ROOMS.

Since the last report of the Survey the mineralogical collection has
been arranged, according to the system of Prof. Dana, in table-cases
in the museum-room in the State House. This arrangement is the
work of Mr, W. F. Ferrier, and, in part, of Professor A, H. Chester,
of New Brunswick. Professor Chester had charge of the arrange-
ment of the large specimens in the large table-case against the wall.
The mineralogical exhibit of the State of New Jersey is such as to
show the great variety of apecies which occur in the State, particularly
of the zinc-mines district. The variety in the trappean minerals as
found in the Bergen Hill rocks is notable. The new minerals found
at Paterson are also worthy of note. The inferior nature of many of
the specimens in this mineralogical collection, and the gaps in the
localities which are known as the source of good minerals, suggest the
addition of better specimens and the representation of other localities
in order to a proper exhibition of the mineralogical wealth of the
State.

The collections have been enlarged during the year by additions of
valuable series of building bricks and other produets of clay-working
industries. The want of room for the proper exhibition of materials
of this kind is a serious drawback to the growth of the collections,
and prevents the proper arrangement of the products of the other
industrial arts. 'The value of an industrial museum at the State
capital, where the collections of natiral products may be seen by the
side of the manufactured products, suggests the necessity of provision
for better exhibition,

PUBLICATIONS.

The publications of the year have been the Aunnual Report for 1897
and Volume IV of the “Final Report” series. This volume on the
physical geography of New Jersey is accompanied by a relief map of
the State on a scale of three miles to an inch. The volume has been
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widely distributed to public libraries and to scientists in the State and
throughout the country. The distribution to the public schools is in
progress and is nearly done. The placing of this map in the public
schools 1s regarded as an important step in the provision for the proper
study, not only of the geography of the State but of physical geog-
raphy, as tuaching the more characteristic featares of the earth’s surface.
The educational value of helps of this nature is recognized by teachers
generally and the results of the surveys are in this way made public
to the highest advantage,

BTAFF OF THE SURVEY.

I'rRoF. RoLLin D, SareBURY, Geologist, is in charge of the survey
of the Surface Formations, He is assisted by G. N, Knarp,

Hexry BARNARD KUMMEL, of Lewis Institute, Chicago, has con-
tinued the survey of the Red Sandstone rocks of the Newark system,

Corxerivd C. VERMEULE, Topographer, has had charge of the
Topographie Surveys and of the Studies of Water-Supply, PETER
D. BraaTs is field assistant.

Irvize Strong Ursow, at New Brunswick, is the disbursing offi-
cer of the Survey and has charge of the sales of maps.

HarrmEewp Swaire is geoneral assistant in the geological rooms,
Trenton.
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The Soils of New Jersey and Their Relation
to the Geological Formations Which
Underlie Them.

The term soil iz used in different senses by different classes of
people in the same region, and by the same class of peo-
ple in different regions. Among those engaged in agricul-
tural pursuite the term soil is ueunally understood to mean the
uppermost portion of the loose material which overlies the solid
rock. According to this usage the soil extends from the surface
down a few inches, rarely as much as two or three feet. Below
it lies the subsoil, into which the roots of all but the smaller
plants penetrate. The term subsoil is & somewhat flexible one,
and is often applied to all that unconsolidated material beneath
the soil which roots penetrate, This is the sense in which the
term is here nused. In many places roots penetrate the rock
beneath loose material, but rock so penetrated is not usually
regarded as a part of the subeoil. The plane of division between
subsoil and rock is often an indefinite one,

The character of the subsoil is often as important as that of
the soil. If, for example, the subsoil be & body of dense clay, it
does not allow the ready passage of water through it. The
waters sinking beneath the surface are likely 10 sink down to the
clayey layer and stand there. If the top of the clayey sub-
stratum is very near the surface, and if rainfall is plentiful, this
is injurious to the plant life. Under other conditions it may be
advantageous, In regions of plentiful moisture a loose, porous
subsoil which aftords ready under-drainage, overlain by a loamy
soil, affords a good combination.

Several considerations determine the value of & soil. Chief
among them are the physical and chemical constitution of the
soil, and its digposition.

(3)
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The intluence of physical constitution is easily understood.
A s0il may be made up of constituents which are too coarse or
100 fine for the best resulte. Thus a soil, a large proportion of
which is made up of gravel-stones, is, other things being equal,
much less productive than a eoil made up of loam. In general,
the presence of stones, large or small, is harmful, though this is
not true in every case. A clayey soil, that is, a soil made up of
extremely small particles, is said to be * heavy.” The finer the
particles the * heavier ” (more compact) the clay. Soils made up
of extremely fine particles are, on account of their compact-
ness bard to work. Farthermore,a heavy clay soil on a flat sur-
face, will in wet seasone cause water to stand on it to a harmful
extent. The same soil will bake in dry weather. It also tends
to prevent the ready circulation of air in the soil, 8 process which
is necessary for the best results. Such a soil would be none the
worse for the admixture of small fragments of rock, as they would
help to make it more pervious to air and water.

On the whole, the best soil is one which is neitber clayey nor
stony. The grade of coarseness or fineness which is most desira-
ble depends somewhat upon the amount of moisture, but, in gen-
eral, 8oils of loamy nature are better than those which are heavier
or lighter, Loam may be made either of particles intermediate
in size between the particles of clay and grains of sand, or it may
be made of a mixture of clay particles and sand grains. Loamy
soils will stand both drought and excessive moisture better than
those ot coarser or finer texture. They do not prevent the en-
trance of surface waters, and so do not ordinarily cause water to
stand on the surface; they allow adequate circulation of air in
the soil; they do not bake after being wet, and they are suffi-
ciently fine to allow capillary moisture to rise from beneath when
the surface becomes dry. In the first three particulars the loamy
goil ie superior to the clayey, and in the last to soils of more open
texture.

Ot late years it has been the fashion to magnify the importance
of the physical constitution of the soil, and minimize the impor-
tance of its chemical composition. According to this view, soil
is primarily a supplier of moisture to growing vegetation, and is
good or poor according as it performs this work satisfactorily.
But since all vegetation makes use of more or less mineral matter,
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and since many cultivated plants do not thrive except certain sorts
of minetal matter are furnished them, it would appear that the
chemica! constitution of the soil and subsoil is au element of some
importance, since it is largely from them that the mineral matter
is brought into solution and so made available for vegetation. To
general, the mineral substances which plants make most use of
are among the more soluble constituents of soil and rock. A soil
good for any particular sort of plant should contain the mineral
matters which that particular plant needs. Thus plants which
need lime carbonate thrive best in & 8oil which contaians that sab-
stance. In 8o far as the water used by plants ascends through
the subsoil it may bring up mineral matters from greater depths.

One of the elements of the value of soile theretore depends upon
the mineral matters which they contain. Usually it is the minor
constituents of a soil which are of special importance, for the main
counstituents, like the main constituents of the air, seem to play
relatively unimportant roles. A soil which has various soluble
mineral matters needed by various plants is capable of a greater
range of poseibilities than soile of more restricted composition,

Another coneideration which determines the value of apils is
their disposition. The physical and chemical constitution of
goils may be such as to render them fertile; but if they be not
properly disposed, their constitution avails little. Thus, if they
are on slopes which are too steep for cultivation, they are worth-
less for agricnltural purposes, ILevel surfaces and surfaces of no
more than moderate slope, therefore, are the only ones which are
available for agricultural purposes,

The popular impression that the value of aoil may be judged
by ite color is not well founded. In the northern part of the
Mississippi basin black soils are regarded as most desirable, but in
some other regions black soils are unknown, though soils equally
fertile are present. In New Jersey, for example, there are no
goils more fertile than those of the marl belt, where the soils
are not usually black. Much of the Red Sand belt of Mon-
mouth county is exceedingly productive, though the soils are
strikingly red. No equally great ares of the State is uader
such general cultivation as that of the Triaesic formation, where
the soil is predominactly and strikingly red,
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THE SOILS OF NORTHERN NEW JERSEY.

The soils ot this part of the State will be spoken of in several
sections, corresponding in & general way with the several geolog-
ical formations or groups of formations.

THE AREAS OF PALEOZOIC FORMATIONS,

The Paleozoic formations appear at the surface chiefly in the
northwestern part of the Btate west of the Highlands. The
larger part of this area was covered by the ice of the last glacial
epoch, and essentially all by the ice of an earlier epocb. The
terminal moraine is, however, a convenient line of division
between an area to the north where the soils are principally con-
trolled by the drift, and an area to the south where they are
chiefly the result of local rock decay. In both areas the soils
vary with the underlying rock, but the relation is much closer
south of the moraine than north of it.

West of the Kittatinny Mounlain.—The area west of the Kitta-
tinny valley was all glaciated. Its best lands lie along the Dels-
ware river, and in the Flatbrook and Mill brook valleys, on
deposits ot stratified drift. Along the Delaware this drift is
disposed in the form of terraces, below which is the alluvial
plain of recent origin. The eoil of the alluvial plain is generally
a sandy loam, which is cultivated easily and with good results.
It is sometimes unduly sandy, being locally so loose as to be
blown by the wind.

The lower terraces of the Delaware, like the alluvial plain, are
almost uniformly covered by a greater or less thickness ot loam.
The hirhest terrace is composed to a much larger extent of
gravel, or at any rate the gravel of which it is composed is much
less deeply covered by fine material. The soil of this terrace
frequently abounds in cobble-stones and even small bowlders,
and is therefore less well adapted to cultivation than that of the
lower levels.

The soils in the Flatbrook and Mill brook valleys are com-
parable to those of the Dclaware, but less change has taken
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place in these valleys since the deposition of the drift, and much
of the deposits corresponding to the highest terrace of the Dela-
ware still remains. Soils corresponding to the eandy loams of the
alluvial plaine and lower terraces of the Delaware are not so
sbundantly represented, and the soils have, on the whole, more
likeness to those of the upper terraces of the Delaware. They
are sometimes too sandy or gravelly to be productive of the best
results, though more often they are fairly productive.

On the ridges between the valleys the surface is covered with
glacial drift, which in this region is often so stony as not to
afford a soil which is easily cultivated, and often so thin as
not to give a sufficient subsoil. In much of this region, too, the
slopes are too steep for tillage, and as a result considerable areas
remain uncultivated. Locally, however, the drift is sufficiently
thick, sufficiently free from stone, and so disposed as to have
invited cultivation, and the results have been eatisfactory.

In thia region the soil varies with the till, which changes its
character as the underlying formation changes. The corres-
pondence between the till and the underlying soil is more con-
spicuous where the drift is thin than where it is thick. The
most significant of these changes, so far as concerns the soil, is
the increase in calcareous matter in the subsoil where the under-
lying rock is limestone.

The Kittatinny Mountain.—Like the area to the west, the Kit-
tatinny mountain was completely covered by the ice of the last
glacial epoch, but the drift which it left is generally thin and
stony. Over considerable portions of the mountain bowlders
from the Oneida and Medina formations are so abundant as to
effectually forbid all attempts at cultivation save at great expense
and labor. Not a few clearings once made have been abandoned.
The drift ie 8o thin that the bed-rock frequently outcrops, and
where timber has been allowed to grow without molestation, it
is often but stunted. The western slope of the mountain is
much more generally covered with drift and soil than its crest
and eastern slope, but even here a large portion of the slope is
still in forest, and should be allowed to remain s0 permanently.

The color of the surface material on the Oneida formation is
often much lighter than that on the Medins, illustrating the
promptness with which the uunderlying rock makes itself felt in
the dritt, and g0 in the soil,

NEW JERSEY GEOLOGICAL SURVEY



8 ANNUAL REPORT OF

The Kiltatinny Valley—The Kittatinny valley affords many
more or less distinct types of soil. The bed-rock of the valley,
consisting of Hudson river shale and Trenton limestone, is covered
by a mantle of glacial drift of varying constitution, texture and
thickness. The drift is partly stratified and partly unatratified
(till). The stratified deposits give rise to several types of soils,
according as the surface-layers of the drifts are gravelly, sandy or
clayey. The soils of the till vary physically in the number and
gize of the bowlders at the surface, and chemically with the nature
of the underlying rock, especially where the drift is thin,

Stratified Drift Soils.—The stratified drift occurs principally in
the subordinate valleys of the great valley. These areas are
almost wholly under caltivation, and not infrequently the limits
of the stratified drift are coincident with the areas of cultivation.
Examples of this are seen in the region southwest of Newton.

The various types of soil to which the stratified drift has given
rise are often intimately associated, are indeed sometimes found
within the limits of a single field. With the stones of the gravelly
soile there is always more or less sand and clay which serves as a
matrix, filling in the spaces between the stones. Carbonate of
lime is commonly abundant in the gravelly subsoil and sometimes
in the soil itselt. The sandy soils of this region, contradictory as
it may seem, are as a rule looser and drier than the gravelly soils.
This is because they are freer from fine clayey matter. They
have in general less carbonate of lime than the coarser drift
which contains many pebbles of limestone.

In many places the upper part of the stratified dritt is a heavy,
clayey soil, which does not suggest the real nature of the gravelly
drift which it covers. Buch soils are most likely to occur where
the gravel beneath is chiefly of shale. Such soils are rarely
highly calcareous, Their under-drainage is good, and they do not
suffer from ordinary droughts. Types of clayey soils over strati-
fied gravelly drift are to be found in the valley of Paulinskill,
Clove and Pequest rivers, Papakating and Little Papakating
creeks, and at some other points,

At a few points there are clay terraces, giving rise to distinctly
clayey soile. A low terrace of this sort occurs in the valley of
Papakating creek, in the vicinity of Roy’s station.
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Till Soils.—In the till areas of the Kittatinny valley the soil is
usually & etony clay, within and upon which pebbles and bowl-
ders of all sizes are likely to occur. For two or three miles east
of Kittatinny mountain the surface is so thickly bowlder-strewn,
and stones are so abundant in the so0il, that much of the land is
not cultivated, and is in pasture or timber. Farther from the
mountain the bowlders become less abundant, and the soil yields
iteelf more readily to clearing and cultivation. These soils are
rarely highly calcareoue.

The availability of the till soils of the valley is limited by two
things: (1) It is sometimes too thin, and (2) the slopes are locally
too steep for tillage. These two things generally go together,
the till being thin on the steep slopes and narrow crests. A large
proportion of the Kittatinny valley is not aftected by either of
these restrictions.

Where the drift is thin, as in much of the Kittatinny valley, the
underlying rock has contributed largely to the eoil. In the region
underlain by the Hudeon river shale many knobs and hills of
rock were left essentially bare by the ice. The disintegration of
the shale under the combined action of the frost and plow has
produced a thin eoil, made up chiefly of the broken fragments of
the shale, which is sufficiently fertile to warrant cultivation.
There are, of course, all gradations between the stony clay soil
of the thick till, and the thin shale soil on the knolls, depending
upon the amount of foreign material which has been mixed with
the broken shale. Both types may often occur within the limits
of a single field. Owing to the thinness of shale soils their
vegetation is easily injured by drought.

Limestone Soil.—Where the drift is thin and limestone the
underlying rock, the soil and subsoil have largely arisen from
the decomposition of the rock. Limestone disintegrates mainly
by solution, less actively by mechanical meane. Consequently
the soluble part—chiefly lime carbonate—is leached out, and
only the insoluble residue, generally a reddish or brown or
yellow clay, remains. This is washed down into the depressions .
between the elevations, where the rock is most commonly
exposed Consequently, in the limestone belts, where the rock
is not covered by drift, the soil is thin, and there are many rock
kuolls and ledges, separated by depreamons where the eoil and
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subsoil are thick. The soils, derived from the limestone by decom-
position, are not calcareous and usually not stony. Owing to
the frequent outcrops of rock, the thinness of the soil and its
patchy character, there are many uncultivated areas in the lime-
stone belt, Bharp contrasts are often seen, where limestone
knolls, essentially free from soil, rise abruptly above the plains
ot stratified drift.

Humus Soils—Many extensive swamp or meadow areas in
Sussex and Warren counties have been partially or completely
drained, These areas have a rich, black soil containing much
vegetuble matter in a state of decay, and are among the most
fertile asoils in the State. When first broken, such soils are
likely to be heavy and “sour,” but with drainage and exposure
to air, and after such admixture of earthy matter as results from
cultivation, these soils become workable and often extremely pro-
ductive. The Pequest and the Wallkill meadows are examples
of large areas of this sort, but there are scores of smaller areas
of the same nature scattered through tbe region. Some of them
have been drained, while others are still unused.

Some of the swamp soils contain abundant shells, which con-
tribute to their fertility. The shells are from snails which lived
in the lakes or ponds, the last stages of which the swamps repre-
sent. As the ponds or lakes were drained or filled by sediments,
vegetation grew out over the former bottom, so that the accumau-
lated vegetable matter now lies above the marly deposits of an
earlier time.

Alluvial Soils.—Along the principal streams in the great valley
there are alluvial eoils in wide or narrow belts, While the larger
part of such soil is of mineral matter, there ia usually a consid-
erabie amount ot organic matter mixed with the silt, and the
alluvial soils often closely simulate the swamp soils mentioned
above. Examples of alluvial soils grading into vegetable loam
soils are found along the Walikill.

AREA OF THE CRYSTALLINE SCHISTS.
The area of the crystalline schists is, so far as ita soil is con-

cerned, divisible into two more or less distinct provinces, that
covered by the glacial drift, and that south of it. Though the
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drift is not limited by the terminal moraine, the amount south
of it is small.

South of the moraine the soils and subgoils have arigsen from
the decay of the rock. Since the decay of the schists gives rise
to & soil which is good, both physically and chemically, it follows
that the controlling consideration in this region is the topog-
raphy ot the surface. Where the eurface is even or ite angle
of slope low, the soil is deep, loamy and easily cultivated.
Where the angle of slope is high, the fine material of the goil
has been washed away, leaving the coarser portion behind.
The result is that in such situnations the soil is often stony and
has been cleared to a slight extent only. In genersl, the areas
of gentle slope are cultivated, while those of steep elopes are
wisely left in timber, Considerable areas of cultivated land
having the soil normal to this mrea are to be found in the
vicinity of Mendbam and Hackettstown. These soils have the
merit of not eroding readily, and washes are not especially
troublesome, & point greatly in their favor in view of the slopes
at which they occur.

Within the geaeral area of the Highlands outside the moraine
there are considerable belts of limestone and shale. Where
these formations are the underlying rock, there are now valleys,
for these formations have resisted erosion less successfully than
the schists. In these valleys, the soil is partly alluvial, thongh
it has also come in part from the decomposition of the limestone
and shale beneath. In this category pelong the Pokatcong and
Musconetcong valleys, which are among the most fertile tracts
in the State. The soils in these valleys are made up of a mixz-
ture of the product of limestone decomposition, loam washed
down from the bordering mountains of crystalline schists, early
glacial drift, and to a slight extent of stratified drift of the last
glacial epoch, carried out from the ice by the waters which came
from its melting.

Certain Highland valleys ountside the moraine, such as that of
the South Branch of the Raritan, contain coneiderable deposits
of stratified drift. The topographic position of such deposite
favors their utilization, and the soils are often good. Some-
timee, however, they are too loose and porous for the best
resnlts,
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North of the terminal moraine of the last ice epoch the soils
of the Highland area are drift soils. Since the drift of this
region is composed largely of material derived from the crystal-
line schists themaslves, the soils are not altogether unlike those
ot the Highland srea south of the moraine. Nevertheless, the
difference is greater than might be inferred from the preceding
statement, for the soil, and especially the subsoil, here contain
much more material which is not thoroughly decomposed, as
well as some admixture of mineral matter from other formations.
On the broader and flatter areas the drift is more stony than the
residuary products in like situations south of the moraine.
Physically, therefore, the soils and subsoils of the Highlands
were not improved by glaciation. Over much of the ares,
indeed, cultivation has been prevented by the abundance of the
bowlders. The drift, and, therefore, the drift soils, are more
irregularly disposed thau the residuary soils south of the moraine.
This affects the value of the land only where eoil is absent or too
thin to be fruitful.

In general the ice had too little force in this region to greatly
modify the topography of the undetlying rock, and the slopes
which were steep before glaciation remained so after the ice
departed.

In the valleys of the Highlands, as elsewhere, there iz much
stratified drift, and this is much more generally cultivated than
the till-covered areas. The slopes of the areas of stratified drift
are usually low; in many places they are essentially flat. Their
soils and subsoils are usually not too stony, so that both their
physical constitution and their position favor their utilization.
Though they are locally too loose and gravelly, the limits of
caltivation are often one with the limits of stratified drift.

In the areas of Puleozoic rock in the midst of the Highlands,
topography is the controlling element, 8o far as utilization of the
8oils is concerned. Bearfort, Kanouse, Green Pond and Copperas
mountains are too steep and too bare ot s0il to be cultivated, but
the lower lands sbout them, underlain by shale, are to some
extent available for agricultural purposes.
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THE TRIASSIC AREA.

So far as soils are concerned, the Triassic area of the State is
divisible into several more or less distinct portions. There ig, to
the portheast, a large area covered by drift, which is distinct from
the larger area to the southwest, which the ice of the last glacial
epoch did not reach. Within each of these two main divisions
there are sedimentary rocks and igneous (trap) rocks, which give
rise to soils which are essentially difierent. Farthermore, the
character of the sedimentary beds varies from point to point,
being shale at some points and conglomerate at others, with all
intermediate gradations.

The Glaciated Area.—Within the glaciated area of the Triassic
formations the soils are nearly everywhere determined by the
drift, but eince the principal constituents of the drift throughout
most of the area were derived from the Triassic formations them-
selves, the chemical character of the soil and subsoil is similar
to that which would have existed in the absence of the drift.
This is especially true on the sedimentary part of the series, since
the disintegration of the shales and sandstones is physical rather
than chemical. On the other hand, there iz everywhere some
admixzture of materials from other sources. Physically, too, the
drift eoils over the sedimentary beds of the Trias are more like
the residuary soils than in some other regions. The underlying
formations in this area are so soft that they did not yield many
bowlders to the ice. Bowlders from otber formutions are locally
abundant in the till, but there are few areas where tillage i pre-
vented for thie reason. In gemeral, too, the slopes are not eo
steep but that the soil can be utilized.

In general, the drift has much greater depth on the sedi-
mentary part of the series than on the trap. In the areas cov-
ered by till (unstratified dritt) the soil is on the whole disposed
to be clayey. This is especially true of the lower lands, where
the underlying rock is soft shale, but less true of the higher
lande where the underlying rock is sandstone.

Where the drift is stratified, and this is true to a large extent
in the valleys, it is sometimes too eandy or gravelly to be of the
best quality, and there are not a few patches, once cleared, where
cultivation has been abandoned. The aggregate area of such
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patches is, however, not great. There are some areas which are
ill-drained ; many of them would afford an excellent soil. In
this category belong many emall areas and some large ones such
a8 the meadows of the Passaic basin,

Contrary to the condition of things in the area of Paleozoic
formations, the tjll areas here are more generally under cultiva-
tion than the areas of stratified drift. This is because of the
greater availability of the former, rather than because of the
poorer quality of the Iatter.

The trap ridges are in somewhat sharp contrast with the area
of sedimentary rocks. In general they have much less covering
of loose material; are, indeed, in many places essentially bare.
In the second place, their elopes are often so steep that cultiva-
tion would be prevented, even were abundant soil and subsoil
present. Asa result, the trap ridges within the glaciated area are
for the most part timbered, though their lower and gentler slopes,
where there is more drift, are frequently cultivated. The soils
ot the ridges, where cultivable, show a considerable admixture
of material from other formations, especially from the shale.

The Unglaciated Area.—The several divisions* of the Triassic
geries give rise to greater difference of soil in the unglaciated than
in the glaciated area. The divisions now recoguized are three,
viz., the Stockton, the Lockatong and the Brunswick.

In the area underlain by the Stockton beds,t from Trenton and
Wilburtha to Princeton and beyond, the character of the soil is
chiefly determined by the covering of younger formations which
overlie the Triassic beds, but the higher portion of the area where
these beds occur have goils which have resulted from their own
decomposition.

In the narrow area near Hopewell, along the southeastern face
of the Sourland Mountain platesu, the soil is somewhat sandy
and genersally strewn with angular weathered slabs of the harder
layers. The name Peach Ridge, which in years past was applied
to this belt, is indicative of the agricultural use to which the soil
was formerly put. Now, however, the term is not particularly
appropriaste. In the area northeast of Stockton the soil partakes
of the nature of the rock beneath, being rather loose, sandy and

* Kiimmel, Annuai Report of the State Geologist for 1896 and 1897, The following notes are taken
fn considerable part from Dr. Kimmsl's report.

+ See map. Annual Report cited,
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often pebbly. Slabs of sandstone and conglomerate strew the
surface in great abundance. Both in color (mostly grey) and
texture, the goil is in marked contrast with that of the adjoining
regions, which is a red or yellow clay.

The Lackatong beds give rise to a rather heavy clay soil. The
surface is often strewn with slabs of argillite and fagstone, and
on the slopes outcrops of rock are of frequent occurrence.
Except in places favorable for the accumulation of the soil from
higher slopes, the depth of soil and subsoil are generally less
than five or six feet. On the Hunterdon plateau, the soil and
sabsoil are often wet and heavy. This is due in great part to the
poor drainage of the region, and the comparative impenetra-
bility of the underlying rock. By tiling, the guality of the soil
has been greatly improved. Since the Lockatong beds are
resistant, while the associated Brunmswick beds are not, the
former now constitute ridges and their slopes are often too steep
to have retained much soil.

The Brunswick shale disintegrates easily into a red clay, con-
taining minute bits of rock and but few large fragments. Occa-
sionally a harder layer yields a few weathered slabs. Where the
rock is more of a sandstone the soil to which it gives rise
approaches a sandy loam, although in most of the areas where
this is its nature, there has been an admixture of foreign
material.

In spite of the rapid disintegration of the shale and its gentle
slopes, the soil is thin. This is due to the fact that the residuary
product is so fine that it is readily washed and blowa away, even
from the gentle elopes. Since transportation has so nearly kept
pace with disintegration, the shale is not covered by so thick a
coating of residuary material as is the quartzite conglomerate, a
local phase of the Brunswick beds. Owing to the thinness of the
goil, which is often hardly more than broken rock, it is readily
exhausted. In dry seasona crops are likely to suffer. Neverthe-
less, the ease with which this soil is worked, its favorable topog-
raphy and good drainage, have cansed it to be generally utilized,
and no equal area of the State is so generally under the plow.

The drainage of parts of the Brunswick shale ares, especially
. the area in the upper basin of the Passaic, was seriously inter-
fered with by the deposition of the drift. Here there is a large
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area, partially covered by drift carried by water beyond the ice,
which is ill-drained and at present not productive. With proper
drainage the soil and subsoil would be found to be of excellent
quality. Thie area is & part of the bottom ot the extinct Lake
Paseaic.

The areas of the quartzite conglomerate of the Triassic system
uniformly attain greater elevation than the adjoining shale areas,
though not altogether because the conglomerates are more resist-
ant than the shales, Indeed, the depth of the s0il and subsoil is
much greater on the conglomerate than on the shale, and out-
crops of rock are practically wanting save in the blufls along the
Delaware. The explanation ot the greater thickness of disinte-
grated material on the conglomerate, and also of the greater
height of these areas, is ag follows:

When the shale dieintegrates, as already indicated, the particles
are so fine that they are readily washed down even the gentle
slopes which prevail in the shale areas. The soil, therefore, is
removed almost as soon as formed, and the rock is continually
exposed to the attacks of the weather, The disintegration of
the conglomerates, on the contrary, gives rise to a stony clay,
containing cobbles up to eight and even twelve inches in diam-
eter. The finest material—the sandy and clayey matrix—was at
first readily washed down the steep slopes, leaving behind the
quartzite pebbles and cobbles, which now form a protective
covering and prevent further denudation. The disintegration of
the conglomerate goes on beneath this covering, more slowly as
the residuary layer becomes thicker, but at the same time trans-
portation is checked by the accumulation of the larger fragments
on the surface. Since these contain little or no soluble material,
and can be reduced in size only as they are broken by changes
in temperature, the denudation of these areas bas been very slow,
They form hills rising several hundred feet above the red shale
areas. The soils which they afford are not the best, thongh they
are used to advantage for a few crops, especially fruit.

The Soils of the Trap Ridges.—In general the soils of the trap
ridges south of the moraine are thin and composed of stony
clay. Over considerable parts of the ridges the slopes are too
steep to have allowed much soil to accumulate, and forests have -
been allowed to remain. On the tops, where they are wide, the
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soil and subsoil have sufficient depth for cultivation, but the soil
is often so stony and its quality otherwise so uninviting that
much of it has not been cleared. Where the surface assumes a
plateau-like character, as on parts of Sourland mountain, the
drainage is poor. On the whole, therefore, the trap areas are vot
attractive regions for agricultural pursuits. Nevertheless, there
are not a few areas, usnally small, where these unfavorable con-
ditions are not present, and where the cultivation of the trap soils
has proved profitable,

At the bases of the trap ridges there are often heavy accumu-
lations of earthy matter which bhas been washed down from the
slopes above. Such soils, favorable as their situation might
geem, are generally not of the best quality. They are sometimes
stony, usually too heavy, and, situated as they are, are too abund-
antly supplied with moisture, which seeps out from the bases cf
the adjacent ridges. Buch soils are usually cold and wet, better
adapted to timber growth than to cultivation. This type of soil
is well 1llustrated along the base of First mountain between
Bound Brook, Somerville and FPluckamin.

THE SOILS OF SOUTHERN NEW JERSEY.*

Since some of the formations of the southern part of the State
have been but recently differentiated, their distribution is less
generally known than that of the formations of the northern
part of the State, and the accompanying map, reproduced from
the annual report of 1897, will be helpful in defining their
position. It will be appreciated that a map on such a scale, 15
miles to the inch, admits of little detail. The soils of the several
formations will be referred to in the inverse order of their age.

80IL8 OF TEE CAPE MAY FORMATION.

The youngest formation of this part of the State is the Cape
May formation. As will be seen {from the accompanying map, it
forms a narrow belt about the State from Trenton, via Cape May,

#The following accodnt of the soil of Southern New Jersey is based on the work of Mr, Knapp.
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to Raritan bay. The belt is widest in the southern part of the
Btate, and often extends considerable distances up the valleys.
The glacial gravel of the Delaware valley, at Trenton, is here
included with the Cape May formation.

The Cape May tormation in the Delaware valley originated
by & submergence which drowned the main river as far north as
Trenton, and at the same time the lower parts of its tributaries.
In the estuaries thus formed there were deposited such soils,
sands and gravels as were brought down by the streame which
were not drowned by the submergence. As a result of this
deposition, and ot the erosion which followed the uplift of the
submerged areas, there are now terraces of gravel, sand and
loam along many of the tributaries to the Delaware.

Along the Delaware River.— At Trenton the broad plain is made
up of sand and gravel, through which are numerous beds and
seams of brown loam. The eoil over this plain is, in general,
tertile loam, but along its eastern margin, one and one-half to
three miles back from the Delaware, the soil is more sandy,
often 80 loose that the winds of late fall and early spring readily
blow it about in fields that have been left bare of vegetation
Beneath the soil there is generally a layer of brown loam, one
to four feet in thickness. This serves as a moderately retentive
subsoil, while the loose gravel and sand below insure ready
under-drainage.

Along Crosswick’s and Doctor’s creeks, and extending four to
gix miles from the Delaware, there are low terraces of this forma-
tion. The gravel and sand makiog the body of the terraces is
covered by one to three feet of loam, which constitutes a fertile
soil and upper subsoil. With increasing distance from the Dela-
ware the terraces become relatively narrow,and are covered with
light loam well suited to truck farming, These soils of the ter-
races are often in contrast with those of the higher lands.

In the lower parts of these tributary valleys, where they open
out into the Delaware, the terraces are as high as the inter-stream
areas, and the loam that overlies the terraces also spreads over
the low divides, mantling other formations. The broad loam-
mantled flats north and northeast of Yardville, and the loam and
clay-loam flats between Yardville and Bordentown at the 60-toot
level, are examples.
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The lower courses of the tributaries to the Delaware farther
south have gravel and sand terraces mantled by one to four feet
of brown loam, This is so clayey as to be used at Kinkora and
Bridgeborough for brick. Farther up the tributary valleys, back
from the Delaware, the soil of the terraces difers but little from
that of the adjacent uplands.

Between Florence and Camden there are many variations in
the eoil of the lowlands underlain by the Cape May formation.
Tn general the surface is overspread by clay-loam, beneath which
there is sand and some gravel. Subsequent to the deposition of
the Cape May formation, stream erosion cut through the clay-
loam at the surface and into the sand beneath. The sands thus
exposed have been blown about by the winds, often up over the
loam-capped remnants of the earlier surface, so that the loam
and clay-loam which was originally at the surface has become
the subsoil, while the origiually subjacent sands have become the
goil. This soil is well adapted to truck farming and peach
growing.

From Camden southwest to Bridgeport the Cape May forma-
tion is very thin, except in the immediate vicinity of the tributary
valleys. The soil of the Delaware lowland, here two to four miles
wide, is therefore often influenced by the underlying Cretaceous
- formation, Where this is the case it is clayey in some places and
sandy in othere, varying with the character of the underlying
beds. Along the streams tributary to the Delaware in this section,
low and ill-defined terraces of gravel and sand are found, often
running back several miles from the Delaware. They have a
light, eandy loam soil, otten better suited to truck growing than
the adjacent uplands.

From Bridgeport to Salem the sands and gravels of the forma-
tion constitute a bread lowland bordering the Delaware. About
8alem a considerable area (about sixteen square miles) of this low-
land is covered by a very persistent bed of heavy loam one to
three feet thick, which gives a strong soil and subsoil. Beneath
it is the loose sand and gravel, insuring the ready escape of ex-
cessive water. The soil is here rather heavy for truck farming
and is used inetead for general crops.

North of Salem the relations are similar to those of the Salem -
plain, but the loam bed, not so persistent originally, has locally
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been so deeply buried by wind-blown sand that it no longer in-
fluences the soil. Hence the =oil here lacks unitormity, varying
from worthless wind-blown sands, through good truck soils to
heavy clay-loam. Much of the land here, too, lies too low—Iess
than ten feet akove tide—either for ready surface-drainage or for
under-drainage, and hence often suffers from excess of water.

From Alloway creek to Cohansey creek the Cape May forma-
tion constitutes a broad lowland next the bay or river ; butabout
halt of it, as it appears on the map, is salt marsh, and unavaila-
ble for cultivation, though much of it is used as salt-marsh
meadow. From Salem north, along S8alem creek, several square
miles of these tide murshes have made excellent land. In gen-
eral their soils are heavy clay loams, valuable especially for heavy
crops.

The soil of that part of the lowland between Alloway and Co-
hansey creeks which is above tidal influence is most variable.
Some portions lie too low to furnish good drainage, while others
are 80 sandy that, either as a result of careless tillage or of their
natural nnmanageability, the winds have rendered them nearly
worthless. Btill other portions furnish a loamy soil of good
quality.

Along Delaware Bay.—Between Cohansey creek and Maurice
river at least two-thirds of the area represented on the map as -
underlain by the Cape May formation is tide-marsh or fresh-
water swamp, at present not available for tillage. The remain-
ing portion consists of extremely irregular patches and long,
narrow necke of land along the inter-stream areas, much ot which
is too sandy to be tilled with profit. There are, however, limited
areas of good soil within this area, as, for example, a belt one to
two miles wide immediately south of Cohansey creek, and west
from Fairton.

The Cape May formation, as developed in Maurice river val-
ley, below Millville, constitutes low terraces, about half of which,
on the west side of the river, have good loam soils, while the
other half, bordering the upland, is more sandy.

Cape May Peninsulz.—Geologically, this peninsula consists of
the area south of & line drawn from Somer’s Point to the month
of Dennis creek. To obtain the arable portion of this area there
must first be subtracted a belt on the east embracing the beaches,
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and the salt marshes between them and the mainland. There
must next be subtracted an area including the salt and fresh-
water marshes bordering or communicating with Delaware bay.
Of the remainder, there is a belt about thirty miles long and with
an average width of three-quarters of a mile, just west of the salt
marshes on the eastern side of the peninsula, which is tillable.
There is a second strip of arable land in similar relations along
the west margin of the peninsula. It hae a length of eighteen
miles, interrupted by several marshes, and a width of about three-
quarters (average) of a mile. Between these belts the central

r =

Fig. 1. Cape May formation, two miles south of Beesley’s Point.

portion of the peninsula, some thirty miles long by two and one-
half wide, is, with few local exceptions, too sandy for cultivation.

The soil of the tillable portion consists of sandy loam. It has
a brown loam subsoil of about two feet in thickness, below which
are the loose sands and gravels of the Cape May formation..

The relations as well as some suggestions of the character of
the soil are shown in Fig. 1. The photograph here reproduced
is from a point two miles south of Beesley’s Point. The relations
shown in the figure are fairly typical of the whole tillable part of
the peninsula.
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Fig. 2 represents another phase of the formation rarely seen
in the peninsula. The upper two feet is gravelly loam, below
which there is gravel and coarse sand, making excellent road
material.

Between Tuckahoe and Port Norris, across the upper end of
the peninsula, the Cape May formation is thin, and partakes of
the pature of the underlying sands and gravels. The soil is
sandy or gravelly, with too little loam. Many small farms have
in recent years been opened up in this region, particularly in the

Fig. 2. Railway cut one-quarter mile north of South Dennis Station.

vicinity of Woodbine. They are devoted chiefly to small fruits
and appear to be tilled with profit.

The Atlantic Coast.—The Cape May formation as found in Egg
Harbor river valley consists for the most part of indefinite sand
terraces extending as far up as Weymouth. In places, as at
Mays Landing, there is a bed of stiff clay in the terrace, but such
clay is nearly always overlain by two to four feet of loose, coarse
sand not valuable as a soil, and rendering the clay of no avail as
a subsoil. Locally there is a loamy surface giving a fair soil.
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Such areas, however, probably represent less than one-tenth the
area of the formation in this drainage basin,

Between the Egg Harbor and Mullica river basin, the tillable
portion of the Cape May formation consists of a belt of country
about three-fourths of a mile wide, from Somer’s Point to Leeds’
Point on Great bay, a distance of sixteen miles. The rela-
tions here are the same as in the Cape May peninsula. With
increasing distance from the border of the salt marsh, the soil
becomes too sandy to be valuable for agricultural purposes.

Fig 3. Railway Gravel-pits near Absecon.

The relation of the tillable soil to the formation beneath it is
shown in Fig. 3, in which, as may be seen, the upper two feet or
so of the section is loam, while below there is incoherent sand
with occasional seams of gravel.

From the map it will be seen that a large area of the Cape May
formation is represented about the mouths of Mullica and Wad-
ing rivers. About one-third of this area so represented on the
map is salt marsh and fresh-water swamp, and little of the
remainder has a sufficiently loamy soil to be profitably tilled.
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From Tuckerton to Barnegat the Cape May formation covers.
@ belt of conntry about one-halt mile wide, and from Barnegat to
Tome river, a belt one and one-half miles wide, About one-half
of this area is tilled. 'The soil, like that of the Cape May
peninsula, is locally good, but it has a constant tendency to -
become too sandy. The soil of the formation a8 it extends up
Toms river and its tributaries, is essentially like that along the
coast, From Toms river northward to Manasquan the forma-
tion covers & broader belt of coastal land. Locally it affords
a good soil, but its general character is the same as farther
south,

Most of the way from Manasquan to Sandy Hook the forma-
tion constitutes a narrow lowland bordering the shore. In the
vicinity of Long Branch, however, it extends inland four or five
miles. Between Manasquan and Shark rivers the soil of the
formation is brown to yellow loam, and many good farms are
located upon it, but from Shark river to Asbury Park the soil is
for the most part too sandy to be valuable.

North ot Asbury Park the formation is thin, consisting of but
a thin mantle of loam over the Cretaceous beds,so that the latter

‘influences the soil. In the vicinity of Long Branch, Little Silver

and Katontown the loam itself is largely derived from the Creta-
ceous beds beneath, so that the eoil difters but little from that.
which belongs to the Cretaceous formation.

Along the Navesink river and its tributaries the Cape May
formation is represented by terraces of gravel and sand which
for the most part have a fairly good eoil. Where the red sand
of the Cretaceous constitutes the underlying formation, the soil
of the terraces does not differ materially from that of the up-
lands. This is the case from Phalanx northeast, but where the
Lower Marl constitutes the country rock, the terrace soils are
lighter than those of the upland. This is probably largely due
to the more ready underdrainage furnished by the terraces.

Raritan Bay.—Along the south shore of Raritan bay the Cape
May formation mantles the low country up to about the forty-
foot level, giving it a somewhat uniform surface. The soil varies
from loam to sandy loam. The greater part of it is under culti-
vation, being devoted to such crops as flourish on light soils.
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Along South river the Cape Muy formation covers a broad
lowland. Where it borders the river this lowland has a good
loam s0il, particularly from Old Bridge to Spotswood; else-
where its is too sandy to be profitably tilled.

In conclusion, it may be said of the soils of the Cape May
formation : First, that they are less sandy in the valleys of the
Delaware and ite tributaries than along the coast, or in the
valleys opening eastward. Probably about one-half of the former
and one-tenth of the latter can be tilled with profit. Second,
much of the land that is now tilled with profit owes its value to
its low altitude. Itis so low that, though it has not a retentive
subsoil, it is 8o near the permanent ground-water surface that this
water is available for the growing vegetation. Some areas which
- have soils essentially the same as those which are cultivated with
profit are not tilled because they lie a few feot higher. Third,
gome portions tilled with profit owe their value to a subeoil of
one or two feet of loam meoderately retentive of water, while
adjacent areas, in all respects similarly situated, are not tillable
becanee this sort of subsoil is replaced by sand or gravel.

Many of the areas not now tillable would probably be amen-
able to improved methods of tillage, but the cheapness of land
to be had elsewhere, together with the small profit on agricul-
tural products generally, leaves but & narrow margin to warrant
the extra cost of improved methods.

The soils of the Cape May formation vary so widely in char-
acter that they are not peculiarly adapted to any particular crop.
They range from s fairly good whesat soil to an excellent sweet
potato soil, and to the extreme of soil-less dune sands.

The value of the land for tillage can be judged to some extent
from the native vegetation. The eoils supporting native growths
of bard wood can be relied on as having a sufficiently retentive
soil for tillage ; the mixed hard wood and pine growths indicate
a lighter soil, but a soil still serviceable for cultivation, while the
growth of pine only, and that of the smaller species, indicates &
soil too sandy to be profitably tilled. To these rules, however, there
are too many exceptions to allow them to be followed blindly.
For example, the chestnut will thrive where there is a good sub-
soil, above which there may be so great a depth of loose sand as
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to render it worthless for tillage after clearing. On the other
hand, areas which once supported growths of hardwood may, if
cleared and allowed to grow up in timber again, be occupied by
pines. In time it may be difficult to distinguish such pine forests
from original growths.

SOILS OF THE PENSAUKEN FORMATION.

Roughly speaking, the Pensauken formation occurs in a belt
near, but not at, the border of that part of the State lying south
of a line drawn from Trenton to Perth Amboy. Stated in another

Fig. 4. Hylton's pit, below Palmyra. Pensauken on Raritan clay.

way, the Pensauken formation occurs just inside the Cape May
formation, which lies along the coast and up the Delaware river
as far as Trenton., Within the Pensauken belt the formation
is by no means continuous, but appears in numerous large and
small patches, many of which are too limited in area to appear
on the accompanying map. This patchy distribution is the result
of the erosion which has taken place since the formation was
deposited. But a small part of the once continuous formation
now remains.
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The formation was primarily ot gravel and coarse sand, and its
characteristic occurrence, as now seen, is in the form of beds of
gravel capping the low hills and divides of the belt within which
it occurs. Figs. 4 and 5 give some idea of the formation and
inferentially of the soil to which it gives rise. In Fig. 4 the
lower half cf the section is Raritan clay, and from the top the
goil has been stripped, except at the extreme left. Otherwise
the upper half of the section is characteristic of the Pensauken
areas of the region where it occurs. In the section,sand and
gravel appear in about equal proportions. The sand is arkose

.

Fig. 5. Pensauken gravelly loam at Bridgebo rough, south of Burlington.

and compact, and contains some loam. Fig. 5 shows a somewhat
different phase of the formation. Fig. 6, from a gravel pit at
Ellisburg, southeast of Camden, represents a common type of
section as seen in the remnants of the formation between South
Amboy and Swedesboro. The upper half of the section is gravel,
while the lower half is coarse, arkose sand, cross-bedded and free
from gravel. Along the belt running southwest from Raritan
bay to the Delaware bay, the Pensauken soils are almost uniformly
good for standard crops, such as corn, oats, potatoes, and gener-
ally for wheat, and are locally used for other crops as well.
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The soils of the Pensauken along the coast are, on the whole,
more sandy than those bordering the Delaware or running across
the State from Camden to Raritan bay. In Cumberland and
Atlantic counties the soil is usually sandy, the greater portion of
it being uncultivated. On the other hand the Pensauken of
this region includes a large proportion of the land which is
cultivable,

The soils of the Pensauken formation are without doubt the
most uniform of those of any formation of similar extent in the
southern part of the State.

Fig. 6. Exposure in Pensauken gravel-pit near Ellisburg.

In many localities there is, over the Pensauken formation, a
thin bed of silt or loam, one to three feet thick, which appears
to have been deposited on the Pensauken formation at a later
time. It now appears as an ill-defined mantle not readily sepa-
rable from the underlying beds. This loam has a greater devel-
opment in Mercer and Middlesex counties, and in the northwest
corner of Burlington county near Bordentown, than elsewhere.
Its presence is generally beneficial to the svils. Where this is
absert, the Pensauken soils are gravelly loams; where it is
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present in considerable thickness there is little gravel mixed with
the loam.

SOILS OF THE BRIDGETON FORMATION.

The soils of the Bridgeton formation may be conveniently con-
sidered in two sections, those southwest of Mullica river and those
northeast of that stream. Southwest of Mullica river, the soils ot
the Bridgeton are much like the better soils of the Pensauken.
Figs. 7 and 8 give some idea of the sections of the soil and sub-

Fig. 7. Sections exposed in pit near Millville. The lower Part below the gravel-
band is Bridgeton. That above is probably the Cape May Formuation.

soil and their close correspondence with the Pensauken, so far as
their general relations are concerned, is evident. Within the
limits of the Bridgeton formation there are a few relatively large
areas where the soil is more uniform than over equally large
areas of the Pensauken; but, on the other hand, taking widely
separated areas into consideration, there are greater differences
within the area of the Bridgeton. Probably something like
three-fourths of the Bridgeton area southwest of the Mullica
river possesses a tillable soil, and fully half of this may be said to
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possess a good soil. The areas where the best soils occur are
west of Cohansey creek, between Bridgeton and Shiloh, between
Bridgeton and Elmer, and in the vicinity of Vineland. Each of
these localities includes areas of several square miles. Here, as
in the case of the Pensauken formation, the excellence of the
soils is partly due to the surface loam of later age [see p. 20].

The remainder of the Bridgeton areas sonthwest of the Mullica
river furnish many patches of good soil, but they are generally
of small extent and are liable to grade into soils which are too
sandy. The Bridgeton soils are, on the whole, used for much
the same purposes as those of the Pensauken formation,

Fig. 8. Cemented Bridgeton Sand: from an exposure one and a guarter miles
northeast of North Woodbury,

The Bridgeton formation northeast of Mullica river, like the
Pensauken of the same region, is almost uniformly t>o sandy for
cultivation.

The eoils of both the Bridgeton and the Pensauken forma-
tion are well adapted to fruit growing. Peaches especially,
but pears and apples also appear to thrive on them. It is not
uncommon between South Amboy and Camden, where the Pen-
sauken beds occur in patches on the Cretaceous hillg, to find
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orchards on the Pensauken knolla reaching down beyond this
formation to the Cretaceons clays, and to see the trees above, on
the Pensauken, strong and thrifty, while those on the Cretaceous
below are in relatively poor condition.

S0ILS ON THE BEACON HILL FORMATION.

The Beacon Hill formation, as given on the map, consists for
the most part of coarse sand which is usually incoherent. In
some places the grains are coated with thin films of clay or loam
which give the sand sufficient coherence to emable it to be
mounlded. Locally, too, considerable beds of plastic clay occur,
here and there attaining a thickness of as much as twenty feet.
The coarge sand is sometimes interbedded with fine sand and
tough clay.

‘Whatever the character of the underlying beds, the soil ie
usually very much the same, consisting of coarse, loose, white
eand which has a wmost forbidding appearance. At a slight dis-
tance below the surface, however, the whiteness disappears and
the loam increases, so that the surface appearance of the soil is
worse than its real character. Where the lower parts of the
formation come to the surface, the eoils are on the wholn better
then at higher horizons.

In the vicinity of Hammonton many clearings have been made
on this formation, and have been found to be profitable for the
cultivation of berries. It is possible that considerable tracts
elsewhere might be used in the same way, but at present a very
small proportion only of the soils of this formation are in culti-
vation. The formation as a whole seems to invite forest culture,
rather than the ordinary form of agriculture,

S0ILS OF THE MIOCENE.

The Miocene formation is for the mosat part fine eand, much
of it being extremely fine, This sometimes serves as a fair sub-
goil even where loamy matter is almost wholly absent. With the
fine sand there is mssociated more or less clay, whick locally
becomes an important part of the formation. Northeast of Black-
wood sand predominates, clay occurring only in thin lamine,
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but southwest of that point the formation carries more clay, and
in the vicinity of Woodstown and Alloway, it is chiefly clay.

In Monmouth county, northeast of the Manasquan river, the
formation gives & soil that is too sandy to be generally cultivated.
Southwest of the Manasquan, on the other hand, the soil is much
better, and many good farms are to be found upon it. In Ocean
county the Miocene locally gives good soils, as may be seen in
the vicinity of Van Hiseville, Cagsville and Collier’s Mills.

In Burlington county the northwest margin of the formation
is tillable. It is probable, however, that the loam which fur-
nirkes the soil was not derived from the Miocene beneath it, but,
like the loam covering the Pensauken and Bridgeton formations,
was added later. Seven or eight miles soatheast of Medford, in
Burlington county, there is an area of six or eight square miles
about Tabernacle and Indian Mills, reaching south nearly to
Atsion, which has a good soil derived from the Miocene. The
formation here has enough clay, with the sand, to give a loamy
soil. This area about Indian Mills, together with the narrow belt
along the northwest border of the formation, includes essentially
sll the tillable Miocene soil in Burlington county.

In Camden county, the northwest border of the formation,
equal to about half its surface ares, has a eoil which is tillable,
while the southeastern part is too sandy, and is, for the most
part, waste, In Gloucester county much of the formation is
cultivated, the soil being loamy, sometimes becoming a heavy
clay lonm,

In Balem county the formation is largely clay, and aflords a
80il which is heavy, suitable only for heavier crops, especially
grass, corn and wheat,

SOILS OF THE CRETACEOUS FORMATIONS.

The Cretaceous system of New Jersey consists of a series of
formations of different physical and chemical constitution, dip-
ping gevtly to the southeast. They appear at the purface in a
northeast-southwest belt running from Raritan bay on the north-
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east to the lower course of the Delaware on the southwest. On
the accompanying map the several formations of the Cretaceous
system are not separately represented. The Cretaceous sys-
tem of this region has been variously subdivided, but for
present purposes the formations may be grouped in three main
divisions—the Raritan formation, the Clay Marl series (Matawan)
and the Marl series. The Raritan formation ia the lowest mem-
ber, and outcrops along the northwest edge of the Cretaceous
belt. The Marl beds are at the top and outcrop along the south-
eastern portion of the Cretaceous belt, while the Clay Marls
occupy an intermediate position. Reversing the order which
has been thus far followed in considering the soils of Southern
New Jersey, the soils of the oldest division of the Cretacaous
will be spoken of firat,

The Soils of the Raritan Formation—The Raritan formation
consiets of numerous beds of clay, eand and gravel, no one of
which is persistent for great distances. Any one is liable to dis-
place any other in an apparently orderless way.

The soils to which the Raritan formation gives rise vary with
the nature of the underlying beds, but they are, on the whole,
poor. The soils of the clay beds are too clayey for general agri-
cultural purposees, and those of the sand beds, too sandy. Fur-
thermore, the clay is too impervious to make a good subaoil,
while the sand and gravel are too open.

The belt of the Raritan outcrops is, on the whole, low, and for-
tunately for agricultural interests the outcropping edge of the
formation is largely covered by remnants of younger tormations.
Through Middlesex and Mercer counties, as may be seen trom
the map, the Peusauken remnants are numerous along the north-
west border of the Cretaceous belt, where they conceal much of
the Raritan formation which otherwise would outerop. From
Trenton southwest, the Delaware has its immediate valley in this
formation, and the lowland along the stream is covered by the
Cape May formation. The Pensauken and the Cape May forma- -
tions together therefore conceal a considerable part of the Rari-
tan, and give to the belt where this formation comes near the
surface a 80il much better than the underlying beds would afford.

As already indicated, the Pensauken originally consisted of a
continuous bed which overlay all the southern part of the State
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up to certain definite altitudes. The outecrop of the Raritan
formation was once completely covered, but subsequent erosion
has 8o largely removed the Pensanken that remnants only, as the
map shows, are now found.

The effect of the Pensanken formation on the soils of the Raritan
belt is much greater than might be inferred from the map. The
processes of erosion are slow, and material once started on its
geaward journey stope many times before reaching its destination.
Thus along the belt where the Raritan outcrops, in areas from
which the Pensauken has been chiefly removed, there are still
patches of gravel, sand and loam, derived from the Pensauken,
which are in a sense on their way to the sea; that is, materials
from this formation have in many cases been shifted from their
original position to lower levels, where they now lie, making a
thin cover for the Raritan.

Through Middlesex and Mercer counties enough of this displaced
gravel and sand is found in the areas from which the Pensauken as
& bed has been removed, to determine the character of the eoil in
many places. Moreover, in post-Pensauken time there has been a
submergence of this region which probably left as a mantle on the
Pensauken and older formations much of the loam which con-
gtitutes the soil. 'This loam, the displaced Pensauken, and Pen-
gauken remnants themselves, give a s0il over most of the area
where the Raritan lies near the surface for which that formation
is not responsible.

In most places, however, the Raritan lies near enough to the
surface to affect the subsoil, and hence to determine in part the
adaptability of the soil. This varies from place to place with
the character of the Raritan subsoil.

Some portions of the Raritan are essentially bare, and there-
fore responsible for a soil. Examples are the sandy soils east of
Lawrence brook, in the vicinity of Milltown; the sandy soil
between Kinkora and Florence; and the sandy and gravelly (fine)
goil at Red Bank, Gloucester county.

The upper, two to twenty feet of the Raritan formation, has in
some places been cemented by iron oxide to a eandstune. Fig.
7 shows this type of sandstone with loose sand beneath. On
weathering, this sandstone often gives rise to a ferruginous sandy
loam.goil which is frequently of good quality.
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The Clay Marl Soils.—The Clay Marl series, unlike the Raritan,
is divisible into somewhat distinct beds. In the study of the
surface formations, Mr. Knapp has found five of these beds to be
8o persistent that they can be traced across the State, although
some of them vary in the course of their outcrops. Two of the
five are essentially sand beds, two are essentially clay beds, more
or less marly, and the fifth is more variable, being sometimes
marl, sometimes clay and sometimes sand. Whatever may be
said of the importance of these beds from the point of view of
stratigraphical geology, they are of importance from the point of
view of soils. The several beds have been named by Mr. Knapp
as follows, commencing below: the Merchantville bed (marly
clay); the Woodbury bed (dove-colored clay); the Columbus bed
(saud) ; the Marshalltown bed (marly-clay sand), and the Wenonah
bed (sand).

In Monmouth county, from Jamesburg northeast, the Merchani-
ville bed is bare at many points, and the soil to which it gives rise
is & brown ferruginous loam (sometimes sandy) so distinctive in
appearance that it is easily recognized. The sate soil is seen
again in Salem and Gloucester counties west of Penns Grove,
near Perkintown, and between Perkintown and Gloucester,
mostly in small patches on valley slopes.

Between Jamesburg and Camden this bed rarely comes to the
gurface in flat regions where it could retain a soil, but only in the
banks of streams where its 80il is seldom tillable. Elsewhere it
ia either covered up by the Pensauken or displaced material there-
from, or along the Delaware lowlands by the Cape May formation.

Between Swedesboro and Bridgeport the Woodbury clay appears
at the surface along a narrow belt and gives rise to a light-colored
stiff clay soil. At various points along its outcrop, as in the
vicinity of Woodbury, Haddoafield, Bordentown, and the State
reform school east of Jamesburg, it gives rise to a clay soil over
areas of varying size. In the vicinity of Matawan, Monmouth
county, it constitutes the soii over a considerable area. The
greater portion of the outcrop, however, is covered with a thin
mantle of Pensauken or of displaced material. Over a consid-
erable portion of its outerop, however, where it is thus mantled,
it still influences the adaptability of the soil greatly by furnishing
a relatively impervious subsoil.
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The Columbis Bed is not very conspicuous southwest of Mon-
mouth county. It js largely buried by the Pensauken and its
displacement material, but it is still responsible for the soil at the
following points: The yellow and brown ferruginoussoil at Mount
Royal, (iloucester county, southwest of Woodbury; the snow-
white dune sand near Bell Mawr station, north of Blackwood;
the sandy soil south of Hartford station, east of Moorestown ;
the sandy soil, vicinity of Columbus, Barlington county, aud the
broad belt of sandy soil in Monmouth county from Englishtown
northeast through Ilazlet station to Port Monmouth, on Raritan
bay.

Sonthwest of Monmouth county, where it gives rise to the soil
or constitutes the subsoil, it is more often used for peach and
pear orchards than for any other crop. In Monmouth county,
while it is still used somewhat for peachss and pears, it is more
largely used for berries and grapes, and for gemeral truck
farming.

The Marshallioron Bed is a good marl in Salem county, but
from Gloucester county northeast it is for the most part a mica-
ceous, black, greasy clay, or fine, ashy sand-marl, and gives rise 1o
broad, flat regions along its outcrop. These are seen between
Mount Laurel and Moorestown, northeast of Jobstown, weat of
Imlaystown, north of Bergen Mills, and in the vicinity of
Englishtown, These flats are for the most part covered by a
loam or clay loam that appears to have been derived from some
other source than the Marshalltown bed. The flata are largely
devoted to pastursge, and as such are susceptible of a high
degree of improvement, as witness the Lorillard estate, near
Jobstown.

Where the formation gives rise to the soil directly, as it does
over a considerable portion of its outcrop, it gives a fine sandy
loam of spongy character,

The Wenonah bed gives rise to the ferruginous sandy soil in the
vicinity ot Sharptown, Salem county, the broad belt of ferruginous
red sandy loam-soil between Mullica Hill and Swedesboro, the
sandy 80il in the vicinity of Chew’s Landing, the sandy soil east
of Haddonfield, and in the vicinity of Evesboro, Burlington
county. Farther northeast the sand in Disbrow’s hill, Monmouth
county, and the sandy soil about it, and the sandy soil thence
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through Tennents, Robertsville, Morganville and to the Atlantic
Highlands, are to be referred to this bed. Probably four-fifths
of the outcrop of this formation is bare, and gives rise to the soil
directly. Tt is always a sandy or seandy loam-soil, reddish or yel-
lowish in color. Notwithstanding the fact that thia soil is loose
.at the surface and liable to be blown about by the winds of
spring and fall, it is fairly compact beneath the surface, and has
s considerable loam content, It grows excellent peaches and
pears, as witness the Roberts farm, near Evesboro, Barlington
county. It has also given to the region about Swedesboro the
sandy soil that has given it & more than local reputation for
sweet potatoes,

The Soils of the Marl Series.—The marl series, the uppermost of
the three great divisions of the Cretaceous in New Jersey, is made
up of a considerable number of more or less distinet beds. The
classification adopted long since by the Survey of New Jersey is
much better as a basia for the discussions of the soils than the
more modern ones. According to this older claseification, the
divisions of the marl series are as follows from the base up: The
Lower Marl, the Red Sand, the Middle Marl, the Lime Sand and
the Upper Marl,

The outcrop ot the Lmnwer Marl bed through Monmouth and
Barlington counties is largely without a covering of later mate-
rial, and the soil of the beltis therefore a marl residuary soil, Its
typical phase is black loam, with more or less glauconite, the lat-
ter giving it a somewhat granular character, A typical develop-
ment of this soil is to be seen in the vicinity of Cream Ridge,
Monmouth county, When properly tilled, this soil is one of the
most productive in the State, but it demands greater care than
the soils of some other formations, for without proper tillage it is
liable to bake or “ burn out,” and under such circumstances is
not productive.

In the valleye of the belt where this formation comes to the
surface, the soils are made up partly of Lower Marl material and
partly of materiala washed down {rom the formations outcrop-
ping on the slopes and accumulated in the valleys. Buch soils
are often rich, having some advantages over the soils derived
from the Lower Marl alone. Ezxamples of thie class of soils are
to be seen in the Swimming river valley and its tributaries,
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In the Holmdel valley, which is underlain by Lower Marl,
the soil is extremely rich, and is made up of a mixture of mate-
rials washed down into the valley from tormations overlying the
Lower Marl. In the valley the Lower Marl is but a slight dis-
tance beneath the surface, and really constitutes the lower part of
the subsoil of the region.

The Red Sand formation is well developed through Monmonth
county and extends thence southwest some distance into Burling-
ton county, where it thins out. The upper ten to twenty feet of
the Rled Sand bed, which consists of alternating layers of green,
clayey marl and sand and white clay, is to be looked upon as a
transition to the Middle Marl above. The marl and sand of this
upper part of the Red Sand are likely to be cemented into
“ Shelly” marl. On disintegration this shelly marl gives rise to
a red loamy soil, while the white layers give rise to a yellowish
clayey loam,

The upper part of the Red Sand has resisted erosion better
than the main part ot the formation beneath, and so is often
found capping the hills and ridges of the belt where this forma-
tion outerops. It gives rise to the red loam and the yellow clay
loam soils of the higher flat-topped ridges north of Holmdel and
west of Crawford’s Corner, east of the latter place and south of
Telegraph Hill, south of Middletown and south of Chapel Hill,
near Atlantic Highlands. The most extensive development of
soil derived from the upper marly part of the Red Sand is from
Weet Freehold through Freehold to Colt’s Neck and Scobeyville.
This ie one of the richest farming regions in Monmouth county,
or in the State.

The main body of the Red Sand formation below the marly
upper portion is more sandy, and gives rise to a much lighter
soil, It is extensively used tor all sorts of crops, but is especially
well adapted to fruit. This type of soil ia widely developed
above the 30-foot level in Rumson Neck, west of Red Bank,
tfrom Phalanx to Middletown, north and west of Freehold, in
the vicinity of Red Valley and Arneytown.

Reference has already been made to the fact that the npper
part of the Red Sand is marly. These marly beds may as prop-
erly be regarded as belonging to the Middle Mar! as to the Red
Sand.
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In the range of hills extending northeast from Freehold to the
Atlantic Highlands, the areas where the Middle Marl outcrops are
not great, since the hills which have a capping of the Middle Marl
are generaily covered by a bed of sand and gravel which conceals
the greater part of the Marl. In these situations, however, the
small exposures of the Middle Marl on the hill elopes give rise to
loam and clay loam-soils which are waeshed down the slopes,
covering to & greater or less extent the outcrops of the lower
formations, and furnishing good soils on many slopes which would
otherwise not be profitably tilled. The aggregate area of the
slopes thus mantled is greater than the area of the Middle Marl
trom which the loam is derived.

Southwest of Freebold, in the hilly region about Clarksburg
and Perrineville, the Middle Marl outcrops on the slopes above
the Red Sand. Theloam derived from the former has been washed
down over the slopes of the latter so that the marly soil is more
widespread than the outerop of the bed. Iu this region, however,
it should be noted that there are yellow loam-soils at elevations
above the Middle Marl, which must have had a difterent origin.

About Shrewsbury and Eatontown there are soils derived from
the upper portion of the Middle Marl which are of variable char-
acter. While some of them are good, others carry a large amount
of green clay, giving a soil which does not respond well to tillage.

Through Monmouth county and the northeastern third of Bur-
lington, the Middle Marl soils, on the whole, are less good than
those of the Lower Marl and Red Sand. Thisis due largely to the
fact that they contain too large a percentage of stiff green clay.
Southwest of Pemberton the Middle Marl becomes more granular
and the soil to which it gives rise is of a better quality.

In the vicinity of New Egypt there is a brownish-yellow glau-
conitic sand overlying the Lime Sand proper, but closely asso-
ciated with it. The two are here considered together. In the
vicinity of New Egypt the Lime Sand is several times as thick
as the yellow sand above it. To the northeast, neither the Lime
Sand nor the Yellow Sand is again seen until the Manasquan
valley south of Freehold is reached. Here the latter is much
thicker than the former. Northeast of Manasquan valley good
exposures of these beds are not seen until the vicinity of Eaton.
town is reached. Here the Yellow Sand attains a still greater
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thickness than in the Manasquan valley, and the Lime Sand
beneath is not present, or is represented by so thin a bed that it
has not been recognized with certaintv.

Where the Yellow Sand and the Lime Sand reach the surtface,
there is usually & covering of loamy material not derived from
their decay over their surfaces. The Yellow Sand gives char-
acter to asmall area of soil in the Manaequan valley, and to s much
larger area in the vicinity of Long Branch and Iatontown.
About Eatontown and Long Branch the aoil of the Yellow Sand
is often so light and sandy as to be blown about by the wind
when free of vegetation. In spite of its sandiness it yields good
crops when properly cared for. In the vicinity of New Egypt
the Lime Sand gives character to a small area of soil. Oa
weathering iv is leached of its lime, and the soil to which it gives
rise is & reddish-brown sandy loam with some glauconite.

In general the Lime Sand lies 8o near the border of the Mio-
cene and Beacon Hill outcrops, and in such topographic relations
to them, that it is generally covered by material derived from
those formations.

The Upper Marl outerops next the Miocene, and since the latter
is usually much higher thau the former, the Miocene material has
washed down over the Upper Marl, largely determining the soil
over the latter formation. In places, as near Vincentown and
Medtord, and again in the Manssquan valley and northwest of
Asbury Park, the Upper Marl comes to the surface in flat regions,
but even here it is covered by wash from higher slopes, or by a
thin bed of the Cape May formation. Upper Marl soils are,
therefore, not seen in large areas.

The Reclaimed Tide Marshes.—At many points the tide marshes
have been protected by dykes, and thus made available for agri-
cultural purposes. This is true along the lower course of the
Delaware, along Delaware bay, and on the Atlantic coast. In
many places the reclaimed marshes are used for meadows and
pasturage only, but in other cases they are cultivated with excel-
lent results, In a few places marshes once reclaimed have been
allowed to revert to their former condition by failure to repair
the dykes broken down in severe floods. Tidal marshes of
greater or less size have been reclaimed along the following
creeks tributary to the Delaware: Pensauken, Cooper, Big
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Timber, Woodbury, Mantua, Repaupo, Raccoon, and Old Man’s.
There is an almost continuous dyke along the Delaware trom
near Penns Grove to Old Man’s creeck. The marshes thus shut oft
from the Delaware are largely drained, and much of the area is
devoted to corn. Farther south the tidal marshes have been
reclaimed along Salem, Alloway, and Cohansey creeks, and
Maurice river.

East and northeast of Maurice river, about Cape May and
farther north, there are many considerable areas ot marsh between
the beach and the msinland, This is especially true along the
lower courses of the larger streams, such as the Egg Harbor and
Mullica rivers; but here there has been little attempt made to
reclaim them. Some of the marshes have been ditched and
otherwise improved, with the result of benefiting the salt hay, or
of facilitating its harvest, but beyond this no attempt has been
made to reclaim the marshes, Much more might be done in this
direction.

The soils of the reclaimed marshes are somewhat uniform.
They consist of brownish-black loams, sometimes almo:t clayey.
Balow the surface-soil of this sort, a few inches to a foot in thick-
ness, the subsoil is largely of organic material, and its texture is
open. At greater depths there is often mud and often considera-
ble thicknesses of peat.
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The Extension of the Newark Rocks Into
New York.

In the annual reports of the State Geologist for 1896 and 1897
the Newark rocks of New Jersey have been described in con-
siderable detail. The New Jersey area is but a small part of a
belt which stretches sonthwest from the Hudson river, across
New York, New Jersey, Peunsylvania, Maryland and into
Virginia.
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Fig. 8. Map of Newunrk Rocks, New Jersey and New York.

By the careful study of the New Jersey area, some progrees has
been made towards solving the perplexing questions concerning
these rocks, the subdivisions to be made, their thickness, the
conditions under which the sedimentary members were deposited,
and the igneous rocks irrupted, and subsequent disturbances
which the whole series has undergone. But it is clear that the
fullest answer cannot be made to these questions until other parts
of the belt have been carefully examined. The small area

(45)
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occupied by these rocks in New York is closely connected with the
New Jersey area, and is but the continuation of it. It could
best be studied by one who had examined the larger region to
the south, and it was hoped that its study would at least con-
firm conclusions already reached, even if it did not aid in settling
the doubtful points. In consequence of arrangements with the
New York State Survey I was able to study the area during the
field season of 1898, under the direction of the late Prof. James
Hall, State Geologist. Since this region is so closely connected
in topography and geology with the New Jersey belt, particu-
larly with its northern part, the results of that investigation are
here summarized to supplement the former reports.
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Fig. 10. Map of Newark Rocks in New York.

THE GEOGRAPHY,

The Newark beds occur in New York only in Rockland
county. They occupy a triangular area, the base of which is
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formed by the State line, from the Hudson river to Suffern, and
the blunted apex of which is just south of SBtony Point. On the
east the beds disappear beneath the Hudson river, and on the
west the high escarpment of Ramapo mountain, stretching north-
east from Suftern to Stony Point, forms the third side of the
triangle, the area of which is about 100 square miles,

The region is characterized by a rolling topography—a series
of hills trending north and south, separated by valleys which
have been eroded from 150 to 200 feet below the level of the hill-
tops. The topography is but an extension of that which is found
in Bergen county. Most of the north and south roads follow
either the valleys or keep along the crests of the ridges, and are
fairly level. The east and west roads croes the narrow, steep-
gided ridges and are very hilly. The general level of the tops of
the hills in the western part of the area is from 700 to 600 feet
above the sea. Thence it declines gently eastward to the valley
of the Hackensack, the inclosing uplands of which are less than
300 feet high. As in New Jersey, the Palisade trap-sheet forms
e sharply-marked ridge which extends along the eastern side,
close to the Hudeon river. The various topographic features are
. intimately dependent upon the geological structure. The north

and south ridges follow the trend of the beds and are due to
harder and more resistant layers of sandstone and conglomerate.
Along the Hackensack valley, the beds are more largely shale
and the hilla are somewhat lower. The maesive, sharply-marked
ridge of the Palisades is due to the strongly-resistant character
.of the trap-rock. The steeper, eastward slope of the ridges as
compared with the western——a feature frequently noted where
the glacial drift is not too thick—is due to the general westward
slant of the strata.

THE GEOLOGY,

The Sedimenlary Rocks.—As in New Jersey, both sedimentary
and igneous rocks occur. The former are shales, sandstones and
conglomerates; the latter chiefly diabase, or, in popular parlance,
trap. The sedimentary rocks, in New Jersey, have been divided
into three groups—Stockton, Lockatong, and Brunswick beds.*

®Annual Reports of the State Geologist for 1896 and 1897
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The characteristic layers of the Stockton group are arkose sand-
stones, In Rockland county similar bedas are found beneath the
Palisade trap-sheet as far north as Piermont. The beds overly-
ing the trap-sheet for several miles north of the State line belong
probably to this group. But both those below and those above
the trap apparently belong to the upper members of the Stockton
group, and beds of typical arkose sandstone are not abundant.
From Nysack nortbward the beds along the Hudson appear to
belong to & somewhat higher horizon than that of the Stockton
beds.

In western New Jersey the Stockton beds are overlain by the
Lockatong group, & series whose most characteristic layers are
hard, black argillites and flagstones. These beds were not found
in northeastern New Jersey, nor do they occur in Rockland
county, New York. The conditions favoring the deposition of
argillites and flagstones did not prevail in the northeastern part
of the estuary in which the Newark beds were accumulated. In
their stead were deposited red shales and sandstones, which can-
not be sharply differentiated from the Stockton beds below nor
from the Brunswick beds above. Owing to this fact and to the
glacial drift which in many places so effectually conceals all rock
outcrops, it was found impossible in Passaic and Bergen counties, -
N. J., and Rockland county, N. Y., to separate sharply the Stock-
ton from the Brunswick beds, or to delimit the equivalents of the
Lockatong strata.

The Bruunswick beds in the southwestern part of the New
Jersey area are chiefly soft red shales. Northward the shales
grade into sandstones which are frequently conglomeratic, This
is notably the case in Bergen county, where every exposure of
any extent shows beds of sandstone and even conglomerate
intercalated with the shales. This same thing is true of the New
York area. The increasing coarseness of the layers continues
ioto Rockland county, where the great mass of the formation
appears to be sandstone and conglomerate, rather {han argilla-
ceous shale.

Another feature of these beds noted in Bergen county was
the almost complete absence c¢f gneiss or schist pebbles in
the congiomerate beds such a8 were observed further north.
Quartzite, sandstone, slate, shale, quartz, limestone and feld-
spar pebbles occur in varying proportions, but gneiss, granite and
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achist pebbles are almost never met with—a fact the more surpris-
ing when it is remembered that the Newark beds are bordered for
many miles by high hilla of crystalline rocks. The quariz and
feldepar materiale in the Newark beds indicate that theee areas
made some contribution to the newer rocks, but the bulk of the
coarser material certainly was derived from other sources. The
explanation of the absence of the crystalline pebbles and, at the
game time, the presence of material derived from crystalline
rocks, is to be found, first, in the fault which marks the north-
west border ot the formation and by which a strip of limestone
and quartzite has probably been cut out, and, second, in the deep
disintegration of the crystalline areas during Newark times.*

In New Jersey massive conglomerates, coutaining cobble-
stones and often bowlders, occur at a number of places along the
northwestern border, They are chiefly of two kinds, those com-
posed mainly of quartzite material, and those mainly of lime-
stone, These border conglomerates do not occupy any definite
horizon, but are the shoreward correlatives of the finer beds
depoesited in the middle parts of the estuary.

Similar calcareous conglomerates occur in New York under
similar conditions and with similar relationships. Bowlders of
limestone five feet in diameter are known to occur, and some
twelve feet in diameter are reported. The best exposures of this
conglomerate are at Crum’s quarry, a few miles northeast of
Suftern, and at “ The Limekilns,” two miles south of Ladentown.
Locally this conglomerate is quarried and burnt for lime.

So far as known there is no limestone along the border of the
Newark beds in the immediate vicinity of the areas where the
calcareons conglomerate is best developed. Outcrops of the
conglomerate are found within & few hundred yards of the
gneisses and echists of Ramapo mountain. Between them there
are thick accumulations of sand and gravel along the valley of
Mahwsah creek. A narrow strip of limestone may underlie the
gravel, but no outcrops of it could be tound. The large bowlders
which sometimes occur in the conglomerate can hardly have been
transported any great distance, and their presence is taken to
indicate nearness to an old shore-clift of limestone.

Near Stony Point the Newark border trends east and west for

#Annual Report of the State Geologist, 1897, pp. 65, 58, 130 ¢f seg.
4 GEOL
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8 distance of a mile back from the river. Idere the calcareous
conglomerates trend parallel to the border and dip away from the
older formation, which is limestone, and which undoubtedly far-
nished the material for the overlying beds. The latter are basal
conglomerates, resting upon the eroded and unconformable lime-
stone beds beneath. Although these are basal conglomerates,
and represent the bottom beds of the formation in this vicinity,
they are not necessarily on that account to be correlated with the
lowest strata of the Stockton beds, as, for instance, those exposed
at Trenton or Stockton, or beneath the Palisades. While it is
difficult to determine exactly their stratigraphical position re-
gpecting horizons further south, I am convinced, after a comparison
of the dip and strike of all the outcrops, that these conglom-
erates were deposited synchronously with some part of the Bruns-
wick beds; and that if it were possible to trace them continuously
along the strike, they would be found to grade into the coarse
sandstones, and thence into the fine shales, which along the Dela-
ware overlie the black argillites and flagstones. Unfortunately,
the broad waters of Haverstraw bay conceal some very interest-
ing featares of stratigraphical importance. If the above conclu-
sion be correct, it necessarily follows that in this region the water
was encroaching upon the land during middle Newark time.

The Trap-Rick. The Pulisades.—The northward continuation
of the Palisades forms the most important trap area in Rockland
county, While in the main much like the New Jersey section,
that in New York presents some interesting points of difference,.
For several miles north of Piermont it recedes from the river,
leaving on the east a strip of lower ground, but which at Nyack
has a width of about & mile and a general elevation of about two
hundred feet. Two miles north ot Nyack the ridge turns abraptly
enstward and approaches the river, rising trom it to a height of
600 to 700 feet in a steep escarpment, crowned by a high, bare
clift above and a long talus slope below. Northward for several
miles from this point, known as Verdrietege Hook, the ridge
rises abruptly from the river, but near Haverstraw it turns west-
ward and continues its course away from the river for four miles,
until it very nearly reaches the crystalline rocks of Ramapo

mountain, on the northwestern border of the formation.
.
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View of the Palisade Ridge in New York: High Tor at the left; Bhort Clove and Long Clove.
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In New Jercey the Palizade ridge is characterized by a remark-
ably regular crest-line which rises gradually northward to an
elevation ¢f over 500 feet near the State line. To the evenness
of its crest-line and its proximity to the river is due, in large
meaeure, the imposing wall-like structure eo marked by all trav-
elers along the Hudson river. DBut in New Yok State the crest
of the ridge is decidedly irregular. Just north ot the S:ate line
there is a broad sag which has an elevation of barely 200 feet,
and through which, at Piermont, a small creek has cut a gap
almost to sea level. Other gaps, with elevations varying from
190 to 240 feet, occur west of Nyack, at Rockland lake, at
Trough Hollow, at Long Clove and at short Clove. Between
these gaps the ridge rises in a series of knobs, separated by minor
depressions, to heights in general between 600 and 700 feet
above the sea and reaching, in the case of High Tor, near Hav-
erstraw, 8 maximum of 832 feet. The creat of the ridge, as it
appears from the inner side south of Short Clove, is shown in
Plate II. High Tor is shown on the left, Short Clove in the
center and Long Clove on the right.

The eastern face is usually much steeper than the western.
The former is frcquently marked by cliffa 200 to 3C0 feet high,
particularly where the ridge is close to the river. Where it
recedes the clifta are lower and not infrequently absent altogether.
Although the western slope is in general less steep than the east-
ern, high clifls are developed at a few localities, notably at a
point two and three miles north of Sparkill. From Little Tor
west to the end of the ridge there is but little difference in the
steepness of the iwo slopes. The similarity in the two elopes
here, as compared with the part bordering the river,is due to the
different structural relaticn here prevailing between the trop and
the sandstone. These are, in brief, as follows :

For most of ite conrse, both in New Jersey and New York, the
trap forms an interbedded sheet or sill, eeveral hundred feet in
thicknees, which dips westward with the inclcsing sedimentary
bede. Hence the eastwsrd escarpment is steep and precipitcus
and the western slope more gentle, How far downward and tothe
west the trap continues parallel to the bedding is not positively
known, but at a number of places, both in New Jersey and New
York, facts have been observed which indicate that the trap
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ascended to its present geologicsl horizon through a vertical or
steeply-inclined dike, wbich follows closely along the western
margin of the ridge. A few contacts have been found which
indicate the dike structure. .

The trap-sheet follows in general the strata, but many localities
have been cited in previous reports where it can be seen to pass
from one horizon to another, thereby cutting diagonally across
the beds. Localities in New York where unconformable con-
tacts can be seen are few, although they are known.

The unconformity of the baeal contact of the trap is neverthe-
less readily proved. Its altitude above the river is extremely
variable, At three or four points it lies beneath the water-level,
at others it attains elevations of over 400 feet. These changes in
elevation in some cases occur within comparatively narrow geo-
graphical limits and in most instances there is absolutely no
evidence that they are due to faulting. Indeed, there is positive
evidence that they usually are nof due to this cause. Abrupt
changes in the trend of the inclosing beds with reference to the
shore line or the line of outcrop might cause marked changes in
the elevation of the basal contact, but for the most part the sedi-
mentery beds have a tolerably uniform strike. Moreover, much
of the distance from P’iermont to IHaveratraw, particularly from
Nyack northward, the trend of the shore and of the trap ridge is
oblique to the strike of the strata, so that, as one goes northward,
higher layers are constantly descending to the river and disap-
pearing beneath the water. This elope ie locally as much as six
inches per yard, or 880 feet per mile. It is usually not more
than one-half or even one-third of this amount, but even where
least, it is sufficient to carry the basal contact from its greatest
altitude far beneath the river within two miles. Since the con-
tact i3 not carried permaneotly out of sight, and since, in many
cases, it actually rises higher above the river in spite of the dip
of the inclosing beds, it cannot remain at one horizon, but must
break across the beds and ascend into the higher parts of the
formation. Its horizon at High Tor must be many hundred feet
above that at the State line,

West of High Tor the trend of the trap is often nearly at right
angles to that of the sandstones which dip westward at an
inclination varying from ten to fifteen degrees or from six to
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nine inches per yard. This part of the ridge has less the appear-
ance of an interbedded sill and more that of a dike than the part
bordering the river, but as the northern coutact is nowhere
exposed it is impossible to say positively whether the base of the
trap alternately dips westward with the sandstones and rises
steeply across the beds, or whether it crosses them obliquely, or
whether the contact is that of a dike crossing the beds at right
angles to the strike, Bat, in any case, the relationship is such
as to make the two slopes of the trap ridge nearly equal. Above
the southern margin the contact is better exposed, and the dike-
like character is frequently suggested, Tongues of trap, pro-
jecting into the sandstone, make the contact an irregular one.
Projections from the main sheet are not unknown aloug the basal
contact also, although their connection with the greater mass is
not shown. The upper contact is strikingly irregular near West
Nyack, where a spur half a mile wide, terminating in two horns,
extends for nearly a mile westward from the main raass.

Further evidence of the intrusive origin of this sheet, it such
were needed, is found near West Nyack and Valley Cottage,
where masses of highly-indurated shale are inclnded in the trap
near its upper surface.

The thickness of the sheet is hard to determine accurately.
It is the more difficult in New York, where the structural
relations are more irregular thar in New Jersey. At Fort Lee,
a thickness of 876 feet has been revealed by a well-boring, and
the total thickness here is somewhat greater than this. In New
York the varying width of outcrops suggests considerable varia-
tions in the thickness. At Piermont it is probably not less than
850 feet, while at Upper Nyack, although the stractural relations
are too indefinite to permit an estimate of much value, the width
of outerop, here two miles, suggesta that the thicknesss may be
twice that at Piermont. DBut the author places very little reliance
on this estimate. East of Rockland lake, where the basal contact
is beneath the river level, a thickness of 610 feet ia shown
between the water and the crest of the ridge. To this must be
added abount 300 feet more, owing to the westward dip of the
basal contact plane at an angle of thirteen degrees. And even
then no allowance has been made for erosion along the crest and
back of the ridge, North of Rockland lake the trap outcrop is
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not more than en eighth of a mile in width, and the minimum
thickness may not be more than 250 feet. But here the glacial
drift which is banked against the western side of the ridge and
obscures its true margin, adds a large element of uncertainty to
these figures. It seems hardly possible, however, that its thick-
ness is here 8o great as further south. At High Tor, about 550
feet of trap are exposed in the face of the escarpment, but it is
impossible to determine how much must be added to this to give
the correct thickness. Another 500 feet might not be too much,

Lnd:atown Trep.—South of Ladentown and near the northwest-
ern border thereis anirreguliar-shaped trapares having a maximum
length of two miles and a width of ons mile. Its structural rela-
tions are somewhat obscure. Oa both the northwestern and the
southeastern sides outcrops of conglomerate dip towards the trap
a3 if a synclinal structure prevailed. The trap iz not infrequently
vesicular and to a limited extent exhibits the ropy flow structure
80 characteristic of the extrusive sheets forming the Orange
mountaine in New Jersey. This resemblance, together with the
apparent absence of contact metamorphism in the sedimentary
beds, suggests that the trap is an overflow. S:veral geologists
have mapped this area as & part of the Palisade sill. B:tween
them there is a deep gap one and a half miles wide, partly occupied
by a swamp and partly by thick glacial accumulations. A small
outcrop of trap and one of sandstone were fouad within the gap.
If the trap is continuous across the interval and the Ladentown
area is & part of the Palisade sheet then there is reason for
believing that bere the trap had ascended eo high in the forma.
tion that it reached the surface and overflowed. Unf riupately
the data obtainable are too meagre, in my opinion, to establish
beyond a doubt the unity of these Ladentown and Palisade areas.’

Suffern Arca —A emall mass of trap caps Union Hill at Suf-
fern. Tts structural relations are unknown. Nothing was
observed to indicate positively whether it is intrusive or extrusive
in origin. On the eouthenstern slope of the hill high ledges of
copglomerate cccur, dipping northweetward and appareatly
paseing beueath the trap, but the contact is nowhere exposed.
The minimum thickness is at least 125 feet.
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A few small dikes were noted in the sandstones, several miles
removed from aoy of the larger trap areas. Owing to the drift
deposits they could not be traced any distance, Several small
dikes were also noted in the sandstones a few feet beneath the base
of the Palisade sill, and although their connection with the greater
mwass was not visible, they are undoubtedly cflshoots from it.

Metamorphosed Beds.—In New Jersey highly metamorphosed
shales and sandstones are found adjoining the intrusive trap
maeses, particularly alopg the base and upper contact of the
Palisade sill. The shales are known to have been highly altered
for distances exceeding 100 feet. But towards the northern part
of the ridge, particularly in New York, the metamorphism is
much less, both in extent and intensity, along the base of the
ridge. Beds showiog elmost no traces of salteration are found
within thirty or forty feet of the contact. Still further nortb,
particclarly west of Haverstraw, where the ridge makes its great
bend away from the river and aecends so abruptly across the
strats, the adjoining beds are hardly changed at all. It appears
a8 if the nearer to the surface the trap approached, the lesa the
contact-metamorphism. This may be due to a lower tempera-
ture and a more rapid rate of cooling of the molten rock. The
fact, too, that to the north the adjoining beds are chiefly sand-
stones rather than argillaceous shales, may account in some
degree for the lesser metamorphism, because it was observed in
New Jersey that the sandstones adjoining the trap were univers-
ally less altered than the shales. Whether this is due chiefly to
the difterences in chemical composition or in texture, I am
unable to say.

Structure.—The sedimentary beds apparently form a regularly
westward-dipping monocline which may be somewhat fanlted,
but which is apparently but little folded (Figure 10}, Within
gomewhat narrow limits the strike and the amount of dip vary
frequently, but the variations have neither the range nor regu-
larity requisite for the formation of folds. The dip varies irom
5 to 15 degrees and the strike is usually somewhat east of north.
The trend of the sandstone and conglomerate ridges is a good
index of the direction of the etrike and shows the relationship
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between the structure aud the topography. To their apparent
regular mounoclinal structure the beds of Rockland county resem-
ble those of Bergen county.

Two exceptions to the monoclinal structure may be noted.
For a few miles a narrow, shallow syncline, the axis of which
trend northesst, sffects the beds along the western border, near
the Ladentown trap area. Its northward and southward extent
is obscured by drift deposits, but it is probably not great.

Along the border for nearly a mile west of Stony Point the beds
dip southward away from the older rocks and their strike is par-
allel to the boundary line. Southward the dip soon changes to
southwest and then to west.

The question ot faults in the New York area is rendered
impossible of complete solution by the absence of distinctive
horizons in the sedimentary series and to a less extent by the
thick glacial deposits. Ouly two or three small faults were
discovered in the sandstone and conglomerate areas, where the
fault planes are exposed in rock cuts.

The trap ridge is undoubtedly cut by an oblique fault along the
course of Overpeck creek between Sparkill and Piermont.
This is demonstrated by the offset in the ridge and the abrupt
change of level of the basa of the trap at the line of the supposed
fault. The fanlt has cansed an offset of nearly a quarter of & mile.
At Trough Hollow, north of Rockland lake, the data suggest a
slight fault, but the evidence is not conclusive. The gaps at Long
Clove and Short Clove have been supposed by some observers to
mark faults. I found no evidence by which the question could
be determiced one way or the other. The ridge is not offset as
is customary at fanlt-gaps, but this might not always occur, par-
ticularly as the trap presents here some of the featares of a vertical
dike. However,I am inclined to believe that if these were fault-
gaps the evidence of the fact would be unmistakable.

Inthe Annual Report for 1897 reasons were given for believing
that a large part of the northwestern border of the formation is
determined by fanlts, The same thing is true of the New York
area. With the exception of that part of the border for a mile
west of Btony Point, the Newark beds are undoubtedly terminated
by a fault on the northwest. The actual contact is nowhere seen,
8o the evidence of faulting is more or less indirect, but it is never-
theless strong. From Buffern to Ladentown the fault tollows the
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foot of the steep escarpment of Ramapo mountain, but the strati-
fied dritt along Mahwah creek conceals all outcrops along a belt
several hundred yards wide. Northeast of Ladentown the faunlt
appears to bend more to the east, so as to pass & little east of
Theill village. Large drumlin-like hills, as well a8 broad kame
areas, render its exact location more than usually doubtful. Be-
yond Theill, however, its position can be more accurately deter-
mined. About 8 mile west of Stony Point the boundary of the
Newark beds leaves the fault, which apparently continues across
the Hudson river.

The evidence of faulting is found chiefly in the fact that along
the border the Newark beds usually dip towards the older rocks,
or at various angles to them. Moreover, beds along the faulted
border belong to widely different horizons. For many miles the
fault-line trends more to the east than do the sandsto1es and con-
glomerates. Consequently lower beds are brought against the
older rocks in the more northern parts of the area. Moreover,
along the faulted portion of the boundary the Newark beds were
not derived from the immediately-adjoining older rocks, whereas
along the normal contact the older layers have entered largely
into the newer beds,

Ou the east side of the Hudson river, above Puekskill, the
topography as well as the geological structure suggest that the
fault continues for several miles to the northeast along the valley
of Sprout brook, but there has been no opportunity for field
work in the vicinity.

The study of the Newark beds in Rockland county has dis-
closed no facts which call for the modification of any conclusions
expressed in my previous reports. It has shed no new light on
the peculiar conditione which prevailed when these beds were
accumulated. No facts were observed which render it necessary
to change the estimates heretofore given of the thickness of these
beds or which eettle the qnestion of the extent of faulting which
the sedimentary beds may have undergone. The intrusive origin
of the Palisade trap-sheet has been more completely demonstrated,
if euch demonstration were necessary, and the fact that it does not
occupy the same horizon, but departs widely from it, is proven
beyond the shadow of a doubt. Further studies of the Newark
beds should now be directed to their southward extension into
Ponnsylvania and Maryland.
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Artesian and Qther Wells in New Jersey.

BY LEWIS WOOLMAN,

OUTLINE.

INTRODUCTION,

Includes geological and paleontological notes upon wells in Delaware, Mary-
land and Virgiuis, and prediction of the certainty of deep water-horizons
along Delaware bay, in New Jersey.

—_— e

I

ARTESIAN AND OTHER BORED WELLS, AND ALSO DUG
WEHELLS, IN SOUTHERN NEW JERBHY, &o.

Principal water-horizons defined and named.
Artesian Well Section, from Philadelphia, Pa., to Atco, N. J., via Delawars
river bridge.

8eo. 1.—Waell Records in Miocsne Birata.

At Egg Harbor. Three wells.

At Ventnor, south of Atlantic City—includes notice of tidal rise and fall of the
water in the well,

At Avalon—also includes notice of tidal rise and fall of water in the well.

At Lewes, Del.

800. 2.--Well Records in Cretaceous Strata.

At Waterwitch.
Notes respecting wells on the Highlands of Navesink and on
Rumson Neck.
On Rumson Bluff. Three wells,
At Seabright, west of.
Near Oceanic,
Near Locust Point,
(61)
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At Qlay Pit Creek.

At Avon.

At North Bpring Lake.

At Lakewood. Two wells.

At Farmingdale.

At Beaside Park.

At Toms River.

At Imlaystown.

At Mount Laurel, northwest of.

At West Palmyra,

Camden Water Works—
At Morris Station. One hundred or more wells.

In Philadelphia. 8ix wells, United Gas Improvement Co,
Delaware river, foot of 'Tioga street.

At Gloucester.

At Panlsboro.

At Fort Delaware.

At Middletown, Del.

At Rock Hall, Md.

At Fairport, Va.

At Old Point Comfort, Va.

II.

BORED WHLLS, MOSTLY IN NORTHERN NEW JERSEY, IN
RED SANDSTONBE, GNEISS AND OTHHR ROOKS, AND
IN THE GLAOIAL MORAINE, MAINLY IN ESSEX,
HUDSON, SOMERSET AND MIDDLHSEX COUNTIES,
ALSO ON STATEN ISLAND AND LONG ISLAND,

N. Y, AND ALONG TEE DELAWARE
RIVER IN PENNSYLVANIA.

Seo. I. Wells Reported by Louls L. Tribus, O. EH.
At Madison and at Chatham.

Alao, Wella Reported by Wm. Wallace Christie, Q. B.,
At Rutherford.

Seo. 2. —Woella Reported by W. R. Osborne.

Near Kreirscheraville, At New Brunswick, Rutgers College.
At Perth Amboy. Two wells. Near Middlebush. Three wells.
Near Keasby’s. Two wella. At Demereat.

At and near Bonhamton, Two wells. At Metuchen,
At Brunswick Driving Park. Two wells.
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H8ec. 3—Waella Reported by 8totthoff Broa.

At Hamburg. Sunssex Co. At Bunnyside, Two wells.

At Lafayette. At Clover Hill,

At Baleville. At Washington Crossing,

Near Phillipsburg. At Ewing.

Near High Bridge. At Trenton Junction.

At Lakeview. At Brooklyn. (N. Y.)

A Passaic. Four wells, At Fairfield, Conn.

At Garfield, At Mamaroneck, N. Y.

At South Orange, At Easton, Pa.

At Lyon’s Farm. At Yardley, Pa.

At Bernardsville. At Torresdale, Pa. Two wella,
At Hillsboro. At Andalusia, Pa.

At Princeton, Two wells. At Bryn Mawr, Pa. Two wells.

At Flemington. Two wells.

Sec. 4.—Woells Reported by P. H. & J. Qonlan.

At Jersey City. Two wells. At Arlington,

At Jersey City Heights. At Elizabeth.

At Communipaw. At Fort Lee.

At Belleville, In New York. Fifth Ave. & 64th Bt.
At Waverly. In Brooklyn. Five wells.

At Bunimit, In Connecticut. Beveral wells,

Sec. 6.—Woells Drllled in the Year 1891, Also Reported by
P. H. & J. Conlan.

In Newark: At Waverly.

A, F, Bannister & Co. At Jersey City.
C. N. Russel, At Bewaren.
Feigenspan Brewing Co. In Philadelphia, Pa.
Wheeler & Russel Hat Co. Arnholt & Schaefer Brewing Co.
McAndrews & Forbes Licorice Co. George Keller Brewing Co.
At Kearney. Berg & Pfander Brewing Co.
At Harrison, On Western Long Island.
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ARTESIAN WELLS,
INTRODUCTION,

We present on the succeeding pages stratigraphical and geological
records of such wells in the State as bave come to our knowledge dur-
ing the year. As in previous anoual reports, they are arranged in
two parts: (I) First, those that are in the unconsolidated beds in
the southern or coastal plain portion of the State, and (II) secondly,
those that are in the northern or more hilly and mountainous section
of the State, and which is underlain by consolidated or rocky beds,

The wells in the southern part are subdivided into two sections, viz.:

Section 1. Wells in Miocene strata,

Section 2. Wells in Cretaceous strata.

The data obtained respecting the wells in these two sections and the
specimens received of the borings therefrom have been carefully studied
and collated. Both the data and the borings have been furnished by
and through the uniform courtecus co-operation of the varions con-
tractors for wells and water-works, and also of some others, finan-
cially or in other ways interested in the different water plants, To
all of these we would here especially tender our thanks, while to each
credit has been given in the detailed reports.

The data for wells in the northern part of the State has been ob-
tained mainly in the form of written records likewise contributed by
the various contractors and others interested. These well records are
arravged in several divisions, under the separate names of those who
have furnished =aid data. )

We have added, under sections 1 and 2 of the coastal-plain wella,
appropriate records of deep wells on or near the Delaware river in the
State of Delaware. These elucidate the question of water-supply in
New Jersey as fully as such wells on this side of the river. In fact,
but few deep wells have been bored in this State along or near the
Delaware bay, and such were mostly put down many years since, and
were often unsuccessful, which has probably much discouraged the
development of wells in this region. These failures, however, were
probably due to the then more or less imperfect methods of boring.
Great improvement in these methods has been made in recent years,
and success is now almost uniformly attained. '
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These more recent successes in Delaware should therefore stimulate
the development of similar wells in New Jersey near the lower Dela-
ware river and the Delaware bay, since the same water-horizons found
in Delaware are found farther to the northeast in New Jersey, and are
almost certainly continuous between the two localities,

We have also added to section 2 especially interesting records of
wells at Rock Hall, Md., and at Fairport and Old Point Comfort, Va.

In the Rock Hall well§ there was encountered in the upper portion
a duplicate of the unique mixed fresh and salt water diatomaceous
deposit that occurred at Wildwood at the depths of 78 to 181 feet.*

In the Fairport well§ there was found at the depth of 640 feet, a
brachiopod fossil Terebratula’ Harlani Morton, which in New Jersey
presistently occurs at and is confined so far as past observation has
shown to the top of the Middle Marl bed. This fact might seem to
indicate the continuance of this horizon southwardly across Delaware
and Maryland, Recently, however, Dr. R. M. Bagg+ has noted the
occurrence of this fossil slightly higher in the Cretaceous in the State
of Delaware, viz., in or over the Bryozoan lime sand which overlies
the middle marl, and also in St. George’s county, Md., still higher
viz., in the base of the Eocene associated with decided Kocene oyster
and other shells,

The present writer has also obtained this same species of Terebratula
from the depth, as reported, of about 840 feet at Old Point Com-
fort, Va.§

We have also inserted among the Cretaceous wells in section 2 a
well record at Seaside Park,§ although we are not certain that it enters
the Cretaceons beds at all, but if not, it must approach their upper
portion very closely.

This well the writer believes, after having passed the more recent
deposits near the surtace, penetrated beds stratigraphically below the
800-foot Atlantic City Water-bearing Miocene sands and above the
uppermost part of the Eocene beds that outecup at Deal and Shark
River. 1n other words, it penetrates beds between those entered by
the Cretaceous wells north of Point Pleasant and those penetrated by
most of the Miocene wells from Barnegat and Harvey Cedars south-
ward along the beaches.

#See detailed accounts of wells at Rock Hall, Md., Fairport and Old Point Comfort, Va , and
Seaside Park, N. J., on later pages of this report,

*Annual Report, 1894, page 160; also pages 161 to 165, and Plates 6 and VI,
tAmerican Geologist, December, 1898, Vol. XXII, Ne. 6, page 370.

3 GEOL
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Artesian and Other Bored Wells, and also
Dug Wells, in Southern New Jersey.

The data obtained the past year confirm the correctness of the water-
horizons of Southern New Jersey as defined and named in last year's
report. '

For convenience of reference to those interested, we again intro-
duce them.

PRINCIPAL WATER-HORIZONS IN STRATIGRAPHICAL ORDER,
COMMENCING AT THE TOP.

700-foot Atlantic City horizon. ']

Interval about 100 feet. .
800-foot Atlantic City horizon. i Miocene.

Interval about 150 feet. J
950-foot Atlantic City horizon.

Interval not yot known. }
Lindenwold horizon, 1

Interval about 50 feet.
Mariton horizon.

Interval about 115 faet,
Cropwell horizon.

Interval 125 to 150 feet, + Cretaceous.
Woodbury-Wenonah horizon.

Interval about 70 teet.
Sewell horizon.

Interval not yet determined.
Raritan horizons. A group.

Age. T

Note Respecting the 950-foot Atlantic Cily Horizon.—This horizon
may be regarded as one not yet thoroughly defined. The only wells
50 far known that ean draw from it are one each at Winslow, Berkeley
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and Seaside Park, N. J., and at Lewes, Del.* (see page 83), and one
to the 9560-foot horizon at the gas works at Atlantic City. The water-
horizou of the last well was, through misinformation, erroneously
stated in the report of 1889 as occurring at the depth of 1,100 feet,
that being the depth to which the boring was prospected. Subse-
quently it bas developed that the water-supply came from about the
depth of 950 feet. This horizon is probably near the base of the
Miocene and not far above the top of the Eocene beds. In the same
report we extended the Miocene much below this horizou, to the depth
of about 1,400 feet, owing to what we now believe to have been wrong
information as to the depths from which certain Miocene mollusks
were obtained in the first and deepest of the borings made on the
meadows at Atlantic City.

ARTEBIAN WELL SECTION FROM PHILADELPHIA, PA., TO ATCO, N. J.,
VIA DELAWARE RIVER BRIDGE.

We have prepared (Plate 4IT) both to vertical and horizontal scale
an artesian well section for a belt of country about twenty miles in
width, bordering the Delaware river on the east and parallel thereto
from Bordentown southward.

The section line was drawn from a point on Richmond street, Phila-
delphia, south of Bridesburg, nearly directly southeast, to Atco, and is
essentially coincident with the Pennsylvania Railroad Company’s
Atlantic City route, via Delaware river bridge, Merchantville, and
Haddonfield to Atco.

The wells to the north and the south of the section line were pro-
jected against the same by means of parallel lines drawn at right
angles thereto from the location of each well, said parallels trendmg
approximately N. E. and 8. W.

Wells located within about twenty miles of the section line, either
to the north or to the south, are drawn in heavy solid lines, while
those more than twenty miles distant, either to the north or the south,
are drawn in heavy broken or dotted lines.

The section shows how, in passing from the northwest to the south-
east, the Raritan plastic clays, the Matawan clay marls, and Lower
Middle and Upper marl beds and their interbedded sands succeed each

*It is possible that this horizon was also temporarily opened at the depth of 1,185 feet by a test
boring at Wildwood, N. J, See Annual Report for 1894, page 159,
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other and are superimposed, the more easterly divisions upon the more
westerly, and all of them with a gentle dip to the southeast, It also
exhibits the stratigraphical position of each of the Cretaceous water-
horizons that were defined in last year’s annual report, pages 216 to
219, and aleo noted in this report, page 66, Naming them now in
reverse order from that on page 66, or from the lowest upwards,
they are:

The Raritan group.

The Sewell borizon.

The Woodbury—Wenonah horizon.

The Cropwell horizon.

The Marlton horizon, and

The Lindenwold horizon,

Most of the wells withio the area under consideration which have
been noted in past annunal reports have been placed thereon. Below is
a list of the same alphabetically arranged for convenience of reference.
On the left we note the year of the annual report and the page therein
in which each well has been recorded. On the right we note the dis-
tance on the section of each well in miles, tenths and hundredths
southeastward from its initial point, near Richmond street. These
distances are likewise noted at the top of the plate and may be used to
find thereon the location of any well.

NEW JERSEY GEOLOGICAL SURVEY



. 1896

Annual Report,

1897
1897
1896
1898
1897
1896

1896

1896
1886
1885
1896
1896,

1896,106-7

1897
1898
1896
18986}
1896
1896

1898
1892
1898
1896
1897

1896
1895
1896
1896
1866
1898

1896
1895
1896
1896
1896
1886
1889
1896
1856

Page.

THE STATE GEOLOGIST.

ALPHABETICAL LIST OF LOCALITIES OF WELLS
SHOWN ON PLATE (IL

=]
"

jo miles, from Richmond

Distance on the scction line,
street, Phitadelphia.

253
2564
127
130
266
124
146
143

108
110
125
109
i1l

268
107
109
120
1256
135

119
307
105
137
250

104

69
226
228
226
225

224
222
223
223
224
221

86
119
236

*

1898

| A100, J. L. GIODuveuserrersenssmsssssseesenscrscerassoesrsssonssssssane

Ateo, T. Rlchnrds eerteranerrer et canvaaans
Auburn... evear ven .
Barnsboro... -
Barnshoro, Nort.h of v
Billingsport... it reers temrmntecstneseres waemsrevewnr
Bordentown Black Creak
Buddtown... . ever assesssnsamreenare nemenns sandssTrRRTnLn
Burlington...........
Camden—

Armory, Haddon avenue........ cveeieririnnanenas ersestines

City Hall .. e -

Cooper Hoapnal ...... e

Cooper street wharf e

County Prison.. -

Front and Elm

Reaves Oil Oioth Wnrks

Seventh and Kaighn’s avenue

Trolley Power House
Chew’s Landing.....couvuireiens vensirisiannis tineneae
Clarksboro...........
ClOmMeNtON. .cuve vearar eeraccasracrssamsrararresssssansns
Clementon Mount Location of—no well
ColeatoWn. i vessnsen s .-
Co]lmgwood
COramer Hill..ooveon
Cropwell.....coierieninas
DA ELOW I .. cevsrrsesnsrsarsssnrassssanssrsstsnetaersnsanasirsnrassantaerrersss

Delair—
North of {Camden Water Works plant}u...ccceiiinannans
No. 9 Well.oovinr vrues onaieresaes errerasnereireney s sarnnraas

No. 10 Boring.....

ot
pReO-©E®

e
-

mqaosmwh P . Y -]

TIOOED LA BY = 1O e RI LS 1D
;s

b
00 @ = STt EN

e oRDO R D

—

P. R. R. Boring No. 6A....

P. R. R. Boring No. 7...... . estriraraener s
Delaware River Bridge— X
N T ADGLIEDE NO. B.vv.oeeveereecensres srssrsssnssssonerens |

BIOE O, Brrreerrroeseosoners srvorooeserereees
Pa. Abutment NO. L rinnieaimensnsm s

Fellowship... rerearesees trrntestssnsassanttaraartes tassverssanvarees |
Fish House. No 28 Bormg ereerceeneaneias I
Fort Delaware. ....c.coveeenmnanes eeeraanieeerreeierranen ersrsaren

+See tnter page of this report for record.
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Annual Report,

1895
1893
1896
1891,
1893
1893
1893
1893
1896
1896
1894
1890,
1892
1896

1897

1879
1882
1885
18892
1897

1868
1897
1844
1896

1894
1894
1898
1895
1894
1898

1896
1893

184
1894
1894
1894
1884.
1885
184

1884
1885
15894

ANNUAL REPORT OF

oy

ATPHABETICAL LIST OF LOCALITIES OF WELLS 8 gé‘

SHOWN ON PLATE 111, Sros

5o

e E.'_‘

A S564
b BI&h

B e}

B8 | GIbbBLOIO. tocvnveerciis veeissees o veeeen s eraememesnnn . 12.7

Ltra
131,
2201
420 |
408
406
404-5
140
126
195
2651
304
115

241

138°
148 |
124 }
305 |
240

118
235
134
133

134
206
142
67
197
132 }

132
409

214 |
210
209
nT
126
131}
205 )
126
132}'
211

Glasshoro Cannery. .........cceevveneeessvoms sonsessae sons

G1aBEbOTO BLALIOB....e eeeeeiecereiieese et et et essn e
Gloucester Gingham WorkS.....c.cocvns oo veeeeeeeeeer e
Gingham Works,

Haron Cormer i "
Harrisonville, N. of e eesareenrersanaba sessenrernnennsens
Barrigonvillen. i e e e

Hog Tsland, Pa........ccocvuversvenns et s reeseser senae

Cooper’s Creek. Loeation only. No well..ceovnn..........
Hopking Farm, Haddonfleld. Location only. No well......
Marl Pits. Location only. No well ....occeoeecvirevuronns
Jennings’ MillS.u.oc.iin ittt e creee ey een e

Reported as at

[ Colnmbus, )

| Columbas, |
Jobstown... { Columbus, } ................ Vet e e s e

1 Colambus,

. Jobstown, )
This well is near Jobstown station, Columbus belng more

distant.
Jordantown.......vveeeireiivees worees IO e res et tarn e rn. b ianne
Kirkwood. .....c..cevevenaennn
Lanrel 8prings Well No. 1............ Crerrranaersenen.
Well No. 2.t i s ienenness seees.

Lenola Bta.......ccovivreciinisersacsarseres .
Lindenwold. ....................
Locust Grove, E. Evans.......
Locust Grove school-honse..........
Lucaston.............

Magnolig, East 0f «.cocceviervvnernierisseseneese rarenns

Magnolia, North of
Mantoa... ... vt veeeeenes
Maple Shade...... E e rareeseaL e e read i irn esaes e et e be iy raran sraarans
Marlton--
L. T. BallBDBEE c.unureriiies verereereersctsseranenonrnneenerenn o oass
J. BallenRer.......cviiiverievenrrene it s veseesreress st
J. W BAF i e e ai
Henry BricK oo ccniiinniinrnnosesssitinsvvne svveeooinsnes

C. B. ChOWarreciiiiesiminiceecereseeaiis e saen sene s
Cooper's Marl Pit. Location. No well..........eu.........

Benj. COOPer......ccniiirecr et s

NEW JERSEY GEOLOGICAL SURVEY
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s 2 EE .
o o
g ALPHABETICAL LIST OF LOCALITIES OF WELLS et |
o SHOWN ON PLATE IIL i
gE=3
EREE §cg
B o ES 28
g o 8
<| & =

1894| 212 Win. B. CO0PELairerrerersncsassveseissnmsmsarnrarsssnisennsnss | 12,17

1895, 69 H. B. Dunphey....... verreeesessaresrasaaranssrnraenenneses | 10,82

1894 212 ADOE EVADBE. cevruermenracns cratsnnssrnn varersbasoatans sasoaesnsisasnans

1894| 214 J. EVADB...cvs o vemiiirmeniennn

1894| 2156 J. L. Evens.......... iesrerreesiasransierarnrs

1884| 213 W. J. EVAIB. ccaveerisarrassnnsessssarsnsinses .

1894| 208 8. J. Even.. ceovsnrns

1896, 143 8. C. Gardiner...

1897|260-61 T. C. Hammett .........................

1804 213 B. 8. Lippincotta..ee seses - | 12,37
T G. Llppmcott.’a marl plt Locauon No well ......... 10.45

1894/ 208 8. Lippincott..

1894| 215 A. W, Lofland.

1897( 269 Water-works...... rrvrnnvens imsereeseresenenneresbasirsne 11.42

1880, 188 M8, J. WiIKIDB.cvcervvscoensrsessnssnnsesssrssssssmssssessssansannes | 1116

1894 208 Amos Wills. } 11.25

1807 257 TR, Wlls & Go,, [ ++eermressemsesmsmesssmmssssenmtens s .

' Medford—

1894 218 Joseph HinChmaD...ccocuurvurraaiisermessens crvsonns veverannenneas | 187

1889 89
} Isaac W. Stokes ......ccuu.. reesvatnnsssennss savempessnsensssrarsenres| 118

1892 302
1894 210

1893 417 To B WLl eoevesseesessaseessessssenss seeessessssasssssares e | 18.48

1894 218
Merchantville-—
1568| 118 James A. Eagle.ieecimmniiminnin vaieen
Hinchman, No. 1, well...... -
Soashore R. R. cut. Locat
1896! 125 { Mickleton... veavees veeeirrassase ereerias .-
§ggg 15'7 Mlddletown,Dal.....................................................
1893( 413 | Moorestown....cveeerarmnarnes .
Morris Station. Hyll;ons plta. "Tocation. No 1
Mount Auburn. Location. No well..
1879 148 | Mount Ephraim...ccceccverivermsasmeonenrmenme i cssranrnenes
1892| 303 | Mount HollF....cocoimuciemneiiiceianinecsicnicscsnenane bremmee rasessnar
Mount Laurel, top of.c.coociinnieiiieeens o resereasasnaanree
1897 262 | Mount Laurel. Well..........c..eecet

[+ =R

-3

IR

ey

QN

18031 417 | Mallica Hill, Thomas BOroDe.resserroersoorsresrrresereeesees| 1
1897) 266 | National Park ceeraneens . vesens 1
1897] 267 Nawbold........ SN vereries . e

New Castle, Del.—

1896 189 Lupton Brick Works.........
1896/ 139 W. &N C. ElectncR R..
1896 124 | Paulsboro, Klells veor trerermrarerenan

I U DO PO LOCOCO OO TN T T e D e et 00 T

o

e .
1896 123 | Paradise, one m. W, of Thoroughfare........coovmririrrinnecnna.
Pavonia—

1894| 197 Camden Pamping Station...... cocces veriviniins invveacnnies
1892 308}

= ki S D

e
& &

1896) 102
1897t 273

*See record on later page of this report.

P. R, R. SHOPS.. covvrrrrrmimiarimmsissmsssossninenassnssnaarnnstosrnas
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I
I
2 by
g ALPHABETICAL LIST OF LOCALITIES OF WELLS (g Ed
k] SHOWN ON PLATE IIL. jegse
= SRR
: o3 358z
< L im .
1892 309 Btockton Water- Works... e e creneeen | .45
Philadelphia, Pa,—
1896 220 . Carbon street wetl, No 0.. . 0.74
1834 188 Laurel and Beach... . 0.35
1896 114 League Island Navy Y. rd
1897 270 1 g nd Navy Yard...... ..o - 3.45
1898- 112 Moore street wharf....... srererasteens vhar n | 354
1898 111 Reventeenth and Washmgton avenue 0.7
1892 307 - Taeker and SWanNB0N - .ccvvvevieeeereeanesersossessss s e 2,18
1897 20 Webster's brick-Fard....cce. vvovcersrvnrnsire oonsns T BN

1886 128  Pitmap Grove, 190-foot well.......... O T U7 0 1

%33;: fgg Pitman Grove, 130

1894 193

1893’ 415 Quinton............... ESarrreteer esseseestestaarestarnrenenn tererens

1890\ 70 Raneocas ............ e bt e e

1896' 140 Reedy Island...

1881' 220  Richwood, or vae Pomts

1897 249  Salem..ceeeeeee. Frerrrarneniens

1891/ 230

1889 86} BewWell .. i iicnee e ser e aiane e

1894 197) .

1897 278 | Smithville.....,....... crerrr et eveienneneens| 10,8
. South Branch Mantua Creek... 12.03

1896 126 ' Bwedesboro........ e ETEertaaeraren rarsatcnsartnarenennne van 7.8

1806 122  Thoroughfare.... BT RN B . 8 .

1887 279  Vincentown... LT R UUPRTURTRR N 115 1

1896 120  Warhington Park.......... B st s e s e | D5

}ggg ‘ligg Wenonah Hotel... Cerrrrerermies s s sesraress nresssens | 10L0

1894 186 = Wenonah Water Worka PP STRTUE R IV

1897 268 Weatville........... .« b b4 babanan benetanrerranan 6.0

1898 145  White Horse.... veenenn| 015

- West Jersey Marl Co. '0ld Pits (locatiou no weli) cvreanned| 12,08

Woodbury—
1879 147 D. Cooper..... . “ 6.3
1879 147 . C. C. Green's farm. terestsrmienrarateerntareessernnraren eaerer 7.2
1879 147 L. M. Green...... Creresreerienans 7.25
1879 148 C. C. Green’s residence... 7.38
1879 148 C. O. Green’s residence, 7.36
1879 147 - G1R88 WOTKE, c.vvvirinireres it eeresserassresennneserees eosseonns 7.6
1897 265 North ofi.iiiei ccsrincenccimie e s o 6.6
1897 68 Skating Rink. 7.1
1896 121 Toll Gate F‘outh of eererettra s a g btheranane e 7.9
1879 148 Well No. 1L........ L U Y |
-1

igg; 363}: Wocedstown (six wella)................., ............ ORI X | |
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L
SEC. 1.—RECORDS OF WELLS IN MIQOCENE STRATA.

ARTESIAN WELLS AT EGG HARBOR.

No. 1..coveeinae Elevation, 30 feet; diameter, 8 inches; depth, 369 feet,
No, 2..ccevvvae “ 30 o 8 « R v B
No. 3o “ 30 « a 8 .4 “ 142 #

Nos. 1 and 2, Water-Horizon equivalent of the 700-foot Atlantic City horizon,
No. 3, not yet finished ; passed three higher and more recent water-borizons.

Last year, 1897, there were reported in the annual report, page
222, wells Nos. 1 and 2. This year a third well has been located
about 100 feet east of the two former wells, and has been prospected
to the depth of 142 feet. Through the courtesy of Hon. Geo.
Pfeiffer, the contractor for the work, and of W. H. Boardman, C. E.,
we have received a very full series of the borings taken mostly but
two feet or so apart. We are able to make out from these a much |
fuller record than that furnished last year, for that portion of the sec-
tion above the top of the Miocene diatom-bed. We now insert a
revised record for the wells at this locality. Below the depth of 142
feet it is the same as that published last year,

NEW JERSEY GEOLOGICAL SURVEY
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RECORDI WELL NoO, 3,

10 feet. Black mud ; contains fresh-

13 4

0 “

water diatoms of recent
gpecies only.... crmrenr
Very coarse grnvel pebblea
iron-rust color on the out-
side, white inside............
Very coarse muddy gravel...
Coarse dark gravel.... .
Fine orange-yellow clayey
P71 1 SR
Coarse whlte sand, water-
DEAT G i eevrs vrisranarasennases
Orange-vellow clay...... vierran
Very flne yellow clayey
eand...
Yery ﬁna yellow, slushy
BARM cvuiiarrinisnnen
SI ushy, fine gravel and sand
Very fine dark-yellow
clayey sand...
Fine to coarse llght-ornnge
yellow sands, water-bearing

[Iron stone crust or fine
I gravel eonglomerate, 6
i inches....... PPN

] Bandy, black clay, 6 inchea;

no diatoms or other micro-
organisms,, . .ccoiieirennis
Slushy, clayey, coarss sand
colored with iron rust......
Dark-orange yellow coarse
BANG cveveeverssrrns sossmnanernnnas
Lighter colored, slushy
143 31) PRSP
Light-orange colored fine
yellow Band ...oevvsnscnienee
Strataz water-bearing, 97
feet to 119 feet,
Black sandy clay; no micro
OTEANITME, cooerrereraniernnannee

0 feet to

10
11
13
16

24
37

45

69
72

78

84

94

04}

95

o7
1056

107

119

[13

10 feet.

1
13
16
24

37
45

b9

72
78

84

94

943

120

NEW JERSEY GEOLOGICAL SURVEY

10 feet. Recent.

5 feet. Age, () (e

—_— e i S——

/c\—\

105 feet of orange-
yellow clays,

4 gravels and
sands.
Age, (7)
|
J
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10 feet, Dark clayey sand; a few 3 ]
diatoma... ooeo i 120 feet to 130 feat.
12 “ Dark sandy clay; contains
dialOmE... cccorerer smrrenaenennnes 180 11 142 ¥
CONTINUATION, OF RECORD.

WELLS No8. 1 axND 2. .
Gray eandy clay........communricciiiinnn 142 4 ¢ 148 ¢ Great §
Yellowish, sandy clay.......cccccveunnene. 146 “ “ 1e4 ¢ L Diatomaceous 8
Dark clayey Band . vcecarscrnesivnecerees 164 ¢ 1 183 ¢ clay bed, -
Dark clayey Ba0d. .. oceerres cereerrsiennes 183 " ¢ 199 ¢ 190 feet thick. "
Dark sand with a little clay............. 199« “ 216 ¢ o
Dark sand and €la¥...ccs ceocievuennae. 216 9 % 234 # 772 w o o
Clayey sand, slightly yallow ............ 234 % v 281 | |
Dark sandy clay.... cenrrsenenn 261 % ¢ 270 ¢ i
Bandy clay, llghter ahade e 270 % 200 ¢ |
Sand and clay, with comferous wood.. 200 “ * 310 | !
Sand, brownish ...coveceeeanicnaneninn 310 « ' 328 *+ : !
Band, gray...cccrnii e, 928 0 346 M :
8Band, gray, water.......... erresrrentvarenne 346 = ¥ 371 ¢ J

Excepting one sandy specimen representing the interval between
from 146 to 164 feet, every specimen from the depth of 120 feet to
that of 310 feet, when examined under the microscope, showed sponge
spicules and diatoms ; among the latter were the characteristic specific
forms only eccurring in the Chesapeake Miocene clays of the Atlantic
coast deposits. We regard all the beds below the depth of 120 feet as
of Miocene age.

Well No. 3 enters the top of the great Miocene clay-bed at the
depth of 120 feet, and Wells Nos. 1 and 2 not only enter but proba-
bly pass through the lower 190 feet of the great 300-foot diatomaceous
clay-bed of the Atlantic coastal plain, and obtained water in brownish
and grayish sands next beneath, The horizon is probably the equive-
lent of the 700-foot Atlantic City water-horizon, defined in last year’s
annual report, pages 218 and 219.

There is a slight difference in the elevation of Wells Nos, 1 and 2,
say two feet. From the lowest one, at high tide, the water fiowed
over the surface. In boring Well No. 3, water in considerable quan-
tity was found between the depths of 24 and 37 feet, 84 and 94 feet,
and 97 and 119 feet. The water in the two lower of these horizons
proved too irony for satisfactory use. This well was therefore finished
at the depth of 37 feet, a strainer being placed at the bottom so as to
draw from the white sand interval between the depths of 25 to 37
feet. We are informed the well has been * pumped 100 gallons a
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minute” and that “the quality of the water is good.” The horizon is

the same as that reached by the dug and the other bored wells in the

town, though the depth of these wells is generally much greater, they

being upon higher gronad.

ARTESIAN WELL AT VENTNOR, SOUTH OF ATLANTIC CITY, WITH
NOTE ON THE TIDAY, RISE AND FALL OF THE WATER THEREIN.

Elevation, high tide level; diameter, 8 inches; depth, 813 feet.

This well was noted in last year’s (1897) report as having reached
a depth of 813 feet, but as not then completed. The well, however,
was afterward finished at that depth by placing in the bottom a
50-foot strainer tube. The top of the water, yielding sand, was found
at the depth of 740 feet, and the top of the great diatomaceous clay
bed at 350 feet. Both of these horizons occurred in this well slightly
higher, say about 25 feet, than in most of the .wells that have been
sapk along the beaches from Brigantine to Ocean City. The water-
horizon is, however, undoubtedly that which we have heretofore
designated as the 800-foot Atlantic City horizon. The difference in
depth may be due to one of three causes, viz.: to slight change in
strike of the beds; to slight change in their dip'; or to location of the
well farther back on the line of the dip. We think it probable the
last is the true reason.

The well was bored for the Ventnor Land Co., by Uriah White,
who kindly preserved and furnished us with a full series of the bor-
ings, which we have examined carefully by the aid of the microscope
and otherwise. Below we append in record form the results of our
examination,

Through the courtesy of the officers of the Land Co. we were
aftorded the opportunity, after the completion of the well and before
its connection with the water-supply system, to have a series of obser-
vations made covering a period of nearly three weeks, showing a tidal
rise and fall of the water in the well regularly following the rise and
fall of the water in the ocean, and approximately three-fourths of an
hour later, These observations were made by James C. Calvert, the
postmaster at Ventnor. A study of his measurements shows that the
difference between two consecutive tides varied from 7% to 14§ inches,
The minimum difference between the highest low tide, March 12th,
P. M., and the lowest high tide, March 14th, P. M., was 7 inches,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. "

and the maximum difference between the highest high tide, March 9th,
P. M., and the lowest low tide, March 14th, P, M., was 152 inches.*
We here insert the record before alluded to. It is made out from
the specimens, uuless otherwise stated.
Ordinary beach sand, as deseribed (no 1
specimen)... 0 feet to 20 feet.

Gray sand, very Bllghtly clayey, containa
marine diatoms and a few faint oval

transparent discs with e sulcus length- Recent.
wige of the centre (the nature of " 30 faat.
thege disea not determined).......c.c..... 20 ¢ to 30

Both the diatoma and the discs are
microacopic and cannot be seen by
the nnaided eye. J

Interval {(no Bpecimens)........cccccceeiennensae 80 * to 60 ¢
A specimen of white clay was found
ou the end of the drill when with-
drawn from the well that is thought
by the driller to have come from
about the dapth of...cceeevviieninnieninines 60 **
It is posaible, however, that it may
have come from next below the depth
of 65 feet.
It contains no micro-organisms, nor
any molluscan remains, and resembles
the white clays found nearly opposite
to the westward, in certain brick clay
pits near Bakersville,on the mainland.
Dark gray coarse sand, somewhat clayey, Age, (7)
with fragments of shells, apparently H ”I%}i‘
. . 210 feet.
Anomia, and a very small elam, species
undeterminable from the fragments
obtained .....ccovviie vismin cnensinsiannanees. B0 Y to 65 ¢
Interval (no specimen).....cccreeunnne heivarrnes 85 ' to 7O "
Very sandy clay, elightly yellowish, the
sand medium coarse; no shells nor
other fossils... cersneerenee F0 Y to 80 *F
Alternations of grsy, whmsh browmsh-
yellow and decidedly orange-yellow

8ANAB. .. cieriiriene s riasttieenee e 300 10 180 ¢
Coarse brownish-gray, very sandy clay..... 180 ** to 185 *
‘ Coarse brownish sand.........ceernrns . 185 * to195

Alternations of gray and alightly yellowmh
sands—the latter the shade of a good
quality of brown sugar.........cc.ccoeeenee 185 to 240 4

*S5ce similar observation at Avalon, pages 78 and 79,
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Alternations of dark brown and slightly ]
greenish clayey sands and sandy clays
with no micro-organisms......ceveveenee. 240 frot to 350 feet.
Diatomaceona elayBu. . .civiieurmmniniiesanns 350 ** toBOD ** )

Twelve gpecimens were faurnished
for this interval. Every one was rich
in diatoms.
The same Diatomaceors clays probably
continued......oocevinevennns . B00 ** to@50 °
Four nchly dlstumnceoua apem- +
mens, with the marks on the labels
obliterated, probably represented this
interval, making in all three hundred
feat of diamaceons clays—a thicknesa ]
also heretofore found in the wells
along the Absecon beach. ]
Bandy shell bed.....ccooeeesinnans aenee 8860 " tO 700 ' )
Miocene molluaka in abundanca
Brownist-gray sand......cceeivemmeniearaenean 700 * to 760 *
Fine gravel, with miocene mollusks quite
plentiful....cciriiieirier rveveciirieeeene. T80 T 0 770 1
Gray and brownish coarse to fine sands—
quite coarse on top at say 770 to 780
1) 770 '* to B13 *
Whater-bearing horiz)n the equiv-
alent of tae B800-foot Atlantic City |
horizon. ) j

clay deposit.

Great diatomaceous
300 feet thick.

573 feet. ()

Mioccene.

Foesil
Mollusks.

ARTESIAN WELL AT AVALON, WITH NOTES ON THE TIDAL RISE
AND FALL OF THE WATER THEREIN.

Elevation, 10 feet or leas; depth, 925' feat,
Diameter, 10 inches to 80 feet.

“ “ & to top of the Miocene diatomaceous
8 to 383 clay-bed.
¢ 6 * to 750 “ to a thin rock seam.

« 4} *  (with a 50-foot strainer at the bottom} to 925 feet.
Water-horizon at 875 to 925 feet.
Water rises about § to 9 feet above the surface, varying in height with the
tides.

Flows 75 gallons a minute.

About the time of the opening of the summer season at the seaside
resorts, Uriah White completed the boring of an artesian well at
Avalon, at the northern end of Seven Mile Beach. Through the
courtesy of contractor White and his assistants and of B. F. Sweeten
& Co., contractors for the water-plant, we have received a very full
series of the borings and much information. After careful study of
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the specimens both with the microscope and without we are enabled
to make out the record which we present below.

Opportunity was afforded on the completion of the well to make
measurements and secure data respecting the tidal rise and fall of the
water therein. The observations extended over a period of eight
days from July 8th to the 16th, both inclusive.

In brief, it may here be stated that the difference between consecu-
tive high and low tides in this well varied from 10} inches to 15%
inches, while, however, the minimum difference, or that between bigh-
est low tide, July 13th, A. M., and the lowest bhigh tide, July 14th,
P. M., was 7} inches, and the maximum difference, or that between
the highest high tide, July 12th, P, M., and the lowest low tide,
July 14th, A. M., was 19} inches. Qur observations the past season
definitely show that the height of the water in this and other artesian
wells along the coast rises with each high tide to a greater or less ele-
vation, according as the tides on the ehore are greater or less in height,
and similarly falls with each low tide to a less or greater height in the
casing in accordance with a less or greater fall of the tides off shore,
In this well the water rose above the surface to a height varying with
the status of the tides from 7 feet 83 inches to 9 feet 3% inchea.*

Beach sand.........cccevveeeecneiriinnnnnen, 0 feet to 20 feet. 1 Recent.

Dark muddy sand, slightly greenish 50 feet.
at the base; fragments of small 1 |
bivalves, apecies not determin-
able, at 85 feel.......ccceveerenres, 20 7 4 Bp u

Streak of whitish clay at........eere.... 50

Gray sand, with fragments of small

mollusks (bivalves)..........ecor. BO * & 0 ©
Medium-coarse dark clayey sand ;

shade the same as at 20 to 50

feet ; comminuted shell through-

out; also contains Foruminifera

and DHaioms.........ccirnnnienrnne. 0o 100 v
Mediura-coarse and then fine sand :

shade of brown sugar; noshells 100 “ “ 120 *
Whitish gand........ccovcvvnciiirinnenn, 120 % 4 140 ®
Deep orange-yellow sand, medium

BNEu s cevrvis cvevierveaes 140 * “ 150 =

Fossiliferous.

Age.? 100 feet.

iferous,

R T SyE—

Non-fossil-

# See similar observations at Ventnor, pages 76 and 77,
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Dark clayey BaRdB...ocvorirmrerneniinns .

Dark sandy-clay....... betrerane vanvenan

Dark though slightly lighter cIayey
sand...

Dark, sandy clay, shghtly greemah

Light-colored sand.......cocevess cvrarees

Mixture of coarse sand and medium-
size gravel; color same &8
stratum next abova, contains
Water ..

Mixture of sand snrl CORTEE gravel
plightly greenish in shade and
somewhat clayey...

Greenish-gray snnd aomewhat
clayey to the top of the great
diatom clay depositi...c-weeines

Hard, greenish, elightly sandy clays;
gpecimera for this interval were
taken every ten feet, and all
were found, on microscopic ex-
amination, to contain Marine
diatoms and some sponge spic-

A few inches of rock, prob-

ably indurated sand-rock, &t 475
feet; at 510 feet and at 530 feet,
molloscan shella; 520 to 580
feet, greenish, rery sandy clays.
Greenish-gray sand, Fossil shells in
abundance, but mueh commin-
nted by the drill cecrereenrerinnes
Very sandy greenish clays..............
Specimens from every ten feet

show diatoma and sponge spic-

ulas thronghout.
Hard, greenish clay, richly diatom-
acrous throughout......ccccceeeses

Rock seam, 18 1nchas thick,
at the base of this stratum.
Medinm gravel, mixed with clay;

abondance of fosgil Miocene
ghells . ey asrnaean
Black cIay, a few dmtoms base of

the diatom clay-bed.......... s
Alterpations of gravel, sand and
claye ; Miocene mollusks through-
[0+ AP Cherasrsnanrsantarrens
Greenieh, sandy clays ; no mollusks
and no diatoma nor sponge
epiculas.....coovienein .
Dark gray sand ahght]y browmsh
cast ......
Sanda, alightly lighter shade...........
Water-bearing strata, 870 to 925 feet.

wérdatsratagEsEn anBNaNsRNIRINE
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150 feat to 180 feet )

180

180
210
230

270

800

385

580
580

720

750

760

770

815

870
910

&

[

180

210
230
270

280

300

-385

580

590
720

750

760

770

815

870

900
925

L]

b

Miocene, ?

Great diatomaceous clay deposit 385 feet thick.

130

-

645 feel.

Mioccene.
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The water-horizon opened is the equivalent of the 800 foot stratum
at Atlantic City and the 887-foot stratum at Wildwood, and probably
the 911-foot horizon at Lewes, Del.

There were encountered in making this boring five seams of rock,
varying from a few inches to a foot or more in thickness. Four of
these are noted in the above record. These rock-seams are probably
lenticular beds of indurated sands or clays. Oae peculiarity of their
occurrence in wells bored along the New Jersey coast into the same
Miocene beds that are penetrated by this well is, that such seams are
abseot from Harvey Cedars to Loogport, and are present from Ocean
City to Wildwood, N. J., and Lewes, Del., their number slightly
increasing southward from Ocean City.

Respecting the diatoms noted in the record ss occurring associated
with foraminifera, near the top of the boring, between the depths of
70 and 100 feet, it may be stated that Prof. Charles 8, Boyer has
carefully studied the assembled forms and has identified them. He
writes as follows:

“The deposit is Marine and is almost identical with recent deposits
found along the southern coasts, especially the coasts of North and
South Carolina. It contains many forwms still found in Delaware bay,
but the deposit as a whole may be taken as incloding forms which
are not now characteristic of our northern coasts and which are still
more recent than Miocene. No forms strictly characteristio of the
Miocene were noticed. The Port Penn, Del., deposit* somewhat re-
sembles it, also the Bridgeton aud Buckshutem.

“The accompanying list is correct as far as it goes. There may,
perhaps, be a few more.

 Actinocyclus Ebrenbergii. Ralfa.

Actinocyclue subtilis. Greg.
Actinoptychus andulatus. (Bail.) Ralfs,
Aulacodisens Argus. (Ehr.) Wm. Sm.
Auliscug pruinosus. Bail.

Biddulphia rhombus. Wm. Bm.
Campylodiscus Echineis. Ehr.
Ceratanlus turgidos, Ehr.
Coscinodiscus radiatus. Ehr.
Eupodiscus radiatus. Bail.
Eunotogramma debilis. Gran.
Melosira suleata. Ehr.

Navicila Crabro. (Ehr.) Kiitz,
Navicula Hennedyi, Wm. Sm.

* A mud occurring on the bay shore and barely exposed at low-water mark.
6 GEOL
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Navicula maculata. Bail.
Navienla prietexta, Ehr,
Navicnla 8mithii. Bréh.
Opephora Schwartzii. (Grun) Petit.
Psendanliscos radiatus. Bail.

> Rhaphoneia Belgica. Grun.
Triceratinm punctatam, Bright.”

At Wildwood, ten miles southward, in an artesian well reported in
the annual report for 1894, two post-Miocene diatomaceous clays
occurred, one at the depth of 29 to 46 feet and the other at the depth
of 78 to 179 feet.* The latter contained a mixture of marine and
fresh-water diatoms, and was unique in being, up to that time, the
only one known beneath the coastal plain containing two rare forms,
one a species of Hydrosera and the other a species of Polymyxus.t
Neither of these rare forms nor scarcely any fresh-water diatoms occur
here. Nevertheless, the lithological resemblance of the non-diatom-
aceous material in this well at 30 to 50 feet, and its depth, would
seem to correspond with the upper of the first two diatom beds at
Wildwood, while, similarly, the diatomaceous material we have at
70 to 100 feet here seems to correspond with the lower of the same
two post-Miocene diatom beds at Wildwood. The absence of the
fresh-water diatoms at this point may, perhaps, be due to the lack of
any fresh water influence from the Delaware river so far north of its
mouth.

The great Miocene diatomaceous clay-bed occurs between the
depths of 385 and 770 feet, thus showing a thickaess in this well of
383 feet. Thisisin harmony with developments of other wells along
the coast which have proved that this bed thickens as we go south-
ward,

Its thickness at various points is as follows :

At ASBUIY Park..ccieiiine it csneines sinsesssssnnenen s ern e essessareennne 18 €06,
Ab Harvey Cedarb. . cciiiiiiniarererssns svnsreres sessssnnssrassran suvsorssnnerees 180

At Beach Haven ... nivsrrnensnsssseervorise e veenens 258 ¢
At Brigantine........c.cues et ecvaeeabr tassantssssbesnsisesauns tanans snnnsamemaninersinees GOL O
At Atlantic City. Mesdows....ceeer evivinie seerariassineneneroseanscsssas connaese o0 280 4
At Atlantic City, Beaches.....ccivereriimrcniniiniii s beannns 8o ¢

AL LODEPOTL. ceicorrrrnisisiiinre srassssssaarmnnensserasmasrscsraramsnessansanseareinsssess Q12
At QeI CitFueiirreirirerrisninen sierriinineratnsninssrarinssssn renssiesvenes 390
At Bea Isle CitF..ociiie cecrrismnrniencneenssinrinissasnarmaieressaisssssssses sosesvennn 393

* Annual Repart 1804, pages 167 10 163 and Plate V.,

4 A similarly unique bed, containing the same Polymyxus (P. coronalis L W, Bailey} and a mixed
assemblage of fresh and salt-water diatoms, has this year been found at a similar depth at Rock Hall,
Md., on the Chesapeake. It is probably synchronous In age with the Wildwood bed, See Report
Rock Hall Well on a later page.
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At Avalon (a8 8OV DOLEA)......iierierrsiercrareeierer s eeierssssssssnssnssesnseriees 385 feet.
At WIlAWOO e ciiinieei i irreat i seseessssessinssvsnsosciesssassnsssmnnnns sueeraneens $23
At Lewes, Del., thickness not accurately determined, but abont......... 400
At Crisfleld, M . .iivciirivirerineeenens siesremmarirrmireeionsesinssenses connrasarseenns 408 “

Excepting at Harvey Cedars and Asbury Park the top of this bed
has been quite uniformly met with at the depth of about 380 feet, or
in other words that is its depth on all the beaches in New Jersey
south of Brigantine, rn Brigantine Beach.

Time at command has not permitted the identification and listing
of the mollusks and diatoms noted in the record. The mollusks,
however, comprised the usual characteristic Miocene species, while
among the diatoms there occur those peculiar forms especially and
only characteristic of the great Miocene diatom bed of the Atlantic
coastal plain.

ARTEBIAN WELL AT LEWES, DEL

Elevatior, 5 feet; depth, 1,080 feet; water at 400, 625, 750, 911 and 1,080 feet.
At 1,080 feet water overfiowed about 16 gallons a minute. Water
did not flow over the surface at the four
higher horizons noted.
Two Miocene diatom beds, an upper and a lower.

As we were preparing for publication the well-records of this
annual report we received from J. H. K. Shannahan information
that he had commenced, late in the year, the boring of a well at
Lewes, Delaware, and had reached a total depth of 1,080 feet, finding
water at five different depths, as noted above, The water from the
two lowest horizons is said to be quite salty, These two horizons,
more accurately stated, occur between the depths of 891 and 950 feet,
and the depths of 1,064 and 1,080 feet. We regard these two
horizons as the equivalent of the water horizons defined (page 66) as
the 800 and the 950 feet Atlantic City water-horizons. Why either
should develop as saline water-bearing beds we are at present unable
to understand.

The water from the first four horizons did not flow over the sur-
face, while that from the lowest horizon (1,064 to 1,080 feet) over-
flowed ten to fifteen gallona a minute, and was pumped at the rate of
thirty eight gallons a minutes. J. H. K. Shannahan courteously
saved a pretty full series of specimens of the borings, which he for-
warded to us, together with some notes descriptive of the beds pene-
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trated.  After careful study, both of the notes and the borings, we
present the record on pages 85 and 86, which we believe to be accurate-

On comparing. the borings and the records of this well with the
borings and the records of the wells at Avalon and Wildwood, there
is found to be a close correspondence for all the beds below the depth
of about 300 feet to that of about 900 feet, while there is au equally
close correspondence from 900 to 1,080 feet with the strata at Wild-
wood, as revealed there by a boring that was prospected somewhat
deeper, say to the depth of 1,244 feet. These correspondences we
tabulate below, adding a fourth line, showing correlation with
Atlantic City borings. The figures indicate the depths from the
surface in feet:

o E
@ o D
: E Zs
. 8 ! =
‘ g s 8.
g o 2 5'8
= 2d CRE]
o —~ 5 -
a8 TS ox.8
i c < a% .:‘Q ]
= w =1
Lewes, Del.........cooeiivinnens veasenias i 204 to 407 ft. | 396 to 402 ft, | 407 to 772 fe.
Wildwood, N. J wvceniiiiiiiiicinnnnn 204 870 % | 396 “ 409 * | 370 “ 798 ¢
Avalon, N.J.coiivrininaiinnins sraeennst 280 % 885 © | Not observed | 886 “ 770 “
Atlantic City, N.Joiveeeeiceeerarsres sarevssnecescanenen| Not obgerved 1 370 “ 730 ¢
= ' ;A;h —_— ___;._':. J— - - - =
Qe @
I a K
| B B o
8 'oEm 3= 2
5] 2= es g .
E . 205 | Sod 23
fos) ®E o &z a g8
= w 8.8 | - BN =34
8  Ba% 58% S5
2 L eSS, e%g =53
S S & 3
. i
Lewes, Dol 625 ft. 891 ft. ' 1064 ft. 850 to 1080 ft.
Wildwood, N. J... 626 i 887 1185 “ (?) |1040 ** 1060 "
|
Avalon, ¥, J ...t Not observed , 876 Not reached | Not reached
. Yot | Not observed
Atlantic L“y’} { certainly : 775 to 835 ft. | 925 to 950 ft. El‘)’lt yP;:B‘;; 1
' observed. l through.
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RECORD.

Barface sand, changed to sandy clay at
the base; the latter contained Mol-
luscan fossils broken by the drill
into innumerable and consequently
mostly unrecognizable fragments,
but evidently the same species as
tbose named in the next lower
gtratom... edarerstssassianssarasratsranate

Medium coarge gmy gravel ...... ceeneraveren

Solen Americanus, Gould.
Mulinea laieralis, fay.
Nasza triviltata, SBay.

Anomia )
Orange-yellow gravel, similar size to the
gray gravel next above.......vce..

Lame foemils ar pnext above, with
the addition of Tellina tenera, Say.*
Orange-yellow clay...
Coarger yellowish- whlte graval
Nazsa triviltata, Eay.
Natica duplicaia, Say *
Dark sandy clay.......
Epecimen at 100 feet. conlamed
gome lignite. Specimen at 109 feet
showed comminuted shell.
Fine gray sand......ccvvininnicinvesnananinn
Coarser brownish eand.............
Greenish clayey 8and.........ccocevviermrnianes
Brownish €ilay...cocccriiininnimnnininiann
Coarse brown sand...
Gray sand... "
Some ligmte at 268 feet Glay
streak at 277 feei:
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Clay (not diammaceous)........................ 201 feet to

Rock, 2 feet........ccvuun- - 385 + v

Clayey aand, or very sa.ndy c]ay .......... - 387 v o«

Roek, 8ot ...cciciiiiscerneeirerrrerncneaiennien . 393 ¢ ¢

Clayey sand, or Baudy clay.. ceveernirinen 396 « «
Contains molluscan foseils, com-

minuted by the drill, and therefore

not determinable, bat probably the

equivalent of the Si. Mary's fauna.

Rock, 5 feet.ccccvinsivceiciiinr ceviiiiiine civerans 02 v @
Diatemaceous clay, *sometimea a thle

BROAY ..t coreiirit ceeres crerrer e een ceeann 407 « -
Interval; no upecimens or notes; prob-

ably mostly clay or sandy clay... ..... 568 4
Clay, probably diatomaceous..... «vecvveveee. 535 © ¥

Contained a sand seam, with water,
just above 626 feet.
Band described as greenish, but speci-
men has dried out to a dark brown-
i5h caBt.. corveiriirirs e e e 832 + ¢
Coantaine some comminuted shell;

is not a greensand marl, but is di-

atomaceous. Contained also minute

Echinuas spines,

Eand, lighter brown ; contains diatoms... 854 *
“ Gray sand and clay mixed ”. ............... 658 «
‘ Pretty hard rock, 10 inches,” say......... 730 «* ¢
Interval; no gpecimen ; probably diatom-

BCO0UT CHAY.ivvcrreisrerssnsnsnrorrernionnnnens 791 & Y
Gray sand, di@loma. . ciiiiiciiniinie., 780 0 Y
Interval; n» 8peCimMen..ccocs covivvntnivareenn 167 ¢
** Rock seam at 772 feet,” BAY........0vvuunens 72« o«
* Lead-colored clay "... 773
* Rock, 9 inches,” say 789 ¢ v
“ Dark green sandy olay ”........ccoocvinnee. 790 ¢ €
“ Light green clay "....oovveenrcimnenaiieinines 80 « *«
Bandy ¢.a¥ (D ccrcerionienanns Veeere ceees BTO M
“ Rock at 883 feet,” gay............. . 883 9 W
U OLBT "o veenreenrrerasreenats ssanense renins 884 “
Sand, with water.. . 801 ¥ &
Diatomaceous cla.y.. eenresrirn reens 930 M
Greensand mar! mixed w1th c]ay. Dia.
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As in the well at Wildwood, as was noted in the Annual Report
for 1894, so also in this well microscopic examinations of the borings
have ravealed the existence of two Miocene diatomaceous clay-beds of
considerable thickness.

In this well, as noted on the preceding tabular statement (page 84),
the upper one is at least 365 feet thick (407 to 772 feet). It belongs
to what the writer has designated in well-records in former annual
reports of this survey as the great 300 to 400 foot Miocene diato-
maceous clay bed of the Adlantic coastal plain. The lower bed is,
perhaps, 130 feet or more in thickness (950 to 1,080 - feet). Itis
quite diatomaceous between 950 and 1,020 feet, where the bed becomes
largely glauconitic, a condition that continues to the depth of 1,080
feet, where it again becomes diatomaceous, and indeed very richly so,
as shown by a small specimen of clay received from J. H. K. Shan-
nahan, which he states * came from the bottom of the well,” and
which we apprehend represents a decidedly noo glauconitic diatoma-
ceous clay stratum upoa the top of which he seems to have stopped
boring.

Both the upper and the lower of these two great diatom beds con-
tain many species of diatoms in common. In fact, the assemblage of
forms is much the same in both, and both contain many of the par-
ticular forms known to diatomists as especially characteristio of the
great diatom bed, or the upper of the two beds now being considered.

THE DIATOM, ACTINOPTYCHUS HELIOPELTA, GRUNOW *.
Characteristic of the Base of the Miocene of the Atlantic Coastal Plain.

There is one diatom, however, Actinoptychus Helicpelta, Grun.,
which is confined to the lower bed only, and which the writer deems
characteristic of a definite horizon, to wit, the base of the Miocene
near its junction with the underlying Kocene greensand marl.

In numerous microscopic examinations made by the writer during
several years past of Miocene clays from well-borings and from out-
crops, ranging from Asbury Park, N. J, to Richmond and Peters-
burg, Va., this stratigraphic position of A. Heliopelta has been
abundantly confirmed. This evidence we now briefly summarize.

A, Heliopelta has been found absent from the upper diatom bed
where penetrated by wells at Barnegat Landing, Harvey Cedars,

* This diatom was figured in the Annual Report for 1894, Plate VI, page 172. It has a flat, clecular
disc with a perfect star in the centre. This star has variously four, five, six or more points, which con-
stitute varieties of the species,
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Beach Haven, Brigantine, Atlantic City, Ventnor, Loogport, Ocean
City, Sea Isle City, Avalon, and Wildwood, N. J., Lewes, Del., and
Crisfield, Md., while in the lower bed it Aas been found in well-
borings in New Jersey, at Asbury Park (depth 40 to 90 feet), and at
Wildwood (depth 1,000 to 1,060 feet); in Delaware, at Lewes, as
Just noted, and at Clayton (depth 100 to 150 feet), and in Maryland,
at Crisfield, at the depth of 780 feet, in a stratum at the top of a bed
of Eocene (?) greensand 129 feet thick.

In outcrops of tha lower bed A. Heliopelta occurs in New Jersey
at N. W. Asbury Park, near Whitesville, and in the clays of the
well-known Miocene shell-outcrops near 8hilob.

In Maryland it so occurs in the clays of the bluffs on the eastern
side of the Patuxent, at Lyons Creek and Nottingham, and in Vir-
ginia, at Petersburg, and in Bermuda Hundred.

To the above we may add that at the Nottingham, Md., locality
the Heliopelta Miocene bed may be seen resting immediately upon the
Eoceoe marl. Tn fact the writer has personally obtained in situ from
the junction of the beds a lump of indurated earth showing on one
side the greenish Eocene marl and on the other a yellowish or salmon-
colored Miocene sandy clay, containing two characteristic mollusean
forms, Kcphora quadricostata, Say, and Pecten Humphreysii, Conrad,
and also Actinoptychus Heliopelta, Ehr., and other diatoms,

This specimen, showing the two molluscan fossils, is now in the
collections in the Museum of Friends’ Boarding School at Westiown,
Chester county, Pennsylvania. ' :

C. L. Deticolas, of Richmond, Va., who made for the writer two.
cleanings of the diatoms from the lower bed, ove at 950 to 988 feet,
and the other at 1,000 to 1,020 feet, in a letter accompanying the trans-
mission of the same, incidentally noted the occurrence in both, along
with Actinoptychus Heliopelts, Grun., which he says is plentiful,
of the following forma:

Aulacodscns Crux, Ehr, Bacteriastram, Bp. ?

Aulacodiscus Solitianus, Norm, Actinoptychus, saveral spacies.
Moloaira marina, Kutz. Coscinodiscus, several speciee.
Beeptroneis gemmata, Grun. Grammatophora marina, Lyngh, Kufz.

Subsequently C. L. Peticolas made a cleaning from the upper
or great 300 to 400-foot bed, from the depth of 568 to 767 feet,
and writes, upon transmitting it, that “the upper like the lower
bed is exclusively marine and shows many of the same forms but,
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[that] there are important differences,” among which he states that
“ Actinoptychus Heliopelta does not occur in this [the upper] bed.”
He thus independently confirms the writer’s previous observations
respecting this diatom, and thus cumulatively helps to prove the con-
clusions of the latter as to the stratigraphic value of this microscopic
fossil. At 568 to 767 there are also a few Polycistna and Foranmi-
nifera—the latter mostly of the genera Textularia and Globegerina.

Associated with the diatoms at 1,000 to 1,020 feet are quite a
number of Coccolith and Rhabdoliths, minute calcareous objects
whose nature is not understood. They are much smaller than dia-
toms in general are.

Prof. C. 8. Boyer has kindly identified the diatoms at 1,000 to
1,020 feet and has furnished the following :

MIOCENE MARINE FOSSIL DIATOMS, AT LEWES, AT THE DEPTH
oF 1,000 To 1,020.

BY CHAERLES 8. BOYER, A&, M.

Actinocyclus Ehrenbergii, Ralfs.

o Bubtilis (Greg.), Ralfs.
Actinoptychus excellens, Schumann,
fe Grundleri, A. 8.

i Heliopelts, Gran., plentiful.

" nitidus, Grav,

1" undnlatus, Ralfs.
Aularodigcus Rogersii (Bail.), A. B.

1" Boilitianus, Norm.
Auliscus spinosus, Christian.
Biddulphia Tuomayi (Bail.), Roper.
Coscinodiscus radiatus.

“ robustus,
Craspedodiscus Coscinodiscus, Etr.
“ elegans, Ehr.

Epithemia targida, Kutz,

Goniothecuim Rogersii, Ehr.
Grammatophora marina (Lyngb.), Kutz.
Hemiaulus Polycistinorum, Ehr.,
Hercotheca mammilaris, Ehr.
Hyalodigcus subtilis, Bail.

Melosira suleata, Ehr.

Pinnularia permagna, Bail.

o viridis, Ehr.
Plagiogramma tesgellatum, Grev.
Bceptroneis caduces, Ehr.
Stephanogonia Actinoptychus, Ehr.
Stephanopyxty turris (Grev.), Ralfs.

NEW JERSEY GEOLOGICAL SURVEY



90 ANNUAL REPORT OF

Burirella splendida, Kutz.
Triceratiom acutum, Ehr,

u obtusum, Brightw.

" Kaipii, 8chultze.

b semicirculare, Brightw.
spinosnm, Brightw.
Xanthiopyxis panduncformis, Pant,

L

SEC. 2—RECORDS OF WELLS IN CRETACEQUS
STRATA.

/ﬁTEqIAN WELL AT WATER WITCH, AT THE BABE OF THE HIGH-
LAKDS OF THE NAVESINK.
Elevation, abont 5 feet; diameter, 6 inches; depth, 224 feet.
Overflows at the surface,

E. B. Atwood, treasurer of the Water Witch Club, furnishes the
record below of a well put down for the club by Uriah White the
present year, and states that the well “is ouly a few feet above tide
and is right alongside of the New Jersey Central (Southern Branch)
Railroad track, about three-quarters of a mile west of the Highlands
of the Navesink station, and about fifteen rods east of the Water
“¥itch station.”

This well has a depth of 224 feet, and is about ten feet east of a
well sunk last year for the same club to a depth of only 142 feet, as
noted in last year’s (1897} annual report, page 244.

Black marl... ...Surface to 40 feet
Fine white sa.nd gome mica in 1t ....................... 80 feet = 70 *
Dark brown clay .. e nnn 20 ¢ = 80 ¢
Dark fine eand, 'wuh water v dd 0 =136 ¢
Black clay... 15 =180 *
Coarss white Band trarrerestesmeriersieanes seeseenedd M =180 ¥
Black clay... cererererrn e B0 =185 ¢
Coarse wh!ta sand mth ucucr v 39 = 224 ¥

E. 8. Atwood states that a test was made for three hours, and that
“ an average of 100 gallons a minute was pumped, the water standing
eteadily at about 22 feet below the surface, and quickly filling when
the pumpiog ceased.” He also says, “ We pump the water to a tank
275 feet higher up, on top of the hill, and supply the club-house and
cottages from it.”
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NOTE RESPECTING WELLS IN THE REGION OF THE HIGHLANDS8 OF
THE NAVESINK AND THE PENINSULA OF RUMBON'S NECK.

The following seven well-records have been furnished by Matthews
Bros. The wells are west of Seabright, and are mostly on the penin-
sula between the Shrewsbury and the Navesink rivers. These records,
together with those of twenty-nine others reported by the same firm
last year*, abundantly demonstrate that there occur beneath the High-
lands of the Navesink and the peninsula of Rumson Neck two water-
horizons readily accessible, The two horizons are each about 50 feet
thick, and are separated by a blue clay only ten to fifteen feet thick.
These horizons are clearly below the true marl series, and are entirely
within the clay marls or Matawan formation.

ARTESIAN WELL ON RUMSON BLUFF.~"

Elevation, 14 feet; diameter, 3 inches; depth, 349 feet. Water rises within
nine feet of the surface.

This well was also put down by Matthews Bros., who state:

“ Barly in 1898 we drilled a 3-inch artesian well for Rev. Egan,
situation on the Rumson Bluff, about quarter mile west of Seabright,
The elevation above tide-level is about 14 feet. The depth of the
well is 349 feet, and the water rises to within 9 feet of the surface:
This proved to be a very successful well, the supply of pure sparkling
water being a continual yield of 94 gallons per minute—a big yield
for this size well. The borings were:

“4 feet clay.
14 “ brown sand.
88 * black sand.
38 “ marl.

4 * cemented shells,

3 *“ colored pebbles.
72 * dark-colored sand.
14 * white clay.

42 % black marl.

53 “ white sand and wood (water-bearing).
11 “ blae clay.
68 “ white sand and wood {water-bearing).

349 * being the total depth of the well.”

* Annual Report, 1897, pages 227 to 243,
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d

Elevation, 15 feet; diameter, 3 inches; depth, 372 feet. Water riges within
18 feet of tha surface.

ARTESIAN WELL ON RUMSON BLUFF.

This well was put down by Matthews Bros,, who write: * We
drilled a well for Mr. Leighton Withers, whose cottage is situated on
Rumson Bluff, near Seabright, New Jersey. The elevation above
tide-level is about 15 feet. The well is 3 inches in diameter and 372
feet deep. It yields 57 gallons per minute, and the water rises to
within 18 feet of the surface. The strata passed through were:

‘9 feet sand,
4 “ clay.
10 “ brown sand.
81 “ Dblack sand.
43 % marl.
4 % ghells,
4 * difterent colored pebbles,
86 * dark sand.
22 ¢ white clay.

41 “ marl.

60 “ white sand and wood.

14 “ biue clay.

43 “ white sand and wood (water-bearing).
12 ' small white gravel (water-bearing),

372 “ to'al depth.”

ARTESIAN WELL ON RUMSON BLUFF, TWO MILES WEST OF w/
SEABRIGHT.

Elevation, 45 feet; diameter, 6 inches; depth, 218 fest.
Water rises within 38 feet of the surface.

This well was put down by Matthews Bros.,, who write: “ We
drilled a well for Mr, Lobb, whose residence is situated on Rumson
Neck, about two miles west of Seabright. The elevation, above tide-
level, is about 45 feet. The well is 6 iuches in diameter and gives an
abundant supply of water, which has been analyzed several times, and
always found pure and very fine for domestic uses. The water riges
to within 28 feet of the surface, and the depth of the well is 218 feet.
The strata passed through were :
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- £ -+
« 97 feet red sand. ) ~

: w-
69 “ marl, B
7 Y shells, B ' - 53:,,
5 “ sand. - . 3o
54 “ marl, y i 46
39 “ white gand. o i
27 * white sand (water bearing). - - 13

218 ' total dep.th.”

ARTESIAN WELL, ONE AND OXE-QUARTER MILES WEST OF /
SEABRIGHT, ON RUMSON ROAD,

Elevation, 36 feet; diameter, 3 inches; depth, 387 feet. Water rises within
31 feet of the surface.

This well was put down by Matthews Bros., who write:

“ We drilled a well for Mr. Bloodgood, whose residence is along
the Rumson road, about 1} miles west of Seabright. The elevation
above tide-level is about 38 feet. The well is 3 inches in diameter
and 387 feet deep. The water rises to within 31 feet of the surface.
The strata passed through were:

“ 7 feet brown sand.

20 ** red clay. - 17
9 * brown sand. S U
87 “ red clay and iron ore.-- - ¢ .
46 * marl, R - v ;/-" 3/
4 ' cemented shells. 7 ! ; ’ ,
4 * colored pebbles. /o7 .
71 “ dark-colored sand, PR \ '( Al
) 19 “ white clay. vy J"
b o- 42 Y marl e
58 * white sand. - , )
13 “ blne clay. L7 3
57 “ white sand and wood (teater-bearing). gat N T
387 “ total depth.” ' )

ARTESIAN WELL NEAR OCEANIC,

. Flevation, 15 feet; diameter, 44 inches; depth, 267 feet.
Water rises within 11 feet of the surface.

Respecting this well the coutractors, Matthews Bros., write :
“ We drilled a well at Babies’ Hospital, near Oceanic. The eleva-
tion above tide-level is 15 feet. Tne well is 267 feet deep and 4}
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inches in diameter ; the water rises to within 11 feet of the surface.
This well proved to be a very good one. The supply was large and
the water excelleat for drinking. The strata passed through were:

35 feet mand.

17 * clay.
11 “ hrown sand.
37 * brown sand aud clay.
44 " marl.
b shells.
3 ¢ pgravel,
57 % dark sand.
24 ¥ marl.

31 Y white sand (water-bearing).

287 “ total depth.”

fﬁTESIAN WELL NEAR LOCUST PCINT, ON THE SHREWSBURY RIVER.

Elevation, 4 feet ; diameter, 43 inches ; depth, 293 feet.
Natura! overflow, 27 gallons 8 minute.
Pumps continually, 94 gallons a minute.

Matthews Bros., contractors, write as follows respecting this well

“We drilled a well for Vincent Lamarche, whose summer resi-
dence is on the north side of the Shrewsbury river, near Locust Point.
The elevation above tide-level is about 4 feet.

“The well is 4] inches in diameter, and is 293 feet deep. This
well is a very good one, having a natural flow of 27 gallons per
mioute, and would yield 94 gallons per minute continually without
lowering the water to any extent,

“ The strata passed through were:

¢ 2 feet sand.
37 “ marl.
9 * sand.

49 “ gand and marl.

4 * different-colored pebbles.

64 * dark-colored sand.

27 * white clay.

69 ‘ black marl.

42 “ white sand and wood {(water-bearing).

293 * total depth.”

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 95

ARTEBIAN WELL ON CLAY-PIT CREEK, ABOUT TWQ MILES SOUTH/
BAST OF HIGHLANDS OF NAVESINK.

Elevation, 14 feet ; diameter, 3 inches ; depth, 68 feet.
Water rises within 10 feet of the surface.

Matthews Bros. write respecting this well : ©“ We drilled a well for
Mr, Yallalee, whose residence is on Clay Pit creek, about two miles
southeast of the Highlands of Navesink, The well is three inches in
diameter, and i3 only 68 feet deep; the elevation above tide-level is
14 feet, and the water rises to within 10 feet of the surface. We
found in drilling this well a stratum not found by us in any well ever
drilled by us, namely, a water-bearing stratum of heavy gravel 48 feet
from the surface, and 20 feet deep; the water-supply is good and the
water pure and good. The strata passed through were—

“ 25 feet eand.

11 ¢ clay.
12 “ gand.
20 * heavy gravel (water-bearing).

68 " total depth.”

We would call attention to the mention made by Matthews Bros.
of the unique occurrence of the heavy gravel at the bottom of this well,
while they had not obtained such gravel from the numerous other wells
drilled by them with a surrounding area of about three miles square.
It probably indicates a deposit much more recent than the Cretaceons,
which undoubtedly underlies the base of this well. The writer would
suggest that this gravel and the overlying sand and clay beds prob-
ably belong to the Cape May formativan.

-~

ARTESIAN WELL AT AVON.

Elevation, 10 feet ; diameter, 4} inches; depth, 580 feet.

A foor and one-half inch well has been sunk the past year at Avon
(formerly Key East), by Uriah White, who says its depth is 480 feet
and its pumping capacity 40 gallons a minute. This water-horizon is
the same as that reached by the well of the succeeding record at
North 8pring Lake, both being the equivalent of that at Asbury
Park at the depth of 550 feet.
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i

Elevation, 20 feet; diameter, 6 inches; depth, 705 feet.

ARTESIAN WELL AT NORTH SPRING LAKE.

Uriah White writes that during the year he has put down a six-
inch well at North Spring Lake to the depth of 705 feet, and that the
wel! has a pumping capacity of 100 gallons a minute. The water
horiz w1 reached is the equivalent of that at 550 feet at Asbury Park.

ARTESIAN WELLS AT LAKEWOOD. /

_No. 1.—At ¥ The Laurel-in-the- Pines."

Elevation, 60 feet ; diameter, 6 inches; depth, 606 feet.
Water overfows at the surface 20 gallons a minute.

Ao, . —Put down for A. M. Bradshaw, on Ocean avenue, one-half mile east of the
New Jersey Southern Railroad depot.

Elevation, 40 feet; diameter, 3 inches; depth, 825 feet.
Water overflows at the surface 45 gellons a minute.

From Kisner & Bennett we learn that they have put down at
Lakewood two wells, for which they furnish the data noted above.
The water-horizon of these wells is the equivalent of that at the depth
of 550 to 675 feet at Asbury Park,

Through the courtesy of Kisner & Beonett, and of A. M. Brad-
shaw, we have also received a full and complete series of the borings
from the well at the hotel, from a careful study of which we present
the record on the next page.

We would call attention to the fact that in the records of this well
at Lakewood and of a well at Farmingdale [pages 99 and 100]. there
are noted the occurrence in association with the marls of the marl
series of foraminifera comprised mainly in the genera Nodosaria, Cres-
tellaria, Froudicalaria, and Vittrewebbina. Those of the first three
genera are large forms while the Vittrewebbina is much smaller and
oeeurred in chains on the surface of the Frondicularia. The forms of
Frondicularia and Vittrewebbina are figured by R. M. Bagg, Jr., in
Bull. U. 8. Geol., Survey No. 88, Plate II.

In both the Farmingdale and the Lakewood wells the ash-colored
clays, constituting Prof. G. L. Cook’s ash-marl or middle layer of
the upper marl bed, contain Coccoliths and Rhabdoliths.
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This is the second well at The Laurel-in-the-Pines. There are also
two wells at the Laurel House, one about 400 feet deep and the other
about 600 feet. Some of these wells have been noted in previous
annual reports. It is said, there is also another well in the town with
a depth currently reported of 700 feet. If so, there are now at Lake-
wood six deep artesian wells,

ARTESIAN WELL AT FARMINGDALE,
Elevation, 70 feet; diameter, 8 inches ; prospected to the depth of 730 feet;
finished at the depth of 540 feet.

A well has been drilled at the Dittmar Powder Works, about one
mile south of the railroad station at Farmingdale. The work was
done by Uriah White, who has kindly furnished a series of the borings
to the depth of 540 feet. He, however, informs us that while the
well was finished at that depth, the boring had been nevertheless pre-
viously prospected to the depth of 700 feet.

From a study of the specimens we make the subjoined record.
Large foraminifera, comprising mainly various species of each of the
genera Nodosaria and Frondicularia, and also fragments of bryozoans
were noticeable at various depths from 210 feet to 320 feet.

In the specimen of marl marked from the depth of 320 feet, there
were also a few small fragments of a bivalve mollusk from about mid-
way between the beak and the outer margin. In the absence of the hinge
and consequently of the teeth characters, we identify the fragments as
probably Pleropsis (Luiraria) papyria, Conrad, (?) the original
type specimen of which is in the collections of the Academy of Natural
Sciences, and was obtained from the Lower Claiborne division of the
Eocene deposits near Claiborne, Ala. After a careful study of the beds
in this well and comparison of the borings with those from wellsat Liake-
wood, Asbury Park and Sea Girt and the drawing of a vertical cross-
section showing the relation of these wells, we find that upon strati-
graphical grounds we shall have to refer the marl in which this fossil
was found to near the base of the Middle Marl bed or the Rancocas
division of the Cretaceous.

PTEROPSIS (LUTRARIA) PAPYRIA (?} CONRAD.

Exteriorly our fragments of this fossil also resemble the modern
Liabiocsa canalicnlata Say, of which we have seen specimens collected
on the beaches of Cape May county. We cannot, however, find that
this Labiosa ranges back of Miocene times, and therefore, in the
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absence of the teeth and hinge characters, which are decidedly differ-
ent in the two genera, we think it more probable that our fragments
represent more nearly the fossil Pteropsis, which may thus have a
range somewhat lower than the Hocene, The wrinkles which exiend
in both these genera from the umbo or beak to the outer margin of
the valves and which are much alike in both, are, we think, somewhat
finer on our specimens than on Conrad’s Eocene type, and more nearly
of the same fineness as those on the living Labiosa. This character,
however, varies, being finer or coarser on different parts of the same
valve in both genera,

The thickness, character and suceession of the various minor strata
in this well correspond very closely at the same depths from the
surface with the same strata in the wells at Asbury Park. This well
is some 50 feet higher than the wells at Asbury Park; while the
latter place is the farther out on the dip of the Cretaceous beds. Fifty
feet, therefore, represents the amount of dip between the two localities,
the distance between which, along the line of dip, we estimate at about
cne and one-half miles,

RECORD.
Orange-yellow esand........... Ofsetto 20 feet. }
Interval (no specimen)..... 20 “ “ 40 « Jj Recent.
Medium-coarse brownish ]
1Y 11 FASRURORRY [t BB : | B
Interval (nospecimen), L owrs
probably brown clay Miocene. (7)
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drillers........ 6e ¢+ “ 75 v J
Very sandy greemsh clay, 1 Blue marl of ) .
large proportion of Prof. G. H. |24d¢g
greensand marl, Nodosa- t Cook, or up- f'ﬁ e
#ia and other large fora- per layer of | & g o
MARIEra . vereries veerivinrnen 75 “ “ 110 “ J Upper Marl. IR
Ash-white sandy clay quite ] )
calcareous—a few green- Ash Marl of =
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Rhabdoliths and Coceo- ! ) =
77 e 110 % to150 ¢ ) g =
Greensand marl with large ] 54 g | &
foraminifera, Nodosaria ¥ :é § a
and Frondicularia. ... 180 * 0160 “ | Green Marlof [2£8 | P
Nearly pnregreensand marl, 160 ** to 175 . Prof. Cook, or 3
Dark micaceona clay.......... 176 * to 180 ¢ lower layer of
Greenish-gray sandy clay Upper Marl.
mixture of greensand-
marl and whitish sand ... 190 ** to 210 ** ) ] ]
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Greenish-gray sandy ciay,
lighter shade than next
above ; mixturs of green-

| sand marl and ash-golor-

—\
‘."
-

P 4
[T A

)

| i

[

w1

ed clay, Bryozoa, large fo-
raminifera (Nodosaria,
etc. ), and Echimis upines..
Dmll greenigsh gauconitic
sand (marl!) with same
foraminifera a8 next
above......euee carserrerenanens 236
Nearly pure greensand
11171 | SO PPN
Echinus spines Bryozoa
and Nodosaria at 270 feet.
Greensand marl with a
large proportion white
quartzose sand, Bryozoa,
Nodosaria, Frondicularia.. 290
Greensand mixed with ash
colored CIAY..ccvuevareriniens
, Nearly pure greensand
" marl, somewhat clayey
at the base, where occur
Bryozoa, Nodosaria and
Frondiculorig.....c. coiaeenas
Also, at 320 feet, a bi-
valve Pleropsis papyria
. Conrad (see pages 98
and €9.
Dark greensand marl... ..... 320
Dull gray mixture of quartz
sand and a small propor-
tion of greemsand marl.
Shell bed at 360 feet......... 340
Micaceous clayey sand,......
Micaceous sandy clay........
Interval (no specimen)
probably samse as at the
correeponding horizon at
Lakewood (see page 97),
viz,, greensand marl....... 450
Yellowish qunartzose eand.. 500

210

260

300

to 235

to 260

to 260

to 300

to 310

to 320

to 340

to 375
to 430
to 460

to b0O
to 640

44
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Equivalent

of the
 Bryozoan,
Limesand or
Upper layer of
Middle Marl.

——

Greensand

or
" Lower layer of
Middle Marl.

:|
{ Red Sanda
and

Lower Marl.

Clayey Marls
and Sands.

'.f
J
!
|
t
|
J

Vincentov;n HSands.
Cretaceous

Rancocas Marl,
Cretaceous.

— e fu-v_J ——
Monmouth.
Cretaceous.

Mat.a:wan.
Cretaceous.

.

——t

J

Clay Marls.

Middle Marl Bed.

Lower Marl Bed,

This well was prospected beyond, to the depth of 730 feet, but was
afterwards finished with a depth of only 540 feet.
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ARTESIAN WELL, BEEASIDE PABK./

Elevation, 3 feet; depth, 515 feet. Water overflows at the surface 18 gallong
per minute. Temperature, 58 degrees Fahrenheit.

With the opening of the summer season at Seaside Park a well-
boring was made at that point to a depth of 515 feet, but completed
at the depth of 490 feet. It overflowed at the surface at the rate of
16 gallons per minute. The work was done by Uriah White, who
courteonsly saved for the survey a full series of the borings taken
every 10 feet. From an examination of these we present the follow-
ing record :

Gray eand and clay, with a few dietoms and sponge

spicults... oo eerren e raeas cessesnsninieaininaene.s 10 feet to 20 feet.
Brownish gand descnbed by the dnller ag red sand" 20 ¢ « 30 ¢
Black clay, with vegetable stems; no diatoms observed... 30 « v 32 ¢
Coarse eand and coarse gravel mixed, the pebbles show-

ing Silurian or Devonian corals, This bed contained

also oyeter and clam shells of recent or living species... 32 * * 40 ¢
*“Blue " clay, 00 micro-organisms....ccevccicssiirrerveranenee. 40 4 % g0 ©

Brownish-gray clayey sand.....cocovveeieiinnes " arraraseaeene 60 * " BO
Whitish Band, COBIE......civiiirini civciirricerrbenrereerorareansne 80 ¢« * g7 *
Clay with lignite; no micro-organiams....cccc.cceevrenenns veee 87T % g0
Whitish sand (medivm)....c.ceer vvieuees 90 * " 135 ¢
Brownish sandy clay with hgmte, llghter in color at the .

base... rerirerrerareaLs ssees eesN bR et tesnes cesreeren L1835 ¢ ¢ 150 ¢
Whmah gray sand Careerrbrrreeiis s eeeee 1B0 %10 190 K
Darker micaceons qmcksand 190 * * 200 “
Coarse blauish white gravel................. 4 (L
Dark micaceous clayey sand......... “ow 285 v
CBIOWD V7 Cl8Y et v e e e oot 240 ¢
Fine micaceous clayey sand “ow70 0"

Coarse gray sand orﬁnegrave]....................................... 270 ¢ ¢ 286 M

Micaceous sandy clay... PPN . . SEILLNIILUI | S
Fine sand with glauconite grnlna tepserimrarerrannneeasenes 205 ¢ Y 8§15
Coarse “ * SOTRUPPVPEORVIRROTRT: 3 I S (| B
Olive-green marl, glancomite.........c...cciiiiirenreeininnennannn, o425
Dark green marl, glanconite...........ccccvue.n Yoo o468 ¢

Gray sand, with greensand graing.....c.eecovieiveeeuninnana. eeenees 485 MO 4RO ¢
Mixture of gravel, clay and greensand (water-bearing from

485 t0 490 foot) ...covvvirrirr e e 380 % 400 ©
Clay prospected from.....c..covveivcrecrinenans orreerre e sareea 48 “ “ B1p **

This well was finished at the depth of 490 feet by the insertion of a
30-foot strainer so as to draw from the water-yielding sands and
gravels between the depths of 465 and 490 feet.
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The water-horizon is practically the same as that used by the well
at Berkeley Arms, about one mile northward, and noted in the annual
reports for 1884, page 127, and 1885, page 133. We cannot yet
certainly correlate this horizon with any other of the water-horizons
we have heretofore defined. A boring stratigraphically somewhat
deeper is necessary in order to learn the exact position of the beds
penetrated and of the water-horizon reached by this well. We would,
however, tentatively refer it to the 950-foot horizon at Atlaatic City,
subject to confirmation or otherwise in the future.

Some water was also found in this boring at the depth of 150 feet
and again at that of 200 feet.

We regard the beds penetrated by the lower portion of this well as
stratigraphically below the Miocene beds encountered by the wells
along the coast to the southward, and above those Cretaceous and
perhaps Eocene beds met with in most of the wells to the northward.

We may remark that there do not occur in this boring any of the
peculiar ash-colored clays containing coccoliths* found in the upper
portions of the well borings in the region sbout Asbury Park and
Belmar, and noted in this report as occurring in similar clays and in
similar position in borings at Lakewood and Farmingdale.

ARTESIAN BORING AT TOMS RIVER.

Elevation, 40 feet ; depth, 745 feet.
Revision of record in the annual report for 1898.

This boring was made in the year 1888, and was noted in the
annual report for the year 1896, page 1563. The record then submit-
ted was mainly compiled from notes received from a member of the
survey who had been permitted to examine a series of the borings
that had been preserved by John P. Haines, for whom the well had
been drilled. More recently the writer has also had the opportunity
of examining the same specimens, confirming the correctness of the
former record as to the facts then stated. QOur examination, however,
was supplemented with the use of the microscope, which enables us
now to present another record more in detail as to the beds and with
additional facts respecting microscopic fossil organisms in some of
them. This revised record is now submitted, viz. :

* These are microscopic fossils whose nature is not wnderstood, but which are found on the ocean
bottoms at the present time,
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Orange-yellow and light yellow sand, with
two clay seams (one yellow, at 30 feet;
one white at 85 feat)...ueciivise i 8 fest to 90 feet.

Brownish sand, with coarse gravel........... 80 “ * 1656 “
Some lignite at 162 to 165 feet. } Miocene, ?

Gray 8and....cccoiieniiiieinirienninnene. ansneaennenn 185 1 % 255 ¢
Gray ssnd, with admixture of probably 1

about 40 per cent. of glanconite grains

or greengand............... ceoeennnes 265 % 886 ¢
Green clayey marl, mth graansand grainge

and a little ecomminuted shell, not

identifiable......cveeeneenan. veeeews 365 M 480 €
Ash Marl, with coccohtha throughont ........ . 480 ¢4 v 522 ¢
Agh Mar], with greeneand grains............... 522 4 “ 620 « + Age(?)

Greenish Clay, with very considerabie pro-
portion of greensand, darker than the
Ash Marls above.. w.ceeeane. .. 620 ¢ Y 746 "
Coceolithe observed at 660 665 and °
880 feet.
Bpecimen at 745 feet a nearly pure
greensand marl. J

DUG WELL ONE-QUARTER OF A MILE BOUTHEAST OF IMLAYSTOWN.

Depth, 60 feet.

F. C. Price has kindly furnished the survey with a full series of
specimens taken every few feet from a dug well one-quarter of a mile
southeast of Imlaystown. The location is on the belt marked on the
colored geological map of the State as uoderlaid by the Middle Marl
bed.

From an examipation of the specimens we make the following
record :

Burface H0IL.....ciorniiiiiieniiininie i s e Sfeet ]
Yellow sand.....cccvnvrereennmernoneneiineanenn. 8 fest to 14

Yellowish marly sand...cccovciimmrecrininecnnenn 14 90 922 0
Green MArl &l... .ovieveiininevenanins o e

Black mar] at......ccooeenvrienenn veerbaraantanesatieinteannionenineasn. 38 ¥
Olive colored marl at....c.oovvcvrivviisass insnsn ceniieennes v d2
Fosail moliusks at........e... coreromemranses e eeneennedl fROt t0 42 - Cretaceous.

Olive colored mar at.....ccovriireiresimveraireremmrere e, 424
Olive colored mar] ab....cooriiimoinerrsins o oo 43 9
Terebratula harlani Bay, Bbo..ccovivrvrernnvvsnnnnie criiiisinennnddd ¥
Crust with Ostrea and other fossil mollusks at..... ..........48
Green eATth 8t.......ceirveeeciriiisnriarusnnior sy 9
Green earth &b.........coceccvinrinnriv i iinmsn i e 80 4
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ARTESIAN WELL NORTHWEST OF MOUNT LAUREL.

E'evation, 40 feat; diameter, 3 inehes ; depth, 197 feet.
Water riges within 34 feet of the surface.

During the summer a three-inch well was bored by W. C. Barr on
the Leworthy farm, on the upper road from Moorestown to Mount
Laurel, about two and a quarter miles southeast of the former place.

The depth of the well is 200 feet, the top of the water-bearing sand
being found at 197 feet,

The water-horizon is that which we bave named the Sewell water-
horizon,* and is the same as that developed last year at Mount Laurel
on the Shreeve farm, one and one-quarter miles nearly due southeast,
and which was there et with at the depth of 304 to 308 feet. Allow-
ing for the difference in elevation between the two wells of 30 feet,
these daia indicate a dip of the strata of about 70 feet per mile, which
is, we apprehend, rather greater than the average dip of the beds and
is probably only local,

The same succession of beds of black and of greenish clays belong-
ing to the clay marls were passed through as at Mount Laurel. In
the clays were found a few nodules containing a few casts of Ripley
fossils, but the rich development of these fossile with the shell
substance preserved as occurred in the Shreeve well} at the base of
Mount Laurel was entirely wanting here.

W. C. Barr furnished a series of the borings from this well and a
record of the thickness of each bed.

That record, with the introduction of geological notes of our own, is
as follows:

Commenced on the bottom of a dug well

at the depth of...ccooinveicvenvcicnicniininnnn, 12 fest == 12 feet,
LD 700 1101 -8 ¢ OO 0 ¢ = 22 ¢4 )
Coarse sand, almost gravel, with lignite..... 18 “ = 40 ¢
Black clay.......... rserearrr et rr e e naanes 106 * =145 "
Green clay, with fossiliferous pyritouns iron-
atone Nodtnles...ccccirivreriinnirne ieesnanie 23 % =168 ¢ 1 hé:;::ﬂ:gm-
Black clay, with caats of fossils in pyrite.... 23 “ =191 “
Green clay....cooivninmmn e 8% =187 ¢
Sand, waler-bearing, the Sewell waler-
ROPLZ0M i irnininn i sisrerssene. 3 % =200

—-TSee page 06.
t Annusl Report, pages 252 to 261.
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The surface has an elevation of 40 feet, and the water rises within
34 feet thereof. :

At the base of the Clays, just above the water-sand, was found a
fragment of a flat bone, possibly part of the plastron of a Cretaceous
tartle,

FOUR TEST WELLS AT WEST PALMYRA.

Elevation, high-tide level; depths, 30 to 33 feet and 46 feet. Bored for
the Palmyra Filtrated Water Company, prospectively to supply
water filtered directly from the river.

The lower or 46-foot horizon is in gravel of the Raritan Cretaceous
age, while the upper or 30-foot horizon is in a clean, clear bed of
medium to moderately coarse gravel of much more recent age, but
what that age is the writer is not at present prepared positively to say,
beyond the fact that it may be either the Trenton gravel or the
Pensauken, and is not older than the latter.

These wells were reported more fully last year.* An egregious
error, however, slipped into print by which we were made to state
the capacity of the company’s proposed water basins at the one one-
thousandth of the true figures.

In justice to them we now reinsert the paragraph referred to
printed as it should then have appeared, adding a line or so at the
bottom.

The Palmyra Filtrated Water Company is an incorporated com-
pany, whose plan is to sink into the gravels revealed by these wells a
series of eight basins, with a combined capacity of 2,000,000,000
gallons, into which basins the water of the Delaware river may be
allowed to percolate by filtration, which it wil! probably do, since
the river has cut its channel in these gravels, and has a depth of 30
to 40 feet between this point and the opposite shore. A full series -
of borings from each well are in the office of the company. This
horizon is higher than the two horizons utilized at Morris Station for
Camden water-sapply.

ARTESIAN WELLS FOR CAMDEN WATER-SUPPLY, AT MORRIB 8TATION.

100 or more wells, Depths, 50 to 125 feet.

Since about the year 1853 the city of Camden has taken its supply
of water from the eastern or Jersey Channel of the Delaware river,
which flows between Petty’s Island and the main land of the township

* Annual Report, 1897, pages 276 to 278,
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of Stockton. This chanuel forms a bend or cove back from the main
course of the river, into which cove Cooper’s creek empties, the pump-
ing station being located at Pavonia, a short distance northeast of the
mouth of the creek, Owing to the gradual accumulation of influences,
which we need not here enumerate, but which were adverse to the
purity of the water, the supply has become of late years quite unsatis-
factory.

After some agitation and the discussion of various methods for im-
proving the water-supply, a number of test wells were sunk north of
Delair, near to and on the westerly side of the Camden and Amboy
Division of the Pennsylvania Railroad. These test wells proved the
existence at the base of the Raritan or plastic clay division of the
Cretaceous deposits, of beds of gravel yielding an abundance of water
of good quality. It was therefore resolved to obtain a supply from
these gravels by means of artesian wells. For this purpose there was
purchased a strip of meadow land containing nearly one hundred (94§)
acres north of Delair, and between the river and the railroad. Length-
ways this tract extends from the mouth of Pochuck creek northward
to the mouth of the Pensaukea.

Near Morris Station, and midway of the tract, there has been
established a pumping station, while, distributed over the area, there
have been sunk during the years 1897 and 1898 one hundred and
one (101) artesian wells, (See Plan, Plate IV.)

The contractor for the entire plant was the Hon. George Pfeiffer, to
whose courtesy and appreciation of the interests of the survey, as well
as to a like courtesy and appreciation on the part of Wm, E. Board-
man, G, E., in charge of the work, we are especially indebted for
much information from time to time as the work progressed, and for
‘permission to copy complete records of strata from separate vertical
sections drawn accurately to scale at the time of the completion of
each well, and also for the final presentation to the survey of very full
and separate series of the borings from nearly all of the wells. These
have been arranged in the enllection at Trenton.

As will be seen by referdnce to the plan, Plate IV, the area over
which the wells are distributed is naturally divisible into three tracts,
designated thereon as northern, central and southern tracts.

The acreage and the number of wells in each tract, excluding two
wells not connected with the system, are as follows ;
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D ~ WELLS IN LOWER STRATUM
8§~ ,, .« UPPER STRATUM
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No. of
Acres. Wells,
Northern tract, 19.28. .ueeece corversersiesessinsrs sarssrsssessacessessssssnssnrsassneas snans 10
Contral tract, IB88u.iiiierciiiines conrimsiisin s et e s 80
R OTthOTI BECHION cvvverre vrnenseranmrnssseruraraermnesrnsssncanas 20

.67
Southern tract, 63 {Southern BOCHIOD 1 evae revesarerenrarstenrenrnsnisssassissstanrnen 41
Total........ 94.75 101

The two wells noted as not connected with the system are marked
on the map, City No. 1 and City No. 3. They are two of four test-
wells put down in 1896, and were reported in the Annual Report for
that year, pages 103-104. These two test-wells will not be included
in any future figures referring to the number of wells.

The numbers attached to each well on the plan are those that were
successively given them as they were put down in the order of time,
and must pot be mistaken for depths of the wells in feet.

Twelve of the wells were drilled by Kisner & Bennett, the
bydraulic or washout process being used.

These are, all of them, in the southern tract, and are numbered 1 to
12, They are located near the central pipe, with which are connected
all of the lateral pipes leading on either side from the wells on the
outer edges of this tract.

All the remaining wells of the entire area, eighty-nine in number,
were snok by the Cook Well Co., of St. Louis, the ordinary drill
and sand-bucket beiny used. They are numbered from 101 upwards,
excepting those in the northern tract, which are separately numbered
1to 10.

The wells may be classed according to depth into shallow and deep
ones ; these are marked on the plan with the letters S. and D. The
ghallow wells are from 50 to 70 feet in depth, and the deep ones from
90 to 125 feet. Both classes of wella draw their supply from sands
.and gravels entirely within the Plastic clays or the Raritan division of
the Cretaceous, which division constitutes the basal beds of the southern
or coastal plain portion of the State. The water-horizons of these
wells are the lowest in the group of water-horizons, which we have
designated on page 66 as constituting the Raritan group,

The depths of the wells are as follows. Those in each tract are
separately enumerated ; they are arranged in the order of their occur-
rence on the dipping planes of the Cretaceous beds, whose dip is to
¢he southeast.
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Northern Tract.

The wells of this tract were prospected a few feet into rock, but
were afterwards finished with a total depth a few feet above the rock.
The depths given are those in which they were prospected into the
rock :

Wolls, Depths in Rock. Wells, Depths in Rock.
...... veer..128 to 131 feet, No. Becvvveariiiriannnnns 123 feat.
cirivneenerennns 108 € 113 R P 122t0 125 *
A LTS b § B § |- S o B el 121 1220
R SR JA11 115 ¢ Y B W 108 ¢ 108
R S —ene 116 “ 118 * S U1 L 100 . ¢

Central Tract.

Wolls, Depihs, Wells, Depths.
No. 10) covvevr i enen.. 100 feat, No. 116 ccniiiriiiiemsienrne careneens 99 foot..
D U1 TR “* B B 1 R "
103 i “

11} 104. R I3

4 105 L1}

D § § D
D § . RUUPROOPROTSRI | B D ¢ UYL - . B
Y3 101 D ¢ - PR .90 ¢

o1l e 102 Y OB 23 *

Southern Tracl, Northern Section.

Wells. Depthas, Wells, Depths.
N0, 1220iniesiveveirnerssonereen 108 80, NOu 187 nuvrererieeeeeeereanasroneins 115 feet,
LIS 1.7 SOUONUTR (17 S “ 139 S B E: LT
L U/, 113 =’ “ 0. 14
D 3. S g7 142 1 I
B 128 ririeerrreriiernenearesenes 58 Y “ e 124
LD ¢ ) WOV, + {1 i SRR . S
“ 182 in rock tof.............168 A U 1 O ORRUUPUTRE ¢ s S

o184t 1045 14T s [T § [ I
D ¥ T bl * R U: 1. SRUUSTRTORRRRUTRTR § & B
#*Wells Nos. 3, 5 aud 10, Northern tract, though bored to the depth above stated, were each subse-

quently finished with a depth of only about 50 feet.
1 This well, No. 132, was afterwards finished with a depth of only 110 feet,
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Wells. Depths, Wella. Depths.
No. 149.......... o 54 feet. No. Zinecisnisininnnssnna 70 feet.
crermnnan 104 ¥ LN JU U PRRTSURRROY (1) B

“ “ L SUUPPPOTIPRPURURRIITE ; v B
« a« e PPN "
. « B Birrrisisenns srreseeniens “
« “ " T rvenerannsernrars "
w " H Buirreierraeenns “
. “ “« g, . “
) “ L 1) N “
. “ LR} PO “
B “ R T TSSO 84 ¢

Southern Tract, Southern Section.

Wells, Depths. Wells, Depths
N0, 159 .crecieeervvanesmransananns 116 foBL. No. 170 0icveneecrenisnncnnernsnnse. 83 foet,
S U | OO crnnnen 126 1Tl vevvrirsreresensninennenn 123
#1682, i 112 « LD - SRR “®
S [ FTOUUUUTURRR - . Bl R I - J NN e
1B irerreciiiaiaceseesioensie B8 K R I £ OO “
188 .ueerenenneentirerinsansniens 98 R I (- T, “
LA U PO | Bl * 176...... “
R 1 7 . 108 ¢ L & SSOUOROORURRUPRRR . | Bl
“ 168.... " D ¥ £ THUPUUTRR— | I S
A 1 N " D I 4 P 103

All of the wells are furnished at the bottom with strainers. These,
in the wells put down by Kisner and Bennett, are of galvanized iron
pipe with §-inch holes and are covered on the outside with brass cloth.
These strainers vary from 30 to 40 feet in length.

The wells sunk by the Cook Well Co., of St. Louis, Mo., are fur-
nished with Cook well-strainers, each 24 feet long. These have par-
allel slots about one-quarter of an inch apart arranged around the cir-
cumference of the tube, These slots are V-shaped and are wider on
the inside than the outside.

Adjacent to the pumping-station there is & receiving-well 30 feet in
diameter and 35 feet in depth,* This well is covered with a copical
roof, and into it flows, by means of four systems of pipes, with lateral
connections, the water from all the wells. The water from the
northern tract, which is 4,000 feet distant, is lifted by means of com-
pressed air, while from the other three tracts the water is syphoned.

# From the bottom of this well two artesian wells, oot noted fo the previous enumeration, were sunk
¢o the deptha of 110 feet and 129 feet from the surface of the ground. These flow directly into the receiv-
ing-well. Two iron plpes, three feet in dinmeter, were also sunk to the depth of six {eet from the bottom
of the receiving-well, These bave double brass.cloth screens acrass their tops, set flush with the conerete
which covers the floor of the large well,
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From the receiving-well the water is forced to the city, first through
a 36-inch main a little over 19,000 feet in length, and then by a 30.
inch main nearly 18,000 feet in length to a new iron stand-pipe 30
feet in diameter and 110 feet in height which is situated on elevated
ground in South Camden, on Pear street, near Mt. Ephraim avenue,

We have been furnished with the following statement, taken from a
communication made by Chas. G. Darrach to L. E. Farnham, city
engineer, It shows the producing capacity of these wells each 24
hours on the oceasion of the tests mentioned :

By Pump. By Weir.
Gallons. Gallons.
Average of seven days’ test, May 26th to June 1st, 1898... 20,248,287 19,903,024
Average of 23-day teat, July 2d to July 24th, 1896.......... 10813548 10,474,736
Average of 15-day test, December 19th, 1898, to January
2d, 1890 i st a et e e srre e v n e ra e 19,563,832 19,228,709
Average accurate test, January 7th to January 8th......... 19,363,000 19,031,375

Before entering the Cretaceous water-bearing strata there was inva-
riably penetrated a greater or less thickness of the whitish plastic
clays peculiarily characteristic of the Raritan beds.

Between the water-bearing strata of the shallow and those of the
deep wells we have not been able, nfter a eareful study apd the plot-
ting of vertical sections, to make out any well-defined and continu-
ously connected clay-bed ; there are, however, many beds of clays
between the two horizons which vary in color, being either white, red
or yellow. In thickness they measure from a few inches to ten feet
or more. These clay-beds seem to the writer to probably be lentic-
ular in shape and to be interbedded at varying depths between the
more open sands and gravels, and to be more or less limited in extent
go that they cannot be traced continuously across the sections of any
great nomber of wells.

The area over which the wells are distributed is nearly level and
its surface about at tide level, some portions being protected from
overflow by means of dykes.

The underground structure, as recorded by the borings, is com-
paratively simple, ard consists, over most of the area, mainly of two
divisions—an upper one of sanda and gravels, of comparatively quite
recent date, to a depth of from 20 to 25 feet, and a lower one of much
greater age (the Cretaceous), consisting of comparatively thin beds of
white, yellow and sometimes red clays, and thicker ones of more or
less open sands and gravels. This is the division from which the wells
draw their supply. It rests upon the micaceous rock of the Phila-
delphia belt, which rock occurs a short distance below the bottoms of
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the wells of the deeper series, as was learned from a few of the borings,
which were prospected beyond the base of the lowest water-horizon,

There seems some evidence, on inspection of the samples of the
borings, that the upper division above noted is again divisible into two
phases, especially in the Central tract. Overlying the sands and gravels
of this upper division, over almost the entire area, there is a thin
layer four to five feet thick of alluvium or marsh mud.

In the Northern portion bordering upon the Pensauken creek, this
alluvium or mud becomes much thicker, ranging from 25 to 40 feet
in depth. This great depth of marsh covers all of the Northern tract
and the outer or northern half of the Central tract, viz., that portion
within the bow-shaped bend of creek that may be seen by reference to
the plan (Plate VI). The three outer wells, Nos, 122, 124 and 125,
of the Central tract, also show an increase in thickness of marsh de-
posit, the depth in these wells ranging from 9 to 15 feet,

‘Where the marsh is 80 to 40 feet in depth, it rests directly upon
the Cretaceous beds, the sands and gravels of the previously described
upper division being wanting, baving probably been removed by
stream erosion,

This shows the amount of geologically recent sediment that has been
for very many years gradually accnmulating in and filling up the
drainage chanpel at the mouth of the Pensauken,

Mieroscopic examination shows that this marsh containg everywhere
and at all depths certain single celled minute plant organisms, known
a8 diatoms. These have a siliceous box-like skeleton, which, on
account of its indestructible nature, has been preserved.

By chemical and mechanical methods separate preparations were
wade of material from one of the wells in the northern tract, show-
ing the diatoms which occur at the respective depths of 10 feet, 33
feet and 34 to 41 feet.

At all three of these depths there was found a mixture of fresh water
and marine diatoms, the marine forms being more abundant, and
perhaps preponderating, in the preparation from the two lower depths,

The depth of the diatom-bearing marsh mud in those wells in which
it has more than a few feet of thickness is as follows :

Northern Trael.
Wells, Depth of Marsh, Wells, Drepth of Marsh.
No. Lo, 30 feet. No. Beeviiniinieciiiiiinnn. 40 feet.
“ 2 30 « I S, 37
T i w g8
C 3R €Y i85 Y
L T 36 D {1 RN, Not learnad.
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Central Tract.

Wells, Depth f Marsh. Wells. Depth of Marsh.
No. 118, e eeinnenn. . 80 feet, No. I21.ccneriiinciieniivenieiens 38 feat.
1] 13 &® [13
7] 1] 1] [
1] 113 " it
1 [13 i 11}
4t &t [4] i
R [1} [ [Ty
Southern Tract, Northern Section.

ON THE MARGIN OF PENSATEEN CREEK.

Depth of Margh in Wells,

No. 124........... 12 feet. No. 122...........7 feet. No. 125...c0c0eee 15 feet,

We append the records of two wells, one of which is No, 132,
in the northern end of the Bouthern tract, near the pumping station,
and the other is well No. 8, in the Northern tract. From the latter
well epecimens of the marsh mud were taken every foot. It is upon
the microscopic examination of these that we base what we have already
written about the diatoms contained therein.

RECORD WELL K0O. 132, NEAR THE PUMPING STATION,

4 foot marshy top 80il......cervererererisecnrreenee 0 feet to 4 feet, 1

B BARG e ieieenee et g« w10 v | Age(D)
16 ¢ gravel........ SN 10~ « 28 %

11 “ white 88Dd cerervnecriniiiins cnnvneninennn 264 37
9 Y White ClAF ecarerccrirrorenree e 37 % 46

7 white B8Rd .crecvirriiiccr e, 48 Y % B3 ¢

2 % fine yellow gravel.........cccovecuien veares B3 ¢« * 55

6 “ whiteclay.ooiriiciiininciiinn, 86 “ “ 60

3 “ white sand.....cocriviiiiiineiniinnenie., 80 1% 83 Y
9

8

3

% white claF .., 6309720
¢ yollow gravel....u . cicnnricennnvsenine 72 ¢ % 80 ¢
“  white gand...ccccciciiiieiere, 80 % ¢ 83 Y
1 % gravel i i 83 * * g¢ ¢ Rarits
11 “ fine white gravel....cccvvnvesceisieens 8¢ ¢ 95 4 4 o
1 foot white elay......occvvimmiiiciiininiiiniiin Cretaceous.
2 feet Eravel...... ciervimmrmreimsisiininsenw. 98 ¢ ¢ 08 ¥

2 “ coarse white sand.........ceiiiiieranen. 98¢ ¥ 100 ¢
3 “ coarse yellow sand.........oeieeeennnnn 100 % #0103 ¢
8 “ yellow gravel..vinieercrerneccee e, 103 “* “ 108 *
7 * co&TEe gravel....coiian e ieen 106 ¢ “ 118 ¢
5 ¢ pink clay @ “118 ¢
4 * blue clay..c.covins cremrenniinnininennaa 11804 4122 9
2 " ErATEl i e 122 ¢ 4124 ¥
11 “ blueclay.....c.corremeremrinnrinemnrernis 124 = #1185 “ |
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8 feet gray BaRd......coceveeiniicrereeeer s 186 feet to 138 feet. }

2 " yellow clag...ccoeeiiiie e, 188« «140 « | Rarita

6 Ereen Clay.....cceieiiivisireennrnn 14D 4 J48 6 Aritan
e 146 159 o r Oretaceon.
1 foot soft disintegrated micaceous roek....150 * © 180 “ J

Hard rock below this depth. :
RECORD OF WELL NO. 8 IN THE NORTHERN TRACT.

Mud, fresh water and marine digioma, ........... Burface to 21 feet, )
Muddy sand, fresh water and marine diatoms.. 21 feet to 23

Maud, fresk water and marine diatoms............ 23 “ to 33 Y | Recent.

Muddy sand, fresh water and marine diatoms.. 33 “ to 36
Mud, fresh water and marine diatoma....veee... 36 ¢ to 41 “
Muaddy sand and gravel...........vveeeerneeene... 41 “ to 43 *
Coarae, clean gravel and pebbles....... cenenee 43 % to 5O
Clean, coarse gravel, without large pebbles, 50 * to 53
White sandy clay, with yellow stresk........ 52 “ to §5 “
Musby white sand.........cco.ccvcecicresiierennes. 55 ¢ to 80 ¥ | Raritan

Clean, coarse gravel................ 60 “ to 62 ¢ Cretaceous.
‘White clay........ tivtae emrrenirer 62 “ to 85 ¢

Clean, white coarse gravel...........eccverene. 65 ¢ {0116

Yollow clay..ccccocerviivrniniinieie e, cooneens 116 ¢ t0 121 ©

ROCK eeeviiiiiii e rineeee e e vt e e . 121 " to22 ¢ ]

ARTESIAN WELLS ON THE DELAWARE RIVER, FOOT OF TIOGA
STREET, PHILADELPHIA,

Elevation, 10 feet; diameter, 8 inches; depth, 65 feet.
Water rises within a few feet of the surface.

Five wells have been put down at the United Gas Improvement
Company’s works at the foot of Tioga street, Philadelphia, the loca-
tion being slightly north of west of Fish House station, N. J.

The strata penetrated were similar in each of the wells, except that
the marsh mud layer was deeper in the wells nearest the river.

Thomas B. Harper put down some of these wells and kindly fur-
nished a full series of the borings from one near the river. +After an
examination of the same we are able to present the following record.
The wells were put down by the use of the drill and sand-bucket,
which permits the preservation of specimens that show the exact
- nature of material passed through :

8 GEoL
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Yellowish, loamy clay, &c., made ground....... 5 feet = 5 feet

Brownish, loamy clay, probably also made
ground......cueeeees terrrrmrrrersensntsatastanreaneas 5 “ =10 *

Black clay, a marsh mud, gpecimens at 15 and )
20 feet, both contained Dialoms and sponge © Quite
Spieules coeierennnn veewe 18 =25 M geolr:gci(::,;.?ly.

Brownish clay, a very few spongc spu:ulea ...... 2 % =27 ¢

Gravel... v 3% =30 ¢

Yellomsh mlxture o:’ clay and graval .20 % =50 “

Yellowish very coarse gravel.......ccovceerereee & 1 =56 ¥

Finer yellow gravel, some clay .................... 10 % =865 «

Water at the base.

THREE BORED WELLS AT AN ICE PLANT, GLOUCESTER, N. J.
Elevatiom, 10 faeet {7); diameter of each, 3 inches ; depth, 84 to 88 feet,

George E. Leach informs us that he has bored three wells at an
ice plant in Gloucester City. Each well has a diameter of 3 inches;
their depths vary from 84 to 88 feet. These wells draw from one of
the Raritan group of water-horizons.

BORED WELL, THREE AND ONE-HALF MILES SOUTHWEST OF
PAULSBORO.
Depth, 28 feet.

Seth Roberts writes that he has put down a well for E. G. Miller
on a farm three to three and a half miles southwest of Paulsboro.
He furnishes the following record:

Commenced in bottom of old well; depth.......... 20 feet.
Slimy reddish BAOA ..oirare srrmssntcrinsrrsnennsssssanisaaraennien cvee 2 foet =22
Black clay or mud, 4 to 6 feet, say ..................... pereerarerenrreere g ¢ =28 ¢

The last stratum of the above record probably: represents the
Matawan or clay-marl division of the Cretaceous.

/ARTES[AN WELL AT FORT DELAWARE,
Flevation, about tide-leve! ; depth, 390 feet. Water riges above the surface,
Flows at low tide, 50 gallons a minute. Flows at high

tide, 75 gallons a minute.

A well has been put down for the United States government to the
uorth of Fort Delaware, on Pea Patch island in the Delaware river,
midway hetween Ferris Point, Lower Penns Neck, N. J., and Dela-
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ware City, Del. The work was done by J. H. K. Shaunahan, who
has furnished the data tabulated above and also the information which
we present in the form of a record, as follows :

Black ¢lay or mud SUIfAce £0....cccceevreees vereveeeeerersrem errereseessns seeeens. 100 foet
Gravel and water, several feet, 8a¥.......... ......ceeverrvenna. +e2..100 feat to 110
N0 TECOTA 10..ciuurisiiiiiceereece et et e e eer e sere s st seees e s v 146 Y
‘ Good sand ” and B0Me WAET....c...c. covevvveeveeeereeerrenesnn... 146 feot to 168
Record missing......coccovvvrnveeerinsrmieeeceresenranns comeenlB3 Y 843 W
Fine white 880d.......c.ee criccee ittt e eeeceeeeeten eenres eeeees 343 v+ 874 ¢
Coarser sand and gravel with water.... v errvearanann, 874 " 890 ¢

This well draws from one of the Raritan group of water-horizons,

MSIAN WELL AT MIDDLETOWN, DEL.

Elevation, about 40 feet, Prospected to the depth of 698 foet.
Finished to draw water from the depths of 535 feet and from 860 to 688 feet.

In the annual report for 1896, page 137, there are reported several
borings made at Middletown, Del., one of which reached the depth of
552 feet. J. H. K. Shannahan writes that he has since then bored
another well to a greater depth, of which he furnishes the following
data, viz : ,

Material, the same as in former wall, to the depth of ............ reserrranaer 652 feet
No rock, however, at thia deptb, as in the former well,

showing, as the well-driller thounght, that eaid “ rock wag a

boulder.”

ClBY. oottt et s e s te st oeseeens 8 fewt = 558
Band......covvveriniene e ¢ =500 ¢

Red clay............. R
White clay ..... ey “ =5pgo “
Red elay ..o ccvmi i et t “ =587 @
Another “ boulder " and very hard red clay. .. " == GRg o
Light lead-colored clay.......co.oivvceercoeveeeemneseos oo * =g5p *
Band With Water. ......ccvceeeeiviiie s e e “ =g86 ¢
Ret CIBY . cvvverivnrnen et it reseeressseees s “ = ggg “

This well was furnished with two screens so as to draw water from
the depth of 535 feet, and from the entire interval between the depths
of 660 to 686 feet.

This and former borings demonstrate that there are at this poing a
number of water-horizons, as follows :

Water-horizon at 88 88k et et s, = Marlton horizon

Mt AT5 10 495 £8BLeererrerererina
W BITOBBE W, } =  Groupof
L Raritan horizons

NEW JERSEY GEOLOGICAL SURVEY



116 ANNUAL REPORT OF

ATESIAN WELLS AT AND NEAR ROCK HALL, MD.

No. 1, at Rock Hall; depth, 175 feet. Water rizes nearly to the surface;
temperature, 52°.

No. 2, at Rock Hall; depth, 345 feet. Water overflows ; temperature, 58°.

No. 3, at Rock Hall; depth, 325 feet.

No. 4, near Rock Hall, at Gray's Inn creek ; depth, 350 to 400 feet.

TUnique diatom bed at Rock Hall at the depth of 21 to 130 feet, but does not
oceur at Gray’s Inn creek.

We learn from correspondence with A. P. Sharp, of Baltimore,
Md., that during the past three years there have been drilled three
wells upon his property at Rock Hall, Md., on the eastern shore of
Chesapeske Bay,and a fourth well two miles southeastward, on Gray’s
lon ereek.

Well No. 1 has a depth of 175 feet and probably draws from the
equivalent or continnation southward of the Marlton water-horizon of
New Jersey, while Nos. 2, 3 and 4 probably draw from the Sewell
horizon, which occurs at the top of the plastic clays or Raritan division
of the Cretaceous.

Through the appreciative interest felt by A. P. Sharp in geological
science we have been furnished by him, as each well went down, with
a greater or less number of specimens of the borings. From Well
No. 3, however, which was put down the present year, the series
received was very full, After an examination of this set, and careful
reading of our correspondent’s letters, and some study of Prof. W. B.
Clark’s geological map of Maryland in Vol. I of the Maryland Geo-
logical Survey, we present the following geological record for the wells
at Rock Hall. The well at Gray’s Inn creek is slightly different, as
will be noted beyond :

RECORD WELLS NOS. 2 AND 3.

Total
Thickness, depth.
Surface sand and clay........cccceievinens 10 feet = 10 fest
T “ 28 feet.
Tough blae Clay..coermemmnirennn 8 = 18 Columbia.
Gravel with nnosatisfactory water...... 3 ¢ =21 ¢
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Blueish clay, containg a mixture of
aponge sepicules and of fresh-water ]
and marine distoms, among the
iatter a unigue form Polymyzus
coronalis, L. W, Bailey (see page

102 feet.
Post Miocene.

118} .. censeienns 109 foet = 130 feet
Hardpan of uhel] gravel and sand 2 “ =132 « |
Greenish yellow pgand and clayey ] A
BTG cuevscrerenrerers serseressrneresranns 8 ¢ =170 90 feet.
Gray sand, water-horizon of Well S R:;n;gcaa
No.1.. o e wnennns 800 Y =220 Y | Monmouth,
Equal Marlton water honzou J
Veory dark sandy cla¥....c.oovevranerunnannn 15 % =238 “ -
Dark greenish gray sand.................. 15 “ =250 “ .
Very darksandyclay......coocevvveveenes. 15 % — 265 * "g’
Sand, slightly yellowish 10« —275 « } pfofeet. | 3
Black micaceous clay... . 20 % =295 “ ’ |
‘“ Hardpan, supposed to be gravel and S
sand cemented by iron”.... 2 v =297 ¢ J
White sand, bottom of Well No. 2 and 1
water-horizon of Wells Nos. 2
and 3; probably Sewell water- . 45 feet.
honzon 28 " — 395 ¢ Raritan. ?
White sand, “same a8 ‘sbove con-
tinuation of Well No. 3........ veee 20 =346 ¢ ] J

In well No. 4, at Gray’s Inn creek, the blue clay noted at Rock
Hall between the depths of 28 and 130 feet is said to have been
wanting and that this interval is there occupied by black and green
sands which are probably of Kocene age, at least in great part.

Below these Eocene sands the beds penetrated are said by I. A.
Harrison, the contractor who bored the wells, to have been the same
as in the lower part, that below 130 feet, at Rock Hall, except that
the corresponding beds were about 50 feet deeper. The water-bear-
ing sand at Gray’s Inn creek occupying the interval at 350 to 400 feet.

Inasmuch as the blue clay at Rock Hall containg a mixture of
fresh-water and of marine diatoms, with a small preponderance in
numbers of the fresh-water forms, and inasmuch as among the marine
diatoms are some species characteristic of beds belonging to a
decidedly later period than the Miocene, we incline to the view
that this blue clay is decidedly post-Miocene—in fact is possibly
Pliccene and may even be Pleistocene in age—and that it was
deposited in one or the other of these comparatively recent periods on
the margin of the Chesapeake at a time when it was cutting its
channel across the Ceretaceous, Eocene and Miocene deposits which
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had been previously laid down, which beds, or at least the Eccene and
Cretaceous, had not been removed by the erosion of the chaonel of
the Chesapeake from the Gray’s Inn creek locality, while at Rock
Hall, both the Miocene and the Eocene seem to have been carried
away near the bay hy such erosion, aud this diatomaceous clay
deposited so as to abut against the Eocene and overlie the Cretaceouas.

There were, nevertheless, in the assemblage of diatoms a few
characteristic Miocene species, but in proportion to the other forms
these were few in number. Among them is Actinoptychus Heliopella,
Grun, which our previous studies lead us to believe occurs only at the
base of the Miocene. We, however, regard the introduction of
A, Heliopelta and its associated Miocene diatoms as having been
contributed by the sediments washed down by erosion from Miocene
beds that probably at one time overspread at the locality but at a
bigher elevation, and which are still found oo the higher land to the
southward and at no great distance therefrom.

In our studies of the diatom beds of the Atlantic coastal plain, we
have met with but one analogous deposit, and that is at Wildwood,
N. J., at the depth of 78 to 181 feet,

The Wildwood and the Rock Iall deposits are similar in contain-
ing a preponderance of fresh-water forms over marine ; both contain
Triceratium favus, Ehr, which is not found in the Miocene deposits,
but occurs only in the more recent beds along the coast, which beds
are quite near the surface and are stratigraphically decidedly higher
than the Miocene.

Both deposits also contain a rare form Polymyzus coronalis, L. W.
Bailey, not previously known as occurring fosgil, and only known as
living at the present time in the mouths of the Para and the Amazon
rivers in South America.

From the bed at Wildwood only one specimen of A. Heliopelta was
seen, although dozens of mounts have been examined by several ob-
servers. 'The scarcity of this form at Wildwood is probably because
that place was too remotely distant from Miocene outcrops at the time
of the disposition of this bed to draw sediments therefrom.

The borings at Wildwood reveal two decidedly lower distom beds,
both Miocene. One is the great 300 to 400-foot diatom bed of the
Atlantie Constal plain, and was found between the depths of 370 and
793 feet, and the other, a still lower one, at the depths of 1040 to
1080 feet. Of these two beds, only the lower one contained Helio -
pelta, but it there ocours plentifully,
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We therefore regard the Wildwood bed at 78 to 179 feet and the
Rock Hall bed at 50 to 130 feet as synchronous in age, though the
beds are not continuously connected. The former, we apprehend, was
put down in the Delaware River delta, and the latter, as already inti-
mated, was similarly deposited upon the margin of the Chesapeake,
and that both of them were, probably nearly coincidentaly, laid down
in post-Miocene times, when these rivers coursed their way eastward
or southeastward over the then elevated, but now submerged, outer
portion of the coastal plain, whose shore line was then many miles
eastward of its present margin.

As further indicative of a decided post-Mioccene age for these two
deposits, we will refer to two other species of diatoms common to both,
viz., Campylodiscus Echeneis, Ehr, and Stauroneis Phoenicenteron, Ehr.
Both of these are indicative only of quite recent deposits,

The evidence they present the writer has already summed up in a
paper* from which we quote as follows:

“ Respecting Campylodiscus Fcheneis, it may be stated that this form
has been recorded as living principally in brackish waters the world
over, though Prof. C. S. Boyer informs the writer that he has found
it in a fresh-water reservoir at Philadelphia, supplied from the Schuyl-
kill river. Though not, however, heretofore recorded, so far as we
are able to learn, as fossil, yet the writer has so seen it in a low-level
clay from near Buckshutem on the Maurice river, below Millville,
N. J.

“On & map of the surface formations of New Jersey, in the anoual
report of the geological survey of that State for 1897, there is shown
a low-lying, nearly level formation on the shores of Raritan bay and
thence bordering the Atlantic ocean from Sandy Hook to the Cape May
peninsula, which it either entirely covers or nearly so, and thence extend-
ing up the Delaware river nearly to Trenton. This low-lying terrace,
which is stated in the text to have an elevation of 80 to 50 feet, extends
inland along the courses of the following streams : some 20 miles up
the Mullica and the Great Egg Harbor rivers, about 25 miles up the
Maurice river, and some 10 miles up the Cohansey river. These
measurements were made in a direct line from the mouths of the rivers
and not by followiog the windiog courses thereof. The surface deposit
of this terrace has been vamed by Prof. R. D. Salisbury the Cape
May Formation, He describes it as a “thin body of loam, sand and

* Fossil Mollusks and Diatoms from the Dismal Swamp, Va. and N. (., by Lewis Woolman,
Proc, Acad, Nat. Sci., 1505, pages 425 to 427,
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gravel of lesser age than any’ of the surface formations of the State
described in the same paper, ‘ except possibly the drift of the last
glacial epoch.” He further says: ¢ The strict contemporaneity of this
formation with the drift of the last glacial epoch is not established,
but it is probably at least partly contemporaneous with it, though its
later portions may be still younger” To this formation belong the
diatom clays noted in the preceding paragraph as occurring at Buck-
shutem.

* Stauroneis Phoenicenteron has never been seen by the writer in
any of the numerous specimens of Miocene diatomaceous clays which
be has examined during the past ten years, nor has it, so far as he
has been able to learn from consultation of the literature relating 1o
ity been recorded by others as occurring in beds of that age. It has,
however, a world-wide distribution in fresh-water deposits of decidedly
later age. Thus Ehrenberg, in his Mikrogeologie, page 19, notes its
occurrence in the following countries, in deposits which the writer
would characterize from their position as decidedly post-Miocene and
some of them as perhaps post-glacial, viz.: In Sweden, Italy, Prussia,
Fraoce, Ireland, Saxony, Russia, Terre-del-Fuego, Guatemala and
Nuva Scotia, and, in the United States, in New Hampshire and Con-
necticut,

“ That the two deposits are probably synchronous in age would fur-
ther appear probable from the similarity of their position next below
the Cape May or surface formation, and that that age is much later
than Miocene may be inferred from the fact that the one at Rock Hall
liey, a8 already stated, directly upon the Rancocas division of the Cre-
taceous, the Miocene itself resting at a higher level upon Eocene beds
a few miles southward and esstward ; while at Wildwood the top of
the great Mioccene diatom clay bed occurs nearly 200 feet deeper than
the base of the deposit under consideration, or at the depth of 370
feet from the surface.” -

The following is the list of species of the diatoms in the bed at
Rock Hall as identified by Charles S. Boyer. The fresh- water forms
are marked F. Tuose which also occur at Wildwood are marked W,
In aletter accompanying the list, he remarks the “ Heliopelta occurs
only in one form, the one with four rays or eight divisions, the variety
vamed by Ehrenberg, H. Leuwenhoekii.” He also says * From the
presence of Triceratium favus, Cymatopleura elliptica, Campylodiscus
echeneis and Polymyxus coronalis, I should consider this deposit about
the same age as that at Wildwood.””
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Fresh
Qccurs at Water
Wildwood, Forms,

Atinoeycius Ehrenbergii Ralfa.....ccoocvvvnviinens viiiiviinicciininens. W,
" undualatus, Ehr.. W,
Actinoptychus Heliopelta, Grun vanety Leuwenhoekn Ehr.. Ww.
“ undulatus, Ehbr... w
Biddulphia laevis, Ehr.
s Tuomeyi Bail.
Campylodiscus echineus, ERro....c.veirniiiiiniiesenisesse mmenenens W
“  mp.?

Craspedodiscus Coscinodiscus, Grilfu. .. i cniniines sormeesericssnes Fa
Cymatopleara Hibernia, W, Sm.

Cymbella cogpidates, KiltZ..cococcicceinisiieriniminiin s F.
u lanceolata {Ebr), Kirchn F.
“ stomatopleura, Grin......... F.
o gastroides, Kz, ccvier it i . F
Epithemia argus, K{itz....... corvevncoicis ceomriiii i i s sincts snsvsnans F.
turgida, Kiitz......ccoconvirvinen e frerarstrbreerernecrncrararninstsaerraray Fu
Eunotia major (W. 8m.), Rab......... veernsi et W, F,
Gomphonema gracile, Ebr.....iii i o, We FL
Melosira granulata, L. W. Bail.
“ sulcata (Marina), Ebr.
Navicula granulata, Breb.
“ viridia (Nitzach}, KiltZ.. cccoorinininnnnnimne.. W, F
“ nobilis (EhRr. ), Kiitz, v iiiiicieirireii et snnesrnas o w. F
v Hennedyi, (W. &m.)
“ BIHEUlA iiveriiii e arsarrenriears csrrararsssTayres vinree B,
H acrosphsera, KiifZ. oiiineeis sieiessisesiasrioniiisssens srrerens Fo
o pachypterg, Kitz...ocooovnievinennnninrasanas w. F.
“ Smithii, Brébe i e e e W,
o mesolepta, EBT....c.viviivrcrinnivrenssnnme i i csrsvecenees. W, FL
Nitzschia circumsnta (Bail), Griio ...cveeuues bemranrreverns seaeres vrrans v W
“* punctata.
« Tryblionella, Grilh.. e issisnsrrrmseroeses . Wa
Podosira maculata.
Polymy=xua coronalia, L. W. Bail.. F.
Pleurosigina Spencerii (W. 8m. ) F.
Stauroneis Pheenicenteron, EQr.....cciviicvrmniniierinrennenivscinens sessenssnseneas B
" ACHLA (W, B, Yoev e vepemsicrsiramtan i sesneinns cessesssmssinimsressnseses Bo

Stephanopyxis turris, Ralfs,
Terpsince Americana (Bail), Ralfs..ccocviiincninnnrinniinininense. W,
Triceratium favus, ERr. oot sneceinss W,

L~ ARTESIAN WELL AT FAIRPORT, VA.

Diameter, 8 inches to 390 feet, then 6 inches to the bottom ; depth, 662 feet.
Terebratula harlani, 8ay, at 640 feet.
Water lows at the surface 75 gallons per minute.

This well is located in Northumberland county, Va., between the
Potomac and Rappahannock rivers.  As it passes through beds which
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are the continuation southeastward of similar, if not ideutically the
same beds as occur in New Jersey, and as certain fossil mollusks
common io this State and which therein indicate a definite geo-
logical horizon were obtained from the lower portion, we intro-
duce a deseription of it from information and from specimens
courteously furnished by J. H. K. Shannahan, the cootractor, who
drilled it, and who states that the well was finished at the base with a
screen the bottom of which is at the depth of 662 feet. He also says
the water appears to be fresh and all right, and flows at the rate of 75
gallous a minute just above the surface, above which he thinks it
would rise some 25 feet if the pipe was run up. Several thicknesses
of rock, ten to twenty inches through, were encountered between the
depths of 400 and 500 feet, while a thickness of six feet of .rock was
penetrated at 500 feet, Green clay was struck at 590 feet, in which
was embedded some flint stone.

At 640 feet was found some sand with much comminuted shells,
among which we recognized, without doubt, Terebratula Harlani Say.

At 660 feet the water-bearing sand was entered.

Respectiog the Terebratula, we may add that a few years since
the writer obtained this same fossil from the depth of about 840 feet
in & boring made ut Old Point Comfort.

This fossil in New Jersey, so far as past observation goes, occurs
persistently and only at the top of the middle marl bed, and but for
some recent stratigraphical work done in Delaware and Maryland by
Dr. R. W. Bagg, we should infer that the finding of this fossil in the
two wells just noted indicated the continuance southwardly of the
Middle Mar] bed. Dr. Bagg instanced finding it in outcrops of the
Bryozoan lime-sand underlying the Middle Marl at Noxontown mill-
pond, Delaware, and in St. George’s county, Maryland, in a still
higher stratigraphical position, viz., in association with characteristio
Eocene oyster and other shells.*

\)'ﬁ'rEsmN WELL AT OLD POINT CUMFORT AT “THE CHAMBERLIN.”

Elevation, 5 feet ; depth, 946 feet.
During the winter of 1895-96 there wus bored at Old Point Com-
fort, Va., at * The Chamberlin,” an artesian well to the depth of
945 feet. The work was done by Thomas B. Harper, of Jenkintown,

* Arerican Geologist, December, 1898, Vol. XXII, No. 8, page $70,
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Pa, to whose courtesy and care we are indebted for a full series of
borings. These were generally taken every ten feet to the depth of 850
feet, below which, while not quite so frequently preserved, they were
taken sufficiently often to indicate all but one of the changes in the
material passed through. Water was found at the base, which was
seen by the writer to overflow abundauntly from the end of the casing
when it was elevated seventeen feet above the surface which was but
a few feet, say not over five, above high tide, the well being located
within ten feet or so of the line where the waters wash the beach.

The water, however, from this boring was unfortunately saline, and
while it could be used for flushing and for some other purposes, it
could not be utilized for cooking or for steam boilers.

After a careful examination and study of the borings, and of notes
furnished ,at personal interviews with the contractor and his foreman
in immediate charge of the work, the writer i3 enabled to present the
following stratigraphieal record of this well :

Thickness. Intervals of depths,
10 feet. Eurface!sand.....cccoveiveiminranes 0 feet to 10 feet.-
20 * Band with minote fragments

of shell..cciciineinnemninniannns ¢ * * 30 % Recent,
10 * Dark gray sand, spines of sea

urchins, plentiful...........c... 30 % % 40 ¥ }Miocene?
10 * Band, lighter in color............ 40 « = 50
10 * Bandy clay with Miocene

BhElBuicrrieieerrrrrvnrromssnsseney B0 ¥ B0 ¢ Miocene.
30 * Greenish sandy clay.......ceovns 60 % g0 * “
10 “ BSandy clay with Miocene

shells,....cccocivnenans ererrrene g0 “ ¢ 100 * i
20 “ Greenish sandy clay, a few )

shells. ..o inniinninieeaes 100 * " 120 ¢ “
10 ¥ Greenish sandy clay, with

ghells in greater number.... 120 * “ 130 “ '
30 “ TFine dark gray sand, seca R

urchin spines abundant..... 130 % “ 160 “ “
20 % Dark brownish sandy clay,

with shell...covvien cinvaraeiennes 180 * * 180 *“ “
100 “ Dark greenish clay............... 180 ¢ *“ 280 “ u

Turritella plebia at 190 ft.

Arca-——-8p.? at 200 f1.

Pecten-—Sp. ?  at 270 fi.
60 % Dark greenish clay, more

sandy buat without shells.,.. 280  © 840 * “
180 ¢ Dark greenish clay, not so
sandy, still without shells.. 340 “ * 530 * *
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Thickness, Intervals of depths,
30 feet Dark bluish-green diatom- .
AEEOUT CIBY vnirs crvesrranrnenensns 530 fe0t to 560 foat Miocene.
30 * Dark clay not distomaceouns... 561 " * 590 “ “
20 *  Dark brownish sandy clay..... 580 ¢ * 810 ¢ u“
60 * Greenish clayey sand with a
large admixture of green-
sand grains and some for-

AR ereee v cssincsaninennaes 610 % 680 ¢ Eocene.
50 “ Greenish sandy clay with
gieen sand and foramini-
TEr. ceiis veenrassesscnransneens 6680 1 T10 “
o Brownish eandy elay............ 710 ¢ 800 Eocene. ? 4
20 " Gray sand, mixtare of green- .
sand graine and pure white
quartz graing.....eeeeseenen. 800 % % 820 % Cretaceous. ?
40 %  Brownish clayey sand, also 1
contains a mixture of green-
eand and quartz grains....... 820 “ “ 840 ¢
10 *  Calcareous rock crust and g
pebble conglomerate, with P
gome wnod and shells ........, 840 “ “ 850 . ., Terebratula. | R
533 " Durk sandy micicaous ¢'ay ... 850 © % 905 RO &}
13 * Fipe gray sand....cvceereinnncnnns 905 < ¢ 920 ¢
2> *  Coarse gravel, water-bearing.. 920 * * 945 ¢ J

In the year 1864 an unsuccessful attempt to obtain water was made
pearly adjacent to the location of this well, inside the walls of Fort-
ress Monroe, the depth reached being 907 feet.

Since then other unsuccessful attempts to obtain water have been
made at pointa a few miles more or less distant, as at Mill Creek,
where a total depth of about 425 feet is believed by the writer to
have heen reached, (this was reported much deeper,) and also at Back
River, where there was attained a depth of 1,172 feet, and at New.
port News, where work was discontinued at the depth of 581 feet. A
well was alko sunk, a few years since, at Lampert’s Point, near Norfolk,
which obtained a flow of water, somewhat salty, at the depth of 617 feet.

A record of the well inside the fort, with geological deductions,
was published by Prof. W. B. Rogers in “The Virginias,”” Oectober,
1882, Volume III, pages 151 and 152, and again in the “ Geology of
the Virginias,” 1884, pages 731 to 736. He expresses the view that
the base of the Miocene occurs at the depth of 583 feet. On carefully
reading Prof. Rogers’ paper, it is evident that below that depth he
considered that the well successively passed through Eocene and Cre-
taceous beds and entered what he called the Jurasso-Cretaceous.
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TIn three samples of borings from the Chamberlin well, marked
respectively with the depths of 50, 90, and 100 feet, there were con-
giderable numbers of Miocene mollusks, more or less comminuted,
however, by the drill, but which we, nevertheless, with the assistance
of C. W, Johnson, of the Wagner Institute, of Philadelphia, have
been able to identify as in the list below. Tt will be seen by the pre-
ceding record that marine shells also occurred between the depths of
100 to 130 feet, and again at 190, 200 and 270 feet. Except that it
was possible to identify Turritella plebeia, Say, at 190 feet and to make
out generically but without species an Arca at 200 feet and a Pecten
at 270 feet, all the shells below the depth of 100 feet to that of 300 feet
were 50 much comminuted by the boring tools as to be entirely unde-
terminable. No shells were observed in the specimens below 300 feet
until the depth of 840 to 850 was reached, where there occurred a few
fragments of Terebratula harlavi, Say, a Cretaceous brachiopod.

The clays were richly diatomaceous between the depths of 530 to
560 feet, and among the diatoms experienced diatomists have recog-
nized a number of forms especially characteristic of the great Miocene
diatomaceous clay bed of the Atlantic Coastal plain, and which has
beneath the New Jersey beaches a maximum thickness of 300 to 400
feet, and beneath the Maryland-Virginia Eastern shore peninsula a
thickness of 400 feet.

LIST OF FOSSILS.

GASTROPIDA.

Depths,
Columbeila (Anachus), — 8p. 2. .voeveereaeannnnenion 50 feat,
Cadulus thallus, Conrad.....ccccververnresnarmmnornrienies 50 ¢ 90 feet.
Dentalium Attenuatim, SaY. . ccecvseeiver sarsenraasnes 50
Eulima, — 8P, Zeererinnninninssessniensrscsssespecmnernnne 00
Olivelln, — BP. Prverervierssienes coseverenisinsansassssseranss 00 1
Scala multistriate, BAY. .coooiivis crrerarnrasrssies e, 50
TRIDODOILA.mcviaereeerierrrerrasrrsasernssninansansaensaressses B0 1
Turritella alticosta, Conrad......cccvnivrerieiicinrnneens B0 ¢ 90 " 100 feet.
Nassa 8cnts, SBY...ccrcriiviiirranannimcins e 50
Ptychosalpinx altilis, Conrad.......cccorviiinivimiannre 90 ¢

LAMELLABRANCHIATA,

Venericardia granulata, 88y.......cocneiviinnneninin 100 feet.
Cardium laqUeatim.......oirrrsoressssarnemnraeneiemmsrenns 100 ¢
Corbul, = BP. eveeriienniemiinsernarese s reeen 90 feet.
Corbula inequalis, 8aY.....cvemeciminnimisirne. 50 feet. 100 =
Qytherea Sayana, Conrad =C. convexa, Say...... 60

Doscinia acetabulum, Conrad . ....eommrmmvserinensee 80 40 B0 ¢
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Pecten ...... -]« IO ORI ermesersii s eenes 50 feet.
Pecten Madisonius, Say......................
Pecten Jeffersonise, Bay..........ccocovvvvrevennennn

Pectuncalus snbovatas,.............oocevvvvneiornn, 50
Tellina declivis, Bay.................. erres e 50
QOstrea sabrettexa.....cccccce cvceirnvrreeriiee v, 50 1
Lacina crenulata, Conrad..............co... oo, 50
Yoldia limatula, 8ay.. ..cooovmvveeerereeins oo 50
Urepidula —gp. ?............ ....... deerrer et e e

Crepidula fornicats........eeeveveivversvenne e, 50

Crepidula (Aculeata) costats, 8ay........o.oevo.... 50 '
Venus mercenaria, Morton.......coevvenvevnn.oonn,
Astarte undulata, Conrad.........covvvrvvevvesoenenn

Balauus protent.......u.cuvecvcrivveessneeveesiees oo

DIATOMACEA.

Miocene marine distoms, Bt. c.e.ue..ecoeeeeeesmures e oo

~

RADIOLARIA,

80 teet. 100 feet.

90

90

90

60

100
100 "
100 ¢

. 530 to 560 feet.

Foraminifera, Bl e e +e 810 to 710 feet.

BRACHIOPODA.

Terebratala harlani, Say, ... cooeresceeeeees e esses e

oo

eeevereernn. 840 foots

It may be of interest to note that the last named fossil, the Terebra-
tala, also occurs in borings in the writer’s possession taken at the depth
of 640 feet at Fairport, Va., on the peninsula between the Potomae
and Rappahannock rivers. (See Fairport record, pages 121 and 122).
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Bored Wells, Mostly in Northern New
Jersey.

In Red Nandstone, Gnelss and Other Rocks, and in the Glaclal Moraine, mainly
in Eascx, Hudson, Somerset and Middlesex Counties, and on Staten
Island and Long Island, nad along the Delaware River,

Sec. 1.—Artesian Wells Reported by Louis L. Tribus, O. B, at
Chatham and at Madison, and by Wm. Wallace
Ohristie, 0. E., at Rutherford.

/ ARTESIAN WELLES AT CHATHAM.

One well—Elevation, 188 feet; diameter, b inchea; depth, 90 feet. Water
rose 8 feet above the surface,

Three wells—Elevation, 188 feet ; diameter of each, 8 inchea ; depth of each,
about 90 feet. Water overflowed from each well.

From Louis L. Tribus, C. E., we learn that there were put down
for the water-works at Chatham io the year 1897, four flowing wells
to a depth in each case of approximately 90 feet, the elevation of the
surface being about 188 feet. The diameter of one of these wells is
5 inches and each of the others & inches.

The 5-inch well was the first one sunk. Mr. Tribus states that
 water was found at several levels during the driving, though not -
of active flow uontil about 90 feet depth was reached, when an open
gravel was penetrated and a very handsome volume secured, under
head sufficient to rise 8% feet above the sarface. It flowed near the
surface about 100 gallons a minute.” * The following is the record
of this well:

«The patural flow of one of the 0-inch wells afterward sunk is stated at 150 gallons a minute.
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Boil... cirtietear et anaee e 2 f00L = 2 faat,
Loam and clay.. e 100 =120
Fine sandy Cl8Y........covivonvinnmsnnninecsiene ¥o=18 “
Pure clay... “o=22 ¢
Clay and amall stonas ¥o=327 =

6
4
b
Band and gravelu.. v .. 5 ¥ =32 ¢«
Clay and BaADRd..cocceeiiiiiiiimnrn v i, 3
Qlay, sand and gravel.....ccoccecevivenvicieenn 7
Fine sabd . vivin e ivevneens ciisencenieinnnee ceeeee G =
Coarse 8and..c..c.coriservervrevoverinssenrnaserens 1 =
Fine sARd ... coieieeviiiiinnven e cerevines cerenan, 4 % =353 “
Fine eand and coarse gravel. 5 =
Fine 8and....coeicviinicininninecraes sviverrrennenns 4 =
Very fine 880d...ccciceicses viniien cvvcnnsicrnnn, 2
6
3
1
1
1

Fine sand =70 “
Rand and gravel....... s i e Wo=173 «
Quicksand ....oooriiviriie e e e “o=T4 "
Coarae BARG...ccvvierererrnr visnrsirursrasiasonaras Yo=75 ¢
L . PO =76

. « Water rose 3 feet
Fine gravel......cvvviininnin i, 4 = 80 above the surface.
Coared BADD e i rnsansanne.. 9 % =83

K “ o « | Water rose 8.7 ft.

Conaree clean gravel......cocrerciinncns seve oo 7 = 90 above thesurfage.

Mr. Tribus further writes :

“ Three six-inch wells were afterwards driven to approximately the
same depth into the same water-bearing gravel and have given prac-
tically the same results,

“The wells are separated from each other by about 100 feet, so that
the combined flow under the same vacnum when pumping is not much
less than the aggregate of the individual flows, the effect on each other
being very slight.

“ The strata of the different wells are very dissimilar until the
gravel is reached, showing the curious irregular deposition of the
glacial drift in this part of the moraine evidently a little back of its
terminus, The buulders encountered in driving were of small size
and readily drilled through and broken up.

“ No full test of the capacity of the weils has been made, because
the response has always been equal to the full demands of the pumps ;
the larger engioe operating at times at the rate of one million gallons
per twenty-four hours,

¥ Since the flow was first secured in 1897, there has been no indica-

tion of any change,
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“ The surface springs did not seem to be affected by the free flow
of the wells [when first put down], nor bave they been at all affected
since by the operation of the completed plant.”

ARTESIAN WELLS AT MADISON. ‘/

One well—Elevation, 192 feet; diameter, 8 inches; depth, 83 feet. Whater
rises 8 feet above the surface. Overflow, 2 feet sbove the sarface,
400 gallons n\mmute

Three wells—Depth, 101 103 and 148 feet. Water overflows from each.

Louis L. Tribus, C. E., also writes: * Under almost identical sur-
roundings Madison, N. J., two miles west of Chatham, has been for
eight years supplied with water from a large dug well, 35 feet deep by
30 feet diameter, the development of some very active springs. The
demands in summer have grown beyond its capacity of 250,000 gal-
lons per day, so that an additional supply has become necessary,

‘“After a couple of experimentsl tubes were driven, one to 60 feet
in depth, failing to secure a flow at that depth, and the other to 42
feet evidently tapping the same stratum that supplied the dug well,
an eight inch wrought iron casing with open end and the lowest five
feet perforated with a large number of small holes was put down by
drilling and driving to a depth of 83 feet, tapping a supply really
remarkable. At a point two feet above the surface the flow was over
four hundred gallons per minute, and at six feet about one hundred
and fifty, coming to rest about eight feet above the ground.

“ Three more wells have been driven to respectively 101, 103 and
148 feet. As at Chatham, the difterent wells passed through quite
diverse stratification, but apparently reached the same water-bearing
gravels. Each well yields a very handsome ratural flow of water.

“ These four wells, with the one 42 feet in depth, have been con-
nected with wrought iron suction mains, laid from 7 to 9 feet below
the surface, so as to flow into the large dug well from which the water
i3 pumped into the city system.

“ Without going to considerable and unnecessary expense, no close
measurement of the quantity of flow can be made, but an estimate per
24 hours of one million gallons natural flow into the receiving-well
seems very conservative; direct suction or full syphonage would
probably double the quantity if needed.”

9 gEOL
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The following is the record, as furnished by Louis L, Tribus, of
the first of the four deeper wells sunk, to wit, to the depth of 83 feet:

B0l teeerevassracneesrnrarsnsmnmsrssensemnsnnsevennnnnes 2 fe6t = 2 feat,
Clay and bonlders.....ovivreerrmeerieiiianiininn 12 * =14 ©
Red sand, clay and gravel......cc..coeeeseeans 8 ¢ =22«

Red clay...coccioriiiiiseineneimnirisnssisiranee, 6 M =2 28 8
Hard pan.....ccooverveirsnnnisimmmrm e 8 =83 ¢

g % —g41 o Water rose to the

Sand and gravel......coeeienee e, surface.

Fine brown 8and. e ver covevrnnerieees voneeeen 16 4 =57 ¥
Reddish €la...ccvveecriirsinvirinrinneinieniens § % == 86
Fine AN, ccuesrceeivieeennrsrnerereerverimesaennnes & % =70
ClAY cvieirie bissrssrssninmen s e § 4 =78 "
Coarge gravel, with water. .......ccccoeereens 5 % =83 ¢«

ARTESIAN WELL AT RUTHERFORD, N. J. /

Elevation, 60 feet; diameter, 8 inches; depth, 202 feet.

Wwm. Wallace Christie, C. E., writes as follows respecting this
well :

“ [ beg leave to report a flowing well driven at Rutherford, N. J.,
for Zahn & Bowly, and furnish the following record :

' Eight-inch pipe down throngh sand all of quick-
8and NALTIE 0. . cvetiareer v rsasirsristssnsanasaraninraas 86 feet..
Rod sandstone.....cccoivercermnvermsnisnsicrinrsninmcn 36 “ to 100 feet.
Dark BANAZLOTE. oceeverrreceennrarensrnrnmremmecnaneneanennes 1000 1 201 8 inches.

“ Water came within 3 feet 6 inches of the top in October, 1898.
In December, 1898, and in January, 1899, it has overflowed.”

IL.
Bac. 2—Bored Wells Reported by W. R. Osborne.

The following wells have been kindly reported by W. R. Osborne,
who drilled them. We have copied him nearly verbatim, using
quotation marks when his exact phraseology has been copied.
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BORED WELL ON HILLS BACK OF ERIESHERSVILLE, STATEN ~~
ISLAND, N, Y., FOR MR. DIETZ.
Diameter, 4 inches; depth, 246 feet,

Went through clays and sands to a depth of 246 feet, where the
water rose 120 feet and gives a good supply.

BORED WELLS AT THE NEW YORK VULCANIZING WORKS, PERTH A~
AMBOY.

No. 1 Well prospected to the depth of 230 feet.
No. 2 Welli finished at the depth of 135 feet.
‘Water from No. 2 rises to the surface of the ground b feet above
tide.
Well No. 1 passed through the following strata as described by W,
R. Osborne, whom we quote verbatim :

Usunal drift formation sand and ¢lay......voevees ...105 feet = 105 feet

Fine sand with water......c..ccriivs rrreecirs sermnrrrsneaesseseecnnnens 47 v =152
Very soft red clayey sand, like the red clay overlymg red
shale... PR DY .78 " =230 ¢

This well was abandoned, and a second, well of two inches diameter
put down to the depth of 138 feet, the top of the water-bearing fine
sand being met with at the depth of 104 feet.

BORED WELL NEAR KEABBYS, AT NEL3 NELSON’S BRICK FACTORY. -

Elevation, 40 feet ; diameter, 4 inchez; depth, 89 feet.

This boring * commenced on top of blue clay, 40 feet above tide,
and found water in free sand at 89 feet.”

BORED WELL BELOW KEA8BBYS, ON THE RARITAN RIVER AT THE .~
STANDARD FIRE-PROOFING COMPANY'S PLANT.

Elevation, 10 or 12 feat ; depth, 72 feet or more,

Respecting this well, W. R. Osborne writes that he * found sands
and clays to a depth of 60 feet, where was found white sand with a
large quantity of water.” Under this sand was “ 12 feet of white
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clay to the top of the trap-rock or gneissic formation usually found in oW\
this neighborhood ; the well producing water, 50,000 gallons per day,

from the 80-foot level.” As this report goes to print, a second well,

fifty feet from the first]one, is going down.

BORED WELL AT BRONHAMTON, $0UTH OF METUCHEN.
Depth, 52 feat,

“ Found water at 52 feet, after drilling through 52 feet of mucky
clay and sand.”

BORED WELL XEAR BONHAMPTON, AT NEW BRUNSWICK TRACTION -
COMPANY'S NEW POWER HOUSE.
Diameter, 6 inches ; depth, 208 feet.

“Drilled through gravel to 65 feet, then struck red shale, finding
water in the latter formation at 208 feet.”

TWO BORED WELLS AT BRUNSWICK DRIVING PARK.
Depths, 61 and 65 feet.

“ Found abundance of water in red shale,”

BORED WELL AT RUTGERS COLLEGE, NEW BRUNBWICK./

Depth 244 feet.

This well was sunk in “red shale to the depth of 244 feet, when
the horing was stopped and water was pumped at the rate of 12
gallons a minute.”

THREE BORED WELLS NEAR MIDDLEBUSH.

Two for Mr. J. A. Nugent, depth 112 and 160 feset.
One for Mr. Blaksely, depth 100 fest.
Diameter of each well 6 inches,

“All three of these wells;furnish an abuondance of water, and all are
in red shale from near the surface.”
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Q .
BORED WELL AT DEMJMREST, ON HILL TOPS BETWEEN! WOODBRIDGE
AND RAHWAY.

Diameter 4 inches ; depth 62 feet.

“This well obtains a good supply of water in red shale. The
property belongs to Mr. Mason, of Brooklyn, N, Y.”

BORED WELL AT METUCHEN FOR THE C. CARTER BELL
RUBBER CO.

Diameter 8 inches ; depth 87 feet.

This well was in “red shale after 30 feet of sand was passed
through.”

IL

8e0. 3.—Woells Reported by Stotthoff Bros, Mostly in the Red
Sandstons Region and in the Limestone and Other Older
Rooks to the North, though a Few are Along
the Delaware River, Below Easaton, Pa.

The following thirty-five wells are reported by Stotthoff Bros. as
baving been drilled by them the past year:

BORED WELL AT HAMBURG, SUSSEX COUNTY, FOR W. E. ROGERS & CO.

Dismeter, 6 {nches; depth, 160 feet.

Btarted on bottom of old well at depth from the surface of... 80 feet = 60 feat.
Quicksand. ., e Mimesreatseasettieit trrrr e era s sanene tenten .36 % = 95 *
Hard bloe atone............................. ............... rerrriners 856 “* =160 *

Water, 20 gallons per minute at 100 feet from the surface.

BORED WELL AT LAFAYETTE, FOR GILBERT INGER.SOLL./
LImestone ..ocveiereiiiiiiiinnmsiss st inses et svmes asessanens s veseeneeroeeras 36 faBE,

Suapply, 10 gallons per minute.
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_MORED WELL AT BALEVILLE, LEHIGH & N. E. R. R.
53 fest,

Sand, gravel and boulders... «...ccivveiiiiiviriinniinnr e,
Supply, 10 gallons a minute, 29 feet from the surface.

ABORED WELL NEAR PHILLIPSBURG, FOR VULCANITE CEMENT CO.

Depth, 300 feet.

Deepened a 200-foot well to 300 feet, Cement rock which we just
got through at the bottum into a soft material resembling clay, but of

the same color as the cement rock.

BORED WELL NEAR HIGH BRIDGE, FOR CHAS. P. FRALEIGH.
D s VTSP 21 feet = 21 feet.
Limestone. ...coooveiisenniaenne 82 % =83 ¢

Supply, 7 gallons per minute.

ASORED WELL AT LAKE VIEW FOR P. R. LINDSAY,
verveennes 27 foot == 27 feet.

DiStANCe 10 TOCK. ccvverrirnrerrrenstissrrarentrennes serssnsennransess
rrrerinestoae s prriresn berrmreennentn s ranes 46 4 =73 ¢

Red sandstone...............

Sapply, 2 gallons per minute.

/BORED WELL AT PASSAIC FOR BOTANY WORSTED MILLS.

.. 90 feet = 80 feet.
=402 *“

Sand, clay and qaicksand.......cccvevmmeniiiiiesienniens s e
Red sandstons............ evntreeerreeersera renerrarane Veerrmara e 312

Supply, 200 gallous per minute at 97 feet from the surface.

BORED WELL AT PASSAIC FOR DR. A. C. PEDRICK.

Loose earth and BtOnas.... ccoiiieiiiiiii e 82 feet = 32 feet.
Red 8andstons...coeeiiiiniiniiieerinaineninnnas h vy et 29 " =61 ¢

Supply, 10 gallons a minute at 18 feet from the surface.
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~~BORED WELL AT PASSAIC FOR J. P. LANGE.

Band and earth... ... ceeveveeriinreneiererr e e e 42 foat = 42 feet.
Red BaBABLOMB. ... uuorrveernrrnerrrrrensersrrransesonrenirrsearsreraere e B8 4 =100 *

Supply, 12 gallons per minute at 46 feet.

)JORED WELL AT PABSSAIC FOR PERCY W. SAUNDERE.

Earth....cccrevnr e vnernannneeas r e reeeesieesiesieenteesrarrensnmeanerneninns 10 feet = 10 feat.
Red 8andatons.... ... ceeinvieiare e ceei et rer e aea et st e sareavan B ¥ =064 “

Supply, 4 gallons per minute,

_ABORED WELL AT GARFIELD FOR CLINE COLE.

62 feet = 562 feet.
..................... et 21 ¥ =78 0 H

Supply, 10 gallons a minute at 42 feet.

/BORED WELL AT S0UTH ORANGE FOR WARREN C. BALL.

Commenced in bottom of old well, depth.....................ee 80 feet = 30 feet.
Red 8hale rock..ciiiiiiinimninnrnsisi s s e w ¢ =106 ¢

Supply, 10 gallons a minute 30 feet from the surface.

JBORED WELL AT LYONS FARMS, N. J., FOR F. W. C. CRANE,

Coarse red 8and.........covvemenirienrerrscisnnrsanrmessesinerieecieanane 67 foet = 67 feat.
Quickeand..... cooiviieienrrrir e e e 40 ¥ =107
Coarse red sand again.......cc.veeeeevneanns A— e renreare § “ =16 ¢

Supply, 5 gallons per minute.

/BORED WELL AT BERNARDSVILLE, FOR MRE. E. L. JOLINE.

Loose stones and e8Tth. ...cc.ccviieriererermsrnreenesnsnvssssnn seeensss 20 foet = 29 foet,
Boft gray rock.....ccovrrrresicicsienmssnssns i s 93 4 w2 122 0

Supply, 5 gallons per minute.

NEW JERSEY GEOLOGICAL SURVEY



136 ANNUAL REPORT OF

,BﬁED WELL AT HILLSBORO, FOR A, H, 80NN,

Diameter, § inchea. Depth, 116 feet.

BAOA. . et e e s er s nesesemeanarerennes 33 o0t = 33 feet.
Red ghale.,. ..o criires e nenas esssnes cenmsnasins 83 ¢ =116 ¢

Supply, 10 gallons per minute 21 feet from the surface.

BORED WELL AT PRINCETON, FOR FRANK GULICK.

Bastard red rock with streaks of shale 76 feet.
Supply, 2} gallons per minute.

/BﬁIED WELL AT PRINCETON, FOR MISS L, PARSHALL.

)05 4 3 erebernretesaane beevacarreres .. Sfeet = 8 feot.
Hard blue rock, of the * nature of trap,”......ccocorevrvensnnne 152 * =180 *

Supply, 10 gallons per minute at 70 feet from the surface.

JBORED WELL AT FLEMINGION FOR DAVIS HANSON.

EArth e coinn s e sesrapsas s sns teerensiamsrnnsensnnenean. 28 R0 = 20 faet
Shala.. e manrareatarueen e rEeearee et n et aehan e thnbrbe ke bnnnnrnr arenraeas 30 ¢ =5y *

bupply, 2% gallons & minute,

BORED WELL AT FLEMIKRGTON FOR L. B. HOFFMAN,

B 07 o 4 < T 10 feet = 10 feet
Red shale... e wenlld M =125 ¢

Supply, 35 gallons a minute 29 feet from the surface.

BORED WELL AT SUNNYSIDE FOR JOHN 8. CAVELIN.

Earth... reeearesrarinssens st erasarisenransrnssnsansianreersnstoveensrnrses B 1000 = 8 feat
Redahale eetees tmreseasetersraraaiteenan aarae tattaentereerrsnbasnen 42 ¥o—Pp0

Supply, 10 gallons a minute 38 feet from the surface.

~BORED WELL AT SUNNYSIDE FOR FARMERS DAIRY DIBPATCH.

Earth and loose rock....ceeecnvvnnaes v 32 foet = 32 foet
Shale.. errerennes Crasanee .....71 “ =103

bupply, 8 ga]lons a minute 60 feet f'rom the surface.
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/BﬁRED WELL AT CLOVER HILL FOR THOMAS SEBRING.

rertrbatrenarate mrasieeeiesianes TP 20 feet = 20 feet
weestrererrnesrererrreebesannis L1888 ¥ =153 “

Earth...
Shale...

Supply, 7 gallons per minute at 110 feet from surfaee

JBORED WELL AT WABHINGTON’S CROSSING FOR H., M. SWAYZE.

Red sandstone... rersiassseerinsrrerares rissessannsssmnnansnenisenres 90 1004 == 83 feet
Very ﬂne-gralned b]ue rock ceeen 168 4 =188

Supply, 1 gallon per minute.

~BORED WELL AT EWIKG.

Red shale from the surface to... e . 71 feet,

Supply, 10 gallons per minute 20 feet from the surface.

BORED WELL AT TRENTON JUNCTION.

Earth.............. eetersstsrersnavensansrensenss snarsenerennernsacrenancencnenne 10 f@€L = 10 feet,
Red ghale........ N eisitreursserseserinsaerestras e rervssreeranrarrnanint 50 “ =60 ¢

Supply, 9 gallons per minute 20 feet from the surface.
BORED WELL IN BROOKLYN, N. Y., AT MALCOLM'S BREWERY, FOR
F. W. MILLER.

8and B0A BIATE,.vvccrerererninreirnrs srsrarssnssssssns s nns sess s eeesssnenness. 68 f00E

Water rose to within 8 feet of the surface of the celiar floor.

)QRED WELL AT FAIRFIELD, CONN., FOR D. 8. BEACH.

Earth, oo, S eteeeneteteerieseraresas anenriatnrira 8 feet = 8 feet.
Mica and gray rock, with flint seame........ccocoeeviniinnin, 244 Y =250 “

Supply, 1 gallon a minute.

/BGRED WELL AT MAMARONECK, N. Y, FOR E. HAMILTON BELL.

Earth and top rock ¢ased t0...ccirerrvrrieaeriieniesiinnininnininnne. 36 fest — 36 feat.
Gneiss and mica rock, with hard, very hard and soft
layers, each varying from b to 20 feet in thickness....... 155 % =191

Supply, 10 gallons a minute at 125 feet.
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_~BORED WELL AT EABTON, PA., ON COLLEGE HILL, FOR A, A, AICKER."

Ca80d ... e e rerret cerseeseer e reenieene e 32 {081 = 82 fogt.
BOAPBLONE. ccevvreri it et sttt e s . 49 4 = B1 ¢

Supply 35 gallons per minute at 68 feet from the surface.

~BORED WELL AT YARDLEY, PA., FOR OWEN CLAYTON.

Earth......... Ve e tEEanebeienbear e neataarinren e s rans tansensntennrn omnren 16 feet — 16 feet.
Red BANABIONE. ... veeereceriiiis crrernn senevecseeessae siresnneesienee. 89 % — BB #

Supply 10 gallons per minute 40 feet from tlie surface,

)DBED WELL AT TORRESDALE, PA., FOR POQUESSING ICE COMPANTY,

Earth. .. hceiieieenins crreenans, brreereenieesieetaeirete e riaeearans ves 31 feet = 31 faat.
MiCE FOCK vt tmieireiietciitiranrin ere e rer e scasssss cesesrsinerenes seens 12 % = 43 #

Supply, 30 gallons a minute 16 feet from the surface.

}omm WELL AT TORRESDALE, PA., FOR TORRESDALE LAND
IMPHOVEMENT COMPANY,

Diameter, 8 inches; depth, 143 feet.

Earth and 10080 FOCK ..uiveeueeiiiireriiiisionineeererersesnserereens 48 feet — 48 feet.
{Gneies rock, with hard and soft streaks v 95 ¥ —143 ¢

Test, 35 gallons per minute at 75 feet from the surface.

~BORED WELL AT ANDALUBIA, PA,, FOR GEORGE G, PARR,

Diameter, 6 inches; depth, 60 feet.

Earth.coor i e femverrranrernerarerrereranian 20 feet =— 20 foot.
Gneiss rock...ccccerveninnnieninnnns rrsress b 40 Y = B0 ¢

Supply, 15 gallons per minuate 80 feet from the surface.

ABORED WELL AT BRYN MAWR, PA., FOR MAURICE HECKSHER.

Earth e e e e ninanees 20 foBt = 25 feet.
MiCACEOUE FOCK ..vviraar o vrrianrassirastaissreenrs eeses samieecmearnssen g5 " =120 *“

Supply, 12 gallons per minute 60 feet from the surface.
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BORED WELL AT BERYN MAWR, PA,, FOR 8. TWITCHELL,

b 07T L . T O P PVR SR PPP PO 23 feet == 23 feet.

Micace0US TOCK....ciieiiieriiirinerrirrrresmrnnieiees st rar s neaasias 48 " = 71 *©

Black rock, very seamy, of *‘ trap natore V... 66 « =138 *“
II.

8eoc. 4 —Bored Wells Reported by P. H. & J. Conlan,

P. H. & J. Conlan, in response to our request, have furnished the
records of a number of wells put down by them the past year. We
also have had in hand the records furnished by them of wells sunk in
1891, which have been accidentally omitted from the annual reports
of that and subsequent years. We first present their records for the
present year and then append those for 1891, Collectively the wells
are mostly in Essex and Hudson counties, and penetrate the Newark
red shales and sandstones, though a few of them have encountered the
trap dykes associated with that system of rocks. A few also of the
wells are in Philudelphia, Pa., in Brooklyn and New York city, N. Y.,
and in Connecticut. The latter wells, excepting those in Brooklyn,
penetrated micaceons gneiss rocks, some of them being of great depth.

The unusually deep wells—650, 1,007 and 2,200 feet i Jersey
City, and 900 feet at Fort T.ee—are worthy of special notice, since
they furnish evidence of the great depth of the sandstone and trap
rocks at the respective localities.

WELL IN JERSEY OITY FOR CONBOLIDATED TRACTION COMPANY.

In process of boring. Depth attained, 2,200 feet.

This well was noted last year as in process of boring and as having
attained a depth of 1,400 feet entirely in red sandstone. P. H. & J.
Conlan now write: “ We are still working on the well for the North .
Jersey Traction Company at Jersey City. We are down 2,200 feet
and the rock is very hard.”
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ARTESIAN WELL IN JERSEY CITY FOR HUDSON CANAL COMPANY.
Deptb, 650 feat,

“ We also put down down a well for the Hudson Cozl Company
in Jersey City. This well is near the well of the traction company’s
well and is down 650 feet, with very little water.”

ﬂ(ELL ON JERSEY CITY HEIGHTS FOR J, MEHL & CO.
Depth, 1,007 feet.

*“ We have finished the well on Jersey City Heights for J. Mehl &
Co. We got a good supply of water, over 160 gallons per minute.
The water was analyzed and was of very good quality. It is 1,007
feet deep.” This well was reported last year (Annual Report, page
283) as in process of horing, having then reached the depth of only
275 feet, being entirely in trap below the depth of 20 feet. P. H. &
d. Conlan now furnish the following complete record from the surface
down, showing they probably got through the trap at the depth of
about 365 feet :

Clay and bonlders.. ......cocciveceveveinriiiiii e st eresens 20 feet = 20 feet.
Trap rock... e icren st 994 Y = 364 *
A kind of wh1te sandstone e 386 4 = 700 ¢
Red shale with layers of whlte sandstona vrvesverinnee 307 Y = 1007 ¢

WELL AT COMMUNIPAW,
Depth, 6500 feet.

“ We put down a well for G. V. Bartlett & Company’s slaughter-
house ; at Communipaw ; the well was put down adjoining the bay ; we
got salt water; it is 500 feet deep.”

_J¥ELL AT BELLEVILLE NEAR NEWARK.
Depth, 150 feet.

“We have put down a well for J. Frank Post in north Newark,
near Belleville; it is 150 feet in red shale; it will produce over 150
gallons of water per minute.”
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WELL AT WAVERLY,
Depth, 450 faat.

“We put down a well at Waverly, adjoining Newark, for the
Weston Klectric Instrument Company ; it is 450 feet deep, with only
a moderate pupply of water.

I/wﬁ.L AT BUMMIT.

Dapth, 325 feet.

“ We put down a well for the Summit & Madison Ice Company, at
Summit. It is 325 feet deep. The first 60 feet is through sand and
gravel, then red shale; alongside of the well the trap-rock juts oat
about 100 feet distant. The well will produce about 100 gallons of
water per minute.”

WELL AT ARLINGTON.
Depth, 235 feet.

“ We put down a well for the Standard Flint Paper Compauy, at
Arlington, N. J. 1Tt is 235 feet deep. It is in shaleand a good sup-
ply of water.”

WELL AT ELIZABETH,

Depth, 275 feet.

“We put down a well tor the Clause Bottling Company in Eliza-
beth ; it is 275 feet in red shale, with a good supply of water.”

WELL AT FORT LEE.
In process of drilling. Depth attained, over 900 feet,

“ We are still drilling at the Convent well, at Fort Lee, We are
over 900 feet, with no water, and are not through the trap-rock.”
This well was noted last year as in process of boring, having then
reached 850 feet.
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/WELL IN NEW YORK, AT FIFTH AVE, AND FIFTY-FOURTH BT.
In gneiss rock. Depth, 240 feet.

“We put down a well in New York for the University Club,
Fifty-fourth street and Fifth avenue. It is about 240 feet deep; it
produces over 50 gallons of water per minute. We encountered gneiss
and mica rock, and went through small strata of sulphate of iron and
small veins of quartz, Where we started the well the rock was
blasted away, they tell us, about 40 feet, so it was practically 300 feet
from the original surface of rock to where we found water.”

FIVE WELLS IN BROOKLYN, N. Y., IN THE 26TH WARD.

Average depth, B0 feet. Omne boring prospected to the depth of 140 feet.
Collective supply, 2,000,000 gallons per 24 hours.

“ We have erected a pumping plant for the Long lsland Water-
Supply Company, 26th Ward, in Brooklyn, N. Y. We put down
five wells, averaging in depth 80 feet. The supply, collectively, was
2,000,000 gallons per day of 24 hours,”

The strata are:

b o TR 1- Y 11 DO OO
Grave! with water
Thin vein of clay six to twelve inches, gay.........cccoeviias 1 % =38 *“
Sand and gravel to, from 70 to 100 feet in depth, then clay.

“ We went to 140 feet with one well, but got no water; it was fine
red sand with much iron, no gravel, and we went no deeper. The levels
_of the wells are about high-tide level, a very high-tide breaks up, so
that they are all connected at tide level, but the water is fresh and
good for use but a little hard.”

WELIB IN CONNECTICUT ON LONG ISLAND SOUND.
Depth, 300 feet to 1,000 feet.

“We have put down several wells on Long Island Sound,on the
Conpecticut shore, from 200 feet to 1,000 feet, all the rock we met
with in Connecticut was of gneiss character, the supply of water,
moderate.”
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II.

8ec. 5. Bored Wells put down in the year 1891. Reported by
P. H. and J. Conlan,

The following wells were drilled in the year 1891, by P. H. and J.
Conlau and were reported by them at that time but have been unin-
tentionally omitted from the annual reports for that and subsequent
years,

We quote P. H. and J. Conlan verbatim :

WELLE IN NEWAREK, N. J.

‘“A. F. Baonnister & Co.—Depth 120 feet; 20 feet to rock, 100
feet in rock ; capacity 75,000 gallons water per day.” <S¢ < Pm.

“G. N. Russell.—Depth 180 feet; 10 feet to rock, 170 feet in
rock ; capacity 36,000 gallons per day.” 25 &Paa

SFeigenspan Brewing Co.—-12 inch pipe to rock; 10 inch hale
in rock. Depth 350 feet; 100 feet to rock, 250 feet in rock ; capac-
ity 288,000 gallons per day.” 2zs0cem

* Wheeler & Russell Hat Co.—Depth 250 feet ; formation, alter-
nate layers of clay and quicksand, to water-bearing stratum ; capacity
108,000 gallons per day.” ; 5 ePm:

»McAndrews & Forbes Licorice Co.—Depth 220 feet ; 20 feet to
rock, 200 feet in rock ; capacity 144,000 gallons per day.” ,,, GPaq

WELL AT KEARNY, N. I.

“New Jersey Home for Disabled Soldizrs.—Depth 600 feet; 10
feet to rock, 590 feet in rock ; blue slate to a depth of 400 feet, and
scarely any water found till red sand-stone rock was encountered.
Capacity 72,000 gallons per day."’;é P

_AELL AT HARRISON, N. J.

“ Hahn & Stumpf’s Tannery.—Depth, 350 ft.; 100 ft. to rock, 250
ft. in rock ; capacity, 72,000 gallons per day.” ¢y um

MWELL AT WAVERLY, N. J.

‘“Ricketts & Banks.—Depth 280 ft.; 80 ft. to rock, 200 ft. in

rock ; capacity, 58;680 gallons per day.”
40 Qo
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AELL AT JERSEY CITY,

“ Jus. Malone & Co.—Depth, 500 ft.; 40 ft. to rock, 460 ft. in
rock ; capacity, 72,000 gallons per day.”

JELL AT SEWAREN, N, J.

“ Port Reading R. R.—Depth, 250 ft.; 50 ft. to rock, 200 ft. in
rock ; capacity, 36,000 gallons per day.”

WELLS IN PBILADELFPHIA, PA.

 Arnholt & Schaefer Brewing Co.—Drilled well from the depth of
900 fi. to that of 1,600 ft. At 900 ft. the well pumped about 9 gal-
lous per minute; at present depth it pumps about 50 gallons per
minute, but the temperature increased 5 degrees from 1,300 to 1,600
ft.” This well is drilled entirely in the micaceous rocks of the Phil-
adelphia belt of Southeastern Pennsylvania. . Gon

“ George Keller Brewing Co.—Depth, 300 ft.; capacity, 22,000
izallons per day.”

“ Burg & Pfaender Brewing Co.—Depth, 150 feet; capacity, 51,-
000 gallons per day.” The last two wells are in the same rocks as
the well at Arnboldt & Bcehaefer’s.

WELLS ON WESTERN LONG ISLAND.

“ We have put down several wells, varying in depth from 25 ft. to
300 ft. Formation mostly clay and quicksand, with water bearing
stratum generally found underneath clay beds.”
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Water-Supply from Wells.

C. C. VERMEULE.
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Water-Supply from Wells.

Studies were begun in 1890 to determine the volume of streams of
the State and the available surface water-supply, and were continued
in each annual report until 1894, when the results were sumwed up
in Volume IIT of the Report on Water-Supply. It is now proposed
to take up in like manoner the well-water supply of the State, and
while the subject is natarally more complex, and will not admit of
such definite treatment as was found possible in the case of the surface
supply, it is, nevertheless, believed that a careful analysia of the data
now in hand and which may be obtained during the course of these
studies, will elucidate certain problems connected with the develop-
ment of underground waters and their utilization for public and
domestic water-supply. There is undoubtedly much connected with
the subject which cannot be reduced to a definite law. There are
certain accidental features which sometimes upset all calculations, or
are entirely at variance with ressonable expectation, but it must never-
theless be a help tothose engaged in developing such supplies to know
with more definiteness than at present what is a reasonable expecta-
tion of the yield of a well in a certain district. We believe it possible
to throw some further light on this subject.

The importance of wells as a source of water.supply for the people
of the State is steadily increasing. When the report on water-supply
of 1894 was made it was shown, by a table on page 317, that about
6,500,000 gallons daily was obtained from wells alone, and 7,500,000
daily from combined wells and surface sources, out of a total of 108,
000,000 gallons daily consumed by the cities of the State. The most
notable wells at that time were those at Netherwood, supplying
1,603,000 gallous daily. Sioce then a group of wells has been put
down northwest of Elizabeth, in the glacial drift on the watershed of
Elizabeth river, which developed over 6,000,000 gallons of water
daily. Another group of wells put down for the supply of the city
of Camden are intended to furnish 20,000,000 gailons daily, and it is
stated that they have actually yielded this amount on test. Smaller

(147)
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plants have been installed at South Plainfield to supply Metuchen and
Woodbridge, and at Chatham aud Madison in Morris connty. These
and a number of other small plants have increased the well-supply of
the State about fivefold since the canvass was made for the report of
1854. .

There is a rather prevalent popular impression that underground
water is entirely separate and distinct from surface water. Probably,
to most minds, it appears that the water is taken from the earth in
much the same manner that ore or coal is taken from a mine, entirely
from the water held in store. A little figuring will show how impos-
sible this is. Some of the recent important gang-wells put down for
the city of Brooklyn, on Long Ieland, for instance, yield 20 million
gallone daily. Such a yield during the period of one year amounts
to a total of 7,800 million gallons. This amount of water would
cover one square mile 35 feet deep, but in the average sandy soil the
free water which can be extracted by wells does not amount to more
than twenty five per cent. of the total volume of the s0il, or in other
words, a continuous draft of 20 million gallons daily during one year
would extract all of the water from one square mile of soil to a depth
of 140 feet. If we remember that a public water supply means not
a draft for one year, but a continuous draft for an indefinite period, it
is clear that no wells can furnish such a supply unless there is con-
stant replenishment, This replenishment must of course be from the
original source of all water, the rainfall, and there is, therefore, no
real distinction as to source between surface and underground sup-
plies. The well- must be replenished continually from the surface,
If they draw from a well-defined stratum of water-bearing sand or
gravel, this replenishment is mainly from the outcrop of the stratnm,
although not entirely. In ordinary material, unstratified, or in which
the strata are not separated by impervious beds of clay or other
material, the well will be replenished by the rain falling upon the ter-
ritory immediately adjacent to the well. The amount of water which
will be available, upon such area, to replenish the well, is the differ-
ence between the rainfall aud the evaporation, the latter including all
water directly evaporated into the atmosphere, together with that
taken into the tissues of plants and other vegetation. That is, sup-
posing that the soil is sufficieatly pervious to allow all of this water
to percolate directly into the soil. This is not usually the case
excepting in light, sandy or gravelly soils such a3 those of Southern
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New Jersey or Long Island. In the more compact soils, such as
those of our red sandstone and clay districts, a considerable percentage
of the heavier rains will run off in the streams even though the soil
may have been exhausted of its water by wells,

The amount of water available from one square mile, therefore, to
replenish a well, cannot be greater than the amount available from
one equare mile to feed the surface streams. This amount was
determined in the Report on Water-Supply for the several districts of
the State, and is 8o necessary to this discussion that we repeat the
tables here, with some modification. The table given below is Tabie
No. 46 from the Report on Water-Supply, with a column added to
show surplus or deficiency of rainfall over evaporation, The driest
period covers parts of two years and is based on the famous drought
of 1881 carried over into 1882, being the most severe of which we
have any record from 1825 up to the present time
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Rainfal! and Evaporation for Average Year and Driest Period,

in Inches.

A surplus is indicated by +. A deficiency by —.

(B) UPPER DELAWARE VALLEY, HIGHL'NDS AND KITTATINMY VALLEY.

AVERAGE |

DRIEST.
o _ __I

MAKTH. ‘ g [, g PR

v ] co ,_- = °F

8 ' S ' £9 E c §.§

s ’ 2 22| £ | & %2

4 = | B@ 5 [ Ew

= | &a g | w ol
3h7 .60 -297| 405! 74| +33
3.48 651 +2.93 3.68 87 -+-8.09
3.3 .55 | -2.75 4.76 .69 +-4.07
3.57 741 +2.83 3.83 .76 -4-3.07
3.48 1.09 , --2.39 .61 .83 — .22
388 236 ' +~1.563 2,71 2.13 + .58
3.88 - 3.097 <+ .8l 3.87 3.07 + .80
4.0 3.73 + .32 .96 2.81 1 —1.85
ATGUBY . vvenins vrrmvens aras 4.42 329 4113 1.18 258 0 —1.40
Beptember.......c......cuuaes 3.57 0  2.07 +1.50 .04 161 — .87
October..cove cvieievnnenns y 331, 113 +2.18 3.04 1.10 +1.94
November... ... ccooovivienens 1 3.57 80 267 2,02 76 +1.20
YeRTuueerrurinn coeeenes | 44.00 | 20.08 | +-24 01 ‘ s1:63 | 17.75 | -+13.88
Dacember...... 2.63 401 +2.03
E:N 01 T:Y o O 4.57 M5 4342
February..... cccoeos wonsvians s 4,22 B4 -13.58
March.....ccoceevneninnnninnns o 3.67 T4 +283
Aprila.i.. 2.12 g8, +1.16
May..coceineeean b.0g 25561 —+25l
JOne. coeennnen 1.90 2.64 — .74
Jaly..cinen.. 137, 302 - 165
Aungust.......... 6.40 3.73 | --2.67
September.. 12.09 | 3.58 ~-8.51
QOctober. ..... 1.32 .92 + .40
NOvOMDbBEr ... cevreeieviisasnns imiinanaen o 49 .67 4 .32
Year....coeue. ettt veaen e e, 18.24 | 20.70 | +25.54
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Raiofall and Evaporation for Average Year and Driest Period
—Continued.

(b) CENTRAL DELAWARE VALLEY, RED SANDISTONE PLAIN, RARITAX WATER AHED.

AVERAGE. DRIEBT.
. B =
MONTH. _"_,?' E 5‘ g E g'
= g a 2 = g = =2
) g s.2 ] g, B2
g e Bg 2 E Eg
2 B 2 B
é 3 g2 ] e s 9
= = o S oA
.72 B3 | +2.80 | 4.05 87 | +3.18
3.63 68 | +2.97 | 3.8 67 | +2.99
3.45 87! 278 | 4.76 .82 7 +3.94
3.72 89| 4283 | 383 90 | 42.93
363 | 129 +234 .81 08 | — .37
404 | 281 +1.98| 271! 253| + a8
404 | 370 + .34| 387| 3.64| + .23
423 | 448 — .95 98! 345 | —2.49
459 396 4 .63 118 ) 8.08 | —1.88
872 | 248 4-1.43 84| 181 | — .97
445 | 136| +200| 304| 1.80| +1.74
3721 1.08| +2.64| 202 90 | 102

263 71| +1.92
4.57 7 | +3.80
4.22 .76 | +3.46
3.57 88 | +2.89
212 | 1.18! 4 .99
5081 8.02) 42.04
160 | 813 —1.23
1371 38.58) —2.21

6.40 443 4197
12.09 425 | +7.84
1.32 109} + .23

.99 80| - .19

Year..oiiiiieinnnnn, PSP PO PR 46 24 24.55 ) 4-21.69
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Rainfall and Evaporation for Average Year and Driest
Period— Continued.

(c) DELAWARE WATER S8HED, AB VE TRENTON,

AVERAGE. DRIEST,

. . T

= fn] ' ﬁ. oy

“ONTIH, . -% 5 _§ L -_§ 5 _§

E E oz E b

g F EA| § 0 £ %4

o = @ 5, @ 7

e e e e e
Dacomber. ..o.vee cvoe oo 367 10 207 | 405 .73 332
JADUATY..o. oo orrrrnenn 3.57 56 -301| 366! .57 1309
February.. .coceeervenvenene. 340 57 283 476, .67 ‘i —~4.09
March .. .cievirvenivenvnens 3.67 i +292 | 3.83 | .78 | +3.07
April..... v erreaae Ve 46T 1.09 +~2.48 .61 82 -- .21
3.99 2.45 ~1.54 2.71 2.13 -+ .58
3.99 310 ~— .89 3.87 317 -+ .70
4.17 3.76 - 41 .98 2.91 —1.96
4.52 3.82 ° -1.20 1.18 268+ —=1.40
Eeptember. ............. 3.67 218, +1.49 94 1.61 | — .67
October....... 3.40 1.14 -—-2.26 3.04 1.10 -+1.494
November ... 3.67 02 275 *02 .76 +1.26
Year.. ..... T 4529 20.64 . —2475 31.63 + 17.81 | +13.82
DECAMIBET vvvvvv «evveencvesa wreersssonns oooreeerennn Mo . 2631 .80 --2.03
January.... 4.57 i .65 -3 02
Febraary.. 4.22 - 64 —8.58
March ..oeeeons coeciseemerss 367, .74 283
S T e < 2.12 96 | +1.16
May ...... 5.08 I 2656 | 4261
June,, 1.90 264 — .7
July... 1,87 1 3.02, —1.865
Aungust........ 6.40 | 3.73 | -+ ! 67
feptember 1209, 3.58 } -+-8 51
Qctober. ........ 1.33 | 82 .40
November ..... 89| .67 .32
Y ORT . 1reereeterecen s anreaeearae caseennreens [ _ 4624 | 2070 | +2554
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Rainfall and Evaporation for Average Year and Driest Perlod—

QContinued,

(d) PASSAIC WATER BHED.

‘ AVERAGE.

DRIEST.

' 1 a ) = B

MONTH. - 9 2 sg

[ = 2 - w 2

L i 3 P a E o 58

I & . 2 l E = S | B2

[ == ' ® = ‘ £e

o2 1= & . = o w0
T = \

December ..o oo, " 8.85, 78 . - 2.87 4, 83 ~3.22
JARUATY-cvverscrsraverseee| 3850 63 292 3 83 | -3.02
February 338! .64 | 2.7 4.76 78 --3.98
March...cooocvnceesesernnn| 3640 B4 4280 383 88| --2.97
April, ..., 3.55 ' 1.00' --2.55 - 93 | — .32
May... ... 3.96 2.67 -i1.29 2.7 | 241 | + .30
June.......coonrinii i e, 3.96 . 3.49. 4 47 . 387 347 + .40
Tl e 4.14 4.24 | — .10 96! 3.0 1 —2.38
ANgast.. i s e 4.50 374 +~ .76, L1811 292, —LT4
Beptember....c..c.coecuv e 364, 236 | ~1.28 i 94! 182 — .88
OCtODBr- vvevveveeevererenaes 338, 120 +200. 3.1 124 [ +1.80
November. .cccveearernninnnn 3.66 1.0} 42868 . 20: .86 +1.,16
D P 45.00 . 9270 .-22.30 . 3183  20.05 1 —11.58
Dagember. ... covivin e e e e e 2.63 485 ) —+1.95
JROUATY v et e eeeeeeeeine ] evvis ves mvveevens | 1BT 73, 4384
February...... 422 .72 +3.60
3.57 1 84| ~2.78
o0 1.08 ' +1.04
b.0 288 218
.60 ! 298, --1.08
187 | 3.41  —2.04
6.40 422! 4218
1209t 4051 -+8.04
1.32: 1.04 - -+ .28
©6 + .98
YORF.ceeeee coerarerens b, bl 14824 2339 +92.85
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Rainfall and Evaporation for Average Year and Driest Period—
QContinued.

(e) BRANCHEY OF DELAWARE—TRENTON TO CAMDEN.

AVERAGE. DRIEST.

MONTH. s - g’ 8 N &

: = ] . = ¢ 5

= g 'S = = o'7

<2 g g & g £4a

g 2 || g | F|E4

= = W -4 = 3]

December. ... .. ........... 3.82 81 | 291 4.06 .95 | -+3.10
3.783 73 | +-3.00 3.66 T +2.93

3.65 .70 ) +2.80 4.76 B89 | 43.87

3.2 .88 | 4-2.84 3.83 .98 | 4-2.85

373 1.41 | --2.32 Bl 108 | — .45

4.16 3.08  ~4-1.08 RArD? 295 — .04

cearsameraisaseenes & cnerens 4.1 . 4.04 | 4 .12 3.87 3951 — .08
JUIF i e e, 4.35 4.91 | — b8 Ry 3.76 | —=2.79
ANZOBL. et i, 4.71 433 | + .38 1.18 3.331 —2.1b
Septemberr......cccoeiinel | 8.82 2,78 | +1.08 KT 2.07 | —1.18
OCLODET.cvvvmenrs oros oo | 355 | 150 | +2.05| 3.04| 141 4163
November......covueeeeennnnn, 3.82 1 1.19 | +2.63 2.02 97 | +1.05
Year...coococvrrnnnnn 47.22 26.56 | -+-2066 31.63 22,86 | +8.78
December......ovviviiivnines ciieveneens I 2,83 78] +1.85
JAOUAIY.ceneerrt e iins : 4,87 531 43.74
February...... ......... PR PR (R 4,22 .82 | 4-3.40
March........... evheseraess ae treessieaeas | [T PO 3.57 968 | +-2.61
ADERL cvervrecrerensemmmsins seveessnionsfeverrsomns|rome el 212 | 1,23 | 4+ .89
May...... U UURYURRPPUVRS ISURURTRRTTY IPTORR 5.08 3.28 | +1.78
JUBO. it cecvrns iecereen e L, 1.80 3.40 | --1.50
July i i e | 1.37 3.80 | —2.52
August.......... SR 6.40 481 ) +1469
Saptember.. . 12.04 4,62 | --7.47
Qctober........ 1.32 1.19 ‘ + .13
November......cceeemriieeenens v vrn ane l .89 87, + .12
[PRERE—— p—) —_— ———

Year I . | 424! o868 |+1056

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST.

156

Rainfall and Evaporation for Average Year and Drieat Period—
Continued.

(f) BRANCEES OF DELAWARE—~CAMDEN TO BRIDGETJN.

AVERAGE. DRIEST.
g =

MONTH. £ oo = e b

- = °= - = e

3 g £.8 & 3 EX

e s | B2 = g ca

o I =) [+ -] kd =] [+

= e =] &= = 1=
December. .coeevrieeenennn. 3.72 90 | +2.82 4.05 95 +-3.10
JADOAPY.ccorninararvernncen| 362 721 +2.90 3.66 .73 +2 93
Febrary.. ......... 3.4 g3 4271 476 89| +3.87
3.72 97, +2.75 383 .98 | 4286
3.62 1.40 | 4-2.22 .81 1.08 — .45
4.04 3.05 | + .99 271 275 — .4
401 4,00 | + .4 3.87 3.96 — .09
4,22 486 | — .64 .98 3.75 —279
$.58 .29 — .29 1.18 383, -~2.15
3.72 270 | 41,02 B4 2.07 —1.13
3.44 1.47 | +1.97 3.04 1.41 +1.83
Novembar..... ..ccooariannin. 3.72 118 | +2.54 2.02 97 —+1.03
YORTiicaiirrnr crnareeese| 40,85 26.27 l+19 B1 314631 2285 4878
Dacember.......ocooiiinn e 2,08 | 78 +1.85
January....... 467 ; 83| 4374
February..... ... 4.22 A2 4-3.40
March.. coeerer vremeeerinen 3.57 | o4 | 4261
ApTiliciiiiin e 2.12 1.23 -+ .89
May..... 506 328! 4178
Juge.... 1.90 3.40 —i.60
JulY e seerecne, 137 1 389 —2u50
Aunguatb....cene 640! 481 +1.59
September.... 12,09 | 4.62 +7.47
October..... 1.2 LI1¥. + .18
November.. 49 | .87 4+ .12
Year...... JURUTURTURRUURIUN FERSUUSRUN SRTUPPRY IS 48,24+ 20.68 ' -19.58
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Ralnfall and Evaporation for Average Year and Driest Period—
Continued,

(H) ATLANTIC COAST STREAMB OF EOUTHERN NEW JERSEY.

!
i AVERAGE. DRIEST,
|— —
| g | s |
MONTH, . ) 2 5 5 b8 55
= 8 [ = I = | m =
S g sz & g | =B
4 g | 53 | £ g | =g
(o @ ao = 2 | &e
December ..... 3.97 97 | +3.00 4.05 851 +3.10
Japuary.._.. 3.88 75| +313 3.66 .73 | +2.93
3.69 76 | +2.93 4.76 89 + 387
397 1.01 | +2.96| 3.88% o8 1 285
3.88 1.44 | +2.44 .61 1.06 | — .45
4.32 311 [ +1.21 271 2.95 — .04
4.32 433 | — .0 3.87 3.6 — .09
4.53 4,98 | — .45 R:) 3.75 -=2.79
4.91 439t + b2 1.18 3.33 —2.15
Beptember 3.97 27 | +1.21 94 207 —113
October,........ 3691 161 +2.18 3.04 1.41 l +1.63
November 397 | 121 | +2.76 2.02 .97 +1.05
Year. oo, ' 4000 2722 +2188 | 31631 2085 ‘ +8.7
Dacember .....cceviviieiiiiees cieeeevannn, T 2.63 .78 +1.85
JEROUAYY .o+ veeeaennn, [ 4.57 83 +374
February c.oooovviniiiies i l ............ 4,22 82 +3.40
March. ..coo. ceevneeinens e 3.57 .06 + 26!
April....oiiiiiiinn, 212 I 1.23 + L0
May 5.08 s.2s !l +1.78
June.....coooviieennnns, 1.90 3540 —=1.5%0
JulFremoi, 1.37 | 389 . —2.5
Angust 6.40 4.51 +1.59
Beptember .. 12 09 4.62 1 +1747
Qctober. ... 1.32 L1891 + 13
November. .90 87 . + .12
YOar. .o coecierereiane e e e, | 4624  28.68 +10.56

It will be noted in the above table that during the driest period
there are many months in which evaporation exceeds the rainfall.
This is true not only in such extreme drought, but during fully half
of the years of any twenty-year period, and during such seasons there
is not only no water available to replenish the well-supplies but even the
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water in the ground will be further diminished by vegetation and evapo-
ration. Such a dry period as we have given in the table furnishes the
crucial test of the supplying capacity of a well, and we have shown
that in planning public water-supplies depending upon stream-water
they must be designed to insure a supply during such extreme periods,
This is equally necessary in the case of well-supplies. Wells may supply
a given quantity of water duriog several years, but may, nevertheless,
fail when such a erucial test comes, and the failure is not less serious
than in the case of surface-supplies. Indeed, it is usually mueh more
embarrassing, because in the case of surface-aupplies there is abundant
warniog given in advance; whereas in the case of wells the failure is
sometimes very sudden and unexpected, The plate showing secular
changes in annual rainfall which was printed in the Report on Water-
supply, opposite page 13, will repay study in this conuection, for it
shows that the dry period sometimes extends over a series of years, and
also that we may go through a period of fifteen or more of compara-
tively wet years, like that from 1858 to 1873, and then suddenly
experience a very dry period, like that from 1877 to 1882,

The following summary from page 121 of the Report on Water
Supply shows concisely how much water is available to feed a well or
stream during the average year, the ordinary dry year, such as ocours
about once iu seven years, and the driest known year:

NET INCHES OF RAIN IN EXCESS OF EVAPORATION,

Average Ovrdinary
Year. Dry Year.  Driest Year,
Upper Delaware Valley, Highlands and Kitta-

tinny Valley....cconvimiiisinnniimcrnrinirennenn . 24.01 16.14 13.88
Central Delaware Vallay, Red Sandstone Plam,

Raritan Water-Shed... cevssnnrerminrisnnen. 2172 13.98 10.60
Delaware above Trenton................................ 24.75 16.90 13.82
Passaic Water-8hed......... erareresierrerrinnis ceannnean 22,30 14.39 11.58
Branches of Delaware—T'renton to Camden...... 20.66 12.65 8.78

4 i —Camden to Bridgeton... 19.61 12,01 8.78
Atlantic Coast Streams of Bouthern New Jersey, 21.83 13.98 8.78

The next table, which is taken from page 351, shows how much
water we found flowing off in the streams during various periods for
the different sections of the State. We have remarked that in some
of the less permeable soils all of this water will not be available for
wells, but the table will serve to show the maximum amount which
is available,
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RAINFALL AND AM(UNT OF RAIN FLOWING CFF,

Average Year.

Rain=—Irches, Flow.off—loches,
Kittatinny valley and Highland streams........ ......... 44.09 2141
Delaware above Trenton .....ccoevveeiinivnvviiinirnsnnennn, 45,74 24.75
Passaic water-shed. ....oovvsvicievrninvininnnn s vrevareens 1D 21.30
Red sandatone streams.. cer cetniber e e 45,94 21.72
Branches of Delawsare, Trenton to Camden...... e 4722 20.66
w * Camden to Bridgeton .......... 15.88 19.61
[ofaTT:1 019 £3:1 1 11 PO vesrsmessassares 340,10 21.88
Driest Calendar Year,

Kittatinny valley and Higbland streams.......... teere 31.63 16.82
Delaware above Trenton ..o icciniriricinivinerivenens 17.43
Passaic water-shed........cocverveeennnene . 15.53
Red sandatone atreams Hackensnck ..... veew 31 17.68
" " " Raritan........... reen 16,25
o " Y small slreams.................... 14,83

Branches of Delaware, Trenton to Camden............. 31.6 17.62

“* “ Camden to Bridgeton... 17.62
Coast streams with moderate giound.-flow............... 17,62
i “ * iarge ground-loW..eeninieeeannn . 18.65
Driest Eighteen Conaecutive Months.
High!ands and Kittatinny valley atreams......... ..... 51 21.06
Delaware above Trenton....ws....... OO ) 21.24
Passaic water-8hed...c.ouuinminn i ionnereicees evneneenn 9l 17.97
Red sandetone streams, Hackensack......ooviivivevinnnn 51 18.26
o b b Raritan ..., coociiiiiiieniin al 17.03
" H " small Btreamws. coovveeevrreeensns 5l 16
Branches of Delaware, Trenton to Camden.............. 51 15.87
" i Camden to Bridgeton........... 3l 15.87
Coast atreams with moderate gronnd-flow........ R 15,87
- “ ¢ large ground-Aow....ccciiiiinne. 31 17 14

We find that if we collect the surplus stream-waters of the wet
months in storage reservoirs and deliver the water at a uniform rate,
we can supply daily the umounts shown in the first column of the
fuilowing table, but in order to do so there will be required, on each
square mile of yathering ground, reservoirs of a capacity shown in the
second column of the table.
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GALLO>8 DAILY COLLECTIBLE WITH ETORAGE FHOM ONE EQUARE MILE.

Storage peeded
per square mile.

Gallons.
Kittatinuy valley and Highland streams .................. C66 094 121 642752
Delaware river above Trenton...c...cccceveererens cerenee e 666 094 88 106 000
PaBBAIC TIVaT.ciireceirrvenienrerecermennenrenssonrnmen ornennneeeee OG0 084 180 331 520
Red pandslone BLTEAMIA......cccviviriveirassnstarrassessrmressnin 570938 110 200000
Branches of Delaware, Trenton to Camden.........c.c.e.e. 570 938 86 013 803

o i Camden to Bridgetob.............. 476080  57.000000
COBBY BLICAIIA. .evmnernecrsen ot rturarassesansssaorssrsnsiosssormninson 570 938 §7,000,000

Au equal smount can be supplied from wells for each square mile
tributary to the well if all of the rainfall during our driest period
percolates to the well, and if the amount of stored water within the
influence of the well is equal to that shown by the table as the neces-
sary storage. ‘There are, of course, many cases in which the amount
of stored water drawn upon by the well is largely in excess of the
amounts given in the table. In such cases it may be assumed that
the yield of an average year is available from each square mile of
tributary gathering-ground. Ou this assumption the available supply
is, practically, 1,000,000 gallons daily from each square mile for all
sections of the State, and this may be taken as the maximuwm available
supply from wells under the most favorable conditions.

The determination of the gathering-ground tributary to a well is a
rather complex and difficult task, and it cun rarely be accurately made
except by au experienced engineer. The method of this determina-
tion depends entirely upon the class of well with which we are dealing,
and thia brings us to the question of a proper classification of wells.
The several classifications which bave been adopted do not always
indicate differences important to the engineer. For the purposes of
determining the gathering-ground and available storuge, wells may be
divided into two broad classes, First—We have the wells which
draw water from a mass of more or less homogeneous material, like
sand and gravel unstratified, or to some extent stratified, but which
allows the water to percolate from the surface of the ground in all
directions toward the bottom of the well. Second——We have a class
of wells which draw their supply from pervious water-bearing strata
which are overlaid by comparatively impervious strata.

In the first class are included most of the open dug wells, and also
the comparatively shallow-tubed gavg wells such as those at Freeport
and Merrick supplying the city of Brooklyn, or those at Union and
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Netherwooil in this State. In the second class are included most of
the deep-bored wells of Southern New Jersey, althongh comparatively
shallow wells may be of this class also,

For this State the separation of wells which flow at the surface
into a distinct class is not important. Indeed it is generally true in the
Eastern United States that the nse of the term *“ Artesian” as applied
only to wells which flow at the surface, or the treating of such wells
as a separate class leads to confusion. A well drawing from a given
water-bearing stratum may flow at the surface if situated on low
ground, while another vn higher ground drawing from the same
stratum will have to be pumped. Again, many of our wells, when
first driven, flow at the surface, but cease to do so when a considerable
quantity of water is pumped from them. It will be seen that the use
of the term ** Artesian ” under such circumstances, as applied only to
wells flowing at the surface has no practical significance. The papers
by Mr. Woolman in the annual reports of this survey have used the
term ‘* Artesian " as applicable to all bored tube wells as distinguished
from open dug wells.  The phenomena of flowing wells are worthy
of careful stody, however, as they may serve to throw light upon the
true source from which the well derives its water.

Wells may be divided into minor classes according to the methods
by which they are suok, but this is principally a maiter of detail in
the construction which may be teken up in that connection later on.
So far ax we have to do with the yield of a well, there is some minor
importance to be attached to the classification into open wells and
tubed wells, as we shall see later, but the two broad classes which we
have given are practically the only ones of great importance in this
cennection.

For both classes of wells the yield is limited by the character of the
material through which the water percolates to reach the well. We
have some experimental data bearing upon the rapidity with which
water will percolate through various materials under different heads,
to which we shall refer later on.

CONDITIONS WHICH PRODUCE FLOWING WELLS.

Three of the conditions which produce flowing wella are illustrated
in a paper on “Requisite and Qualifying Conditions of Artesian
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Wells,” by T. C. Chamberlin, contained in the fifth annual report of
the United States Geolngical Survey. The first is shown in Fig. 11,

,_ig'avc

Fig. 11,

and coosists of a pervious stratum overlaid and underlaid by imper-
vions material, both outcrops of which are elevated somewhat ubove
the surface of the intervening country. Suach a stratum becomes filted
with water by the rainfall on the outcrops at A and G, so that wells
sunk through the upper impervious clay at I or E will flow. It may
be said that in most of these cases the material underlying the pervious
stratum is of comparatively small sigoificance, as it rarely happens
that there is a free outlet downward for the water. The second con-
dition is shown in Fig. 12, in which the bed has an elevated outerop at

Fig. 12.

A, but thins out at i lower end, so that there is no outlet for the
water, the beds above and below being of course impervious as before,
“The third condition is shown in Fig. 13. In this case the water-bearing

¥ig. 13.

stratum has an elevated outerop at A, but changes at its lower end E
to an impervious material affording no free outlet for the waler.
Besides these conditions given by Prof. Chamberlin, however,
there are others which depend upon a different hydro-dynamic princi-
ple. The water bearing stratum may be of uniform character through-
out, and may have a free outlet below for the water, and may,

1] GEOL
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nevertheless, produce fluwing wells, This is owing to the fact that
there is resistance to the flow through the stratum similar to the
frictional resistance of a pipe or conduit carrying water. It is well
koown to hydraulic engineers that such a pipe as the one, 48 inches
in diameter, which supplies Newark with the water from the Pequan-
nock river, for instance, uses up a certain amount of head for every
foot of its length in overcoming frictional resistance. Under ordinary
conditions, for this particu'ar pipe, this amounts to two feet for each
thousand feet of length. Now, even when the pipe is discharging its
normal amount of about thirty-five million gallons into the Newark
reservoirs, some 281 feet lower than the intake, if a vertical standpipe
should be connected with it at a point ten thousand feet down stream
from the intake, the water would rise in this standpipe to within 20
feet of the level of the intake. If the standpipe is 20,000 feet down
stream the water will rise within 40 feet of the level of the intake
&e. A line connecting the levels of water in a series of such stand-
pipes would be kuown as the hydraulic geade-line of the pipe or con-
duit. A water benring stratum discharging freely at its lower edge
may bave a similar hydraulic grade-line. Thus, as shown in Figure 14,

rig. 14,

the pervious water bearing stratum of sand or gravel, A, B, C, hav-
ing an elevated outcrop at A, and a free discharge at C, will kave a
hydraulic grade line, A, D, C, and if a well-tube be sunk at any point
D into the pervivus stratum, the water will rise in the tube to this
imaginary hydraulic grade line.

A fifth condition, and one which produced most of the fi wing wells
along our sea shore, depends upon the same hydraulic privciple as the
case given in Figure 14. If we trace the stratified beds of Southern
New Jer-ey far out to sea, we shall have the general ~ouditions shown
in Figure 5, that is, taking the determined rate of slope of these
beds and a profile of the sea-bottom made from the soundings of the
United States Coast and Geodetic Survey, we find that, at a distance
of about 100 miles off shore, the water-bearing strata have their lower
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outerop at the bottom of the ocean, as at C, and it is fair to presume
that there is a free outlet for the water which they contain. They

¥ig. 15,

are dischargiog, however, against a head or pressure due to the sea
water, so that the hydraulio grade at the outlet is the sea level. The
hydraulic grade-line to which we have referred would, in this case,
therefore, be a line joining the level of the elevated outcrop inland
and a poiot at the ocean surface vertically over the lower outcrop of
the stratum, Such a bhydraulic grade-line will be considerably above
the surface of the ground at points near the sea-shore. If a tobe is
put down iato the water-bearing stratum at D, as shown in Figure 5,
the water will rise in the tube to the hydraulic grade.line, and this
probably explains the existence of flowing wells at several ses-shore
points; thus, a well at Seven Islands rose 22 feet above the surface;
one at Ocean City, 15 feet above; one at Great Sedge Island, 9 feet
above; one at Mantoloking, 35 feet above; one at Ocean Beach, 50
feet above tide-level, etc. Incidentally, it may be pointed out that,
in some of these wells, a tide has been observed corresponding in
period but not in time with the tides of the ocean, and, as is to be
expected, haviog a much sn.aller range than the ocean tide.

Although the cases shown in Figs. 11, 12 and 13 may exist some-
where in the Highlands or Kittatinny Vulley region of the State,
these cases have no important application to New Jersey wells. A
special case of the conditions shown in Fig. 14, accounts for the
existence of several flowing wells in northern New Jersey, the waters
of which rise a few feet above the surface of the ground. Such a
special case is shown in Fig. 16, both in plan and profile. In the flat
bottom of a small valley, and extending somewhat on the slopes, there
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is a local deposit of clay or alluvium rather impervious to water.
This is underlaid by a pervious gravel, or it may be a seamy rock
such as red shale, The rainfall collected in the upper portion of the
valley passes down under the edges of this bed of elay, and then must

2 R L i g S

a,"nb._., el R e Ry
P i Sah -ler ol ol

Rock for Gravat)

Fig. 16.

find its outlet underground, beneath the clay, to a point lower down
the valley, If wells are sunk through the overlying clay in such a
cage, at A, B, or C, the water will rise a few feet above the surface of
the clay. It does not follow that the overlying bed must be
absojutely impervious, Some water may be constantly forced up
through it and seep into the batural drainage channels, but this
requires a slight head, which is represented by the few feet to which
the water will rise above the surface when an opening is made
through the clay-bed. In such cases, especially if the well happens
to be sunk into the rock, the fact that it flows to some height above
the surface is often accepted as conclusive proof that it has a distant
snurce, but our illustration gives the true explanation, and shows that
the gathering ground of the wells may be only a few hundred feet
distant. Finally it is conceivable that, in certain cases, wells may
flow for a time from pressure exerted upon the water in the earth by
compressed gases. A well put down at Sandy Hook struck gas at
150 ‘et deep, having a pressure estimated at 200 lbs. per square
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inch, which “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 throwing out several hundred yards of sand and dirt with
water.” (See Annoual Report for 1896, page 185.) Had such a
well not penetrated the body of gas itself, but only a body of water
against which the gas pressure was exerted in such a manner that the
gas could not eseape through the well, the result would have been a
flowing well of more or less permanence,

CAPACITY OF THE EARTH T0O ABSORB RAINFALL,

As to the rapidity with which the earth will absorb rainfall, some
data were given in our investigation of the stream-.waters of the State,
Thus it was shown that the extremely heavy rainfall following Sep-
tember 20, 1882, amonnted to 11.82 inches in 76 hours upon the
Passaic and Raritan watersheds, culminating in a fall of about 8%
inches in 16} hours. This heavy rainfall came after an extended
drought, when the ground was very dry and 3.3 inches ran off in a
freshet, on the Raritan, and about 3 13 inches in the Passaic. During
a period of about 76 hours these watersheds absarbed, therefore, over
8% inches of rain, or at the average rate of about 2.4 inches in 24
hours, There was nothing to indicate that this was the limit, as the
ground absorbed water until it was saturated, and the heavy floods
which followed were due, not to a retarded absorption, but to satura-
tion of the soil. At times during the early part of this storm
rain fell on red sandstone country to the amount of 4 inches in
15 hours and was all absorbed. This is at the rate of over 6 inches
in 24 hours. This rainfall was absorbed stil more rapidly in the
sandy soils of Southern New Jersey, the whole of this storm being
absorbed there without causing freshets.

I our statistics of the flood of February, 1896, contained in the
aunual report of that year, it will be noted that the Passaic and Rari-
tan watersheds absorbed about 1.6 inches of rain in 24 hours, this
being the difference between the total rain and melted snow and the
amount run off in floods. This percolation was quite uniform over
the Highlands and red sandstone portions of these watersheds, and the
ground was frozen and covered with snow and ice at the beginning of
the warm rain which cansed the floods. The percolation i3 much
greater during the winter months than is generally supposed, although
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it is true that if the ground is frozen very hard at a time when it is
saturated with water, the percolation may be reduced materially.

Throughout Southern New Jersey and Long Island it may be
accepted as true that the soil is capable of absorbing the rain as fast as
it falls, The evidence of this will be seen in the general absence of
severe fluods and the lack of surface indications of wash, and in many
instances the almost entire absence of any provision for surface- waters
or floods. In the red sandstone country the eurface sometimes becomes
baked, and the soil naturally is not extremely pervious, go that a very
heavy and sudden shower is not all absorbed even when the earth is
quite dry. In the glaciated portion the capacity for absorption is
much inereased by the drift-gravels and sand. Measurements of the
amount of rain flowing off in the streams in sudden freshets, however,
lead me to cunclude that even on the unglaciated red sandstone not
more than ten per cent. of the total rainfall of any given month will
fail to percolate into the soil if the soil is not already saturated with
water. In general, my experience is to the effect that in any part of
the State at least 90 per cent. of the quantities which I have previously
given as available to replenish well water supplies may be taken as
a very conservative basis f r estimates.

We may learn something of the capacity of mixed soils to pass per-
colating water from the amounts lost in this way from artificial
channels. The Morris canal and the Delaware and Raritan canal
both show a percolation loes of 8.5 inches deptl: of water in 24 hours.
The Chesapeake and Ohio, Chenango and Erie canals show a loss of
about five inches, while some of the irrigation canals of the West give
results as high as 84 inches. A rate of from 18 to 20 inches of
water in 24 hours is not unasuoal, either oo the better constructed
irrigation canals of the West or on the much older caoals of Italy.
Some very carefully constructed canals, such as the Languedoc in
France, ~how less than 3 inches loss in 24 hours, but the figures pre-
viously given more nearly approach uvatural conditions. We may
conclude from the indications afforded by the study of percolation
statistics of a considerable number of canals that the water witl per-
colate into such surface formations as those of Northern New Jersey
at a rate of from 8 to 10 inches in 24 hours, and into sand and gravel
at a rate of from 15 to 20 inches in 2! hours. In applying these
figures taken from the canals it is assumed that the area into which
the water percolates is the same as the area of water-surface of the

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 167

canal. I do not think that any substantial error results from this
assumption, or that the figures thereby obtained are any too large.
The percolation does not often extend over the entire botiom of the
canal, If it is side-hill construction it is quite nsual to find some per-
celation into the canal on one side, which would offset the percolation
loss which I have given and reduce the figures below the true amount.
At best the figures are only rough approximations, but being obtained
from considerable lengths of canal they give average results. It is,
of course, true that there is a considerable amount of pressure available
to increase the rate of percolation over that which would apply to a
rainfall npon the surface. DBut taking all observed facts into con-
sideration it may be stated broadly that if the ground-water i3 much
exhausted by wells all of the water which we have given as available
to feed streams will also be available for wells, unless it may be in
unglaciated red sandstone or highlands conntry, where ten per cent.
may be allowed for failure to percolate. We except clays, of course,
as in these percolation is very slow.

Another fact which must be taken into account in considering the
amount of water available to feed a weli, is that if any streams, lakes
or ponds come within the circle of influence of & well, or within the
area from which rainfall would percolate to the well, the waters of
these will usually be drawn into the well also. It is sometimes
claimed that streams have a tendency to silt up their channels io such
a way as 10 make them impervious to water, but I bave not usually
found this to be true, even with our muddy red sandstone streams,
If any of these streams are dammed and diverted, so that no water
passes the dam, it will be found that, below the dam, the water soon
gathers up into a stream of some volume, showing that there are
many springs, or there is much seepage water coming into the bed of
the stream.

Again, I have gauged streams at points rome miles apart and found
much greater gain in volume thao could be accounted for by the inter-
vening tributaries, also showing the incoming of seepage water. This
is always to be expected, a3 the stream channel is the natural outlet
for ground-water along its course. Of course, where water is con-
tinually coming into a stream through the sides and bottom of ita
channel, there can be no such thing as a formation of a water tight
lining of silt, and, if the opportunity is offered, the water will go out
where it come in. Instances may occur where, for a limited distance,
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a stream passes over a clay bed which is practically water-tight, but
these are to be regarded as exceptional cases. The Morris canal is
pow 65 years old, and percolation still goes on, as we have noted.
The same is true of the Delaware and Raritan canal, and of Italian
canals more than one hundred years old, so that it is at least a reason-
able expeetation that, if a well has extracted the ground-water from
beneath the bed of a siream, the waters of the stream will follow this
ground-water into the well,

RATE OF INFLOW THRQUGH NATURAL MATERIAL SURROUNDING
THE WELL.

We can best study the problem of the range of influence of a well
and the conditions which govern the rate of inflow, by assuming it to
be sunk in a homogeneous material such as sand or gravel, In the
case of a tube well all of the water must reach the well through
a strainer at the bottom, and various methods are employed for
removing the finer material from about the strainer so as to leave a
considerable bed of rather coarse gravel immediately surrounding the
strainer. But there is no practical way in which this can be done at
auy considerable distance from the strainer. In most cases it is safe
to assume that all the water reaching the well will have to pass
through the natural material surrounding the strainer at a distance of
about five feet from its centre. On this assumption, which of course
peeds modification for some cases, the problem of determining the
rapidity with which the water will reach the well reduces to a ques-
tion of how fast it will pass through a square foot of this naturally
compacted material, and having determined how much will thus pass,
we may multiply by the number of equare feet in the surface of a
sphere of five feet radius to determine the volume of inflow to the
well, If the strainer is a long one, materially exceeding ten feet in
length, this area might be increased to that of a cylinder ten feet in
diameter and of the same length as the strainer. In the case of an
open well the water must pass upwards iuto the well at the bottom,
and in this case the finer particles will sometimes wash out, or may be
excavated in such a way that the inlet for the water, through the
natural material, may be assumed to be equal to the surface of a
hemisphere having a diameter equal to the diameter of the well.
Supposing a well to be pumped at a continuous rate, therefore the
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surface of the ground-water near the well will soon assume a slope
which corresponds with the rate of discharge into the well. If we
conceive the centre of the strainer to be circumscribed by a number of
spheres in the manner indicated in Figure 17, the water will have to

Fig. 17.

pass through the area represented by surfaces of these several spheres
88 it proceeds on its way to the well. Now, these surfaces vary as the
aquare of the radius of the spheres, consequently the velocity.of flow
of the water toward the well will vary inversely as the square of the
distance from the well. Experiments made by Darcy and elaborated
by Dupuit showed that for sands the velocity varies directly as the
head. This law does not hold true for very coarse and clean gravels,
but may be accepted as usually true for our present purposes, conse-
quently it will be seen that the slope assumed by the ground-water
will vary inversely as the square of the distance from the well. The
result will be that the water will be extracted from the ground immne-
diately surrounding the well in the way indicated by Figure 17, which
shows the limiis of what is usually called the well-cone, although it is
not a true cone, but has a cross-gection similar to that shown in the
figure. The extent of this cone, and consequently the distance to
which the water can be extracted by the operation of the well, will be
determined by the resistance offered by the material immediately sur-
rounding the bottom of the well, and by the depth of the well. The
quantity of water which a single isolated well will permanently yield
under such typical conditions as we have here assumed, will be usually
determined almost solely by the resistance of the undisturbed natural
material nearest to the strainer to the passage of the inflowing water,

In the case of a well sunk to a confined water-bearing stratum the
conditions of inflow are elightly different, as shown in Figure 18. In
this case the tnflow through the pervious stratum to the bottom of the
well may be considered to pass a series of cylinders, instead of spheres,
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for all cases where the thickness of the stratum does not exceed 15 or
20 feet. For thicker strata, the ground-water will, in some cases,
assume a slope as in Figure 17, but only when the well is pumped

T T T T T

down to the water bearing stratum. For such a case as thig the rate
of inflow to the well has a fixed limit, the determining factors of
which are the pature of the material and the slope of the water-
bearing stratum from its source toward the well. Inasmuch as the
water is rarely pumped down in such a well anywhere near to the
water-bearing stratum this limit is very rarely reached, for the inclina-
tion which forces the water through the sand toward the well must
be determined by the difference between the height of water in the
well and the height of permanent ground- water at the outerop of the
stratum, divided by the distance to the well from the outcrop. In
no case, however, can this inclination be greater than the inclination
of the water-bearing stratum, as we have noted.

The law being as we have stated it, that the velocity of inflow
varies directly as the head or inclivation for a given material, the
yield of such a well will be increased in direct proportion to the dis-
tance to which the finer material of the stratum can be removed from
the well strainer.

In order to determine the possible rate of inflow to a well it becomes
necessary to have some data as the the rapidity of flow of water
through various materials for given heads or slopes. The following
table is taken from Bulletin No. 33, of the Colorade Experiment
Station, being a paper on * Seepage, or Return Waters from Irriga-
tion,” by L. G. Carpenter :
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TARLE FOR VELCCITY OF FLCW TBROUGH PERMEABLE SOILS.

Falues of k in formula v =ki. V = velocily in feel, i = inclination or fall in feel

per fool.
=3 =
| -; =] VELOCITY IN FEET.
o =
C B ]
KIND OF MATHRIAL. ! - @ 2
o @ ,g‘a Per Per l Per Per
i &3 3 & |econd.| Honr. | Day. | Year.
e 5 !
Minate Gravel... 08 | 041 | .02¢ | 8847 . 2075, | 757520
Coarse Sand ...... | 038 | L0026 033 | o224, | 81770
Fine Sand...... .| .008 | 0.356 | .00047 | 1.69 40.5 | 14777
Bandy 80ileccrriiencrienrancfroveneeneen| 0,30 | 00032 79 | 189  ese7
BADAY ClaY..ierrereecrconae|rnenrnnans]  0.25 | (0012 .42 | 102 872
Cla { s eeena] 00201 .0D003 a2 28| 1035
Lt teti 1) ISVROS | .00008 295, 71| 2887

To use this table in practice it is only necessary to multiply the
above figures for velocity by the slope of the surface of the ground-
water in the soil, since for such soils the velocity varies directly as
the slope. The table gives the velocity for a slope of one to one, or
forty-five degrees,

The next table has been compiled from one which is published ia
the report of the Massachusetts State Board of Health for 1892, page
554. This table is made up from the results from a number of
experiments made in connection with the study of filter-sands by Mr.
Allan Hazen. I have reduced the figures, which are given in meters
and millimeters, to feet and inches.
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TABLE BAOWING RATE AT WHICH WATER WILI, PAS3 THROUGH DIFFERENT 34AXDR,
WITH VARI U3 HEADY, AT A TEMPERATURE OF 50 DEGREES FAHRENHEIT.

. Edfective siz» of 8and in Inches, 10 per cent. of grains finer than—
i B Z
c04 008 012 0i6 020 039 118

031 003 013 .29 i .82 328 2856 ...

i

o 005 018 068 147 262 410 164 147, ovviirr e arenen
=1 010 033 131 285 524 820 828 205, .evvvern ceveeenrfeeninns
5 050 164 65868 147 262 41 184 s s el
% o 328 1312 205 524 82 328 [T
r b0 T84 806 147, 262, 410 oiees cviiiier crreeens cesvenes]cerennen
,_:: 1000 328 131, 205, 524 ... D eeirien reesen resmine ceeveses|esienine
2000 6856 282, 180 1M i e e e e [ R
. Effective size of Gravel in Inches, 10 per cent. of grains finer than—
{ . - = - . .
J18 164 262 328 .492| 656) 820 .984' 115 ; 131
| 0005 12 33 66 08 164 262 | 361 492 | 856 | 820
a l (01 23 69 134 180 828 485 | 672 903 | 1260 ' 1475
o1 002 46 131 256 361 621 | 903 | 1210 | 1570 | 1930 | 2330
ﬁ?.{ K008 134 867 680 900 1470 | 2030 | 2550 © 8050 ° 3570 , 4070
- 010 2200 670 98B0 1260 2000 | 2730 | 3380 i 4000 . 4630 | ........
2 050 920 1830 2000 3470 4900 : RN
B .100 1620 3050 4300 5100 ... 1

The above figures show the pumber of cubie feet of water which
will pass through one square foot of sand with the given slope, not
the actual rate of travel of a particle of water through the sand, which
will be faster in the ratio of the total volume of the sand to the
volume of the voids occapied by the water, or about two and one-half
times the velocity shown in the table.

The following table, showing the effect of variation in temperature
upon the amount of water flowing through the soil, is given in the same
report, and I here insert it, as it may possibly be useful in this con-
nection, although the above velocities being given for fifty degrees
Fahrenheit, may often be used without correction.

RELATIVE QUANTITIES OF WATER PAESING AT DIFFERENT

TEMPERATURE.
Degrees, Centigrade....ccooviinirs sesiians 0 b 10 ib 20 26 30
Degrees, Fahrenheit.....ceoss wovrvnrenee, 82 41 50 69 68 77 86
Quantity.....cocniivimeoiineniccnienee., 70 86 100 115 130 145 160

Mr. Hazeo says that the data for gravels are less complete than
could be desired, The tables are made up by plotting the actual
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experiments and making a disgram from which the above figures
were taken. It is also noted in the above report that for coarse
gravels the velocity varies as the square root of the head instead of
directly with the head, as is the case with sands. It may be remarked
in this connection that it has been noted that for many of the artesian
wells of Queensland, Australia, which flow under widely varying
pressure, the discharge i3 proportional to the square root of the head
or pressure, but that at some wells the flow appears to be more nearly
in direct proportion to the head. (See Fourteenth Annual Report of
the Hydraulic Engineer on Water-Supply, 1898, page 11.)

BEEPAGE FROM SOME CANALS, CUBIC FEET QF WATER PER SQUARE FOOT.

Seepag? per day

Canals. In feet, Remarks.

Fort Morgan, Col......ocovveeraerorennenn 0.98 Sandy soil.

Fort Morgan, Col. .ccecevereeennevuierenns 5.00 New canal, (i rquals about .01.)
Hoaver Ditch, Coluciiniiiiiiiiiiinens 1.2 Sandy soil.

Kings River and Fresno............... 1.5 Sandy soil.

Kings River and Freeno............... 1.7 Sandy soil.

Kings River and Fresno..........cuue. 0.8 Bandy aoil.

Fresno... wer. 0.4 to 28 Difterent sections.

Fresno Lnterale vrenerenneeee 12 t0 6.4

Navigli d ,It 1 e 0.9 ]
aviglio Grande, Ita y i Italian cansls 100 years old in

Muzza, Italy., coeiiiienniiiecisinnnen L7 " 3
Canale Martesans, I1aly...c.c.coeerees 1.5 very pervious goil.
Languedoc, France.......crvvsnsenecne 0.23 Carefully constructed.
Chesapeake ....c...... crereerenrrarnns N 0.42 ]
Chenango......ccceessrsrsnss sanennens vuenen 0,42 | . T
Eri?...f ......... vebs erentvsreenssnsnnens (.42 i American canals in ratber im-
Morris 0.71 | pervious soile.

............... PR | X !
Delaware aud Raritan....c..ecesiennan. 0071 J

The ordinary rate shown above is from 0.4 tn 1.5 feet for ordinary
to rather pervious soils, ranging upward to 5 or 6 feet in extremely
pervious soils. Theae figures (0.4 to 1.5) correspond approximately
with Hazen’s for inclination .01 and muterials classed as ten per cent.
finer than .004 to .008 inches, and it seems probable that such would
be about the average condition under which seepage occurs.

The figures above given for canals are not applicable to the problem
of inflow to a well at points near the strainer, because if a well is
pumped at anywhere near its maximum yield, the value of %, or the
inclination of the surface of the ground-water, will be much greater
than it is under such conditions as we have in the case of canal seep-
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age, but these figures may be suggestive of conditions at points more
remote from the well strainer,

When a well is yielding at its maximum rate, the slope of ground-
water in the undisturbed natural material nearest the strainer must be
one to one. This is under the assumption, of course, that the resist-
ance of this material to inflow is the controlling factor in the yield of
the well. It would not be true in extremely coarse gravel. The
slope cannot exceed one (o one unless the well is sunk in or near to a
pond or other body of water standing on the surface. The figures
given in Mr, Hazen’s table for slopes exceeding one to one refer to
free standing water on the surface of the sand or other material, such
as would occur on a filter-bed. In considering sands and gravels in
their natural position it should be remembered that ordimarily they
contain a considerable amount of fine material, and Mr. Hazen has
pointed out the controlling influenee of the ten per cent. of finer
material in the mass for determiniog the rate of flow,

The figures given in the following table for infiltration galleries
are determined under conditions which make them fairly reliable, and
they appear to be directly applicable to the rate of inflow to a well
through such porous material as these galleries are constructed in :

OTHER RATES OF INFLOW.
Galloos per day F:et per
per aq, [t day.
Infiltration galleries, at Lowell, Mass. Test showed

that the inflow through sand and gravel was......... 150 20
Infiltration gallery, at Brookline, Mass. Material

clean, coarse sand and gravel... R 245 33
Toronto basin......ceceee . 62 7
Ga]lary at Perth, Scotland.............. 182 24

*  Angers, France. . 187 25

[13 [1} [T} L1} 300 40

" # Lyons, o . 147 20

" *  Tounlouse, * eenere 228 30
QOpen well at Rio Grande, Cape May county, N J ........ 1,070 143

" ¢ at Long Island City (W. J. Matheson &
Co.}, in fine micaceons sand mixed with graval
{iequalg 0.6.....ccocs weves . 360 48
Inflow to this well va.ned dlrectly ay the head
Open weil at Prospect Park, Brooklyn, (t equals 0. 45)
material sand and gravel............. . 884 118

The above figures would seem to indicate that ordinary sands mixed
with gravel, as they occur under natural conditions, offer as much re-
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sistance to flow as Mr. Hazen’s sands ¢/ 10 per cent. finer than .012
inches.”

Now, if we assume that a well draws its water through the natural
material at a distance of about five feet from the center of the strainer,
the circumecribed sphere of five feet radius has an area of 314 square
feet. A velocity of inflow of one cubic foot of water per square foot
per day will give a yield of 814 cubic feet, or 2,350 gallons per day,
or 1,63 gallons per minute. It will be noted that a number of infil-
tration galleries in sand and gravel give a rate of inflow of from 20 to
30 feet per day, Applying this rate to the assumed well we will
have an inflow of from 47,000 to 70,000 gallons daily. These are
rates which actually obtain in a very considerable number of wells on
Loong Island and in New Jersey, where the wells draw from a mass of
practically unstratified sand and gravel. That is, a large pumber of
wells have proven by actual test that the rate of inflow is as great as
this. The question as to whether that rate can be maintained per-
mauvently depends upon other considerations. Now, as the water
approaches the strainer from a distance of five feet it passes through a
constantly decreasing area and must consequently have a constautly
increasiog velocity. In order to admit of such an increase of velocity
the finer particles bout the strainer must in some way be removed.
This will often be effected by the scour of the inflowing water, and
will be washed into the well, but there are various methods adopted
by practical well constructors for eflecting its removal, experience
having shown this to be necessary. If we assume a strainer ten
feet long, a cylinder circumscribed about it with a radius of
six inches from the center of the strainer will present an arca
of 31.4 square feet, or 1-10 of that of the above circumscribed
sphere, consequently all the water will have to pass this area
at a rate ten times faster than the rate at which it passes
the assumed sphere, or in the above mentioned case at a
velocity of from 200 to 300 feet per day. Comparing Mr.
Haze’s table it will be seen thai the velocity of 20 to 30 feet per
day at the surface of the assumed sphere, when the value of i equals
1, applies to a material finer than the finest given in Mr., Hazen’s
table, and somewhere between the sandy soil and the fine sand of
Prof. Carpenter’s table, while the higher velocity near the strainer, of
from 200 to 300 feet per day, would require for the same slope a
material a8 coarse as the third on Mr. Hazen’s list, that is, the finer
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10 per cent. must be raised from .004 inches to .0I2 inches, but in
reality it should be considerably coarser than this, because the slope
of the water should not be required to be greater than one in ten,
which would require the material to be raised to 10 per cent. finer
than .039 inches. There should be no difficulty in effecting such an
improvement in the coarseness of the material as would produce such
a result.

The following table, based on the Carpenter and Hazen tables pre-
viously given, may be found convenient as showing at a glance the
possible rate of inflow to a well through the various grades of material
given in those tables; the value of 7 being 1, excepting for the coarse
gravels for which it is 0.1.

Rates of inflow to a well through material of a given fineness, at
the surface of an assumed sphere having five feet radius from the
center of the strainer, based on the foregoing tables.

POSSIBLE RATE OF INFLCW.
i

X o |
. R
DESCRIPTION OF MATERIAL, & - 3 ' o
T gt A 5 5
Sa ST ‘é ' &, -
= iy sz
w8 381 ¢ - & 58
@¢q B ' =l | = =1
5% 5% 3 g &
Carpenter’s Table, i !
Minute Gravel.... coeceveeeennn .08 1.0, 651,550 4,860,000 3,380
Coarse Band.....cecoemeennne. 1.0 70,336 520,000 380
Fine Band.....c.ccooumrnrecrssnan. .008 1.0, 12,717 95,000 66
randy Hoiliiieinienin 1.0 5,935 44,000 80
Sandy Clay...... rernerecnninns 1.0 3,203 23,800 17
1.0 819 6,600 4.5
ClaY. o ciriircsurnrrasien ssssen ' to - to to
2,229 16,600 11.6
Hazen's Table. Sands, .
Ten per cent. finer than...... 016 1.0 164,536 1,230,000 850
Ten per cent. finer than...... .012 1.0 92,630 645,000 480
Ten per cent. finer than...... 008 1.0 41,134 307,000 210
Ten per cent, finer tkan. .... 004 1.0 10,299 1 75,000 52
Gr avels, amallar ineh pation.
Ten per cent. finer than., ... S28 0 01 1,601,400 11,875,000 8,300
Ten per cent. finer than...... 262 0.1 1,360,2C0 10,100,000 7,000
Ten per cent. fiver than..... 164 0.1 957,700 7,175,000 5,000
Ten per cent. finer than...... 118 0.1 508,680 380,000 2,650
Tan per cent. finer than.. ... .039 0.1 102,992 750,000 520
Ten per cent, finer thar. ... .020 0.1 25,748 192,000 134

The above table illustrates clearly the importance of the character
of the material in determining the possible yield of the well.
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A further study of this question of possible inflow will be made in
the course of this investigation by collecting records of maximum
yield of wells in given classes of material. Tests of maximum yield
of a well made shortly after the well is sunk are of value in this
connection, although they may be absolutely valueless in determining
the amount of water which the well will continue to yield for a long
period of time, because this may be limited by other conditions than
the resistance offered by the material to the inflow of water. We
append some notes of such maximum yields of wells, which are to be
extended by further collections of data. .

MAXIMUOM YIELD OF 80ME TUBED WELLB. TO ILLU3ITRATE PJAYIBLE
RATE OF INFLOW.

WHLLE IN S8AND AND GRAVEL.

[

!

£ @
& 5 E E |
o . = S l REMARKS,
°g B (I 5
33 S5 2.8 g
8s ’ Ba | @8 | &=
a” I 4 | = a7
2 | 40to60 | 50,000 | 21 |Average of 124 walls in a “ gang,”
! . Brooklyn water-works,
2 s | 70,000 30 |Average of 100 wells, Brooklyn
| . ,, Water-works, '
2 ‘ 29 © 36,000 15 )In fine micaceous gand, Long
[ | | Island Qity,
2 40 65,000 28 |In gravel at Belleville, average of
T ! 10 wells.
3 86 to 102 144,000 60 |Average of 6 wells at Gloucester.
2and 3 | 80 to 105 216,000 90 'Average of 6 wells at Clayton.
3 ! 50 144,000 60 'Freehold, in cosrse gand.
3 | 486 36,000 , 15 {Ocean Beach.
3 480 70,000 30 .Ocean Beach.
3 48 175,000 | 75 |Plessant Mills.
3and 4 + 600 to 1,100 | 200,000 | 84 iA\gemge gf 7 wells at Asbury Park,
in gand.
4 205 26,000 | 12 In sand, Vineland.
4 | 128to141 | 288,000 | 120 |Avqi'ia.ge of 4 wells at Merchant-
. : + ville,
43 87 to 162 100,000 42 |Average of 9 wells at Gloucester,
( in gravel strata.
8 : 200 288,000 1 120 IAt. Newark, in gravel.
8 225 108,000 42 At Newark, in sand.
6 . 40 72,000 + 31 iM Newark, in quicksand,
4to6 - 460to 1,200 ' 100,000 ° 42 'Oqean G(;ove. average of 21 wells
in gand.
6 46 648,000 ! 276 Cinnaminson, in 4 feet of gravel
| overlaid by 10 feet of sand.
8 ° 65to95 ! 400,000 | 168 Average of 8 welis at Eust New
ork.
verrennee 1,180 250,000 ! 105 'Asbury Park, in eoarse sand.
8 575 | 180,000 77 |Beach Haven, in sharp gray sand.
8 960 300,000 126 'Atlantic City, in sand.
12 GEoOL
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The above rate of inflow is computed for an assumed sphere circum-
scribed about the center of the well-strainer, or perforated part of the
tabe. For the larger wells the strainer is often 20 feet long or more.
If 20 feet long, and the natural sand or gravel is undisturbed at-an
average distance of 27 inches from the center of the well, the above
rate of inflow will be correct. If the finer particles are removed to a
distunce of 5 feet from the center, however, then the rate of inflow
through the natural material wounld be only balf of that given in the
above table. I have purposely omitted wells flowing under heavy
pressure, as these must be studied by themselves, and are practically
anknown in this State.

DETERMINATION OF THE GATHERING-GROUND.

The law which determines the limits of the well-cone for a single
isulated well which is drawing a supply from a homogeneous material,
neglecting for the present the replenishment to the cone cause by the
rainfall, has been already alluded to. I will now state it more fully.
When a well is prodacing its maximum yield the slope in the undis-
turbed natural roaterial nearest to the well will be one to one. This
is supposing, of course, that the resistance of the material is the
limiting condition of the yield. This slope will decrease in propor-
tion to the square of the distance from the well. If the slope at a
distance of five feet, for instance, i8 one to oune, at 50 feet it will be
one to one hundred, and at 500 feet one to ten thousand. Since
under this law the slope can never become zero, theoretically the
influence of such a well will extend to an infinite distance, supposing
it to be sunk deep enough below the natural level of ground-water.
This depth under the above conditions need not exceed 12 feet,
measuring from the level of permanent ground-water to the top of
the strainer. Figure 19 is a diagram, showing the limits to which the
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ground- water can be drawn by such a well. Strictly speaking, there
should be an allowance made for the fact that the well-cone itself cuts
off a constantly increasing segment of the circumseribed spheres which
represent the areas through which the inflow must reach the well.
Near the outer limits of the well-cone this segment approximates to
half of the sphere, but for all practical purposes the law may stand as
we have stated it.

While the tendency of the well in dry weather will be to draw
down the ground-water more or less closely to this theoretical limit, it
will never quite reach this, because we must consider the effect of the
constant replenishment of the supply from the rainfall upen the well-
cone, If we take this to be, for an average year, one million gallons
daily per square mile, and for the driest period two thirds as much,
as previously stated, the following table shows the draft which may
be Lkept up contiouously from a cirele of given radius about the well :

Watus ! Crels About Galions Daliy Which May be Gallons Daily Which
Weil Drawn Therefrom, May be Drawn in
foomucles 1o feet Average Year, riest Period.
1 528 31,416 20,944
2 1,058 126,684 83,776
3 1,684 282,743 188,495
) 2112 502,665 335110
o) 2,640 785,398 523,590
b 3,168 1,180,970 753,980
N 3,696 1,639,380 1,026,253
B 4224 2,010,620 1,340,413
R 4,752 2,644,680 1,696,460
1.0 & 280 3,141,590 2,094,303

This shows that a well which furnishes 125,000 gallons daily can-
not permanently extend its cone beyond ove thousand feet from the
well, us st this distance the draft will be constantly replenished. Of
course, during a dry period the cone may extend two or three hundred
feet further, but later on the rainfall will reduce it to its normal
radins, The best producing well in the list previously given will not
permanently extend its draft cone half a mile from the well, and those
wells which produce nnder 70 thousand gallons per day will only be
felt at 800 feet distance.

For & long line of gang wells, connected and all pumped together,
a different law will obtain. For such a cuse we may conceive that
the water must flow to the wells through a cylinder of five feet radins,
circumscribed about the line adjoining the centres of the strainers, and
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as the water approaches the well from a distance it will successively
paes through a series of cylinders, instead of the spheres of a single
well.  The area of the cylinder will vary directly as the distance from
the well, consequently the velocity of the inflowing water and the
slope of the ground-water on a line at right angles to the line of wells
will vary inversely as the distance, instead of the square of the dis-
tance. Thus, if at five feet it is one to one, at 5,000 feet it would be
one to 10,000. If the wells are twenty feet apart, then for at least
ten feet from the well the law will be the same as for a single well,
and if the inclination at five feet distance i3 one to one, at ten feet it
will be one to four,and beyond that it will vary inversely as the distance,
and will be one in 40 at 100 feet, one in 400 at 1,000 feet, and one in
2,000 at 5,000 feet. This approximates to what the writer has actu-
ally observed in the case of such wells, and the limit of draft illustra-
trated in Figure 20 as applicable to gang-wells is determined in
accordance with such a condition.

At Merrick, Long Island, careful observation of a line of gang-wells
half a mile long, in sand and gravel, gives the following results.
Pumping began January 23d at a rate of six million gallons daily and
gradually fell off until, during the months of February, March and
April following, the average rate was 5,000,000 gallons daily, and
thereafter it gradually fell off to 4,600,000 gallons daily. By Feb-
ruary 19th the ground-water had begun to fall at a point 850 feet
from the line of wells, measuring at right angles, and by February
26th the cone had extended to a point 2,000 feet distant and about 12
feet higher than the water in the wells, On May 15th the slope of
the ground-water at 2,000 feet distant was one in 800. By November
the cone had extended to something over 3,000 feet. It was determined
during these studies that if the ground-water should be drawn to a
distance of 16 feet below its ordinary level at the wells the influence
of the wells would extend at least 3,500 feet. This wounld give an
area of influence for these gang-wells not much exceeding one equare
mile if the ground had been level ; but it rose to the northward, and
the permanent ground-water rose with it at a rate of about 10 feet to
the mile, so that the ground-water was constantly moving southward
to the ocean through the sand and gravel. This water coming within
the limit of influence of the wells added largely to the yield. It would
appear that if the water in such a line of gang-wells can be lowered
25 feet below the natural level of ground-water, such wells will be
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able to yield up to their maximum capacity. If the pumps are set at
about the level of permanent ground-water, therefore, the maximum
capacity of the wells can be obtained by suction under such conditions
a3 we have assumed. Gang-wells will approach a limit of draft cor-
responding to that shown in Fig. 20 more or less closely, but, as io the
case of a single well, this will be considerably modified by the replen-
ishment due to rainfall. Such gang wells as above described have in
some cases on Long Island lowered the water to an appreciable extent
at a distance of nearly oue mile.

The conditions to which we have above referred are typical, and it
must not be forgotten that they do not obtain even on Long Island,
where the material approaches homogeneity fairly well for a moderate
depth. Tt still varies widely from the typical condition assumed, and
it is found that the water traveling down the southern slope gathers
itself together in more or less well-defined underground streams.

Our collections of data and our studies have not proceeded far
enough as yet to give definite resuits, but the foregoing is to be con-
gsidered tentative and illustrative of the method by which we hope to
produce results which may be of actual service in developing under-
ground water-supply. The judgment of the engineer must always be
finally depended upon for a particular locality. This, however, is
true of many formulie which are found of great practical use to the
engineer, although in their final application much depends upon the
exercise of his judgment.
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PART V.

The Pine Belt of Southern New Jersey,
and Water-Supply.

BY C. C. VERMEULE.
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Southern New Jersey Pine Belt.

The line whieh divides the deciduous timber from the coniferous,
forming the northwesterly border of the pine belt, was carefully
examined aod surveyed during the autumn. There is generally quite
a broad belt of mixed timber along the border, so that we have traced
upon the accompanying map both the northwesterly limit of the tim-
ber which may be said to be practically all pine, and the southeast-
erly limit of that which is all deciduous. DBetween these lines is the
belt of mixed deciduous and coniferous timber to which we have
referred, varying in width from a few yards to eight miles. There
are, however, isolated areas included within the pine district which
are much mixed with oak. Some of the older residents of the dis-
trict are of the opinion that, generally speaking, there is much more
oak than there was forly years ago. Oak usually comes up to replace
pine which is cut off, excepting where the land has been cultivated
for a time. In abandoned clearings the growth is exclusively pine.

East of the Southern Railroad of New Jersey, in Monmouth county,
the mixed belt is mostly oak and chestnut of all grades, from brush
up to merchantable timber. The latter term is here used to include
timber sunitable for heavy railroad ties as well as larger trees suitable
for sawing into dimension timber. In the Hominy hills, south of
Colt’s Neck, it is mostly pine, little of merchantable size. Westward
from Farmingdale to Charleston Springs it is quite evenly mixed, the
merchantable timber being confined to the vicinity of the highway
from Lakewood to Freehold. From Charleston Bprings to Horners-
town the line between pine and oak is quite sharply drawn, the pine
being generally small and the oak of merchantable size, Indeed, the
heaviest oak timber seen was in this vicinity. Proceeding southwest-
erly, the mixed belt retreats eastward to Collier’s Mills, and the oak
lands west are, as usual, well cleared.

Southwesterly from Collier’s Mills beyond Brindletown, pine pre-
dominpates in the mixed belt and is of larger size, about one-half
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merchuntable, Thence to New Lisbon it is more evenly mixed, but
of smaller size, brush and light timber.

A good deal ot land has been cleared just west of Asbury Park,
but thence to New Lisbon there has been practically no clearing
during the last fifteen years. Thence to Clayton there are a few new
cleariugs in and vear the mixed belt, but sonth from Clayton, to
Elmer, they are more numerous, and south of Elmer a good deal of
territory bas been cleared and brought under cultivation, especially
around Rosenhayn, between Bridgeton and Millville, and east of
Fairton.

Continuing from New Lisbon southwesterly, we find very little
merchantable timber. Southeast from Medford, at Indian Mills and
Tabernacle, there is a notable southeasterly encroachment of the oak
aod clearings, upon the pine belt. The mixed timber here has been
cut very close, and what remains is mostly brush. It is little better
anywhere southwest as far as Williamstown. Oak brush predomi-
nates throughout, accompanied by much small timber, and especially
just south of Clementon., The general absence of good timber near
the clearings here is probably attributable to close cutting for firewood
and other local uses. The same conditions obtain near Elmer, Bridge-
ton and eastward, and especially around Rosenbayn. Wherever there
is much clearing most of the older timber has been cut out, leaving
brush from two to fifteen feet high.

From Williamstown to Elmer, however, there is much better timber
in the mixed belt, especially to the northeast of a line joining these
two places, oak prevails, and there is a fair proportion of merchantable
timber. About Janvier there is the same severe cutting that has been
noted above,

Southeast of Alloway, in Salem county, and considerably to the
westward of the general limit of coniferous forests, there is an isolated
tract uf timiber well mixed with coniferous trees, although oak prepon-
derates, There is a fair proportion of merchantable timber here,
altbough it is not so good as the exclusively deciduous timber which
surrounds it, the latter being scattered over a highly caltivated country,
in small groves and hedgerows.

Generally in the foregoing description we have used the term “oak”
as synonymous with ‘“ deciduous.” No real error can result from this,
for it is true that vak largely outnumbers all other kinds in the
deciduons forest, Chestnut occurs also, however, well scattered
throoghout, from Asbury Park to Delaware bay.
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A plantation of grafted chestnut trees was observed in Camden
county, just south of Point Pleasant and about three miles southeast
of Spring Mills. Among the coniferous trees a few scattering white
pines were noted between Asbury Park and New Egypt.

Generally speaking, however, the coniferous trees consisted of white
cedar in the swamps and two varieties of pine on the upland; viz:
the common pitch pine (P. rigida) prevailing everywhere, and the hem-
lock pine (P. virginiana) which was first observed, when going south-
west along the pine border, at a point east of Pemberton; also
scattering trees were seen about Tabernacle and Indian Mills. At
Cedar Grove, on the Cohansey, this species became more numerous,
and between Bridgeton and Millville nearly all of the pines seen were
of this kind.

It will be noted that the map indicates Maurice river as the western
limit of the exclusively coniferous forest in Camberland courty. Not
only is there a liberal mixture of deciduous trees west of this limit,
but it has been stated that new clearings are more numerous and that
P. virginiana prevails instead of P. rigida. )

An inquiry was begun to determine the extent of clearing within
the pine belt in order to establish present tendencies. A careful
survey of the clearings was made when the topographic survey was
executed. In the pine belt this was from 1883 to 1886, and most of
the work was done in 1884 and 1885. A resurvey at this time,
therefore, will show the extent of clearing which has been done in
the interval. Such a re survey has been made at Hammonton, and a
map showing the results has been prepared. It shows that the forest
area has beep very materially diminished. The same is true of most
of the country along the New Jersey Southern Railroad all the way
from Hammonton to Bridgeton, especially at Carmel, Vineland and
Rosenhayn. Along the lines of the Camden and Atlantic, and
Atlantic City railroads, from Hammontou to the coast, the same
conditions prevail. Other centers of clearing are Richland and
Woodbine. Most of the clearing is south of Mullica river—there
iz little or none north. A few clearings have been allowed to grow
up again, but not enough to appreciably affect the tendency to
increase the cleared land,

It is said that ten years ago the cost of clearing and grubbing this
land, ready for the plough, was about §25 to $35 per acre, but that
it can now be done for from $10 to §15, and the new ground can be
broken up for about $8 per acre.
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If present tendencies continue it seems plain that most of the land
west of the limit of exclusively coniferous forest will be cleared up,
or at least the forest will be divided up into small parcels,

Within the pine belt there will be a broad belt of cleared land
extending from Hammonton to Absecon, another along the New
Jersey Southern Railroad, southwest of Hammonton, and the exten-
sion of the large cleared area at Vineland and southerly to Woodbine
will leave the pines divided into two tracts, the one lying in the
Great Egg Harbor watershed and the other north of Mullica river,
extending to Lakewood. Within the limits of these areas, which we
have tinted a dark green on the accompanying map, there is no
observable tendency to extensive clearing. The forest is almost
anbroken, It will be observed that these are also the tracts where
the severest fires rage at present. It may be suggested that these
are proper fields for something like systematic forestry, or at least
fur the inauguration of permanent measures to prevent fires. The
remainder of the pine district is gradually but very steadily being
broken up into small parcels by clearings, in such a way that fires
will, in time, cease to be of very great importance. The tendency to
clear up and bring under cultivation the better soils of the pine belt
must be regarded as fortunate from every point of view. These
better soils will produce more under cultivation than they possibly
could in forest, and the breakiog up of this great belt of timber into
sections will make it easier to deal with fires. There is an unfor-
tunate prevalence of fires from carelessness about the clearings, but
there seems to be existing legislation enongh to deal with this question
if the laws are enforced.

The importance of preserving some belts of timber throughout
this ground that is being cleared up shounld be emphasized, however,
They will be very valuable as wind-breaks, and it is quite possible
that there will be a material change in the mildness of the climate of
this section unless a reasonable amount of timber is preserved. The
importance of leaving a good belt of timber along the streams is
especially great. This needs to be done, especially in the case of the
Great Xgg Harbor and Maurice rivers, as it is on these watersheds
that most of the clearing is being done. The better soils here are
usually on the higher ground, so that there should be little opposition
to preserving the forests near the streams, These streams are now
developed to an important extent for water power, and are likely to
be still further developed in this direction. They have also a possible
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future value for water-supply, and the preservation of such bordering
belts of timber would be a valuable safeguard in maintaining their
purity. At least 75 per cent. of their watersheds can be cleared and
brought into preservation without seriously endangering the streams,
because of peculiarities which were pointed out in the Report on
Water-Supply. The primary reason is that the raio falling upon the
sand and gravel soil sinks at once into the ground and thence finds
its way gradually to the stream lines. To appreciate the great dif-
ference in this respect from the red sandstone or Highlands district of
Northern New Jersey it is only necessary to compare the topographical
maps of the two sections. In the north there will be observed a very
large number of small tributaries, and generally one cannot go far
in any direction without coming to a running brook, but in the pine
belt there are quite large areas of the higher ground with no visible
streams.

It may be well to peint out further the relation of these pine forests
to the question of water-supply. Included iu those areas of forest
which we do not consider as likely to be cleared up and brought under
cultivation, and which I have colored a darker tint on the accom-
panying map, are & Jarge number of streams which may afford valuable
sources of supply in the future for Southern New Jersey towns. The
watersheds so included areshown in the following table, together with
their estimated capacity.

Estimated capacity in gallons,

y.
Without storage, With storage,

Toms river above Toms River village...........covneuen. 27,600,000 112,000 000
Cadar eTeBE . cviiriii e e 9,370,000 31,800,000
FOrked FiVer .. cocovvsiveriroseranesinsensonas 2,470,000 8,400,000
Manahawkin creek 3,300,000 11,200,000
Westecunk creek.........cceeerevmrranes R 3,530,000 12 000,000
‘Wading river above Harrisburg.......cccvevrecvierenn e 27,600,000 109 000,000
Maullica river above Bafato......cccccciviniiiiinninnnne.. 87,200,000 147,000,000
Patcong creek above Bargainto®Wn...evicannane i 3,200,000 10,800,000

Baboock creek—Mays Landing..} .

Watuing e 1@ n 3,965,000 12,100,000

Bouth river above Monroe...........cc.o.oeiiiiiiiiiin e 3,180,000 10,800,000
Stephen’s cresk above Estellville..........ccooerss wevennee 1,695,000 6,000,000
Tuckahoe river above head of river.......c.coevevieiianne, 4,840,000 17,100,000
West creek, Cape May county, above mill-pond........ 1,180,000 4,000,000
Manumngkin ereek....cccoivveievenieverniinnenn. 6,380,000 21,700,000
Manaptico CrBeK......ccvrireiriimaneiririiniorieesrnimn 8,380,000 21,700,000
North Branch of Rancocas creek above New Lishon, 17,800,000 55.000,000
South Branch of Rancocas above Vincentown........, 9,000,000 25,900,000

168,800,000 616,700,000
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In the table above there is first given the capacity of the stream to
supply water in its patural condition without storage, while the last
column gives its capacity when fully developed by storing the surplus
waters of the wet season and using them to feed the stream during the
period of low water. The capacities given in the first column can be
obtained at slight cnst by simply setting up a pumping-station on the
bank of the stream, but the necessary storage to obtain the full
capacity would cost much money.

We pointed out in the Report on Water-Supply.those valuable
characteristics of the Kast Jersey watersheds which tend to preserve a
higher degree of purity and wholesomeness. The fact that the rain-
fall sinks at once into the earth and that a rush of water over the
surfaces of the streams is practically unkonown is the most important
one, for it insures perfect natural filtration and avoids the carrying of
surface impurities into the stream waters. Now, if these watersheds
can be preserved in their present condition, that is, well covered with
pine forests, they afford typical gathering grounds for domestic water-
supply. [t is true that these waters are slightly colored, but the
color is clear and by no means disagreeable, It is also much less than
it appears to be in the stream when the water is dipped up from the
stream in a glass or pitcher, and the wholesomeness of this clear
water is well known. The color is derived principally from the
cedar swamps. The water is very agreeable to the taste, decidedly
more 80 than most of the well-waters of that section.

We will point out briefly why we believe that these streams are
likely to be needed in the future and why it would consequently be
desirable to preserve them in a wholesome condition for future use.
In the Report on Water-Supply of 1894 we pointed out that the
Highlands watersheds, which we recognized as pre-eminently the
gathering-grounds for public water-supply, were capable of furnishing
a daily supply of 446,200,000 gallons (see page 313). On page 319
of the same report it was shown that the use of water for the supply
of cities and towns within the State had increased from about
49,000,000 gallons daily in 1882 to 108,000,000 gallons daily in
1894, and we followed this with ao estimate of what would be needed
in the future if the supply should increase, not at the rapid rate shown
for these twelve years, but at the same rate as the increase of popula-
tion in our cities, This estimate is reproduced herewith :

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 191

Population Supplied.  Gallons Daily,

18 .evviveesenereecseresmssnenns onsvenenes 1,114,403 107,840,861
1904 e cveerenerereseeis i ssrsecsemeeeeenene 1,560,000 151,000,000
I8 ireis e cereresescessiness s cereene 2,180,000 211,000,000
1928 cvevrsierienescres et tersneermeeererenene e 3,050,000 296,000,000
10 ST 4,270,000 414,000,000
1044 coeenrieiereneeenessrverseseseeesen seennee 5,980,000 580,000,000

Undoubtedly the Highlands watersheds will all be pre-empted
within the period covered by this estimate by the northern cities, for
these cities do not wait till they actually need the water, but wisely
endeavor to control a sufficient quantity for their reasonable future
needs. Thus the city of Newark has taken from the Pequannock a
supply of fifty million gallons daily, although she is using only about
half that amount at present, and even now this city is fully alive to
the fact that it is very desirable to secure a still larger supply in the
near future. Jersey City is also intending to make & contract, which
will secure a supply of seventy willion gallons daily from the Rock-
away river, so that these two cities alone will already have taken
nearly one-third of the entire available supply in the Highlands. The
southern towns have their immediate wants provided for by existing
water-works, and to a very considerable extent by wells, but as they
increase in population many of them must look to other sources. We
have compiled a table of southern New Jersey towns which are now
supplied with water, which table shows the consumption of water
in 1895, and also the increase of population of these places for the ten
years preceding. We have included New Brunswick and Perth
Amboy in this list, although they are not strictly within the South
Jersey district, but both of these places are now using what are prac-
tically southern New Jersey atream waters, that is, waters having the
general characteristics of these waters of the pine plain included in the
above table :

WATER-SUPPLY OF B0UTHERN NEW JERSEY TOWNS.

Gallons of
Water used

Population, Source of Daily,

1885, 1805, Supply. 1835
Agbury Park. ..c.ccovevennnnne PRV 2,124 3,761 Woellfuueeerrierurennren, 500,000
Atlantic City..coceernrinnenivereanee 7,042 18320 Woells.....ooveurerrranens 4,500,000
Atlantic Highlands............... v 1715 Welltewsivnennianeraeee. 109,000
Beach Haven ... cornen 230 WellB.ovverereeeurennnnn. 50,000
Beverl¥. i sesssnean 1,973 1,924 Delaware River...... ..........
Bordentown voocvvireniiinnianionine ., 4,683 4,185 Delaware River....... 500,000
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Gallons of

Water used

Populauon Source of Daily,
1Ci5. 7,5, Supply, 1895,

Burlington ........................... 8,653 7,844 460,000
Bridgeton......cce.uveen. . 10,065 13,292 630,000
Camden... vverererareeneiones 02,884 63,487 12,000,000
Cape May City. PP ¥ .1 14 2452 350,000
Cape May Conrt Houge (new), ..._...
Clayton (ReW).coveerrrvivneeennn. 2,399 2,130 127 800¢
Collingwood. .c.cccccoivrviiviniiiens e 1,020 25,000
Egg Harbor City (naw) 1,317 1,657 98,000
Freehold .. cerennrenees 2124 3,157 150,000
Glassboro (new).................... 2377 2,664 Wells.......ooveuueneee.. 159,800¢
Gloucester City....crvvrenerenner : 5,966 6,225 600,000
Haddonfield.......cooeevvinrurnnnees 1,850 2,680 26,000
Hightstown........ccorvvreenvnnenne. 1,608 1875 25,000
Keyport..cicviicieiinie e, 3.083 3,386 evens 200,000
Lakewood.............. v eeene 2,201 Metedeconk River 60,000
Long Branch........ .cccivusnnene. 5,140 7,333 Stream............eee.... 1,300,000
LOngPOTt..cev e e v reieens Welld.oooreeiiiiiicis e,
Maple Bhade.....cviveiivenininns vrnaeas v Wallooao,
Medford............ herat e reananes 992 1,989 Stream. 30,000
Merchantville.........ccvevevvenene 1,339 Stream - 48,600
Millville...ocrvirirennne, 10,466 Maurice River......... 650,000
Monmouth Beach......ccocoiiiver wceeer eeeenns Btream
MooTeBtOWD.cvan v vviens e 2,300¢ Btream 250,000
Monnt Holly..eceiiiiievennes vuns : 5,750 Rancocas Creek ....., 280,000
New Brunswick.......ceovivrauenne, 19,910 TLawrence’s Brook... 1,800,000
Oceean City....oveeiinins 921 Wells.....ioiiiviiiiiinne vivevienns
QOcean GIove ...ciivincviereireananes 3,680 186,300
Palmyra. .vcccniiciinirenninns 2,310 120,000¢
Pembarton eerarenns 816
Perth Amboy IR 13,030 Tennent's Brook..... 2 000 00()
Red Bank... 4,888 Waells...... srervveneennns 200,000
Riverton....ccccv... e 1,250 veesvsneenen, 80,000
Salem .......... atriemnensaernnrnneans 5,516 6,337 Wells and streama 400,000
Sea Isla City.....c.cccvivvineeviies. 538 424 Well.......... esnvennene 75,0008
Bouth Amboy....c.ccoov e 4,054 5,571 Tennent’s Brook.... 40,000
Btockton...coovireneiiniiirene. e 3,709 8,010 Wells....ovuurrrnvanas e 480,000
Vincentown (new).......coee,. 777 722 Rancocas Creek ...... 40,0002
Vineland......... 4,128 Waells......ocooveennnee. 126,000
Wenonah 473 Bpring......... 30,000
West Aﬂbury Park \naw) ..................... ]
Wildwood........... 109 Wells rnnneneen 25,000
Woodbury 3,853 Mantua Creek......... 300,000
WoodBtown...ocoiveevenininnne ceare 1,470 Wells.......ooveevinneeen. 30,000

Total......c.covvnvevnn. .. 182,681 250,871
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The population supplied with water in southern New Jersey
increased about forty per cent. in this decade, from 1885 to 1895.
The increase in water consumed was much greater, but estimating it

at forty per cent. in ten years, it is clear that the time is coming when
these potable waters will be utilized.

13 grOY
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’
Fire-Brick and Clay Industry.

1.
The Iron-Mining Industry.

BY GEORGE E. JENKINS, C. E.

{1851

NEW JERSEY GEOLOGICAL SURVEY



I.

The Brick and Clay Industries in the State
of New Jersey.

In the United States Geological Survey Report, the State of New
Jersey is given the fifth place in the output of clay products, and, the
canvass of last year showed, the clay-using industry is one of the most
important in the State, because of the position of the State in relation
to the large eastern cities and ite supply of raw material. In
addition to an abundance of elay suitable for use in making common
brick, which is scattered so promiscuously throughout the State, and
consequently making it possible for nearly every town to have its own
brick-yard, the State possesses large deposits of high-grade clays, suit-
able for use in the highest class of manufactured product. In the
section of the State known as “The Clay District,” which comprises
the deposits at Woodbridge, Perth Amboy and South Amboy, clay
has been mined and used in manufaciuring for years past, but the
large deposits in the Southern-central and Southern parts of the State
have been availed of only in the past few years and large industries
have grown up where only a short time ago nothing but pines and
sand were in evidence.

The results of this year’s canvass shows that, with one exception,

every brick-yard that was in operation last year has been a producer,
and several heretofore idle yards have resumed operation.

The capacity of many of the yards has been run to its fullest extent,
and at the close of the year many of these had sold their entire prod-
uct at an advance in price. These conditions are the results of the
general advance in business and especially the incresse in building
which has been going on in the cities throughout the State, and also to
the strike which took place in the brick-yards of the Haverstraw dis-
trict aloog the Hudson river.

(197)
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The manufacturing plants engaged in making fire-proofing and
other structural material, as well as the terra- cotta works, have felt
the demands from the building trade.

There are eighty-two common brick-yards in the State, of which
five have heen non-producers during the year. '

In pressed and ornamental brick there are twelve firms, all of which
have been very active producers. There are ten firms engaged in
manufacturing fre-proofing and other structural material.

In enameled briek and tile six firms have been producers, with one
other firm about to enter the field.

Eleven firms have been engaged in manufacturing fire-brick.

The results of the canvass of the clay-working industries in the
several counties of the State are comprised in the following netes:

3U88SBX OOUNTY.

There is but onebrick-making plant in thiscounty, located at Newton,
and the manufacture is principally confined to the demands of the
Newton building trade  The brick is of excellent quality and if the
yard was more favorably lacated, with reference to shipping facilities,
the quality of the product would soon find a market in other parts of
the country.

Mr. Frank Losey owns and operates the plant, and no changes
have been made in plant or yard since the last canvass.

PASSAIO QOUNTY.

The manufactare of brick is contined to the southwesterly part of
the county, in Wayne township, along the line of the Morris canal
and in close proximity to the Passaic river, and the following firms
and individuals have been making brick in the past year:

RINGAC BRICK CO., LITTLE FALLS
W. H. Roberts and W. Beatly, membaers of firm.
The clay deposit is of ordinary common brick clay and is located
on the south bank of the Morris canal and north of the road leading

from Totowa to Two Bridges. The plant has been increased by the
addition of a new Wildes brick machine, and the product for the
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year was very much larger than last year, the market being prin-
cipally in Paterson and neighboring districts.

STANDARD BRICK COMPANY.
Alex. McKorgan, President.

The plant is located at Mountain View and the main office is at
No. 492 Broad street, Newark, this city faornishing the principal
market for the yard’s product. In addition to the equipment given
last year the firm has added an additional tempering wheel and the
capacity of the yard isto be doubled. The plant was run to its full
capacity in the past season. :

JOHN M, POWERS,
Office, No. 226 Marshall street, Paterson.

This plant is located at Singac, and is probably one of the oldest
plants in the county, but the low prices prevailing in the brick
market in the past three years have been such-as to militate against this
plant’s operation.

GEORGE ADDY, PATERSON.

The clay-bed and yard located at Mountain View has been worked
energetically during the past year, and the owner has sold more brick
than he has been able to make. Clay has been mined from this bed
for abont forty years, and as the deposit is now worked to considerable
depth the task of draining the pits is considerable, and in order to
accomplish this in a more economical way a new windmill has been
added to the plant for the purpose of effecting the drainage. The
present owner has sold this plant to Mr. Peter Ulrich and Joseph
Tschwald, who take possession on February lst.

BERGEN COUNTY.

The clay deposit from which the ten different yards of this county
obtain their clay is located along the Hackensack river at Little Ferry
and Hackensack, and the making of common brick is a very extensive
industry. The clay-beds vary in depth from twenty feet at the
northerly extent of the deposit to minety-eight feet deep at Little
Ferry. The clay is well adapted for the manufacture of eanded
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porous building-brick of uniform color and strength, and which stande
in high repute among large building operators in the large cities.
The distance to New York is only seven miles in an air line, but in
order to reach this market thirty-one miles has to be traveled, and
although the Hackenssck river affords a waterway of an almost uni-
form depth of thirty feet, this admirable artery of commerce is very
seriously handicapped by the numerous drawbridges of the many rail-
road lines which now cross at such a low elevation. In consequence
of these obstructions the shipping has to be done almost entirely by
barges und steam-tugs, and as the cost of towage is high, the other-
wise cheap facilities for shipping are minimized and the natural
advantages as to closeness of market afford vo benefits to the wanu-
facturers.

In the manufacture of brick the ten yards of this district pursue
the same uniform method in tempering the clay, in the use of soft
mud type brick machine and in the burning of the brick. With the
exceptiun of the Mebrhof Brick Company, all use wood fuel and
burn in temporary arched kilos. The product for the year has been
over 60,000,000, showing an increase over last year's product of
nearly 90 per cent., and the amount of capital invested is about
$265,000. The following firms have made brick in the past vear:

M. B. & L. B. Gardner, Hackensack.
Charles E. Walsh (two yards), Hackensack.
Edward Schmultz, Hackensack.

James W, Gillies, Hackensack.

J. & W, Felter, Little Ferry.

Mehrhof Brick Company, Little Ferry.
Nicholas Mehrhof & Company, Little Ferry.
Philip Mehrhof, Little Ferry,

In addition to the manufacture of common building brick, Bergen
connty has one firm at Maywood engaged in manufacturing art tile
and the firm is known as “ The Maywood Art Tile Company,”
Gustaf 8. Jaeger, President ; Ernest Bilhuber, Secretary and Man-
sger.  The main office and plant is located on the New York, Sus-
quehanna and Western Railroad at Maywood. The manufactured
product consists of plain, glazed enamels, inclading border tile and
vitrified floor tile, In the manufacture of this product ball clay from
the Perth Amboy clay disirict and imported English China clay are
used. The plant consists of one boiler and two engines. Seven
hand-presses, having a total daily capacity of 2,400 to 3,000 pieces
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of tile per day, are in operation. The tile are burned in up draught
kilns, using hard coal fuel, and the total capacity of the five kilns is
7,000 square feet. From 46 to 50 men are employed, the majority
of whom are skilled laborers. The market is in the principal large
Eastern cities.

WARREN OOUNTY.

The brick and clay indusiry in this section embraces two brick-
yards and the extensive Terra Cotta Lumber Manufacturing Plant, ut
Port Murray.

The brick-yard of David E. Cole, at Karrsville, is a small primi-
tive establishment which supplies the limited demands of the sur-
rounding farmiog districts. The clay deposit is common brick
material of limited area and depth. Only hand-made brick are
manufactured.

JOHN C. BENWARD, WASHINGTON.

This establishment is a very old one. The plant and clay deposit
were fully described in the last vear’s report. The bricks are all
hand-made and are burned in open, temporary, arched kilns using
wood fuel. Only the local market is supplied, but the product for
the past year has been ninety per cent. greater than in the past three
or four years.

PITTSBURG TERRA-COTTA AND LUMBER COMPANY,

This plant has been in active operation all the year making a large
output of porous terra-cotta, dense tile, plain and ornamental building
blocks, hollow, pressed and paviog brick. There has been no addi-
tion to the plant since the last canvass, The product is shipped to
the large cities and is used in * medern fire-proof”’ buildings.

MORRIS COUNTY.

There are only two brick-yards in this county, and during the year
but one of these has been operated.
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SILAS L. ARMSTRONG, MORRISTOWN.

This plant has been in active operation during the season, supplying
brick to Morristown and Madison.

In December, Mr. Armstrong died, and the business is now con-
ducted by Mr, Fred L. Armstrong.

WATNONG BRICK COMPANY, MORRISTOWN,

Fred Schmidt, Treasurer.

Preparations are heing made to put this plant in operation, after
being idle for the past three years.

HUNTERDON COUNTY.

The following firms are engaged in manufacturing in this county :

H. E. PEDRICK, FLEMINGTON,

This plant has been overhauled during this year, and a new
 Martin Brick Machine ” driven by steam-power has been added, as
well as a new plant for drying the green brick, and new permanent
walied kilns, using hard coal fuel, have been erected. The capital
has been increased to $8,000, and the number of hands employed
increased to seventeen ; the product doubled.

THEODORE O. DANIEL, LAMBERTVILLE.

This plant has been inoperative for the past two years, but is not
abandoned.

FULPER BROS. & CO., FLEMINGTON.

This firm failed and made an assignment in February, and the
property is now owned by Mrs. Tunnison; G. W. Fulper renting
and operating the plant, making stoneware and using South Amboy
clays.
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SOMHERSET COUNTY.
JAMES C. ROSS, SOMERVILLE.

This brick-making plant is operated by William Ross, Jr., agent.
During past years the works have been operated by horse-power,
but plans have been made to change to steam-power and put in new
“ Monarch ¥ machines, made at Wellington, Ohio, The year’s pro-
duct was about the same as heretofore. The Ten Eyck plant is still
owned by Mr. Ross and it has not been in operation during the year,
and the plant, which contains two * Wildes’” machines, operated by
steam-power, is for sale,

R. A. BOYCE, NORTH PLAINFIELD.

The property upor which this yard is located is owned by Sylvester
Scribner, but leased by R. A. Boyce, whose office is in Somerset
Hotel, Plainfield. The clay-banks are located at the brick. yard north
of Green Brook and near the foot of First Mountain, about balf-way
between Plainfield and Dunellen, in Somerset connty. The deposit is
from four to eight feet deep, with a light covering of shaly earth.
The clay is of a short and fibrous character and requires the addition
of anthracite coal-dust in the proportion of one bushel to the thousand
brick in order to insure proper burning and increase the porosity of
the brick. The plant consista of one tempering-wheel and pit and one
Martin brick-machine operated by horse power. The capacity of the
plant is two million per year. The ‘firing” is done in temporary
arches, using wood fuel. During the season twenty men are employed.
The product is sold in the local market at Plainfield.

D. HAND & SON, NETHERWOOD.

This firm operates two yards, one onder lease from Mis. Peterson,
which is located on Mountain avenue, in North Plainfield, and a
second yard at Dunellen, in Middlesex county. The clay is an ordi-
nary brickmaking material, from 3 to 4 feet deep, and is somewhat
short in character, The plant on Mountain avenue is operated by
horse-power, and consists of one tempering-wheel and pit and one
¢ Horton” machine. The brick is buroed in temporary kilas, using
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wood fuel, The clay bank at Dunellen is of the same character and
depth as the above, and the plant consists of two Wildes machines,
driven by horse-power, Forty-five men find employment during the
season. The market is entirely a local ope.

EXCELSIOR TERRA-COTTA COMPANY,

Rocky Hill.

New York Office, No. 105 East 22d Street.
H. W. Powel), Gen. Manager.

The supply of elay used by this firm is at Ten Mile Run and econ-
gists of a deposit about five feet deep of buff terra cotia clay, from
which ornamental architectural terra-cotta is made, The plant is
located by the side of the Delaware and Raritan Canal, about one
mile north of the Rocky Hill depot. It consists of two boilers
of one hundred horse-power and one engine, which furnishes power
for driving two horizontal pug-mills having a daily eapacity of 50 tous
each. There are fonr Muflle kilns of a capacity of 30 tons each.
Eighty men are employed, most of whom are skilled laborers,

UNION COUNTY,
JUHN J. REED, NETHERWOQOD.

No. 825 Leland Avenue.

The First National Bauk of Plainfield owns nine acres of clay-
land and leases the same to Mr. Reed. The deposit has been found to
a depth of twenty-six feet and is a very tough, stiff-working clay, re-
quiring a liberal mixtare of loam in order to prevent shrinkage,
increase the porousness and lighten the brick. The plant, consisting
of two tempering-wheels and two Wildes machines, is operated by
steam and has a capacity of thirty thousand per day, but only a small
percentage of the capacity is manufactured, as only the local market is
supplied. Sixteen men are employed and the amount of capital
invested is five thousand dollars. The brick is burned in temporary
arches, using wood fuel.
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JACOB HAMMER,
No. 626 Elizabeth avenue, Elizabeth.

The clay-bank and yard is located on south Front street and Bay-
way, Elizabethport, and consists of about six acres of clay-land in
which a depogit of common red clay of a thickness of from six to ten
feet is worked. The plant consists of one engine, 80-horse-power,
and a boiler of 100-horse-power; these operatetwo tempering-wheels
and two Wildes brick machines. Wood fuel is used and the brick is
burned in temporary arches. During the last twenty-five years this

yard has been in operation supplying brick to the building trade of
Elizabeth.

P, MACHERIONE, BEREELEY HEIGHTS.

The Mutual Life Insurance Company of New York owns about
fifty acres of clay land, and Mr. Macherione operates the plant here
located under lease. The deposit has been found to a depth of thirty
feet und is covered with from one to two feet of soil. It is dark,
almost black in color, but of good quality and free from gravel and
very strong, requiring the use of coal dust.

The Mutual Life Insurance Company owns this and another small
adjoining yard, but only the above works have been making brick in
the past year.

MEROER COOUNTY.

The brick and tile produet of Mercer county is concentrated princi-
pally at Trenton, and the following firms have beea producers during
the past year:

TRENTON FIRE-BRICK COMPANY.

G. R. Frost, President; C. A, Pope, Treasurer ; F. (. Lowthorp, Secretary.

The manufactured product consists of fire, pressed, front, paving
brick, and common building brick, The clay used in the manufac-
ture of this produet is purchased from different parts of the State and
the firm owns no clay-bauks. The plant, which is driven by steam-
power, consists of two pug-mills and Penfield and Auger Machines,
as well as six hand and one steam two.mould re-press machines, and
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one single-mould press. The drying is done by steam and the plant
is operated all the year. There are eight down-draught round kilns,
four of which have s capacity of 60,000 each, and the others 40,000
each, The total capacity of the plant is 25,000 per day, and fifty
men are employed,

H. C. KAFER & CO.

The plant and clay-beds are located on Princeton avenue, near the
city line, and this company controls forty acres of clay land. The
clay 18 from three to ten feet deep and of good quality, and buras to a
bright red, making excellent front pressed brick. The plant consists
of a twenty horse-power boiler and engine which operates four tempo-
rary wheels. There are four square, permanent, walled kilns of the
“ Dutch-oven ” pattern, using hard coal for fuel. The capacity is
135,000 to each kiln. Seventy-five to eighty-men are employed
during eight months in the year.

PETER FELL COMPANY.

Charles Reichert, President ; James Tams, Treasurer.

This company controls seventy-four acres of clay deposit on Prince-
ton avenue, but the clay is not at all regular in strata and there is
much variation in its depth. It will average nine feet, and in texture
it is very stiff, requiring an addition of one third loam in order to give
the proper porousness to the brick. It is treated by tempering-wheels,
four of which are operated. A crusher and pug-mill are also in use.
The product is both hand and machine-made, using a Penfield machine,
which has a capacity of thirty thousand a day. The burning is done
in four * Dutch-oven ” kilns, using hard coal fuel, and the capacity
of each i5180,000. This is a pallet yard, and the sheds havea capacity
of 200,000. Both commeon and red front pressed brick are made, and
the latter is all hand re-press.

DONAHUE & NOLAN.

Brick-yard is located oo Kirkbride avenue, and the clay-bank at
Ewingville. The firm controls a deposit of 133 acres, and it has an
average depth of six feet. It is a superior brick-clay. The plant ig
operated by one 30-horse power boiler and engine, furnishing powey
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to three temperiog-wheels. The brick are all hand-moulded and hand
re-press red front brick. There are four kilns, of the * Dutch-oven ”
pattern, using hard coal fuel.

They each have a capacity of 150,000. The product manufactured
consists of red front pressed and common brick. Sixty men are em-
ployed. The market is principally in New York city.

APPLEGATE & COMPANY,

Manufacturers of red front and common brick, and the plant is
located on Ingham avenue. The clay is obtained from Woodbourne,
Pa, '

The plant is operated by 25-horse-power boiler and engine, driving
three tempering-wheels. All brick are made by hand. The pressed
brick are all'hand repress and seventy men are employed during the
season. There are four kilns having a total capacity of 80,000 brick.

W. W. FELL, BRICK YARD.

The plant is located on Pennington avenue and has not been pro-
ducing during the year, but Applegate & Company now own the plant
and it will be put in operation next spring.

5. B. WALTON, BUFF BRICK COMPANY.

The clay deposit and plant is on Ingham avenue and there are
thirty acres of clay from two to four feet deep. As there is consider-
able gravel ruoning through the deposit the product has to be ground
in an E. M. Freese crusher, and three tempering-wheels prepare the
clay for hand-moulding. The kilus are one down-draught and two
up-draught, usivg hard coal for fuel. The total kiln capacity is
60,000. Duaring the season thirty-five men are employed.

R. M. DRAKE & CO.

This firm began business in the spring of 1898, making only
pressed front brick. The supply of clay is purchased from dealers at
Perth Amboy and Mercerville, near Trenton. The clay is passed
through a Mackenzie pug-mill and the whole product consists of hand-
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made pressed front brick. There is one Dutch kiln using soft coal
and it has a capacity of 15,000 brick. Ten men are employed.

The total product from the Trenton yards amounts to 9,700.000
common brick, 6,000,000 pressed and paving brick and 2,700,000
fire brick.

MIDDLESEX OOUNTY.

As what is known as ¢ The Clay District” of the State is embraced
almost entirely within the limits of this county, all the large clay
manufacturing works are here located and make up an industry of
very large proportions.

The following firms are found in this district :

M. D. VALENTINE & BROS. CO., WOODBRIDGE.

Manufacturers of fire-brick, have two large plants, one at Wood-
bridge and another at Valentine Station, on the Lehigh Valley
Railroad.

The firm owns aund eontrols large areas of clay land and are also large
purchasers. The plant has twelve kilos of a capacity of thirty-five
thousand brick each, and the total annual capacity of the works is
eight million per annum.

SALAMANDER WORES, WOODBRIDGE,

The extensive plant of this company was destroyed by fire over 2
year ago and no product has been made in the past year, and the
property is offered for sale.

JAMES E, BERRY.
{Successor to W. H. Berry & Co.}

After Leing idle for a considerable period this plant was again put
in operation 10 October, 1897, Fire-bricks in their many forms are
manufactured, and the plant consists of two tempering-wheels and
one brick machine, a number of hand re-press machines, and a large
produet is made by hand in special shapes and sizes. There are four
round up-draught kilns, having a capacity of twenty-two thousand
each. The total capacity of the plant is 2,100,000 per year, and
twenty men are employed. The operator buys elay from the dealers
in this product at Woodbridge.
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THE STATEN ISLAND CLAY CO.
F. A. Handby, Superintendent.

This plant is located on the line of the Penosylvania Railroad,
about one-quarter of a mile south of M. D. Valentine & Bros.

The output consists of fine brick, pressed and ornamental brick and
structural material. :

HENRY MAURER & SON,

The very extensive plant of this firm is located at the junction of
the Central R, R. of N. J, and the Penn. R. R., and on the
south bank of the Woodbridge creek. Fire-proof building material
in its numerous varieties of pattern and style is made in large amount,
and the plant consists of a nest of Babeock and Willcox water tubular
boilers, of 525 horse-power, three Corliss engines, of 150 horse-power
each, four tile machines of a daily capacity of forty-five tons each, and
four wet pans of like capacity in which the clay is prepared for the
wmachines, The hollow-brick and terra-cotta building material are
burned in Hoffman continuous kilns, of which there are two, and
each has a capacity of 480 tons. These kilns are very expensive in
firat cost of construction, but the saving of lost heat and the consequent
reduction in fuel-consumption and labor, and the saviog of time, more
than justifies the first outlay of capital. These kilns generate a
degree of heat up to from 2,200 to 2,500 Fabhrenheit.

The fire-brick plant consists of two pug-mills, two ‘chasers” or
mixers and four soak-pits, and the daily capacity is twenty thousand.
A large number of special designs and shapes are moulded by hand.
There are two moulding machines having a capacity of ten thousand
each, and nine re press machines, a steam dryer having a capacity of
ten thousand brick in twenty-four hours. The fire-brick are burned
for one hundred and twenty hours, at a temperature of 3,200 degrees,
in square down-draught kilns. There are five of these kilne in use,
having a capacity of 85,000 each, and, in addition to the two con-
tinuous kilns, the plant has six square up draught kilns of a capacity
of from 60 to 120 tons per kiln,

Io connection with the terra-cotta plant, there is a crushing and
grinding plaot for preparing “grog,” which has a daily eapacity of
fifteen tons,

The common building-brick are made by Martin’s sanding soft

14 groL
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mud machine, and as the product is made from the refuse fire-clay from
the terra-cotta and fire-brick department, the bricks are hard-burned
and dense but possessing great porosity, and “set’” well in the
mortar. From sixty to seventy thousand tons of clay are used by
the firm in & year, and a large force of men is employed. The clay is
obtained from the firm’s own banks in the Perth Amboy clay district,

C. W. BOYNTON, BEWAREN.

Mapufacturer of drain tile and hollow brick. The plant has 756
horse-power boiler and engioe, but only 35 horse-power is now used
iu driving the tile machines for making hollow brick and tile and
running one ’enfield erusher and elevator and a tile machine. There
are four down-draught kilns, 14 x 6 feet, having a capacity of 40
tons each. Brick machines of 80 tons capacity per day.

C. PARDEE WORKS, PERTH AMBOY.

New York Office, No. 15 Coriland street.
8. B. Morgap, General Manager,

Mannfacturers of fire-proofing, fire-brick and Haverstraw brick
and other structural material. The clay bank from which the product
is manufactured is located along the Raritan river and about two hun-
dred acres are under control of these works. The deposit, which con-
sists of hollow brick and No. 2 fire-clay, has a depth of from eight to
twenty-four feet and it is used principally in making fire-proofing
material. The plant equipment consists of six boilers, of a total
capacity of 600 horse-power, and engines of 400 horse-power. There
are three pug-mills of 375 tons daily capacity. The kilns are down-
draft and the nest of 36 have a capacity of 3,000 tons.

BTANDARD TERRA-COTTA COMPANY.

Works at Perth Amboy and New York city, Office at No. 287 Fourth avenue.
A, Bullschweiler, General Manager.

Manufacturers of ornamental terra-cotta, and the works were opened
in 1891, The company is incorporated with a capital of §100,000,
and the plant is equipped with the following machinery: 100-horse-
power boiler; 60-horse-power engine; two pug-mills, each of forty
tons daily capacity.
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The firm employs 135 men, most of whom are skilled laborers.
The market is i New York, Boston and Philadelphia.

The supply of clay is purchased from the numerous clay-producers
in the Biate,

STANDARD FIRE-PROOFING COMPANY,

J. A. Green, Superintendent,

Manufacturers of fire-proofing material, roofing-tile and flue-lining,
wall-coping, sewer-pipe, underground electric conduits, fire-brick,
bollow brick, ornamental and glazed brick, porcelain wash-tubs and
sinks. The firm owns clay baoks, one of which is located at the
works and the other about one-half mile from the works. The clay
banks at the works is about 200 feet wide and from 20 to 40 feet deep,
of such quality as is suitable for making fire-proofing.

The second bank is from 15 to 20 feet deep, and the product is used
in making flue-lining and conduits,

The company is also a large purchaser of fire.clays. The plant
consists of three boilers of 150- horse-power each, two engines of 150-
horse-power each, aud these furnish power for operating five wet and
dry pans, three pug mills, four sewer-pipe presses, tile and brick
machines, two horse-power re-press and eight hand re-press machines.
A foree of four hundred men is employed in the several departments
of the works.

RARITAN HOLLOW AND POROUS BRICK €0,, KEASBY, N, J.

Edward Keasby, President; James C. Rossi, Superintendent.

The firm owa their own clay-banks, one of which is close to works
and the other at Boohamtown. The clay deposit at the works has a
light surface-covering of eighteen inches and the deposit is fifty-seven
feet thick, which is made up of seven feet of fire-clay and the balance
in hollow-brick clay, The Bonhamtown deposit is fire-clay of an
average thickness of ten feet. The plant is equipped with the follow-
ing machinery :

Oune 330-horse-power boiler capacity.

One 250-horse-power engine and one 125-horse-power.

Five 9-foot wet pans, each having a capacity of fifty tons daily.

Five Penfield brick and tile machines and a large number of hand
re-presses.

Twenty-two down draught kilns fired by soft coal.
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ADAM WEBER.

The plant is located at Weber, N. J., on the Raritan river, and the
New York office at No, 633 east 15th street, and manufactures only
fire clay product, making a specialty of gas retorts, shipping to Cubs,
Mexico and South America, besides the domestic trade of our large
Eastern cities.

OSTRANDER FIRE-BRICK COMPANY.

A, M. Hortop, Superintendent at works; Main office No. 309 Second street,
Troy, N. Y.

At one time this firm only mined fire-clay in New Jersey and
manufactured it into fire-brick at Troy, N. Y. The plant on the
Raritan river was built as an auxiliary to the main plant at Troy
and it is now of quite extensive area and turns out only fire clay
products.

THEODORE BIMMONS.

Fire-Brick and Crucible Manufacturer,

The plant is located on the road from Perth Amboy to Metuchen,
and copsists of one eighty horse-power boiler and engine, which fur-
nishes power for operating one pug-mill of twenty five tons daily
capacity, one dry-pan of ten touns capacity, and one Tiffany brick
machine having a capacity of eight to ten thousand per day. Two
kilns, one a muffle of ten tons capacity and the other up-draught,
round kiln of fifty tons capacity.

PERTH AMBOY TERRA-COITA COMPANY.

New York city office, No. 160 Fifth avenue.

The works are located at Perth Amboy. The supply of clay is
obtained from the company’s clay-banks at Woodbridge, where they
contrel 160 acres of clay-land, adjoining the Potter clay-banks.

The plant has four pug-mills of a total daily capacity of two
bundred tons, and three wet-pans of about one hundred tons capacity.
The manufactured product, which consists of orramental architectural
terra cotta, is burned in thirty-two kilns, which are of various patterns.
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THE TELLMIC MANUFACTURING COMPANY, CARTERET, N. J.

This plant, which manafactures vitrified electric conduits, has not
been operated in the past year, and the property is now owned by
Mr. Geo. W. Copeland, No, 44 Water street, New York city. The
plant is to be put in operation in the spring.

The supply of clay used by these different maoufacturing plants is
obtained entirely from the Perth Amboy clay-beds, and in addition to
the mining done by these several firms the following are engaged in
the miniog of clay and placing the same on the market.

DAVID A. BROWN, WOODBRIDGE,

controls a tract of 120 acres of fire-clay lands, which is located at Sand
Hills, near the Lehigh Valley Railroad.

The deposit is covered with sand and gravel to a depth of ten feet,
and the clay is from ten to thirty feet deep. It is sold for making
fire-brick and saggers, and the product shipped via Lehigh Valley
and Pennsylvania railroads.

DAVID A. FLCOD, WOODERIDGE.

This bas been a clay-preducing property for the past sixty years, and is
described in the Report on Clays, 1878. The banks now worked are
on the south side of the road from Woodbridge to Metuchen and
about one-balf a mile from the former place. The bed is about sixty-
three acres in extent and the stripping averages ten feet of sand, gravel
and shale. The following is a section of the deposit as here exposed :

Red spotted fre-Clay.. ..o imivicsreismme i 4 feet.
Red spotted agper-clay......cceivisnneeninns svonicssvinimninesne 30
White fire-8and....c.ocvrincirnraniicninininn cormssecrninne s 2-4 4
Fine moulding B80d...cceuvveriisisinrin cerniinssiararnenernsrensases 4 ¢
Coarse pebbly fire-sand.......c.coirvvienveiiruimiienicnnieionnannan, g8 «

and at this depth water is encountered. The product is shipped via
Pennsylvania Railroad to Philadelphia; Wheeling, West Virginia ;
Canton, Obio; and to the neighboring manufacturing firms at Perth
Amboy,

D, P. DUNHAM, WOODBRIDGE.

Clay-bank located on the south side of the road leading from
Woodbridge to New Bronswick. The deposit is from eighteen to
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thirty-eight feet deep and includes all classes of elay, from terra-cotta
to number one fire-clay. The stratum of fire clay is fifteen feet thick.
Shipping facilities are by way of Pennsylvania Railroad.

JOSHUA LITTLE & 8S0NS,

The clay-baok is about four acres in area and is located about two
miles from Woodbridge, on the cross-road from New Brunswick to
the Metuchen road. The stripping amounts to about eight feet, and
the clay strata is from seven to ten feet. It isthe ordinary terra cotta
clay, and as the market for this class of clay is now very limited, the
amount mined has not been very heavy.

GEORGE H. CUTTER.

This is a deposit of red terra-cotta clay adjoining the above prop-
erty of Joshua Little, and is about five acres in extent, and the deposit
is from fifteen to twenty-five feet thick, with a covering of sand and
gravel of about ten feet. A small prodoct has been mined, as the
demand is so limited.

R. N, & H, VALENTINE, WOODBRIDGE.

The property upon which this firm mines is located at Sand Hills,
near the Lehigh Valley R. R. siding, and they control over one hun-
dred and fifty acres of fire-clay. Much of the fire-clay that was
formerly unfit for use in the manufacture of fire-brick is now used in
making fire-proofing produets, but the prineipal product from this
property is high-grade fire-clay, retort and sagger-clays. The fire-
clay is about ten feet thick, being seldom less than six feet and often
more than fifteen feet thick. The mining is carried on throughout
the whole year, and shipping facilities are by way of Lehigh Valley
and Pennsylvania railroads.

ALBERT MARTIN,

The bank is located in the Mutton Hollow district, at Woodbridge,
and the deposit is owned by the Watson estate. The bank is from
gix to eight feet of fire-clay and about fifteen feet of hollow brick clay.
No mining has been done in the past two years, owing to the
low prices prevailing in the clay market.
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JOHN H. LEISEN,

The deposit worked by the above is located onjthe north side of the
road leading from Woodbridge to New Brunswick, and contains about
eight acres. In this bank there is a stratum of clay about thirty-five
feet deep which overlies a bed of superior retort clay about ten feet
deep. This bed produces a variety of different clays, as well as the
high-grade fire-clays.

PATRICK L. RYAN.

Another bank located in the Mutton Hollow district and adjoining
the previously described banks. The owner controls about sixty acres,
and strips from ten to fifteen feet of dirt and inferior clay which lies
upou & deposit of sewer-pipe and hollow-brick clay twenty feet thick,
and this is underlain by pottery and fire.clay stratum about twelve
feet thick, This bank produces some thirty-three different grades and
qualities of clay, varying from the highest grade No. 1 fire-clay down
to ordinary flower-pot clay.

B. DUNNIGAN,

This is a property owned by Henry Maurer, and located in the
Mutton Hollow district. Mr. Duonigan mines the clay at a certain
som per ton for the Maurer Works, and the whole product is used at
this plant. The clay-bank contains twelve feet of hollow-brick clay
and about twelve feet of fire and retort clay.

LEWIS C. POTTER, WOODBRIDGE.

This deposit adjoins Mr. Leison’s banks and is about fifteen
acres in extent, The stripping amounts to about ten feet of dirt
which exposes a deposit of hollew-brick clay of about twenty feet in
thickness overlying the fire-clay, which ie six to twelve thick. Most
of the product from this property is sold in Woodbridge, though some
shipments have been made by rail and by water.

GEQRGE W. RUDDY, WOODBRIDGE.

This property is located on the New Brunswick road, near Wood-
bridge, and adjoins the banks of W. H. Berry and the Salamander
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Company. It has an area of ten acres, There is a deposit of fire-
sand 20 feet thick, and underlying this is a variety of clays, varying
in thickness from 15 to 17 feet. The owner controls another clay-bank
on the road to Iselin, but the low price prevailing in the past few
years has caused Mr. Ruddy to give up mining clay, and he has not
been a producer for the past two years,

WILLIAM H. CUTTER.

The clay-bank is located about one-quarter mile west of road
leading from Woodbridge to Perth Amboy, and has been produciog
clay for the past fifty years, The stripping awounts to about thirty
feet, under which is red terra-cotta and inferior clays, resting upon four
feet of hollow-brick clay, and this rests upon six feet of retort and fire-
clay.

JAMES P. PRALL.

Clay bank adjoins that of W, H. Cutter,and the strata of clay are
the same as above described. The inferior clays were formerly sold
for making sewer-pipe, but the manufacture of this product is no
longer carried on to any very great extent in thia distriet ; the market iz
gone, and the clays are consequently cast aside as of no value. The
fire-clay ia from 8 to 10 feet thick, and this is the product principally
mined and put upon the market.

C. A. CAMPBELL.

The low prices of clay has closed this property, and no mining
has been done during the past year. The deposit adjoins Mr. Ruddy’s
bank on the Iselin road, and about twenty acres have been opened.
The bank is made up of from 10 to 12 feet of fire-clay, which is covered
by about 14 feet of paving-brick clay.

THE HEIRS OF WM. H. BERRY, WOODBRIDGE,
Operated by Warren Drummond.

The clay-bank is located on the road from Woodbridge to
Metuchen, and opposite the bank owned by David Flood. The clay,
which averages 20 feet thick, i3 a superior retort fire-clay. A second
bank located in the High Hill district is also owned by the above
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heirs. The deposit covsists of hollow brick, sewer-pipe, No. 1 and
No. 2 fire.clay and other varieties of refractory clays. This bed is not
now worked.

JOHN PFEIFFER, FORDS, N. J,

The clay-bed is located near Valentine station, in the Sand Hills
district. The quality of the material consists of No. 1 and No. 2 fire-
clay, sandy aond red-spotted clays, and the total thickness of the
deposit is from 18 to 20 feet, which has a covering of about 16 feet of
sand and gravel. Theowner hasnot produced any clay from this bed
for some time, owing to the low prices now ranging in the market.
He, however, works a clay-bank pear Bonhamtown, on the Acken
place, which is owned by Henry Maurer & Sons. The deposit
covers eight acres, and the clay varies in depth from 10 to 16 and 18
to 20 feet. The product consists of several varieties of refractory
material, all of which is used at the factory of Henry Maurer &
Sons. About 1,000 tons per month is the product mined, and this
requires the employment of from 18 to 20 men. A horse railroad
one mile long connects the bank with the Raritan river docks, whence:
it goes by boat to Maurer.

WATSON FIRE-BRICK COMPANY.

U. B. Watson, President,
Perth Amboy, N. J.

Up to 1896 the above firm was engaged in manufacturing fire-
brick, but for the past three years the company has only mined aond
sold the fire-clay from the clay-beds under their control. The clay-
lands are located in Sand Hills district, between Valentine's and
Ostrander Works. The firm controls 23 acres of different grades of
quality. The stripping amounts to from four to six feet, and the-
monthly product amounts to about 1,000 tons, and from eight to ten

_men are employed in mining the product.

RARITAN RIVER CLAY COMPANY.

John C. Goodrich, President.
No. 113 Esst 20th street, New York.

This company controls 200 acres of clay-land, which lies between.
the Ostrander and A. Weber works, The deposit is refractory clay
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of various qualities, and is found under a covering of from eight to
ten feet of vand and dirt, and the clay extends to a depth of fifty feet.
From eight to ten feet of the deposit is of superior fire-clay, used for
the mannfactare of high-grade refractory products.

WHITEHEAD BROTHERS' COMPANY.
No. 537 and 539 West 27th 8t,, N, Y,

The firms own and operate a large number of clay and fire-sand
deposits scattered throughout Middlesex county.

RARITAN RIDGE CLAY CO.
A, Campbell, President, Metuchen, N. J.

The firm is engaged in mining terra-cotta clay, and the beds of clay
are between Metuchen and Perth Amboy.

In the South Amboy clay districts the following persons and firms
are engaged in mining clays:

H. C. PERRINE & BON, SOUTH AMBOY.

This firm controls three deposits of clay, located in the vicinity of
South Amboy, and the product consists principally of stoneware
clay.

The first deposit is what is known as the Morgan bank, and is
located on the line of the New York and Long Branch Railroad, near
South Amboy. The tract contains thirty acres, and the deposit is
covered with sand and gravel to a depth of thirty feet and under
which there is a depth of clay of about thirty feet.

The second bed is st the head of the Cheesequake creek, and the
depth i from eight to ten feet of clay. The third bed is located along
the Camden and Amboy Railroad, about six miles from South Amboy
and on the south side of the railroad. It is necessary to strip six feet
to reach the clay,and the depth of the deposit is eight feet. The
entire product is stoneware clay and is shipped to all parts of the
Union and to Canada. The product mined amounts to about eighteen
thousand tons per year, and from twenty-five to thirty men find
employment in the several banks.
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J. R, CROSSMAN, SOUTH AMBOY.

Mr. Crossman’s clay-banks are a part of the Ridgeway tract, about
four hundred and fifty acres in extent. The clay found upon the
property is about one-half common red-brick clay and the other
deposits of refractory clays of varying qualities, and having a depth of
fifteen feet. Much of the product is washed and the impurities,
principally sulphur-balls (pyrites), are thus removed. The product is
used in the mavoufacture of patent plaster, asbestos boiler coverings and
paper manufacture.

LEONARD FURMAR, S80UTH AMBOY.

Clay-bed is located on Cheesequake creek and the produce is stone-
ware clay and is found to & depth of from eight to sixteen feet. The
stripping is rather heavy, varying from ten to sixty feet. The bed
has not produced for the past two years, owing to the very low prices
now ruling the market,

J. R. 8UCH, EOUTH AMBOY.

The several clay deposits are of extended area and most of the
product ie high-grade washed clay for paper, pottery and refractory
purposes.

CHAS. B. EDGAR, METUCHEN.,

The clay-bank is on the road from South Amboy to South River,
and the tract is about two hundred and twenty acres in extent. The
covering is from three to twenty-five feet of sandy gravel and the
deposit is from ten to twenty feet thick of fire-clay of the South
Awmboy bed. The ball elay is all washed, and about 90-horse-power
boiler capacity is used in operating the washing-machines, and these
have a capacity of 100 tons per week. Much of the product is sold
to the Trenton potteries. About thirty men are employed all the year
through.

A, O, EBNST, 80UTH AMBOY.

Ownper and miner of about ten acres of clay-land, situated on the
‘Cheesequake creek. The deposit lies from three to twenty feet below
surface, and the excavating is carried on by open cut and shafts and
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drifts. The deposit, which is stoneware clay, is 18 feet thick, and
most of the product is shipped to Eastern ports, and almost the whole
output is shipped by water.

CHARLEE ROSE, 80UTH AMBOY.

The low prices for stoneware-clay has almost put an end to the
product mined from this property, but a small output is still won from
the clay-bed. The clay is mined by means of shafts and drifts. The
deposit is from six to eight feet thick and is used for making stoneware,

J. B. ROBERTS, 80UTH AMBOY.

The clay-lands controlled amount to about one hundred and twenty-
five acres, and are located along the south bank of the Raritan, aad
they are worked under lease from the owners, the Coleman heirs.

The bed of clay is from 10 to 20 feet thick, covered with a deposit
of fine sand, usually from 12 to 18 feet deep. The product is refrac-
tory clay. '

WILLIAM L. TAYLOR, RED BANK.

The property upon which mining is carried on is owned by J. L.
Kearney, and the tract is seven hundred acres in extent. The product
is South Ambhoy fireclay,

MAC BOSE BROTHERS, PERTH AMBOY,

Miners of fire-clay from the Sand-hill district near Bonhamtown.

In addition to the clay-mining and the varied products of manu-
factore a very large amount of capital and extensive output of common
buildiog brick is produced in Middlesex county each year. The
following plants have been producing during the past year.

S8AYRE & FISHER, SAYREVILLE.

The plant at Sayreville is the largest in the State, and is thoroughly
equipped with every typeof the mostimproved brick-making machinery.
The product consists of common building, pressed, front and enameled
brick, fire-brick, and hollow brick for fire-proofing purposes.
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EDWIN FURMAN COMPANY, BAYREVILLE, N. J.

This clay is a common brick material, located in the meadow
through which the South river flows. The deposit is worked to a
depth of from twenty to thirty feet, but from tests made in artesian
well-borings the maximum depth of the bed is ninety feet. The
plant, which has a capacity of 25 millon, consists of 13 tempering
wheels, 12 Adams brick machines, all of which are operated by steam-
power furnished from one 100-horse-power boiler and one 40-horse-
power engine. The product is burned iv fifteen rectaugular up-
draught kilns, using hard coal fuel. The total kiln capacity is about
pine million. Eleetricity is to be used in place of steam in operating
the plant next season.

BOEHM & EOLEPH, SAYREVILLE, N, J.

The clay is about 30 feet deep and is on the large deposit of
alluvial clay found along the South river. The plant, which is driven
by steam-power, is made up of four tempering-wheels and an equal
number of Adams machines. The kilns are ordinary stationary
walled ¢ Dutch-oven” pattern, using hard coal fuel. There are three
of these kilos, having a total capacity of four hundred thousand,
and the capacity of the plant is 8,000,000 per year.

THEODORE WILLETT, SOUTH RIVER, N. J.

This yard draws its supply of clay from the South river deposits,
-and it has been worked to a depth of 20 feet. There are three tem-
pering-wheels and two Wildes brick machines, driven by steam-power.
The kilos consist of four “ Dutch-oven ” pattern using hard coal, and the
capacity is 80,000. The product is shipped by water, mostly to
Newark, and the total capacity is 7,000,000 per year.

JAMES & MARIA BISSBETT, SOUTH RIVER,

The clay deposit is forty feet of a strata of common clay. An
artesian well sunk upon this property revealed a depth of clay for one
bundred and ten feet. The plant is operated by one 60-horse-power
boiler and engine and five tempering-wheels and three moulding
machines, Adams pattern. The four kilus are square, ordinary
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pattern, using hard coal fuel. The total capacity of the plant is
8,000,000, and it is all shipped by water to Newark, Elizabeth and
Bayonpe,

PETTIT & COMPANY, S80UTH RIVER, XN. J.

The firm makes common building brick and mines sewer-pipe clay
for the market. The brick plant is operated by one 150-horse-power
engine, which drives five tempering-wheels and a like number of
Adams moulding machines. The capacity is 9,000,000. The brick
are burned in square, permanent walled kilns, using anthracite coal.

JOHN WHITEHEAD, BOUTH RIVER,

This yard is on the South River clay deposit and covers seventy-five
acres, The clay is from thirty-five to forty feet deep and the product
is used only in the manufacture of common brick. The plant is made
up of one boiler of 100-horse-power and an engine of 85-horse-power
which operates five tempering wheels and four Adams and four
Sands brick machines. There are five kilns having a capacity—one
of 500,000 and the other four about 400,000 each. These all nse
hard coal fuel. The capacity of the plant is over 10,000,000 per
season and it is shipped principally to Newark, New York and
Brooklyn.

GEORGE W, BENNER, METUCHEN.,

Brick-yard and clay-baak are at Soath River, N. J., where he con-
trols one hundred acres. The deposit consists of common and fire-
clay. The total depth of the deposit is from 20 to 50 feet deep, and
from 10 to 15 feet of depth is fire-clay. The plant is equipped with
one boiler of 125-horse power and an engine of 80-horse-power. There
are four Adams brick-machines, having a eapacity of 8,000,000 per
year. The brick are burned in four * Datch-oven ” kilns, using hard
coal for fuel,

YATES BROTHERS, S80UTH RIVER.

Manufacture common building-brick. The clay is on the South
River deposit, and the depth to which work has been carried is 40
feet, and at this horizon water is met with, and consequently the
mining is limited to this depth. The plant consists of 80-horse-
power steam boiler and engine, with four tempering-wheels and four
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Adams machines. There are four “ Dutch.oven” kilns, using hard
fuel, and they have a capacity of four hundred and fifty thousand.
The capacity of the plant is 8,000,000, and the product is disposed of
principally to Newark builders.

Along the Raritan bay, near Cliffwood, there is a large extent of
clay suitable for manufacturing common brick, and the following firms
have established manufacturing planta.

4. H. FURMAN, SOUTH AMBOY.

The brick-yard is located on Raritan bay, at the mouth of Whale
creek, about four miles south of South Amboy. The tract comprises
one hundred acres, and the clay is from 60 to 70 feet deep, and only
common red brick is made from the product of the baok. The plant
has two boilers of 125-horse-power each, and two engines which drive
eight tempering-wheels and four * Wildes” brick-machines. Six
square, walled kilns, using hard coal for fuel, are used in burning the
product from this yard. The capacity of the plant is 14,000,000 per
year. The owner also has a bank of fire-clay adjoining the property
of Mr. Sach, but owing to the demoralized condition of the clay market
no mining has been done during the past three or four years. The
deposit is 15 feet deep.

OLD BRIDGE ENAMEL CO. (BRICK AND TILE), OLD BRIDGE, N. J.

The product manufactured consists of enameled tile, terra vitrea and
vitreous floor-tile. The company does not own any clay-banks and
consequently buys from dealers. The ball-clay is obtained from
South Amboy and the china clay i3 the imported product from Eng-
land. The plant is equipped with one 50-horse-power boiler and one
engioe of 35-horse-power; one agitator of seven tons capacity, and
six presses of a capacity of one ton each, besides a large number of
hand-presses. There are three biscuit and two gloss kilns, having a
total capacity of ten thousand square feet. The firm employ about
fifty men.

EOUTH AMBOY POTTERY COMPANY.
H. C. Perrine, President,

This plant has been idle for the past three years, but preparations
are being made to put it in operation again. The product manufac-
tured consisted of Rockingham and yellow stoneware, and the kiln
capacity is about 250 crates.
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LOCKER, REGAN & COMPANY, SOUTH AMEOY.

Rockingham ware is made from the stoneware-clay, consuming
about two hundred toos yearly. Steam-power is used and there are
two up-draught kilns.

EDWARD FARRY, MATAWAN, N. J.

Brick-yard and clay-bank located on the side of the railroad track
of the New York and Long Branch R. R, The deposit is 60 feet
thick of common brick clay, but the working depth is 30 to 40 feet.
The plant consists of six tempering-wheels and pits and four
“ Martin ”* brick machines. The burning is done in ternporary arched
kilns, using wood fuel. The machines are run by horse power, The
clay is very stiff and requires a liberal addition of eand to make the
clay workable, The capacity of the yard is 12,006,000 per year, and
ninety men are employed.

THE NEW JERSEY TERRA-COTTA COMPANY, MATAWAN, N. J.
New York Office, No. 108 Fulton Street.

This irm now embraces the Matawan Terra-Cotta Company, and
the plant is located at Matawan, N. J., E. V. Escheser, Secretary
and Treasurer. Architectural terra-cotta is manufactured from New
Jersey clays. The plantis equipped with engine and boiler power
of 160 horse-power and these operate to two pug-mills of 20 tons
capacity and two steam dryers. There are four *“ Muffle” up-draught
kilpa of a total capacity of 60 tons. From forty to forty-five men
are employed, and the market is principally in New York city.

D. P. VAN DEVENTER, WELDON BUILDING, JERSEY CITY.

Brick-works at the clay deposit, close to Matawan creek. The clay
is ordinary brick clay of a dark blue to black color, and is from 20 to
30 feet deep, The plant is made up of two tempering-wheels and
two Martin machines. Burn in temporary arches using wood fuel.

DUNN, DUNLOP & COMPANY, MATAWAN.,

The firm operates a pottery, making horse-shoe drain tile, preserve,
souff and butter stoneware jars. The plant is operated by steam-
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power of 20-horse capacity, and runs two pug-mills and crushers,
besides the turning machinery. There are two kilns of 10 and 20
tons capacity respectively, The clay-bank from which the tile is
made is located on the Morristown road, about one-quarter of a mile
from Matawan, and is blue in color and about 10 feet thick.

There is a covering of gravel from five to six feet thick which has
to be stripped. The stoneware-clay is purchased from dealers.

NEW YORK AND NEW JERBEY FIRE-PROOFING CO.

The plant is an extensive one and the product consists of common
buildiog-brick and fire-proofing material. The clay is very stiff and
makes a dense, hard brick, very impervious to moisture, and conse-
quently well adapted for works under water. The capacity of the
plant is one million common bricks per week.

CLIFFWOOD BRICK COMPANY, CLIFFWOOD, N. J,

The clay-bank, which comprises eighty acres, is located close to the
brick-yard, on the line of the New York and Loog Branch Railroad
The clay-bed is worked to a depth of thirty feet, but an artesian well
was driven 155 feet in the strata, proving a great thickness of clay.
The texture of the clay is very strong, and a large addition of sand is
necessary to make good brick. The plant consists of three boilers of
300 horse-power, and three engines from 80 to 125-horse-power, and
these drive seven tempering wheels aud a disintegrator, pug-mill and
six Wildes Machines, There is a kiln capacity of 500,000 brick,
They are the ““Dutch-oven” type, using hard coal. The capital is
$100,000, and 225 men are employed. The capacity is 20,000,000
per year.

D. H, CLOSE.
Brick-yard adjoining Mr. Furman, near Cliffwood. The plant has

been in operation during the past year, and manufactured hollow
brick, fire-proofing and common brick.

ALEXANDER GASTON, CLIFFWQOD, N. J.

The clay area is about ninety acres and the depth to which the

deposit is worked is 12 feet. $20,000 is invested in the plant, which
<onsist of
15 aroL
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1 60-horse-power boiler;

t engins, 45-horse-power ;

6 tempering-wheels and two Martin brick-machines and one Philadelphis
machine.

The bricks are burned in temporary arches, using wood fuel.

SILAS LEONARD, RAHWAY, N, J.

Operates the Rahway Pottery, and manufactares flower-pots prin-
cipally, but makes some drain-tile. The deposit of clay is near
Linden, and in quality is the common red clay, averaging two feet
thick.

ROBERT RICHARDSON, NEW BRUNSWICK, N. J.

Manufacturers of glass melting-pots from imported German fire-
clay. No domestic clay is used.

W. F, FISHER & Co., S0OUTH RIVER.

The firm declined to give any information.

MONMOUTH COUNTY.

The three brick-yards reported last year comprise the whole clay
industry of this county outside of the clay district, and during the
past year the plants have been in operation, The firms manufacturing
are as follows:

Drummond Bros,, Asbury Park,

Samuel Brocklebank, Howell Post Office.
Edward Lippencott, Farmingdale.

The plant at Asbury Park has been improved during the year by
the addition of a steam dryer, thus enabling the firm to operate and
manufactare all the year through.

OOBAN COUNTY,

There are no brick-yards now in operation. The plant at Toms
River, owned by Ayers Brothers, has been abandoned, and Mr.
John C. Browne’s yard at Lakewood has not produced for four
years.
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BURLINGTON COUNTY.

The brick and eclay industry of this county is located along the
western limit and in close proximity to the line of the Camden and
Amboy Railread, and in the neighboring territory of the city of Bur-
lington. There have been no changes in the plants since last year,
and tbe following firms have been making brick :

Bylvester Graham & Co., Bordentown, N. J.

John Braislin & Son, Crosswicka.

George E. Fell (formerly H, L, Newell), Florence,
Merrill Dobbins, Kinkora (city office, 2¢ South Beventh st., Philadelphia).
Burlington Architectural Terra Cotta Co., Burlington.
The 8Banitary Enamel Clay Co., Burlington,

Firman Duobell, Mount Holly.

Mrs, Charles H. Hulmes, Mount Holly.

William Scattergood, Rancocas.

Henry C. Adams, Edgewater Park.

William E. Marter, Edgewater Park.

The Mclnnis Brick Company and Ellsworth Berryman have not
produced during this year, and the latter plant is abandoned. In
addition to the above industries there are two firms engaged in mining
clay.

Alfred Platt, of Bridgeboro, is engaged in mining fire-clay and sand
for the firm of J. W, Paxon, Pier No. 45, North Delaware avenue,
Philadelpbia. The clay-bank is along the Rancocas creek, and is
about forty-five acres is extent. The upper stratum of clay is the red
and red-spotted, averaging six to ten feet thick. The anderlying
stratum is three feet of white fire-clay, and under this is a deposit of
fine white fire-sand, the depth of which has not been determined.
Moulding-sand is mined along the Rancocas creek from Centreton to
near Lumberton, and is found from one to three feet thick. A deposit
of fire-sand is also worked on Burlington island, and the deposit, which
underlays the whole island, is four feet deep.

A, A, ADAMS, WOODMANSIE.

Miner of fire and terra-cotta clays. The banks bave been worked
all the year.
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CAMDEN COUNTY.

There are seven plants in this county and all, with one exception,
are manoufacturers of common building-brick. The following have
been produocing :

Augnstus Reeves, Fish House Station.

Hatch Bros., Fish House Station.

Anguetns Reeves, Maple Shades.

Budd Brothers, City Line Station.

James . Dobbs, Collingswood.

Charles Hollowsll, City Line Station,

Iaatern Hydraulic Pressed Brick Co., Winslow Junction,

Golder & Riggins, Millville,

(Operating during the year on a deposit of clay at Moore’s siding
South Jersey railroad, one mile from Winslow Junction, The deposit
is from 4 to 9 feet thick, and is used by Philadelphia firms in making
pressed front brick. About 100 tons per day have been mined.)

ATLANTIO OOUNTY.
INDUSTRIAL BRICK COMPANY, MAYS LANDING.

The manufacture of pressed front brick has been carried forward
through the year and the New Stone Brick Company bas continued
experiments in making brick under the Brice patents from sand.
Batisfactory results are claimed for the process and under this method
bricks are burned in from 10 to 20 hours, including the time taken
in placing the brick in the kiln and withdrawing the same ready for
shipment. Bricks have been made by this process from pure Jersey
sand and from a mixture of sand and clay. The plant is still in an
experimental stage, however. Other firms making common building
brick are

Robert Muffet, Bakeraville,
Julins Finsiedel, Egg Harbor City.

GLOUQOHSTER COUNTY.

The brick-yard of Charles B. Thackara, at Woodbury, is the only
plant in this county which has been in operation. The yard of James
C. Dobbs, about one-half mile east of Thackara’s plant, has not been
in operation for two or more years.
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SALEM COUNTY.

There are three brick manufacturing plants in this county, located
as follows :

David Haines, Yorktown.
Hiles Hilliard, Salem,
8mith B. Bickler, Salem.

The small yard at Fenwick is abandoned and no brick have been
made in some years.

CUMBERLAND COUNTY.

The brick and clay industry of this county is confined to the maau
facture of common building brick, excepting the plant of the Globe
Fire-proofing Co., and Killborn & Dare.

The following firms have been manufacturing :

Benjamin Errickson, Bridgeton.

A, E, Bircham, Millville.

J. A. Hobart, Vineland.

The Globe Fire-proofing Co., S8outh Vineland.
Kilborn & Dare, Rosenhayn,

The latter firm makes only pressed front brick and the plant equip-
ment is the same as reported last year,

JUAPE MAY COOUNTY.

There is but one manufactaring plant of brick in this county.
Zolot Bros. & Co., Woodbine.
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STATISTICS OF CLAYS, BRIOE, TERRA-COTTA AND OTHER
OLAY PRODUCTS FOR THE YEAR 1898,

1. COMMON BRICE—BUILDING BRICE —RED BRICK.

Number of men employed..........cvievemem s e cseseasas 3,262
344,387,621

VA, 1 reniviveeers socersrnnrarmrrnnrens seeses cesesssnssivareansnnsresesrsnnananns e 51,078,083

2. FRONT BRICK—PRESSED BRICK,
Number of men employed.....covivirecirsimermermememmnr s, 622
Number of brick made......cc.oieeiirernnnas crrrereesresssnrinasanesnnerenenees 30,883,000
VBl rannrsvuenransves sabsnssntassessiararsessurareanns seresbnsrbentns rrasennsssnarnnes $824,820

3. PIRE-BRICK, CRUCIBLES, RETORT3.

Number of men employed...cccccrverecreeranminnicnienneriers e 512
Number of brick made........... ceevernarer hesbeaeistterenernsen e ensans snennsnnn 21,620,068
WBLUG 1evresinerrinrasiasmisiasianes sosasarssaranssssnnrasrrarirmsassaentsanennsanssrassres $461,127

4. PAVING AND VITBIFIED BRICK.
Number of men employed. e et irs st cersensnar
Number of brick made. mereesian s imcnsivessstrsrsosssneraeressions 200,000
W BT sernrensenrsscasans sanensessssssrsrrsssaren sasensnssnsnsonnnsansnnsenyabbrssassbssons $2,800

b. ENAMELED BRICK.
Kumber of mon employed ...cccceiiiiirerriresrininicn e, 150
Number of brick made......cccovrevenriemmarmsenrrrrarnercoanne 3,019,156
VBB s ceennencnarennrnrtresestnst rennesebossssssnnsnasnnssns sassns susnas sorbnssn $215,171

6. ART AND ORNAMENTAL TILE.

Number of men employed.....ccuiiiiiiermrmrmraisssns i 104
Value of product....cieceeernrneecncnes §132,000

7. TERRA-COTTA.

Number of men employed......... veematersnrnesaseennnnne i erraneas 378
Value of product. ... s R $705,692

B. STRUCTURAL MATERIAL, FIRE-PROOFING AND HOLLOW BRICK, INCLUDING
ROOFING-TILE.
Number of men employed....iuu ceeeaes sversassssre sannnnninsneninnaserasn 1,076
Value of produet...... rtedsesraeustrerevstantaraiannr veaensnans $857,994
Tons MAnUfACUTEA.vcveren crereneersrnsrarsanrarssnsmitiisisnssnsssrianisirnssass 196,485

9), MISCELLANEOUH MANUFACTURERS OF CLAY.

Value 0f PrOAUCt.,esiers corrsarstroverirassasssenimnumeranmien o renasssn sanarans $253,014
Number of men employed....ccociirimieisiorenisrsrrisrassnss srsssrasreeasee . 358
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10. CLAYR DGG AND MINED, FIRE S8AND, MOUNDING BAND, EIC.

687,679
$736,225
1,105

Tona of clay and sand.......ceewvensns
41 L L T U
Number of men employed.........coceeree

GENEBAL SUMMARY,

Total number of men emploFed......ciceriisiersreses i crnserenrerenans 7,510
Total number of Drick MAAe cvveeeervrevecrienrvrrocsenseereiasmasararessssnsses $03 711,708
Total value of clay iBAUBLEY covvvreecccrreie i vinenenns §0,748,726
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I1.
Report on the Iron Mining Industry.

By Georce E, Jenkins, C. E.

Magnetic iron ore is mined in seven States of the Ubion, and im
the volume of product New Jersey occupies third position, while in
relation to the total production of all varieties of iron ores it is now
ninth, where in former years it was seventh.

A review of the past forty years’ mining, as shown in the State’s
annual product, reveals the fact that from 1855 to 18883 it was one
of the most important industries in the State, and that during this
period it was constantly growing in volume and value of product,
yielding large returns on the capital invested as well as furnishing:
employment to a good-sized army of men.

The State’s product reached high-water mark in 1882, which was
due to a very great extent to the high value that iron ore had been.
commanding in the previous two years, when it sold at some of the
mines for eight dollars per ton, and consequently stimulated mining
to such a degree that every mineral deposit, however small, was.
made to yield and swell the increasing product. It was at this time
also that many improvements were made in mining machinery, such
as the introduction of better pumps and hoisting engines, and
especially the advent of the air-power drill, together with the
more general use of high explosives. This vigorous revival in
business, after a long period of extreme depression, had the effect
of a “boom,” and the reaction which naturally followed affected
the many mining enterprises, and the operators upon small and
unfavorably located deposits as to shipping facilities, etc., were
forced out of business, and the consequent shrinkage in prod-
uct was quickly evident. Furthermore, the rich . deposits of
Hematite from the Northwestern States were reaching the Eastern
market, and there was consequently a further reduction in prices.
These consequent low prices have been the chief causes of crip-
pling the New Jersey mines, although a number of the oldest and
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deepest mines were closed becanse the deposits were exhausted and
the prevailing margin of profit was so small that there was no induce-
ment to spend any great amount of money in exploring for new
deposits. In the past four or five years great improvements have been
made iu the shipping facilities from the Lake ports, and the conse-
quent low freight rates have had the effect of forcing ore prices still
lower, so that the average value of New Jersey ore during the past
year was not more than two dollars per ton., When it is borne in
mind that all of the mines now in operation are nearly or more than
one thousand feet deep, involving heavy expenses in drainage and
. timbering, it is surprising that the enterprises have been able to live
at all. It is certainly a compliment to the business ability and skill
of the managers that the mines are working under so many dis-
advantages.

In the following review of the mines now in operation, the fact is
very prominently brought out that the ¢ economics of mining” is the
foremost question before the managers. The evidence of this is seen
in the continued adoption of every device and improvement in
machinery and shaft equipment, whereby an increased output may be
obtained at a reduced cost. All the mines reported last year have
been in operation, but the Hurd mine at Hurdtown was closed in Sep-
tember, so that only about half a year’s product has come from that
source. The concentrating plant at Edison, however, began produc-
ing in October, and the two months’ product from these works about
made up the loss from the Hurd mine.

The following notes on the mines in operation during the year are
appended :

Hurd Mine, Hurdtown, N. J.

The Hurd Mining Company, Benjamin Nicoll, President, operated
this mine under lease from the year 1893 to October, 1898, when,
owing to the exbausting of the ore body, the lease was surrendered.
Mining during the past two years has been confined to removing the
ore which had been left on the sides and in the roof of the old work-
ings, and beginning at the bottom the * robbing ” was carried upward
to about seven hundred feet from surface, slope measurement, At
this point work was stopped and the pillars of ore in the upper regiona
of the mine were not removed. During the past three months the
owners have been making a series of explorations with the diamond-
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drill in search of new shoots of ore. The first test was made at right-
anglea to the slope in the bed-rock of the old mine at six hundred
feet from surface. The boring was made to a depth of one hundred
feet and the core showed vein-material carrying seams of ore, but no
deposit of any size was found. A second hole was started and reached
a depth of fifty feet, when the operations were stopped by the water
raising in the old working, drowning the parties out. Two bore-holes
have been put down from surface southwest of the out-crop of the old
shoot, and though one of these reached a depth of one hundred and
seventy-two feet nothing very encouraging has as yet been developed.
Other tests will be made for the purpose of making a thorough search
for other shoots of ore.

From the present indications it looks as though another of New
Jersey’s oldest and best known mines was about to be added to the
list of “abandoned mines.”

At the time that work was stopped in the old slope it had reached
a depth of six thousand feet on the slope and 2,600 feet vertical,
being about 1,600 feet below tide-water and the deepest excavation in
the State.

Richard Mines.

The large body of ore that was discovered in the foot-wall of this
mine has been yielding large quantities of ore, and at no time in its
history has the future of this mine looked more promising. Duriog
the year the drift in the foot-wall deposit has been continued west-
ward, and these developments have proved the correctness of the con-
clusions in reference to the extent of this ore body, and as was pre-
mised in the report of 1896, the disturbance in the old vein, where the
large *“roll” in the foot-wall has taken place, marks the western limit
of the deposit. The developments in this deposit have also been car-
ried upward through an increased width of the vein, and a very large
tonnage of ore has been blasted down. At six hundred feet, east of
number two shaft, in the deepest workings of the mine, a drift has
been driven enstward in a * pinch ” of the vein, and as the work con-
tinued the vein was found to open out, and the vein, which has rolled
out of its general course, is returning to the regular alignment of the
dip of the deposit as the mining is continued, Work has progressed in
the Mount Pleasant vein, and this deposit continues to be very much
split up, and the ore is found in bunches of variable width and extent.
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The “ New Slope,” which was started two years ago, is now down
five hundred and nineteen feet, and cross cuts have been driven north
and south. The one to the north is one hundred and twenty-six feet
long, and at one hundred and fifteen feet a vein four feet thick has
been cut. The southern cross-cut is one hundred and eight feet long,
but no new veins have been cut and the face of the drift is still a
considerable distance from the old working of the main vein.

The product for the year was the largest in the history of the mine,
amounting to over 115,000 tons.

When all the improvements have been completed the output will no
doubt be very much larger.

Bdison.

The New Jersey and Pennsylvania Concentrating Company put
their plant in operation about the middle of October and ran antil the
middle of December. The test was made on an ore carrying from
ten to twelve per cent. of magnetite, and it is claimed that the results
obtained were entirely satisfactory. About two hundred tome of
bricks per day were manufactured on this trial and the product was
used at the furnaces of the Crane Iron Works and the Thomas Iron
Co. Daring the year 20,000 tons of sand, which is a by-product, was
shipped to the Cement plants in Lehigh Valley. From two hundred
and fifty to three hundred men are employed when the works are in
full operation.

Lower Wood Mine, Hibernie, N. J.

There are now four stopes in this mine upon which mining has
been done, and of these, 16, 18,19 are on the Church Mine Property
and number twenty stope is now the only one on the Lower Wood
Lot. These stopes at the close of the year were not looking very
promising, and from the very rocky character of the deposit it seems
certain that the bottom of the paying deposit has been reached. The
past year’s product, however, has been a little smaller than the
usual output. Some additional improvements have been made in the
plant, particularly in the way of a new duplex Ingersoll air com-
pressor, having a capacity of 1,900 cubic feet of free air per minute.
Most of the ore mined in the past year has been obtained from the
Chureh Mine, and in all probability the Lower Wood Workings will
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be exhausted in the coming year. These are now at a depth of eight
hundred and twenty feet vertical or nine hundred and five feet on the
dip and about three hundred and thirty-five feet below sea level.

‘Wharton Mine,

The working area of mine is now comprieed in ten available stopes,
but only four are now yielding. Another sink eighty feet deep has
been put down and at the bottom the vein is fifteen feet thick. These
explorations show that there is a large body of ore in site, and with
the two well equipped hoistways a lage product can be mined.

The new shaft esst of No. 3 was begun during the year, and at a
depth of one hundred and five feet the vien was met. It is the pur-
pose of the operator to continue this shaft till it intersects the drifts
which are being driven eastward from the- present workings in No. 8
shaft. The bottow sink is now 1,075 feet deep, being about two
hundred feet below sea level. Improvements have been made to the
mining planot in the way of an increase of 300-horse-power to boiler
capacity and the installation of a new air compressor of a 2,500
cubic feet of free air per minute. The year's product has been the
largest in the history of the mine, and it is used in the Wharton
Furnace, at Port Oram.

The Hurd Mine and New Sterling Slope.

During the past year the cross-cats on numbers 5 and 6 levels have
been driven through the offset between the New Sterling slope and
Ifurd vein and the ore body on east side explored by back-stoping for
over one hundred feet above the level of No. 5 drift. The ore body
was from four to five feet wide and was followed till the width dimin-
ished to where it did not pay to continue mining.

The most eastwardly explorations are now two hundred feet from
the offset. The company is now re-opening the old Hurd slope, and
from u recent survey it is found that eighty feet of a sink will reach
the vein, and if the ore body proves large enough drifts will be driven
east and west 50 88 to ultimately connect the workings of this year
with the Hurd slope.

West of the offset in the old No. 13 shoot, the ore has practically
all been removed, and the *“back” in No. 4, as well as the stopes on
Nos. 8, 6 and 7 levels, are very rocky and yield very little ore. The
year's product has fallen off somewhat.
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Beach Glen Mines.

After a period of idleness dating back to 1883, this property was
re-opened in August by the Beach Glen Mining Company, and prep-
aratious are being made to do some mining.

The general run of the deposit yields a lean ore, but it is low enough
in pbosphorns to pass the Bessemer limit, and some very satisfactory
results have been obtained from experiments in concentrating.

The mine is not deep and there is very little water to pump, and
the ore ought to be mined cheaply and be able to meet the competi-
tion in the ore market, provided its richness can be broughi up. No
ore has, as yet, been shipped.

Franklin Z2inc Mines.

Last year’s report noted the consolidation of the zine mining enter-
prises under the one management of the New Jersey Zinc Company.
Operations have been alone confined to the deposit at Franklin Fur-
nace, and both the North and South Mine Hill workings have been
operated. A new concentrating plant of large capacity has been
located near the mines, and the product from both apenings is to be
passed through this mill.

The smelting plants at Newark, Jersey City and South Bethlehem
have all been in operation, and a new and extensive works is being
built by this Company at Hazzard, Pa.
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For the Year 1898,

Iron QOre.

The total production of the mines, as reporied by the several min-
ing companies, was 275,378 gross tons.

The total production, as gathered from the shipments of the railway
companies, from mines in the State, and reported to the Geological
Survey, amounted to 269,771 gross tons.

The increase, although small, is notable, the shipments increasing
nearly thirteen per cent.

The table of statistics is reprinted with the addition of the amount
for 1898:

1IRON ORE,
1780......... 10,000 tons ......... Morse's eatimate.
1830......... 20,000 tons ........Gordon's Gazetteer.
1863 .......e. 100 000 tons ......... Dr. Kitchall’s estimate,
1860 ........ 164,900 tons .........U, B, cenaus,

1864 ........228,000 {ons .........Annnal Report State Geologist.
1867 ........-275,087 tons ......... “ s H
1870.........362 638 tons .........U. 8. censue,

1871.........4560,000 tons ......... Annual Report State Geologist.
1872 ........600 000 topa ......... “ L B
1873.........665 000 tons ......... “ o “
1874 ....... 925,000 tong ...... 4 “ "
1875 ....... 380,000 tons ......... o o o
1876.......e. 285 000 tons*.........

1877......... 315,000 tons*.........

1878.........409.674 tons ....... .- . . “
1879.........488 02B tons ......... “ t 1
1880 seovene 745,000 tons ......... “ “ u
1881.........737 032 tons ....couas " “ “
1882 ......032,762 tODY .c.oveuee o 1" L
1%83 ........521 416 tons ......... 5 " -
1884 ......... 393 710 tons ......... " " bl
1885 ..... 330,000 tona .ovuenee " 1" o
1886 ..ouvve. 500,601 tong ......... - “ “
1887 ........547 889 tone ........, o “ u“
1865 ........447,738 0N .reervvnn “ u u
1889 ........482,169 tons ......... “ “ *
1890.........552,996 tona ...... * “ i

# From statistics collected later.

(239)
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1891 ....... 6561 358 tons ......... Annual Report State Geologist,
1802........ 465,453 tons ..eee.ee. “ “ u
1893.cvvnne 378,160 tO08 .vvrvens “ “ “
1884, 277,483 LOOS ceverenns “ “ «
1896........ 282 433 tone ....ccew. “ i 1t
1898,........2684 999 tOBE .veeueas “ " I
1847.........237.23b tona ......... u “ T
18Y8......... 275,378 tons ......... w woo “
Zine Ore.

The prodoction of zine ore in 1898 is indicated by the total ship-
ments for the year; the total shipments, as reported by Mr. A.
Heckacher, General Manager of the New Jersey Zinc Company,
amounted to 99,419 tous.

The statistics for a period of years are reprinted from the last
annual report :

ZINC ORE.
1868.........25 000 tons"......... Annual Report State Geologlat,
1871..... e 22 000 £0NB vevreeenn « & i®
1873 cceiieas 17 500 tONB weveuenne o« “ M
1874 ..11eere. 13 200 toms ......... “ “ T
I878.1ceeen 14,467 LODE .ovees “ “ “
1879.........21,937 tons i “ “
1880 ... 28 311 tODS cevuvens. [ w “
1881...0000..48,178 tons u @ o
188%.........40,138 tons ......... o “ “
1883 ..evt...86,085 tons L “ "
18584...c....40, 094 tons ......... " G u
1883, .0000...38 526 tomE .....uuee “ " i
188..0ecae 43 877 tong .....vees “ . ]
1887 crnnene 50,220 tODS .evvrene “ “ “
1888.........46,377 tons ......... “ o u
1884.........56,164 tons ......... 5 & m
1890 ........40618 ton8 ..v.oenu “ w «
1891 ........ 78,032 tons ....... " 6 [ &
1892 ........77,298 tons ......... u T R
1893.........06,802 tons ......... s “ te
| 1212 C 54,882 tons ......... w o “
1895 +

113 i “

[1} [13 o

4“4 4 i

* Estmated tor 14 and 1871 Statistics fur 1878 to 1890, inclusive, are for shipments by railway com-
panics  The later roport- wre from the zine mining compatics.
+Np statistics were pu' Lshed in the Annual Report for 1895,
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The demand for the publications of the Survey 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.

It is the wish of the Board of Managers to complete, as far as
possible, incomplete sets of the publications of the Survey, chiefly
filea of the Anoual Reports in public libraries, and librarians are
urged to correspond with the State Geologist concerniog this matter.

By the act of 1864 the Board of Managers of the Survey is a
board of publication, with power to iesue and distribute the publica-
tions as they may be anthorized. The Annual Reports of the State
Geologist are printed by order of the Legislaiure as a part of the
legislative documents. They are distributed largely by members of
the two houses. Extra copies are supplied to the Board of Managers
of the Geological Survey and the State Geologist, who distribute
them to libraries and public institutions, aud, as far as possible, to any
who may be interested in the subjects of which they treat. Several
of the reports are out of print, and ean 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 secomd 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 and fourth volumes are now being distributed from
the office of the State Greologist.

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 distributed without further expense than that of transportation,
excepting the maps, where a stated price covers the cost of paper and

printing, a8 stated.
(241)
16 agoL
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CATALOGUE OF PUBLICATIONS.

Grovoe.w or Nrw Jersey, Newark, 1838, 8vo , xxiv -+ 899 pp. Out of print,
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Plate I.—Typical Result of Forest Fires in South Jersey.
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INTRODUCTION.

The investigation whose results are here stated began in February,
1897. The field work in addition to that done by the writer was
chiefly in charge of Henry 8. Graves, assisted st times by E. M. Grif-
fith and U. F. Bender. The calculation and statement of results was
accomplished for the most part by Mr. Graves with the occasional
help of Mr. Griffith.

The first object of this work was to show by actual measurements
the loss to the State of New Jersey from forest fires, From the nature
of the case it is almost impossible to show these losses in terms
of dollars and cents, while they can be determined with considerable
accuracy in terms of forest production. That is to say, knowing the
capacity of the soil to produce valuable timber and the character of its
present production, a consecutive and reliable description of the loss to
the State becomes possible,

The second object of the work was to study the forest fires them.
selves, and, basing all recommendations on a fuller knowledge of their
manner of burning, to devise better means of fighting them. While
the investiga tion itself was confined for the most part to South Jersey,
the plan for protection against fire is applicable to the whole State.

Forest fires, it js well known, are particularly dangerous in New
Jersey to the south and east of a line drawn from Y.ong Branch, in
the northeast, to Salem, in the southwest. Various statements of
the damage they occasion have been made from time to time, bat the
close study of the fires seems to have been almost entirely peglected.
It may be added that the total effect of fire on the forests of South
Jersey, according to actual measurements taken in the field during the
present investigation, is to subatitute a few cords of very inferior fuel
per acre for a mature yield of from five to ten thousand board feet of
valnable timber.

The plates in this paper are from photographs owned by the author,
Many of them were taken to illustrate a bandbook of forestry shortly
to be issued by the Division of Forestry, U. 8. Department of Agri-
culture.
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1.
FOREST FIRES.

On account of the flatness of southern New Jersey the forest fires are
not much affected by topography, bat are governed chiefly by the wind
and by the amount of combustible material. The soil is influential
in that it is deep, dry, porons sand. It does not hold moisture well,
especially after the humus has been destroyed, and the new, upper
layer of vegetable matter quickly becomes dry, affording abuundant
material for the fire. When there is a thick layer of humus, a light
surface-fire will merely run over the top of the ground, burning the
upper layer of leaves, twigs, etc., which, as yet only partially decom-
posed, are loose and dry. Repeated fires, or very severe fires, destroy
the humus down to the mineral soil. The most rapid and dangerous
of all fires are those which burn in the tops of the trees. No ground-
fires are 8o swift in old timber, and none do such certain damage. On
account of the wonderful fire resistance of the Pitch Piue, very few
surface-fires in South Jersey are followed by the death of the larger
trees of this species. Those which burn in peaty ground paturally
kill everything they reach by burning or charring the roots, but such
fires are usually of very limited extent.

When 2 fire first starts it eats slowly out on all sides in a gradually
incrensing circle. When it becomes large enough for the wind to catch
it, a head (a name for the fiercest and most rapid part of a fire, used
here for want of a better) is formed, at first narrow, but widening as
it is driven on before the wind, until finally it may be several hundred
feet or even rods in width. A single fire would bura off a plot
shaped somewhat like a wedge or a cigar. The sides or wings eat
out slowly against the wind, seeming almost to be dragged along by
the main head of the fire. Before the main head are small independent
fires set by flying sparks, which are often carried for one-half mile or
more by strong winds. Pine bark detached from the tree carries fire
to the greatest distance. These small fires are most noticeable when

(7)
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the main fire is not traveling very fast, because there is time for them
to make some headway before the latter reaches them. Such inde-
pendent fires are characteristic of the wings as well as of the head,
but in that case are nearer the main line of fire. The wings burn in
an a narrow band of flame, gradually eating out diagonally in an
irregular line. The flames are fanned backward and forward under
the influence of the wind and the air currents eaused by the main
fire and the hotter parts of the side-fires.

A back-fire, running against the wind, acts in the same way as the
side-fires, except that the latter barn obliquely with the wind, and
the back-fire directly against it. There is always danger of setting
an independent fire when the back-fire is first started. As the main
and back-fires approsch, the latter, under the suction of the front,
rashes toward it, burning the intervening ground almost instantly.
Liviog leaves seem to wither before they are tonched by fire, under
the influence of the great heat.

With shifting winds the head of a fire swings back and forth,
burning an irregular line. With a sudden change of wind the long
wing may become the head, and then a much broader, more fearful
fire results. The wings often burn to a road and cross by jumping
or by creeping over dried leaves, or sometimes gain such headway
in good burning that a new head and practically a new fire is set
going. Often when the head has been checked the wings form pew
heads and there are two or more fires to fight instead of one. If the
wings burns to a swamp, the fire is deadened and smoulders in the
damp moss and duff. Now and again it reaches a dry spot, blazes
up, and rushes into the crowns with a crackle and a roar, and a
dense clond of blaek smoke,

Fires usually slacken at night on account of the cessation of the
wind and often because the air becomes damp and the dew falls
heavily. Frequently, in looking over burned areas, one sees narrow
belts of dead timber, as if the fire had burned in strips. Sometimes
this is the result of a slight change in the surface of the ground, or is
caused by a road, by the formation of separate heads starting from
the wings, by the temporary checking of the fire by poor burning, or
by the deadening of the fire at night.

PRESERT METHODS OF FIGHTING FIRES,

It is customary in South Jersey to check severe fires by back-firing,
and to extinguish ground-fires hy throwing sand on the flames or by

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 9

beating them with green boughs or with shovels. There is nothing more
effective in extinguishing fires than sand, and, fortunately, the char-
acter of the s0il makes it possible to obtain this material in abund-
ance. It is astonishing how loog a line of fire can be put out by one
shovelful of sand thrown by a skillful man. When the fire burns in
the erowns of the trees back-firing is the only method of checking it.
It is customary to start the back-fire along the windward edge of a
road, taking care to put out all sparks which are carried across it.
As soon as the head is stopped the wings are extinguished as rapidly
as possible with sand, and if a new head is started it is checked by
back-firing. _

With an experienced leader and a corps of expert fire-fighters even
severe fires can usually be completely extingnished in a few hours.
The difficulty often is that the fires are not attacked until they reach
dangerous proportions, and then, when work is finally begun, the
efforts of the men, although they may be skillful fighters, are
often wasted through the lack of leadership and organization. It fre-
quently happens that after the main fire has been checked the men
stand about and discuss where the next point of attack shall be, and
meanwhile a new head has been formed, and all the work has to be
done again.

Another conspicuous fault in the present metheds is that the
fires are so often left without further watching when apparently
extinguished. A careful patrol is essential for a considerable length
of time after a fire is apparently out. All smouldering stumps, logs,
cones, etc., should be completely put out with eand, and the ground
should not be left until it is positively certain that no trace of the fire
remains. Fires are sometimes left to burn unchecked when it is
known that there is a Cedar swamp or a stretch of bare land before
them. Fighters often leave the fire when it dies down at night,
because they are tired and know that it will burn bat slowly until
suorise. In the morning the fire breaks into new vigor, and the work
of the day before is lost. With an orgenized force and a competent
leader such mistakes would not happen, nor would the dangerous
practice of indiscriminate back-firing be allowed to continue,

BETTER METHODS OF FIGHTING FIRE.

Plans for protection against fire have been, for the most part, based
on the Minoesota and Maine laws. These laws are excellent for the
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conditions existing in those States, but they would not prove efficient
in South Jersey. A plan to make the town officers fire-wardcns
might be effective in the farming and mountainous sections of the
State, but for the Pipe belt an additional service is essential to organize
the fighting force, to locate the fire instantly, and to begin the attack
promptly on every fire that starts. A leader is required, cool, intel-
ligent, and quick to act, thoroughly familiar with all roads and paths,
and who can decide at a glance the best point of attack. With town
officers as fire-wardens it would take longer to locate the fires, there
would be less prompt action in reaching them, and the actuhl fighting
force would be less efficient.

The State of New Jersey may be divided into two sections, with
regard to the prevalence and effects of forest fires, by a line ranning
from Long Branch to Salem. To the north and west of this line
these fires, while exceedingly destructive, are less formidable than in
the eastern and southern portions of the State. In North Jersey the
effect of fire in the woods is not, as a rule, to render the forest soil
wholly unproductive, but only to reduce the character and diminish
the value of its products. The loss from this source is very great, yet
it is much less complete and appalling than in the flatter, sandy
portions of the State,

Iu South Jersey the effect of forest fires is best illustrated by the
plaing of Ocean and Burlington counties. Here a succession of such
fires has so far reduced the fertility of the soil that it is capable of
producing, for the time being, nothing but stunted Pine sprouts of no
value whatever, The condition of the Plains is due wholly to fire,
The adjacent regions are rapidly assuming the same character under
the influence of repeated burning, and the complete impoverishment of
southern New Jersey is close at hand unless the fires can be stopped.

Such facts and figures as are contained in the present report may be
made to contribute in many ways to the safety and protection of the for-
ests; but investigations and reports must alike fail of their object if they
do not secure the inauguration of active measures against forest fires on
the part of the State. That these fires are enormously destructive is
already well known. That it is practicable to prevent them is proved
beyond question by these investigations, and by the success which has
elsewhere followed efforts to that end in the face of difficulties not less

great.
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The proposed forest service described below is intended to attack this
evil in two ways: First, by disseminating forest information through-
out the State; and second, by providing efficient means by which fires
can be reached in their early stages and measares can be taken against
them without loss of time. The details of the plan have been worked
out with special reference to South Jersey, but the general scheme is
applicable, with a few changes to meet local needs, to the whole area
of the State,

Like the question of slavery, the question of forest fires may be
shelved for a time, al enormous cost in the end, but sooner or later it
must be met. Every consideration of prudence and economy is on the
side of prompt and thoroughgoing action.

With suitable local modifications, this system of forest protection
may be applied to all forest lands throughout the State. But since the
cost of establishiog it at once throughout the whole State would be
very large, it is recommended that efforts be directed in the beginning
chiefly, but not exclusively, to those parts where the loss from forest
fires is most severe.

The portion of New Jersey within which fires have been and are
still most frequent and destructive comprises the southern border of
Monmouth county, Ocean county, the eastern and central portion of
Burlington county, the eastern part of Camden and Gloucester coun-
ties, and the larger part of Cumberland, Cape May and Atlantic
counties. The State Forest Service here proposed is intended at first to
devote almost it entire energies to this avea during the season when
fires prevail. Daring the remainder of the year it is capable, if a
trained forester be selected as its executive head, of disseminating
right ideas and methods of forestry and fire-protection widely through
the State. In a word, the object in view is not merely to prevent fires
now, but to awaken such a conception of the usefulness of forests, and
impart such a knowledge of right ways of handling and protecting
them, that the hearty co-operation of the people, both in the counties
named above and throughout the State, will be secured. The safety
of the forests of any region must ultimately depend upon local senti-
ment regarding them, and no attempt to protect them which disregards
this fact can succeed in the long run.

The wide distribution of printed information regarding forest fires,
and the best means of extinguishing them, should be a duty of the
Forest Service, and it should post in conspicuous places, throughout
the area where fires are numerous, fire notices printed on cloth and
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protected by wire netting. These notices, in addition to a brief atate-
ment of the law and the penalties for its violation, should give
succinct directions for action in case of fire, together with the names
and places of residence of the nearest Forester, Fire Warden, and Fire
Commissioners,

ORGANIZATION,

Successful organization against fire should aim to attain three things:

1, The rapid and accurate localion of the fire.

Great practical difficulty has been found in ascertaining the exact
location of a fire, although smoke may be plainly visible and ap-
parently at no great distance. Even men thoroughly familiar with
a region find it extremely difficult to determine the actual distance of
a fire in miles, since its apparent distance is largely influenced by the
direction of the wind, the state of the atmosphere, and the size of the
fire.

2. The speedy arrival of the fighters at the scene of a fire.

In forest fires, as in those against which the fire departments of our
cities are organized, time is of the first importance. Time saved in
reaching the scene of a fire may result in money saved to the extent
of hundreds or even thousands of dollars in damage done and in the
cost of fighting. Some of the most destructive forest fires in the past
could have been easily extinguished had prompt action been taken
while they were young. The Hinckley fire in Minnesota was a case
in point.

d. Vigorous and infelligent action on the part of the fighters.

Nothing is commoner at the scene of a forest fire than to find the
efforts of the fighters nullified, or even made positively dangerous, on
account of bad judgment, lack of discipline and the scattering of
efforts. The danger of many fires is increased by the injudicious
setting of back-fires by men whose judgment is warped by excitement,
or who have become panic-stricken by the fear of harm to themselves
or to their property.

The plan here proposed contemplates an annual expenditure of
$10,300. The cost of equipment is estimated at $2,650, and the
total for the first year is thus §12,950. The area to be protected is,
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roughly, 1,400,000 acres, and it is believed that an expenditure of
but little more than half a cent per acre per annum is not exces-
sive. The organization recommended is as follows:

1. A Forester, whose duties would be to act as executive officer of
the Forest Service; to repair at ouce to all fires, and when there take
entire charge and direction of the efforts to extinguish them ; in
extreme cases to employ assistants outside of the service to that end,
but only to the limit of the appropriation for that purpose; to keep
constantly and accurately informed upon the condition of his charge;
to make frequent tours of inspection; to issue permits for burning
brush, grass, swamps or meadows; to keep a descriptive record of all
fires; to arrest any violators of the forest laws, and, in general, to
co-operate with local residents in the attempt to protect their property
against fire. The Forester should bave headquarters at Winslow,
from which point all parts of his charge could be easily reached by
rail. A very considerable portion of his time should be occupied in
a personal inspection of the forests under his care, and he should be
thoroughly familiar with them and with all their topographical
features. Whenever unoccupied by his duties in relation to firea, the
Forester should give advice and instruction, free of charge, to resi-
dents of the State, upon all matters relating to the protection, care,
and management of woodlands, both by letter and by personal con-
ference and visits to forest areas.

2. Four Assistani Foresters. Each Assistant Forester should be in
charge of a fire station at one of the following points: Whitings,
Tuckerton, Egg Harbor City and Millville. Each station should be
located on top of the highest building available for that purpose, and
within easy reach of a telegraph office. Where a location of this kind
is not available, it will be necessary to construct a scaffolding high
enough to aftord a view over the surrounding timber, and large
enough to carry a small room for shelter at the top. Kach station
should be equipped with a graduated brass circle, surmounted by a
small telescope. As soon as a fire is discovered, the Assistant For-
ester should train his Jtelescope upon it, read its direction upon the
graduated circle, and telegraph the same to his chief and to the other
stations from which the fire may be seen. The reading of the angle
of a fire from any two stations, when laid down on the map with a
protractor and rule, will give the exact location of a fire at once. (See
the accompanying diagram.) Each station should also be provided
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with a horse and wagon, for the purpose of conveying the Assistant
Forester and any assistants to the scene of a fire without unnecessary
delay, and shovels, lanterns, and canvas water-buckets should also be
supplied.

Speedwell.

Tuckerton.

Egg Harbor City.

Exampre.—A fire breaks out. Tuckerton telegraphs Egg Harbor
City that the fire bears directly northwest. The laiter replies that the
direction from that station is north 21 degrees east. The Assistant
Forester at each station at once plots these courses on hig map, and
each finds that the fire is at Speedwell. The Forester, meantime, has
discovered the location of the fire by the same process, the bearings
having been wired him at once. He sends his orders by wire without
delay, and proceeds himself to Harris station, on the New Jersey
Southern Railroad, by the first train. In less than an hour the whole
force of the Forest Service within reach of Speedwell may be coocen-
trating to check the fire.

The duties of an Assistant Forester should be to repair at once to
all fires within the limits assigned to him, and when there to take
entire charge and direction of the efforts to extinguish them until the
arrival of the Forester, who should be uotified at once by telegraph
on the outbreak of the fire, During the season when fires are dan-
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Plate TII.—A Fire Checked by a Road and by a Narrow Path Shown in the Foreground, Second-Growth I'ine,

Buarlington County, N.J.
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gerous, each Assistant Forester should be required to be on watch
from his tower during the hours of daylight. During the rest of the
year he should advise and assist local residents in the construction of
fire-paths, in planting valuable species of trees, and in taking proper
care of existing forests, under the direction of his chief. He should
familiarize himself to the utmost with every road and path, however
little traveled, and with all water-courses throughout his charge, and
should report all violations of the law to his superior. His presence
should be required at the burning of brush, grass, meadows, and swamps,
except in cases where danger of the spread of fire is very slight; and
he should see to the enforcement of the forest-fire laws and the per-
formance of their duties by the Fire Wardens.

8, One Hundred Wardens. Each of these men, in consideration of
the annual payment of $25, should bind himself to repair at once to
every fire occurring within the limits assigned to him (and these
limits should overlap so as to insure the attendance of several men at
each fire), to do his best to extinguish it, and, in the absence of his
superiors, to take entire charge and direction of the efforts againat it.
He should report all infractions of the forest-fire laws to the Forester.

The advantage of the appointment of Wardens is that it secures a
much larger number of men than could otherwise be obtained to fight
fires in their early stages, and creates a class with a direct personal in-
terest in pot having fires occur. The salary of 28 Warden should be
paid whether fires take place within his limits during the year or not,
because the service to the State will be greater in the latter case than
in the former. It is immensely cheaper and better to prevent fires
from occurring than to extinguish them after they have begun. The
fewer fires within the limits of 8 Warden the easier it would be for
him to earn his pay.

4. Township and County Officers. Township and county officers
should, ex-officio, be given the title of Fire Commissioners, and shounld
be required to repair at once to every fire within the limits assigned to
them, to do their best to extinguish it, and to take charge of the efforts
to that end in the absence of Foresters or Wardens, Failure on the
part of a town or county officer to fulfill his duty in this respect should
make him liable to a fine, to be collected through the application of
the Forester,

b. Exlraordinary Assistants. All Foresters, Fire Wardens, and
Fire Commissioners shiould have the power to requisition the services
of any citizen for the purpose of extinguishing a fire, and failure
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to respond should be punished by a fine of $5 for each offence, The
Forester should be empowered to pay for such service at a fixed rate
in each county. Great care must, however, be exercised in this mat-
ter, becanse, while great fires cannot be successfully attacked except
with a large force, the temptation to burn woods as a means of getting
work is strong among men of a certain cast of mind.

6. Fire-Paths. The construction of fire-paths would be exceedingly
costly; fortunately it appears to be unnecessary. Throughout
Southern Jersey in addition to the main thoronghfares there are great
numbers of wood-roads now largely disused. These roads would
gerve admirably as fire-paths if they could be cleared of inflammable
material. For this purpose I recommend that two machines be con-
structed, similar to the revolving-brush sweeping machines used
in large cities, but of such a size that the wheels will track in the
country roads, while the brush will occupy the space between the ruts.
Such a machine with one horse and one man will clear as many miles
of road as the horse can traverse on a walk in a day. It is believed
that fifteen miles may be easily accomplished, T'wo of these machines
operated during the autumn after most of the leaves have fallen, and
again in the spring after the oak leaves have become detached from
the trees, would, it is believed, clear valuable fire-paths impassable by
a moderate ground fire, and indispensable in more vigorous conflagra-
tion as lines of defence throughout the greater portion of the region
where forest fires are especially to be feared.

COMMUNICATION,

It is of the first importance that the Forester should be in easy and
rapid communication with each of his four immediate subordinates,
and each of the latter with the others. This is an essential of the
plan proposed. "It is evident that a telephone line, connecting the
stations with each other and with the Forester, at Winslow, would be
the most satisfactory means of accomplishing this end, but the cost of
such a line would be heavy, and it has not been deemed wise to sug-
gest its construction at once. For the present, the location of fire sta-
tions within easy reach of existing telegraph lines will suffice.

NEW JERSEY GEOLOGICAL SURVEY



Plate IV.—White Cedar Killed by Fire, Marigold Swamp, near New Gretna, N, J.
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I1.
THE EFFECTS OF FIRE.

The harm that forest fires do may be classified as follows: 1st,
damage to the standing timber; 2d, destruction of youug growth;
3d, destruction of the forest floor; 4th, depreciation in the value of
forest property; 5&th, encouragement of theft and disregard of the
rights of property, and discouragement of thrift and foresight among
the people where fires oceur ; 6th, general impoverishment and degen-
eration of the regions where they are common.

DAMAGE TO STANDING TREES.

The damage to the standing timber is dependent on the kinds of
trees in the forest, on the character of the latter, and on the time of
the year when the fire burns. Young hardwoods suffer severely, but
are often comparatively prompt in recovery. Pine forest is the pre-
vailing type in South Jersey, and its relation to forest fires is of
special interest. One of the distinguishing characteristics of the Pitch
Pine is its ability to resist fire and to recover after severe injury. The
Shortleaf Pine is also able to withstand severe fires, but its recupera-
tive capacity is much less than that of the Pitch Pine, In each case
the trunk is covered with a thick, corky bark, which is often burned
till it is charred without apparent injury to the living parts of the
tree. The outer bark scales off after a time, and the sigos of fire dis-
appear, except near the ground. In old Pine forests a light surface
fire usvally does but little damage to the standing timber. Some-
times, however, if the forest is dense and there is a heavy watting of
litter on the ground, the fire burns so fiercely that the trunks of the
trees are seriously damaged, and in the case of small timber, the trees
may be killed. The same is true where the ground is covered with
uoderbrush, which becomes dry and burns with intense heat. If the
fire runs over the ground in spring before the sap begins to move, the

2 GBEOL AP amn
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damage is much less than after the season of vegetation has begun.
Decay frequently creeps in at the butt of severely barned timber.

EFFECT ON CEDAR BWAMPS,

White Cedar is extremely sensitive to fire and is easily killed,
especially if the crown is affected. As a rule, however, Cedar
swamps will not burn except in the eazly summer when it is very
dry, and often they will not burn even then. Wet swamps burn
only in extraordinarily dry years, or when an unusually hot fire is
driven through the trees by a strong wind. The trees on the edges
of swamps, however, are frequently killed before the fire is stopped
by the damp sphagnum moss, Sometimes the larger trees are not
killed outright, but die gradually, beginning in the tops.

INJURY TO YOUNG GROWTH.

The larger hardwood trees resist fires admirably, and are Kkilled
only in the case of very severe fires. Young growth is often killed
outright. All young trees are more sensitive to fire than larger ones,
because the bark is thin and delicate, and also because the branches
being low what is a surface fire is to them a crown-fire, killing their
tender shoots. Young Pitch Pine, however, withstands remark-
ably severe burning.  Frequently surface-fires burn up to the crowns
of small Pitch Pine, scorching the lower branches, but leaving most
of the crown iotact, and with it the life of the tree.

INJURY TO THE SOIL.

Oue injurious.effect of forest fires which is apt to be neglected or
even disputed is that which results from the destruction of the layer
of vegetable waste and mold which is always found on the ground in
undisturbed forests. This forest floor, as it is called, is made up of
two parts: lst, the upper wholly or partially decayed mass of leaves,
twigs, and olher vegetable material, called litter; and 2d, the thick,
brownish, crambly mass of real humus, which finally is intimately
mixed with the mineral soil. In New Jersey the upper layer of litter,
which becames exceedingly dry and burns rapidly, is generally looked
upon as a positive evil, a danger to the welfare of the forest. This
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has led many owners of forest property to burn their land every spring
before the dry season commences, and thus destroy the litter. Fires
are in this way prevented from burning over the land later in the
season and injuring the timber. Many people believe that this is the
only way to protect their land from fire. As long as there is no
organized fire service, this annual burning of the land and the conse-
quent deterioration of the forest is certainly better than the destruction
of valuable timber. If, however, the danger from forest fires can be
reduced, which is shown elsewhere to be entirely possible, this annual
burning becomes unnecessary. That it should cease is extremely
desirable in view of the fact that in the majority of cases it is an
actual injury to the forest,

An occasional light surface-fire can do comparatively little harm to
the forest aside from the injury to young growth, for only the upper
layer of dried leaves is burned and the lower more valuable humus
remains, Severe fires destroy the whole of the forest floor, aund a con-
siderable number of years must pass before it can be formed again.
Coutinual burning, if it does not actually destroy the layer of humus,
prevents new humus from forming, and what is left finally becomes
disintegrated, and the same result follows as though it were destroyed
at once. Whatever may be said of individual fires, their effect as a
whole in South Jersey is simply disastrous.

On the loose, porous, sandy soil of southern New J. ersey whatever
tends to prevent the drying-out of the surface is valuable, for
without moisture in the soil all other factors are of little conse-
quence. According to German authorities, humus formed under
conifers is capable of holding four or five times its own weight of
water without losing a single drop, aod it has beside a remarkable
power of absorbing watery vapor from the air, A layer of humus
is a powerful factor in preventing evaporation, and in New Jersey
this drying-out of the soil is one of the most serious effects of the
removing of the forest cover. Prof. Ebermayer, of the University
of Munich, has established by actual experiments that a forest
soil with a good layer of humus will lose two and one-half times
less water by evaporation than forest soil where the humus is wanting.

Humus, by mingling intimately with the mineral soil, adds to it a
proper consistency ; it makes binding eoils more porous, and loose soils
more tenacious. It moderates the extremes of temperature in the soil,
and this is of great importance in sandy regions,- Not only does
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humus possess the power of ubsorbing water, vapor, and heat, but it
has the ability to absorb some of the most important food materials
of plants as well. Thus nitrates, phosphates, ammonia, ete., are held
in solution ready for the use of the plants, Withont humus many
of the most important mineral materials would be washed away,
especially from the loose soil of South Jersey.

Humus acts further as a reservoir from which food materials may
be obtained, and by means of which they may be made ready for the
use of the tree in growth, The final produets of the decomposition of
the humus are the mineral ashes, carbonic acid gas, and water. Through
the ashes of the leaves, twigs, etc.,a large amount of the most important
materials used in the manufacture of wood are returned to the soil, and
that in the most usable form. The carbonic acid gas acts powerfully
toward the disintegration of the soil and in making the food constit-
uents soluble, and in many sandy soils the value of its presence is very
great. Thus the humus is really a manure to the forest.

If this layer of vegetable mold is destroyed the soil is impover-
ished at once. 1t loses one of the most powerful agents in its decom-
position, loses its activity also, and finally becomes practically dead.
In Europe it has been long recognized that the presence of humus is
very beneficial to the forest, and ite absence disastrous, This has led
to laws forbidding the removal of the litter by peasants. The
experience of the Germans has taught them that when the litter
is continually taken away the forest becomes more and more open,
the sun’s rays and a freer circulation of air are admitted, the humus
disappears, the soil dries out, and the trees become short, scrubby,
and short-lived. Iurther, the soil eventually becomes so impov-
erished that trees which were at first produced are replaced by
less fastidious and usually less valuable species. Thus in many parts
of Germany, where formerly hard-woods thrived, now Pine is the
only species that can profitably be grown.

It is not necessary, however, to go to Germany to see the effect,
of the destruction of humus on the welfare of the forest. Abundant
illustration is found in South Jersey. The conditions are somewhat
different from those in Europe, for there the litter is removed
from the forest by the peasants, while here it is burned on the
ground. The mineral substances remain, but when the humus is
destroyed they are probably, for the most part, washed away in the
deep porous sand,
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Near McKee City, N. J.

The Photograph was Taken While the Aslies Were Still Warm.

Plate V.—Pines Recently Killed by Fire.
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The most serious injury from fire in New Jersey is its effect on
the reproduction of the forest. Hope is frequently expressed for the
fit ure of the Pine in New Jersey because the Pitch Pioe springs up
8o persistently after fire. It is true that throughout the fire-scarred
tracts amall Pine appears in great profusion after fires, but a close
examination reveals the fact that in many cases these are not seed-
lings, but sprouts from the stools of the trees which were apparently
killed. It is true that seeds germinate quickly on the sandy soils
because of the capacity of the soil to become readily heated. But
where the bare soil ia exposed to the scorching sun and wind, as on
large stretches of land in the coastal regions of South Jersey, it is
difficult for seedlings to survive,

MORAL EFFECT OF FIRES ON POPULATION.

It is obvious that where the forest is constantly exposed to fire and
there is no adequate protection, its value must be greatly depreciated,
The result is that the timber is often cut before its maturity. Land-
owners believe that with proper protection against fire the value of
forest property will be greatly increased,

The fires have been so abundant that the people have come to look
upon them as inevitable, and there is & deplorable lack of real iuterest
among land-owners in regard to any attempt to introduce State pro-
tection. Large tracts of land are owned by non-resident capitalists,
and timber-stealing is very common, especially after fires. When the
timber is killed many persons consider it better to use the dead trees
for cordwood than to allow them to rot on the ground, and they
cut such timber oo tracts of land to which they have no right.
There is no doubt that forest fires encourage a spirit of lawlessness
and a disregard of property rights.
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Plate VI.—Pitch Pine Sprouting in the Crown Three Years After a Fire Which
Killed all the Leaves, Ocean County, N, J.
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EFFECT OF FIRE ON THE FOREST
PRODUCTION.

All who are familiar with the conditions of Scuth Jersey know,
from their own observation or from what has been written, that forest
fires are very common and enormously harmful. But the extent of
the damage is not often fully comprehended, for the devastated lands
are compared with the forests which are now in existence and not
with those which grew originally and which might still be flourish-
ing if the land had been protected. Tt was the purpose in this
investigation to determine by actual measurements the condition of the
forest on burned areas, and to compare it with forest which had been
protected from fire. A large number of sample plots, mostly of one
acre each, were surveyed in different sections, the trees carefully meas-
ured, and notes were made of the height, age, density, condition, etc.
From these valuation surveys, the resuits of which are summarized
below, an accurate picture of the forest under different conditions can
be obtained, and the deterioration of the forest can be traced step
by step from the heavy timber 200 years old to the barren wastes,
with scattered fire-scarred Pine sprouts and scrub Oaks, which are so

abundant in South Jersey.
THE ORIGINAL TIMBER.

The greater part of southeastern New Jersey was originally cov-
ered with a heavy growth of Pine. The poorer soils were probably
occupied by Pitch Pine, the medium and better soils by Shortleaf
Pine and hardwoods, and the deep swamps by Cedar,

From a study of scattered old timber, it is estimated that the origi-
nal mature Pine forest yielded on an average from five to ten thou-
sand board-feet per acre, This timber was about 150 to 200 years
old and 15 to 20 inches in diameter, with occasional trees as large as

(@2)
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24, or even 30 inches. The average height of the old timber was 65
to 70, and the maximum 80 to 90 feet. The forest was open, with
comparatively little undergrowth. It probably had a density of 06
to 0.8, if we consider that of a fully stocked stand to be 1.0. The
seventeen sample plots in the summary, on page 25, show the con-
dition of the original forest.

BECOND GROWTH.

When this timber was cut off, a second growth of Qak and Pine
took its place on the better soils, while on poor soil Pitch Pine was
the principal species. The second growth was chiefly of seedling
origin.

From the time of the first heavy cutting, fires began to play an
increasingly important part in the development of the forest. When
the young trees were killed back by cutting or burning, the stumps,
both of the hardwoods and the Pitch Pine, sent up sprouts. Where
the land was protected from fire, seedlings returned and a thrifty
second growth resulted, but when fires continued to run the few
seedlings which crept in were in turn killed back, and afterward
sprouted again; many trees were entirely killed; the forest became
thinner and thinoer ; the ground clothed itself with a dense growth of
huckleberries, scrub Oaks and dry-land moss, or the soil was com-
pletely laid bare; and land which once produced heavy timber was
made almost worthless. It requires but a glance at the surveys taken
on badly-burned land, i. e, those of Table 3, to see, in the number
of trees, the yield per acre, and the density, the deplorable condition
of the forest.

CONCLUSIONS DERIVED FROM THE VALUATION SURVEYS.

For the acres in Table 3 the density averages 0.3, the number
of trees per acre 133, and the yield 2.9 cords. From the study
of second-growth timber which has not been burned, it is clear
that the density would be 0.7 to 0.8 if the tract had been protected
from fire. If we assume that the trees on the protected {ract were
aprouta there would be about three times as much wood per acre. If
the trees were from the seed there would be, at forty years of age, on
land fully stocked, about 1,200 trees and not less than 20 cords per
acre, or about six times as much as is now preduced. Further, the
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timber now found is coarse and knotty and fit for nothing better than
cordwood, while in dense stands the treea are straight and clear of knots,

The burned land represented by the acres in Table 3 is then pro-
ducing about one-third of the volume it would if protected from fire,
and about one-sixth of what it is capable of yielding under careful man-
agement, while in quality and price the wood is very much inferior
to the product of a healthy forest on the same ground.

Summary of Forty-nine Valuation Surveys, Showing the Delerioration of
the Forest through the Effects of Fire.

TABLE I

ORIGINAL FJREST.

No. of trees cﬂ::::al::. dia'nA:::::‘ :ver Average nge, Y":lgrzcr
Plot No. per acre, Inches. 6 inches. Years. Board Feet : Dentity,
Inches.
I .
: I
) 87 e 13.¢ 100-200 10,170 0.7
2 e 70 i, 14.0 “oou 9,925 0.6
. JR - J P, 13.0 oo 8,940 0.6
oririarianin, 86 erereniraaanas 12.7 woou 8,828 0.7
| T 118 10.0 woou 8,000 0.6
12.0 o 7,739 0.6
13.0 wou 7,621 0.8
12.4 wow 7,488 0.8
12.5 wou 7,208 0.6
11.2 “oou 8,134 0.7
10.2 oo 5,760 0.6
18.1 « 5,681 0.5
10.1 woou 5,200 0.6
11.0 “ou 4,618 0.55
10.7 oo 4,600 0.8
9.0 oo 8,700 0.7
10.4 wou 3,369 0.55
$ ) By S O 6,631 0.6
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TABLE 2.

SECOND GROWTH ON LAND PROTECTED FROM FIRE,

I ¢ o l g |8
.o 8 | 5| d R
o 24 &E, nEE. - A= | &, 2 HARKS.
~ A8 <32 <B5= <= A | RO 8
18 286 e . 88 B0 | 7,307 | ... 1.0 3eedling sacond
, ' growth,
19 328 i .G 80 7,604 ......... 1.0 ¥
20 864 9.8 B0 {eennnn 48 0.8 'Chiefly from seed,
21 482 6.6 40-60 SR B 1 3 0.7 *
22 678 5.2 .o veennnns] 21 0.8 "
23 279 6.8 B5 (68t )| .voreers] 20 0.7 |Seedling second
growth,
24 1088 4.4 ... 40(est)!.........| 20 0.9 . N
25 724 48 ... 40-80 || 20 095 [Ohiefly from seed.
28 532 53 ... L OO 18 075 "
27 b9 4.8 ....... L O 16 0.8 "
28 410, 53 ... A PR 14 0.7 "
29 988 | 3.7 ... 36-40 | ... 13 10 [Sprouts,
30 521 3.9 el [ IO 7 0.8 "
Average D48 | 55 8.8 7,600 21 0.8
TABLE 3.
SLUOND GROWTH ON LAND BADLY BURNED,
No. of Average Average age. Yield
Piet No. trees diameter, Years. per acre,  Density, REMARKS,
per acre.  lInches, Cords,
8l... 105 7.0 30-40(est) | 7.5 0.5 Ohiefly Sprouts,
2. .. 339 W 7 0.6 “
33... 98 84  30-40(est.) | 5 0.2 "
34... 189 4.8 “ “ S 4.2 03 “
19 4.8 ' " 4.2 02 "
o 5.7 ¢ H 3.1 0.2 "
121 4.9 " “ 2.8 0.2 "
221 31 20-30 * 2.7 0.1 "
200 3.6 30-40 2.6 0.4 “
73 5.5 256-30 2.8 0.1 “
177 3.4 20-30 ** 2,2 0.1 "
118 4.4 30-40 © 2.2 0.4 "
114 4.4 “ “ 2.1 0.3 o
191 2.9 e " 2,1 0.2 "
90 4.b “ o 1.7 0.2 *
135 3.2 2080 * | 18 0.3 8
42 5.6 30-40 *“ ;L3 0.2 | “
26 4.2 30 " 0.4 0.1 -
14 5.5 ! o '0.6 0.1 "
Average... 138 48 e 2.9 0.3 '
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Plate VIIL—Second-Growth Pitch Pine of Average Quality. Ocean County, N. J.
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DESCRIPTIONS OF REPRESENTATIVE AREAS.

The following detailed descriptions of the measurements taken in
different parts of South Jersey contain the essential facts from which
the conclusions in the preceding sections were drawn, They illustrate
the methods used in the investigation and give some indication of the
localities studied and of the amount of labor involved.

Original Forest al Winslow.

A satisfactory understanding of the loss occasioned by forest fires in
South Jersey presupposed a knowledge of what the land is capable of
producing when uninjured by burning. To acquire such knowledge
was not easy.

There are comparatively few places where original Pine can still be
found, and in these the soil is apparently better than on the fire-
scarred areas now covered with straggling, serubby second growth,
These places may, however, be used to illustrate the original condi-
tions, for the soil on areas now fire-scarred was doubtless more product-
ive when covered with a rich layer of forest litter than it is now;
and while the original trees over the greater part of South Jersey were
probably for the most part Pitch Pine, the yield per acre probably did
ot fall far short of that of the Shortleaf (locally called Yellow) Pine
now found on the areas studied, the fertility of which was some-
what above the average.

One plot of old timber situated near Winslow is owned by Mr. J.
H. Rosenthal, of Philadelphia. The large Pine was being cut for the
market while this plot was being studied, and the measurements were
taken as the trces were sawed into logs. In this forest the Yellow
Pine predominates, but there are cousiderable numbers of Pitch
Pine as well. The Pine occurs both in patches and scattered
over the area, and is associated with small Qaks and a few larger
ones. The trees reach a diameter of two and a height of eighty-
five feet, The larger Oaks, White and Chestnut, in some cases
reach a diameter of thirty inches, while among the smaller trees
Black and Post Oaks are found. The soil is a white sund, with a
slight admixture of loam on the better portions. In this forest there
were measured twelve sample acres, a summary of which is given
in Table 5 below. The following sample acre is given in full and
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farnishes a very good mental picture of the average conditions in this
forest.

TABLE 4.

One Aere Measured Near Winsiow, New Jersey,

Proe,

Diameser, includiag White Black Chestnut Post
breast high, stumps. Oak, Oak. Qul Oak Hickory,
3 Inches... ... 1 26 7 2
4 " e 2 12 14 4
5 % 2 10 15 2
6 2 8 21 2 1
7 ¢ i} 4 12 1
§ = 2 6 3 1
9 v -4 6 1 1
10+ ... T | 4 1 2 1
11 " e 4 1 2
12 % e 14 1
|1 O b f
4 L 8 1
15" e b 1
18 * L 2
17 % [{]
18 % e
9 0 L. N |
20 £
L] ' 76 15 1 4

Average height of Pine, 68 feet. Diameter of the average tree over ten
inches, 13.7 inches. Total volume, 2,127 cubic feet. Total merchantable
volume over ten inches, 7,203 board feet. Yield of hardwoods, 7.0 cords
(est.).

Boi), dry sand. Flat. Uadergrowth composed of young Oaks and a few Pine
ssedlings. Humua rather poor. Density, 0.6 of the normal.

The following table gives a summary of the twelve acres studied
at Winslow. The merchantable trees are of various ages, from 120
to 200 years old. 1t will be seen that there are on an average about

45-50 trees per acre over 10 inches, with an average yield of about
7,000 board feet.
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TABLE 6.

Summary of Measurements on Twelve Acres of Old Pine at Winslow,

New Jersey. -

! PINE | HARDWOODS.
. B 4 . v | . h_ -
‘ $l8s| % R RESERE | g 1% i

K £ 158 R S5 | ¥y EL & .
£ oo |e2| 54 |Is8] 54 a5 2 |35 (%8 || s |24 %
B or B [Be| W |\EE| 85 |EE| B Ol 2h |fugt B EE|Z
s (5 Er) SR ll%n| PR E| f o0 E: I3sdL B |if) 2
o Z |28 | <5 ||ws| <5 |25 | < E EREll % |<5| 3

i Inches, Inches. |Inch’s! Feet. | Cu. fi. . Bd. ft, | Inch’s
1 67| 667 13.9 34| 144 22] 601 | 2882 10170| 140| 6.9| 6.6
2 7 65| 14.0 51| 18.2 18| 68.8 | 2,017 9,026 96| 6.2| 5.0
3 781 72| 13.0|| 66| 148 18| 66,9} 2,812 8,040 137| 5.6 5.5
4 861 74| 12.7 56| 13.9 1 20| 69.7 [ 2,648 8,828 | 161| 5.9| 7.6
8 92( 78 12,0 || &6( 13.4: 18| 68.1 | 2,657, 7,739| 183) 69!135
7 | 65l 60t 13.0 1! 48| 14.3 | 21| 67.5 | 2,228 7,622) 121| 6.8; 8.5
8 71| 69} 12.4 || 54 135 19| 66.83 | 2,388, 7,488/ 120{ 7.0| 9.6
] 68 63| 12.6 491 13.1 19| 68.1 | 2,127| 7,208} 174| 5.7 7.0
10 | 104| 78| 11.2 51| 12.6 | 17{ 68.1 | 2,048 fi,1341 124| 6.4] 7.5
12 45| 43| 131 36 14.1 201 68.1 : 1,613 5,631 6' 68| 0.3
14 85| 621 11.0 || 35| 131 | 18| 84.8 | 1,708 4,618 147 6.9/11.0
17 74| b7 10.4 1l »7] 12.8 1 18] 668t 1,275 3,86%! 156, 6.3 0.0

Original Forest at New Lishon.

Another forest of old Pine was found at New Lisbon, on the estate
of Mr. Black. Here, as at Winslow, the Pine was scattered in
patches, mixed with Oaks, and as before, the Shortleaf Pine predomi-
nated. The average yield of Pine on the five acres measured was
about 5,500 board feet and the number of trees per acre over ten
inches in diameter about fifty. The following sample acre will serve
to illustrate the forest in this section. This plot is figured in Plate

VIL
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TABLE 6.

One Arre Measured in O'd Pine Near New Lisbon, New Jersey.

Dismeter infl‘::iei:ug White Black Chestout Post
breast high. sumps, Oak. Qak. Oak, Oak.
3 18 7 b
1 18 13 19 - 2
8 13 13 24
b 14 10 26
2 7 10 24 1
5 13 10 6
7 3 e 8 1
2 1 3
8 1
7 2
b 1
17 1
7
4
6 1
1 1
2
88 94 66 112 4

Average beight, about 65 feet. Diameter of the average tree over ten inches,
12.8 inches. Yield of Pine over ten inches, 6,200 board feet; of small Pine,
1.1 cords ; of Oake, 3.5 cords. Soil, dry while sand. Flat. Burned over every
spriog, and underbrosh killed. Density, 0.6 of the normal.

TABLE 7.

Five Acres Studied ot New Lisbon.

No. No. Ave, No, Ave, Merch, Ave,
Pine, Pine Diam. Pine Diam. Pine, Small Diam.
Plot Including over breast bigh. under breast high Board  Pine. No. breast high Yield,
No.  stumps. 1o0in.  Inches. 1oin.  Inches.  feet, Cords, OQak, Inches Cords,

b 118 48 161 86 49 8,000 26 130 30 - 18
1 97 64 118 51 62 b760 28 233 8.9 3.6
13 80 62 128 39 47T 5200 1.1 276 38 8.6
15 97 B3 12 44 52 4500 1.5 383 4.0 8.0
16 245 87 12 208 34 3700 88 119 3.1 1.0
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S8ECOND GROWTH.

When land of this character is cut over it is usually followed by a
growth of hardwoods and Pine on the medium and better soils, and,
on the areas less adapted to hardwooils, by Pitch Pine. Pine gradually
cree s back on the areas which have come up to hardwoods and in many
cases crowds them out. Often the Pine seeds an old field with good
soil very abundantly, and a pure forest springs up. Such a patch
was found nearly fully stocked at Winslow, and two acres are given
in detail oo pages 52 and 53. This forest is a nearly even-aged stand
of Shortleaf (Yellow) and Pitch Pine, the former predominating,
about eighty years old, and gives an admirable picture of what a nor-
mal stand of Pine can produce. A full discussion of the tract is found
with the surveys. It is exceedingly interesting to compare this stand
with the old forest at Winslow. It will be seen that the yield in
board feet is just as large for trees over ten inches, and that the yield
(over six inches) is about twice as large, while the trees are only about
one-half as old.

Such stands aa this are the great exception, for the reproduction of
the forest has been left to take care of itself, the trees have been cut
with no regard whatever to the next crop, and fires have swept over
the ground repeatedly, destroying young growth and thinning the old
timber, so that as a rule the second growth forest is open and strag-
gling. The soil is abundantly able, for the most part, to produce
merchantable timber, in spite of repeated fires and bad cutting.
These latter, and not the soil itself, are responsible for the present
poor condition of the forest, which needs only protection and judicious
culting to regain its value in the end.

Second Growth at Whilings.

A number of acres of second growth studied near Whitings are
exceedingly interesting, both as to their origin and their growth and
development., The surveys given below were taken about two miles
southeast of Whitings, on a private tract of about one thousand
acres. The forest is a pole wood of high density, containing trees
of two age clagses, one about fifty to sixty, the other thirty to
forty years old. The larger trees have every appearance of being
of seedling origin. The smaller trees seem like sprouts, for they
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are erooked and contorted, and of very slow growth. There are,
farther, many small, twisted trees, thirty to fifty years old, and only
oue to two inches in diameter, which spread out in umbrella form at
about six to eight feet from the ground. It is reasonably certain that
these are stunted sprouts, which manage to live in the shade of the pole
woods and grow only enough to maintain their existence.

The humus is deep and the soil a dry white sand, There has been
no fire for many years, the tract haviog been successfully protected
by careful watching.

The average height of the older class of trees is forty-five, of the
younger thirty-six feet. The rate of growth for the older tree is one
inch in diameter in fifteen years, of the smaller trees one inch in
twenty years.

Although it is extremely difficulty to determine definitely whether
the older trees on this area are seedlings or sprouts, the conclusion
arrived at from study here and elsewhere is that they are seedlings.
The old stumps probably have a limited capacity for sprouting. It
is the roots of the second and third growth and the succeeding genera-
tions that produce sprouts freely. The following sample acre will
serve to illustrate the character of this second growth :

TABLE 8,

One Acre Measured Near Whitings, New Jersey.

Diaracter
breast high, Pine.

1 INCheS e vieric e v ecvure veevereee seseseseerarener 18
it e s e s bre s ereas s annnns e 30

410
Yield of Pine, 140 cords (est.). Average diamater, 53 inches. Soil, white
sand. Slope, gentle to northwest, Undergrowth, Huckleberries and Ground
Oak. Humus, deep. Density, 0.7 of the normal.
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Average Height 25

Average Diameter Four Inches;

—Young Pine Sprouts.

Plate IX

About 35 to 40 Years Old. Ocean County, N. J.

Feet.
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TABLE 9.

Six Surveys at Whilings, N. J.

Average Maxismum

diameter diameter Yield
Plot No. of Area, breast high,  breast high. Yield per acre,
No. Pine, Acres, Inches. Inches. Cords, Cords.
21 41 3 6e 11 17 34
22 573 1 52 13 21 21
25 362 ¥ 48 11 10 20
26 268 4 53 12 9 18
27 559 1 48 12 18 186
28 410 1 63 i2 14 14

Pine Sprouts at Whitings.

In discussing the question of sprout Pine growth it is instructive to
study both verbal and visual pictares of an area which is surely of
this origin. This forest is about one mile west of the preceding acre,
and is probably of the same age as the smaller trees on that plot.
Plate 1X illustrates the contorted straggling growth. The young pole-
wood has a deosity nearly normal, and the soil is a dry white sand.
There is an undergrowth of huckleberries and Scrub and Post Oaks,
but the area has not been burned over and the bumus is excellent,

TABLE 10.

One-quarter acre of Pine Sprouts, 35 to 40 Years Old, Near Whutings, N. J.

No. of
Diameter. trees,

2 IncChen..cioiimreerrerrecnirer e ereans crirrsrrrranaas 40
S Chebtiarerrere ranereans 85

=3 3o

The average age of the crop is 35 to 40 years; the average height,
24 feet; the average diameter, 3.7 inches. It is fair to ask why
the growth is slow. The soil, it is true,is a dry sand, but similar
soil has been observed to bear very much more rapidly growing trees,

3 GEOL AP
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Fire has never touched the trees and there is a deep humus. The reason
has already been given. The trees are twisted and crooked and often
with from fwo to five stems apparently from the same root, and the
forest is composed of Pinesprouts. The yield of this area is estimated
to be thirteen cords per acre.

Not far from this plot a small area was studied where the wood
had been cut and stacked. The trees were not nearly so numerous,
and fire bad apparently run over the area at some time, though not of
late. The stumps were measured on 0.3 of an acre.

TABLE 11.

Diameter on stump.

...............................................

...............................................

The stacked wood measured slightly over two cords, or about seven
cords per acre. Six stumps were studied, and the age was found to
be thirty-five to forty years on the stump.

The growth of an average stump was 0.6 inches in diameter in the -
last ten years, or at the rate of one inch in about seventeen years.

Second Growth After Fire.

The sample acres given above show what the original forest
probably produced and what the second growth yields, whether of
seedlings or sprouts, where the land has not been very severely
burned. It remains to show the condition of land which has been
repeatedly buroed, and to trace the various stages of deterioration
from the condition described above to the desolate stretches of sand-
barrens in some sections of Ocean county.

The first stages of deterioration of the forest may be illustrated by
the valuation survey which was taken near West Creek, Ocean
county, New Jersey. The soil is a fine white sand, with a moderate
layer of humus, The land has been burned a number of times, but
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the fire has been chiefly confived to the surface, The general char-
acter of the forest is similar to that shown in Plate X. It will be
geen that the trees are very coarse and scrubby, and that while
there is a fairly large pumber per acre, the diameters are small
and the trees stand too far apart for good npatural pruning to take
place. The ground is covered with huckleberries and Scrub Qaks
between the Pines. These trees are probably about thirty to forty
years old, In a normal stand of this age there should be not less
than nine hundred to one thousand stems per acre.

TABLE 12.

One Acre Measured in Second-Growth Pine Near West Creek,
Ocean County, N, J.

No. of

Diameter, trees,
2 INCheS..ceirernvminninnnsisisat o seatrsses s br sttt rerarnare 22

B ¥ i e e s e 60
T e sessbssesententaniae 33
O S NPT 8
339

Number of Pine under two inches, 73.

Nuamber of Oak under two inches, 389,

Average diameter of the Pine, 4.7 inches.

Yield of Pine estimated to be about seven cords.

The next stage in the decline of the forest is well illustrated by the
valuation survey below, and by Plate XI. This survey was taken
near Ongs Hat, Burlington county. The area has been burned
many times, and the trees are scrubby and scattered. There is but
little undergrowth, and almost no humus, and even Scrub QOaks find
difficulty in growing. The number of trees is even less than before.
The photograph is taken near Tuckerton, but shows the same stage in
the deterioration of the forest as the valuation survey.
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TABLE 13.

One Acre Measured in Second-Growth Pine Near Ongs Hul,
Burlington County, New Jersey.

No, of
trees,

crnenrrisameeen 30
3 PR
B " e [ b
7
8
g

[t
MEATEER e FITNsree TEEEeRTISETEECANE HEFIeERIiNEIeN LERALRRAR

L1
.......................................... erreneiireen 8

Number of Pine under two inches, 108,
Number of Oak under two inches, 162,
Average diameter of the Pine, 3.7 inches.
Yield of Pine eatimated to be about 1.8 cords.
foil, gravelly sand. Flat. Denaity, 0.4.

TABLE 14.

Nine Sanepde Acres Showing a Still Further Advanced Slage in the Dete-
rioralion of the Forest by Fire,

R ERE
FE 1 ¥, n : .

s | O] '3;5 EE 8 SE E " Locauiry.
Zz | 83 %32 By g 23 3 3
g %e i5 i3 s ga é g
A& < =8 Z & P4 =1

| Inches, Inches, )
31 105 7.0 14 7.5 . T4 1183 | 0.6 |Ongs Hat.
33’ 98 8.4 1350 | .. 1| 0.2 |Ongs Hat.
34| 189 48 8 | 42 68 208 | 0.5 Near East Plains.
381 ™ 5.7 12 3.1 .. | 0.2 Onga Hat,
47| 12 49 | 9 | 28| 78 | 708 | 0.2 |Near East Plains,
39 200 3.6 9 . 28 77 34 0.4 [Spring Hill,
43| 114 ¢ 4.4 8§ .21 139 274 | 03 |Tuckerton.
15 20 4.5 8 1.7 36 411 | 02 |Near East Plains.
47| 41 | 55 10 |13 1 .. | 0.2 |Ongs Hat,

The three sample acres in the next table show the condition of
a younger forest, but one which has been more severely burned and is
in a lower stage of decline than the preceding acres. The soil is dry
and the humus has been almost entirely destroyed, The trees are all
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crooked and scrubby sprouts of Pitch Pine. There are large numbers
of Serub Oaks on the ground.
TABLE 165.

Three Sample Acres Showing a Very Advanced Stage in the Delerioration
of the Forest Through Fire,

Average  Maximum Average Pine Qak |
Pine diameter diameter Qak -diameter under under
over 2% breast breast  over 27  breast 27 in 27 jn
Plot in di- high. high in di- high. diame-  diame-
No. ameter.  Inches. Inches. ameter. Inches. ter. ter.  Density. Locality.
38 221 8.1 5] 466 8312 04 NearEast
. Plains.
41 177 3.4 [} 386 250 .
46 135 3.2 b 83 2.1 62 147 0.3 Spring Hill

By such steps as these the forest has been reduced from a fine old
growth of merchantable timber to a straggling, scrubby growth
of sprouts. The stage in deterioration next to the last is shown by
four surveys taken on land pear Tuckerton, which was burned in
1894, and the trees of which bad apparently been killed, but had begun
to sprout again from the crown and the base. The dead trees, those
sprouting at the base and those sprouting in the crown, were all
counted separately. Plate T well illustrates this plot. It is worth
while to note that the larger trees are those which sprout in the crown
and that the small trees sprout at the base.

TABLBE 186,

Four Acres Measured Near Tuckerton, N. J., Burned Over in 1894,

Pine Average Pine Average Average
Plot sprouting  diameter sprouting diameter Dead diametex
No. in breast high, at breast high. Pine. breast high,

crown. Inches. stump. Inches. Inches,
40 26 6.6 121 4.8 23 6.4
48 73 42 130 1.9 230 2.4
49 14 L Not
66 7 6.0 ! ... . counted.
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THE PLAINS.

The East or Lower Plains are situated for the most part in Bur-
lington county, between Tuckerton and the Kast branch of the Wading
river. The West or Upper Plains lie nearly north of the East
Plains, and are separated from them by this stream. The former
cover 7,737 and the latter 6,662 acrea,

The land is rolling, with high ridges and deep ravines, On the
ridges the soil is a coarse, gravelly sand; in the hollows chiefly sand
also, but rather fine in grain. The upper soil is extremely dry, and
in places there is a hard subsoil at a depth of one o two feet,

The Plains are for the most part covered with a small and ragged
growth of Pitch Pine, Scrub and Black Jack Oaks, Laurel, Bear-
berry and other small plants of the Heath family. The Pme and
Qak are of three deseriptions: lst, a stunted, prostrate growth from
two to four feet in helght which covers by far the largest part of the
Plains ; 2d, Pine from six to fourteen feet in height, very stunted and
brauchmg nearly to the ground, with a growth of Serub Oak below,
This growth covers a comparatively small part of the Plains, In
many cases fire bas killed the trees, and there is but little young
gprout growth coming up, but where the land has not been burned so
severely young shoots are abundant; 3d, the large Pine from four-
teen to twenty-five feet in height, usually very crooked and scrubby,
with a thick growth of Serub Oak underneath. This growth is rare,
and is found only in deep ravines or on the edge of Cedar swampa.

In many cases the Plains are terminated abruptly by large timber,
Often, however, the growth merges gradually into that of the sur-
rounding forest. In this case the Pine becomes progressively more
ereet, the soil takes on a covering of dry-land moss, humus, and shrubs,
and the trees finally reach the size characteristic of the surrounding

country,
(39)
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The Pioe is chiefly of coppice growth, that is, it consists of sprouts
from the stumps or from the creeping branches of treea which have been
killed back by fire. If the small specimens are carefully examined,
however, it will be found that, although they have the appearance of
sprouts, they are in many cases really seedlings, with stems and branches
creeping on the ground. Sprouting stumps are found which have
been killed back but once, as well as old gnarled burls, veterans of
many burniogs, covered with koobs from which protrude the charred
gtubs of dead branches and the new living shoots. Sometimes these
burls are compact, almost globular, but more often they take the
form of numerous creeping stems, radiating from a common root and
sending out sprouts from the knobs of old scars at the end. Dead
stumps are common which, in times past, have sprouted again and
again, until at length they became exhausted and died. The age of
the main root of a number of such stumps was counted and found to
be as much as forty, sixty, and in one case at least one hundred years.

Within the limits of the Plains there are individual specimens of
Pine which are erect and growing thriftily. On examination they
are found to be healthy seedlings, standing generally in sheltered
hollows.

The roots of the Pine on the Plains are often short and poorly
developed. This is doubtless due to the lack of moisture and to the
hard subsoil, which the roots apparently find difficulty in penetrating.

AGE OF THE PINE.

There is a”prevailing opinion that the Pine coppice on the Plains
is very old. The Plains are said to have been in their present con-
dition gince the country was first settled, and the couclusion is drawn
that the;trees are nearly two hundred years of age. It may be true
that the barren stretches had much the same appearance two centuries
ago that they now present, but the sprouts now on the ground are
young. Fifty-five stems were cut on the West Plains and their age
was counted, and fifty-three on the East Plains. These figures are
given in the following tables:
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TABLE 17.

4]

Age of Pine Sprouts on the Lower or East Plains, Near Tuckerion,
Burlington Counly, New Jersey.

Heighe.
Feg:t.

Years.

5b...... FR——

TABLE 18,

Age of Larger Pine Growing Within the Limils of the Lower Plains.

Height. Age.
Feet. Years.

11 ... vrenrareseaer 30
10 civiciienninnirnenn, 18
S e— .

Haight,
Feet.

11 ...
13 ...

Age.
Years.

18 40
12 i 27

Height, Age.
Feet, Years.

NEW JERSEY GEOLOGICAL SURVEY



42 ANNUAL REPORT OF

TABLE 19.

Age of Pine Sprowfs on the Upper or West Plains, Near

Burlington Counly, New Jersey.

Chatsworth,

g v, e Sl B 95

12  JUORUORTORTI § T eererernneraianrans 17
.13 S 7
22 35.... .9
e 16 5. 10
v 18 | 4 . L1
.13 Y T .9
15 ! Y N .15
.. 18 7 TR | |
e 8 45irricrs cerirennnnnn 10
eee 8 BBverererrrnrerrrerss B
veer- 16 B rrereererreencrenenens 16
e 13 4 .. .10
.15 S 18

TABLE 20,

Age of Larger Pine Growing Within the Idmits of the Upper Plains,

Height. Age.  Hefght Age. | Hemghe.

Feer. Years, Feet. Years, Feet,
) 1 . 39 ) L S, 31 |2 S
11 i vereeea 21 ‘ | T 22 18
12 i eeee e 29 10, s . 22 9. ...
4. ... 30 I 18 30 17
b} 36 ) N 36 14
‘ 13 . i 32

Age.
Yearn.

............. 44
............. 83
............. 48
............ 39

.27

From these measurements it appears that the oldest and largest trees
are under fifty years of age, and that the small growth averages about

ten to fifteen years.

CAUSE OF PRESENT CONDITION.

Many attempts have been made to account for the present condition
of the Plains, but these explanations have not been altogther satis-
factory. Some have attributed the form of the Pine to a lack of
certain mineral constituents in the soil necessary to the growth of
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trees. "Thia theory, however, is disproved by chemical analyses of
the soil made by the Geological Survey, which show no greater
poverty than is common to the surrounding region. The theory that
fire, combined with the effect of very poor top-soil and a hard sub-
soil, is the efficient cause, has also been advanced, and certainly fire
has been a very large factor in bringing about the present condition
of these areas. Sufficient emphasis, hcwever, has not been laid on
the fact that the Pine is for the most part of sprout origin, and on
the causes of the prostrate form of young seedling trees.

If the Plains have been in their present condition since the country
was first settled, they were probably first burned over by the Indians,
who were in the habit of campiog in the neighborhood, as their shell-
heaps show. We know that the western forests are often burned by
the Indians to-day, and there is reason to believe that many even-
aged stands of Pine in the Eastern States date their origin from fires
set by the Indians or by lightning., It is not unreasonable, therefore,
to suppose that these high rolling plains were originally stripped of
their forest cover in this way. The Pines, which probably returned
by seed after the first fire, were burned over again and again, and
their stumps sent up sprouts which became more and more feeble
after saccessive fires, Many old stumps, as already pointed out,
became exhausted and died after repeated sprouting. Their place
was taken by seedlings, and in this way the ground remained stocked
with Pine.

This does not explain, however, the prostrate form of the young
seedlings and many of theolder trees, This peculiarity is not confined
to the Plains alone, for Pine seedlings growing on bare sand in
exposed situations in the neighborhood of the Plaing show the same
tendency. These seedlings exhibit a remarkable similarity to the
forms assumed by trees near the timber line on high mountains. Tt
is a fair inference that the very barsh and windy situations in which
they grow has an effect analogous to that of great elevation. Hence
it is believed that exposure and poor soil are eatirely sufficient
to explain why the young trees are prostrate.

A large part of the Pine, however, is coppice growth from
old stumps which have lost their vigor to a large extent, and under
the unfavorable surroundings are incapable of producing anything bat
straggling sprouts, Furthermore, the trees, which grow very slowly
on the poor soil of the Plains, are killed by fire before they have time
to reach a large size.

NEW JERSEY GEOLOGICAL SURVEY




Plate XV, Fig. L.—Prostrate Sprouts of Pitch Pine After Fire. West Plains.
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Plate XV, Fig., 2.—Prostrate Seedling of Pitch Pine from the Plains.
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Plate XVI, Fig. 1.—Young Pitch Pine, Killed Back Once by Fire, Sprouting
from the Stump. West Plains.
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FPlate XVI, Fig. 2.—Young Pitch Pine which has Sprouted After Fire. West Plains.
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Plate XVII, Fig. L.—A Sprouting Piteh Pine Repeatedly Killed Back by Fire and
Dying from its Effects.
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Plate XVII, Fig. 2.—Prostrate Sprouting Pitch Pine from the Plains Repeatedly
Killed Back by Fire and now Nearly Dead.
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Plate XVIII, Fig. 1.—Creeping Branches of Pitch Pine This Tree Died from HRepeated
Fires After Sprouting For a Series of Years. The Main Root was
63 Years Old. View from Above. West Plains.
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Plate XVIII, Fig. 2.—Side View of Sprout in Fig. 1, Showing the Root. West Plains.
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SILVICULTURAL NOTES ON THE
PITCH AND SHORTLEAF PINES.

OCCURRENCE,

The species of Pine most abundant in South Jersey are Pitch Pine
(Pinus rigida Mill) and the Shortleaf Pine (Pinus echinata Mill),
The latter ie locally called Yellow Pine. Iuo certain sections there
are scattered individuals of Jersey or Scrub Pine (P. virginiana Mill),
and on the southern extremity of Cape May the writer found a single
Loblolly Pive (P. tede Linn). Pitch aod Shortleaf Pine are com-
monly found mixed together, but the latter predominates as a rule on
the better soils, giving way on poorer soil to Pitch Pine, This is not
because the Piteh Pine prefers poor soil, but because it i3 less fastidious.
It flourishes not only on loamy soil, but on dry, nnproductive sand,
and in low, wet areas, called Pine swamps.

FORM AND DEVELOPMENT.

In dense stands both the Shortleaf and Pitch Pines have long,
clear trunks and short, narrow crowns. When growing in mixture
they reach about the same maximum dimensions, namely, a height of
eighty-five and a diameter of two feet. The greater part of the Pitch
Pine is, however, growing in open stands. In many cases it has not
come frcm the seed, but is of sprout or coppice growth, Such trees
are short, very scrubby, and often crooked, Even when growing in
crowded stands the young sprouts are usually contorted.

REPRODUCTION.

Under favorable conditions both species reproduce themselves pro-
lifically from the seed, especially on abandoned fields and old roads,
and in gsmall openings in the forest. Near Winslow there is a con-
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spicuous example of an old field admirably seeded to Pitch Pine.
This field lay northeast of a fifty-year old forest of Pine poles. For
a distance of six or eight yards from the poles there was practically no
young growth at all; from that point the ground was densely seeded,
the best trees, both in height and diameter, standing about twenty
yards from the seed trees; then the reproduction remained good for
about ten yards, and beyond rapidly became scattered.

On the better clusses of soil both trees are ereeping back, among the
second-growth hardwoods, to the ground they once occupied, and in
the end they will probably predominate over all other species.

After fires the ground is apt to clothe itself, when there is plenty of
light, with huckleberry bushes, Scrub QOaks, and dry-land moss.
This soil-covering acts as a hindrance to reproduction. Ou the other
haod, where the land is sn severely burped that the bare sand is
exposed, seedlings find great difficulty in maintaining themselves,
although, as is shown in the discussion of the Plains, erippled speci-
mens are found. The best conditions for reproduction seem to be
where the mineral soil is exposed, and has a fair admixture of humus.

The most interesting silvicultural characteristic of the Pitch Pine
is its ability to send up shoots from dormant buds at the collar of the
roots and to sprout in the crown after the foliage has been completely
burned. There is a prevailing impression that the sprouts from the
stumps of Pitch Pine never become trees, but die within a few years.
In South Jersey this is not the case, for a large proportion of the
trees now found in the burned districts are, beyond question, sprouts.
How long such sprouts will live it is not possible to assert, but many
trees, about the origin of which there can be no doubt, were found to
be forty years old. It is probable that these trees have formed strong
independent roots and will live as long as seedlings, other things
being equal.

The largest trees found sprouting at the stump were about eight
inches in diameter. Old first-growth Pine does not sprout.

It was not possible to determine how long the sprouts in the crowns
will live, but from observations in the field it seems probable that
where the foliage is entirely burned the fresh sprouts will be short-
lived. The oldest foucd were three years of age.

Shortleaf Pine possesses to a small degree the ability to sprout at the
root-collar. Bcattered examples of small shoots were found, but no
large trees were seen whioh could be proved to have had this origin,
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Flate XX.—Group of Young Pitch Pine in an Opening in the Forest. Whitings, N, J.
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The ability of Pitch Pine to sprout is a very important character-
istic, for in this way burned land is re stocked at once with a growth
of Pine, which, though of little value for anything but cord-wood,
shades the ground and will eventually restore the seedling growth if
the fires are kept out.

GROWTH.

Mention has already been made of the study in the old Pine near
Winslow, and on page 29 is given a summary of the results of
twelve test acres. In this forest measurements to determine the
growth and contents were taken on forty trees, the results of which
are summarized in the table given below. The majority of the trees
were Shortleaf Pine, but three specimens of Pitch Pine were also
mesasured. It is interesting to compare these measurements with those
given for the same tree in Dr, Charles Mohr’s ¢ Timber Pines of the
Bouthern United States.” It will be seen that the average diameter
of the trees over 120 years old studied in New Jersey is 16.2 inches,
and that the average diameter of the trees of the same age measured
by Dr. Mohr is 22.7 inches. Further, Dr. Mohr gives 120 feet ae
the maximum height of Shortleaf Pine, whereas the largest tree
found in New Jersey was but 85 feet. It is evident that the Short-
leaf Pine attains much greater dimensions and, ss will be shown
below, grows much more rapidly in the South than near its northern
limit in New Jersey.

Although the Pitch Pine was found secattered through the forest,
the trees were for the most part larger in diameter, and the growth
was found to be considerably more rapid, both in height and diameter,
than that of the Shortleaf Pine.
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TABLRE 21.

Svmmary of Thirty-seven Stem Analyses of Yellow Pine and Three of Pilch
Pine, near Winslow, New Jersey,

' g, | i g
SRR L R o Thig
- B g & BES g §%%3
2 g, | > e st = 5
o B . s by 523 T ge B
s AE P % L B2
&, & 2 E s k: 3
23 7.0 74 57.0 7.25 0.87
27 + 78 | 80 85.1 12.16 . 2.10
29 8.7 80 65.3 1474 ) 0.44
21 | 88 | 7 67.1 13.85 ) 0.99
3 9.7 162 83.4 18.1 75 1.04
28 wr | g 87.0 19.09 76 0.73
5 ' 10.8 88 854 21.95 83 2.54
1 10.9 139 | 624 95.48 93 0.99
% , 112 82 85.7 25.52 107 1.90
4 113 128 83.1 2371 39 1.38
8 11.7 124 62.8 25.67 87 1.59
7 118 121 58.7 27.16 108 0.66
2 12.1 163 738 30.89 8 1.28
6 12.2 120 | 683 27.50 101 0.69
12 12,9 49 635 34.73 122 1.21
18 132 107 84.9 40.57 161 1.84
10 14.1 1m | 889 42.92 178 1.72
11 188 10 | 708 44,24 102 83
9 14.4 u8 | 720 46.82 178 1.40
19 14.8 191 ' 708 53.56 181 0.95
17 15.9 122 ! 75.9 060.45 217 1.60
33 15.9 .1 T2 52.53 181
16 16.1 126 1 770 56 76 202 1.13
34 16.1 76.4 68.58 260
39 16.2 75.4 63.0 278
32 16.3 67.3 56.29 202
40 17.0 71.7 81.7 204
29 1728 | 192 75.6 72.47 358 0.78
18 1 174+ 166 774 73.52 283 0.42
14 175 . 197 85 2 80.07 408 0.62
15 175 159 78.0 70.73 317 1.40
31 176 76.9 75.26 337
35 184 77.1 89.03 438
36 © 188 84.0 70.95 296
30 18.8 ‘ 191 72.5 77.84 358 0.87
37 - 202 .. 74,7 91.18 408
30 92,2 77.4 11085 562
26* 108 | 76 62.7 20.75 81 15
20* 122 - 79 66.5 28.92 102 1.95
24 140 79 74.5 428 156 2.3
* Pitch Pine.

It was not the purpose of this investigation to make an exhaustive
study of the growth and production of the Pine, but to gather statistics
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chiefly for illustrative purposes and sufficient in number to give an
adequate idea of what the trees are capable of producing. In order to
find an average of the growth of the trees measured they were worked
up together in the following way: The progress of the growth in
diameter and height of each tree analyzed was plotted on cross-section
paper, and a normal curve was struck through the various points.
These curves represent an average of all the trees, and are shown in
Plate XXI. The values taken from the curves appear in the fol-
lowing table:

TABLE 232.

Average Rate of Growth of Twenly-seven Shorleaf Pines
in Diameler and Height.

Age. Diameter, Height,
Years. lnches. Feet.
A0 . ivnieere e s 3% . TP URUDRIUR. 1. X
5 | U PO RN 6.0, eerererrranirinrsenerissesssnsesanee 410
B0 cireinerrrr st e e S PPN 47.6
TO oreveereceenrasnsarsirarnssasansrnses sir BB csrrsrars srenerientenrarastriesenernen 53.0
BO coiiimrierrerncrmesiasaesianinneee sners [ RO 57.6
B0 ciiirerrere s ey 10.2. et iiires cavaniseersenennss snenens BLD
100 ccriecreme it seeee sreearaen 1100 e icevsicrasriannisnners sesanenes 045
110 oeiecrevrnenrssecsensssssensarasrernree J L Buiiraremmvennsscnmnesisisisisnennenes 07,0
120 0 1.7 OO SPN 69.0

Here again it is interesting to compare the results of our meas-
urements with those made by Dr. Mohr in the South. It will
be seen that the growth, both in height and diameter, is as dif-
ferent as for two distinct species. Thus Dr. Mohr gives sixty feet
a5 the average height of trees fifty years old, whereas in New
Jersey the trees at that age are between forty and forty-five feet
high, At eighty years the trees reach a height of seventy-five
feet in the South, but in New Jersey they average less than sixty
feet, In the same way the growth in diameter of the trees measured
in New Jersey is disproportionately small compared with Dr. Mohr’s
figures. It is evident that in New Jersey the rate of growth is very
much less than in the South.
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TABLE 23.

Rate of Growth of Shortleaf Pine in the South, According lo
Dr. Charles Mohr.

Age. Diameter, Height,
Years. Inches. Feet.

B0 it e 1 T P 41
11 ¢ . Y 61
[+ R UUSURYRUOTNS |- (O 67
B0 travmriiinirmirenr e et L0 PO

It is also interesting to compare these figures with what the Scotch
Pine is capable of doing in normal stands in Germany. Dr. Wilhelm
Weise gives as the height and diameter of average trees in normal
stands of Scotch Pine the following figures:

TABLE 24.

Average Digmefer and Height of Scolch Pine at Different Ages on Medium
Soil, According to Dr, Wilkelm Weise,
Age ‘Diameter, Helght,
Yeurs. Inches. Feet,
| PO VOUUS R : 3. OO TUOTRURRURS. 7 3 - |
T0 vt sarsansserernnnas 83 e BT
< 2 U 82.7
T 108 e e, 66.9
1004 e i e e Tl i i b e en 70.5
110 s e nsnasisirs ssvssase R BN 78.1
| O 1230 i e s T

It is exceedingly interesting to note how closely these agree with
the results of the stem analyses made near Winslow. These figures from
Weige are for stands of the third or medium class of soil, to which the
locality at Winslow would approximately correspond.

There was only a small number of Pitch Pine cut at Winslow by
the lumbermen, so that, compared with the Shortleaf Pine, the meas-
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urements are few. The average growth in height of these trees was,

however, determined, and is given in the following table :

TABLRE 25.
Age, Height.
Years. Feet,
BO coreriirr i ress i e e e s b e saes sabn 67

These trees belong to the dominant class of trees in their stand, but
as the majority of the Pitch Pines were dominant they represent fairly
all the trees of the group. The diameter growth also is apparently
more rapid than that of the Shortleaf Pine, but it is not given here

because of the small number of measurements.

The rate of growth of Pine sprouts is very much less than that of
seedling trees, A curve has been drawn showing the height growth
of an average Pine shoot where the lacd has not been burned and
thereis a good layer of bumus. The values from this curve are ag

follows ;
TABLE 26.

Growth tn Height of Pine Sprowls.

Vein, g
20 cevesrer eveeesesesssssssansarsss s enessren cosssessssesennens 12
B0 ereererserseesessesens s erennssnsens eessesennes 20
40 correee e e cervcsseneesssnmrsssnss s en 26

Coppice which has been burned again and again, like that on the
Plains, grows muoch more slowly, as may be seen from the figures on

pages 41 and 42,

The rate of growth in volume was determined for thirty trees of
Bhortleaf Pine and the results are given in percentage of the whole
volume in the table on page 48. The average rate of growth for
trees over one hundred years old is 1.1 per cent. per anoum of the
whole volume of the trees; of trees about eighty years old, 1.5 per

cent., and of Pitch Pine of eighty years old, 1.9 per cent.
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YIELD.

The development of the individual tree is interesting and import-
ant, but still more so is the amount of timber which ean be produced
on a given area in a given time. Itis unfortunately true that the
second-growth forest in many parts of South Jersey is on a rapid
decline, and is producing less and poorer timber with each generation.
For comparison it is desirable to obtain a definite idea of what can be
produced under favorable circumstances when the forest is protected
from fire, In New Jersey dala from which to gather these figures are
difficult to find, for the system of cutting has been so loose and eo
entirely without regard to reproduction that the second-growth forests
are, a8 a rule, irregular and incomplete. Several plots, however, were
found where an old field has been densely seeded to young Pine.
Mention has already been made of the second-growth stand studied
at Winslow. The forest now in question is growing on rather dry,
loamy sand, a soil somewhat superior to the average forest land. The
ground is covered with a good matting of humus and a thick layer of
lea® litter, and there is but little undergrowth, The forest is prac-
tically fully stocked, and is composed for the most part of Shortleaf
Pine, with about ten per cent. of Piich Pine. Two acres were sur-
veyed and are given in detail below.

TABLE 27.
One Arre of 80-year-old Second-Growth Pine at Winslow, New Jersey.
Diameter
breast bigh,

Inches. Pine. . Dak, Holly.
U O TR LIT 86 ettt
T 2. . 9 1
O 2. 4 1
SRR U VU PR R
6 .. S 1 S A R
7 . . 6l .

8 e 54

L S

10 coviiirverrrcinveraeeres 89 i s s s e

11 S 1 T S Y

12 (e e P PP

13 .. FO s

14 .. 1 s s e e

16 i 1

16 v 1
286 09 2

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 63

Average height— 65 feet.

Average diameter over six inches—8.6 inches,

Avernge age-—80 years,

Total volume over gix inches without branches—4,338 cubic feet.

Merchantable contents over ten inches—7,897 board feet ; over six inches—
15,978 board feet,

Density—1.0.

Boil—rather dry, loamy sand.

Humus and litter deep.

TABLE 28,

One Acve of 80-year-old Second-Growth Pine al Winslow, New Jersey.

Diameter
breast high.
Inches. Pine. Qak,
1..... T TP
2ieiieene crerrerere 2 cirasiesiennien wees 9B
L SUIUUTRURUUS ; ST OOTOT
L SO URUIVTOI . ; SO PPN
L U 1| R SRRy
TR . S
- S 53
) & RO vive 24 it i s erressss e e nne aar
12, vrrenne vinennen PO 1 O ORI
13 v
)
) 1,
323 144 12
Average height—65 feet.

Average diameter over six inches—8.9 inches.

Average age—80 years.

Total volume over six inches without branches—4,483 cabic feet.

Merchantable contents over ten inches—7,604 board feet; over six inches—
18,993 board feet.

Density—1.0.

Soil—Rather dry, loamy sand.

Humus and litter deep.

Tt will be seen that these two acres contain about three hundred
trees each, yielding in merchantable timber over seven thousand
board feet for trees ten inches and over in diameter, and for trees
over six inches about sixteen thousand board feet each. The age is
about eighty years on the stump, the average height about sixty-five
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feet, and the average diameter nearly nine inches for trees above six
inches. It appears that as large a yield per acre for trees over ten
inches has been obtained from these acres s from the acres studied in
the original forest where the trees were about twice as old, and that
the yield in cubic feet for trees over six inches in diameter is fully
twice s great. About one-quarter of the trees on these two acres
were being cut for pilings and logs. The remaining small trees were
left to reach a larger size. It will also be seen that the average
height on these acres is greater than that given in our table of heights
io the first part of the chapter, This is explained by the fact that
the soil is considerably better than that in which the majority of the
trees measured were growing,

Another plot of nearly pure seedling Pine was found near Brown’s
Mills, in which the trees were about thirty feet in height and had an
estimated age of about forty years. Oune-quarter of an acre was sur-
veyed in this forest. It was not quite fully stocked. If we call the
density of a complete stand 1.0, this one-quarter acre would havea
density of 0.9. From the valuation survey it may be seen that there
are 272 trees on the one-quarter acre, which would make 1,088 trees
per acre, or if the plot were fully stocked, 1,210 trees per acre. The
average diameter is 4.4 inches. '

TABLE 20.

One-quarter Acre Measured tn Second-Growth Shortleaf’ Pine, near
Brown’s Aills, New Jersey.

Diameter

Breast high, Pige.

O 18

Soil—white sand.
Humus—good.

Density—0 8.
Estimated height—30 feet.

Estimated age—abont 40 years.
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It is interesting to compare these figures with those given for the
Scotch Pine by Weise for full-stocked stands in Germany. The
following table shows that at eighty years a fully-stocked stand growing
on medium soil contains 313 trees, yielding 4,258 cubic feet per acre,
and that the number of trees at forty yearsis 1,222. These figuresare
g0 close to those given above that the table may be used in a general
way a3 a guide to what may be produced in normal stands in our own
Pine in New Jersey.

TABLE 30.

Volume in Cubic Feel and the Number of Trees Per Acre of Scotch Pine
at Different Ages on Medium Soil, according to Dr. Wilhelm Weise.

Volume in

cubic feet.

Measurements

Age, No. of taken down

Years. trees. to 2 3 inches.
40 iercinsresrisesssssnsnranaeens 1222 Liiiinen i, 1972.¢
BO vecrcrsiriieienternnisiannsssian TAB eiiorerieeererenrensernssensannns ST00.8
B0 einreiinieerrrsininstne e aares BI0 ceeerireerenrenacassassnsananaeees 33010
(U IR UURUUR . . . BTUPPPOU PPN PP PPPIOPPI 88164
B0 cicecreiinerennsenranrernanrae 313 s e 4258.4
L U, 0133, S 4016.7

120 vevnrerereernssnsrecieecimrerrerens 188 cviensmernsissinissnnsnsiennens 53302

In conclusion we may say that, at 80 years of age, a portion of the
trees will be large enough for sawlogs and piling, but that for large
timber, 120 to 150 years will be required, For the production of
firewood 40 to 50 years will suffice.
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SILVICULTURAL NOTES ON THE
WHITE CEDAR

FORM AND DEVELOPMENT.

White Cedar grows in very dense stands and has in consequence a
short, narrow crown and a long, clear, straight bole. Small pin
branches are often scattered over the stem, but they do not seriously
affect the quality of the wood. The length of the green crowa is as
a rule one-fourth to one-third the total length of the tree. The
oldest timber staudied was about eighty years old, at which age it
attaing 2 maximum diameter of fifteen inches and a height of seventy
feet. One very old unsound specimen was measured which had a
diameter of thirty inches at breast-height and was about seventy feet
high. In early youth a tap-root is developed, but in later life the
tree has a flat root system, with strong superficial lateral roots,

SITUATION AND B8OIL.

The White Cedar is fastidious. It is strictly a swamp tree, and the
boundaries of its distribution usually coincide exactly with the edges
of swamps, although a few short and serubby stragglers are found on
dry ground. In some cases where a Cedar swamp runs into a Pine
swamp the Cedar mingles with the Pine and finally runs out where
the ground is too dry for it to grow.

Cedar swamps are often classified as wet and dry. In the former
there is standing water, a very large amount of sphagnum moss and
usually little or no Pine. As a rule the timber is less dense, and it
is said to attain smaller dimensions and to be poorer in quality than
that growing in dry swamps. In both cases there is a mud bottom,
but in dry swamps interlacing Cedar roots cover it with a complete

(67)
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crust. The drier the swamp the greater the proportion of Pitch Pine.
A hard-bottom swamp is one in which the trees rest on gravel. It is
said that in such situations the trees are apt to be shaky.

REPRODUCTION.

After the young trees grow large enough for the crowns to meet
aud form a continuous canopy, no new seedlings spring up. A certain
amount of light is required for the germination of the seed. The
trees are, however, able to bear very considerable shade, both
from above and from the side. This is shown by the very
long life of suppressed trees and by the extremely crowded
character of the woods. When a Cedar forest is cut, young
seedlings spring up in great abundance within two or three
years. There is as a rule a more complete reproduction in dry
than wet swamps, chiefly on account of the amount of stand-
ing water in the latter. It has been observed that on badly-burned
areas, as a rule, no seedlings spring up for a long time, even though
there are seed trees close at hand. From this we must conclude either
that the seed from which the usual reproduction springs lies dormant
in the soil, waiting to germinate as soon as there is sufficient light, or
that the burning of the sphagnum makes an inhospitable bed for the
germination of the seed. To show how many young plants come up
on a well-seeded area, two small plots were marked off, one of twelve
‘square feet, where the ground was completely seeded, and the other of
one hundred square feet, where there were five old stumps and the
reproduction was not so thick, On the first plot were found 968
plants, which would make 8,613,840 young trees per acre. On the
other plot there were 8,200 plants, equivalent to 1,393,920 per acre.

The youngest tree found to be bearing seed was thirteen years old.

GROWTH,

In view of the value of Cedar, it is important to have some definite
figures concerning its*rate of growth and its reproductive capacity.
On account of the regular growth of the trees and the comparatively
even stands, a few measurements will suffice to aftord a basis for broad
generalization. During lumbering operations at Job's swamp, near
Whitings, and at Marigold swamp, near New Gretna, eighteen
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trees were carefully analysed. These measurements are summarized
below.

TABLH 31.

Summary of Nineleen Slem Analyses of White Cedar, taken at Job's
Swamp, Burlington Coundy, and Marigold Swamp, Ocean Couniy.

32 | & ;| & . | B E.1 ;342

802 |5 & | f5] 2y 135418
s a.-. 5 R . .5: g% g:; & :_F_"‘sa' LOCALITY,
AL 2E AR RE AR R I
GRS R || B [& [ 2 2|25
18| 23| 0580 | 248 ] O4L...ocovifonenefernn. wveersn [JOD'E Bwamp,
12 89| 10|49 40.1 | 1.88l.ccciinfirenfoeren] corenes Job's 8wamp.
9| 538 1.0 | 791 88.7 56| 52|13 2| Job's Bwamp,
171 81| 0.7 | 66| 56.7 60| 52|13 | 2 |.....Marigold Swamp.
16| 66| 06(66 572 78| 6523 1 | Marigoid Swamp.
8] 66, 071791 580 71 8.7 |18 2 1.8 Job's Swamp.
15| 71| 0866|5656} 81t 7.028| 1| 15 |Marigold Swamp,
8| 74| 08177(582| 87| 83|23 2| L8 |Job's Bwamp.
14| 81| 0766|6838 |126 1.7 32| 2, 2.8 |Marigold Swamp.
4; 83| 09|75 | 610 110102 (28| 2| 2.2 |Job's Bwamp.
b 8.8 11| 77| 625|126 | 11.8 | 41 1 2.0 (Job’a Bwamp.
18 8.7 08|66 64.2| 1881 13.1 | 87 [ 2 [......... Marigold Swamp,
1 80 07 (77601 (127|120 (44} 1 2.0 |Job’a Bwamp,
2| &1 068 |75|57.71 141 | 135 |60| 1| 3.0 |Job’s Swamp.
11 94} 07|80/ 668|129} 123411 0| 2.8 (Job's Bwamp,
10106 1278 618 19.0| 178 (71| 0| 1.8 |Job's Swamp.
71108 10 79| 588 | 186 176 (62| 1| 2.2 |Jobs Swamp.
61 11.2 1117916391 216! 2031671 1 1.7 Job’s Swamp.

The rate of growth in diameter and height was obtained in the
same way as that of the pine, by plotting the progress of the growth
of each tree on cross-section paper and drawing a normal curve
through the various points. The values from these average curves
are as follows:

TABLHE 32,
Average Rate of Growth in Diameter and Height of Sevenicen While
Cedars.
Age. Diameter, Height,
Years, Inches, Feet,

R we 32
13 vevssveransnnesninenne 405
8.8 tiriienaan erEsrhesteeeraettsannne 48
8.8 .venreas N 54,5
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The Cedar appears, from thie table, to require on an average sixty
years to reach a height of fifty feet and eighty years to reach sixty.
It is interesting to note that when the forest is thinned the trees
grow more rapidly in diameter than when they remain in crowded
stands. At Marigold swamp seven stumps were measured of trees
which had stood for some years on the edge of a clearing. These
trees were growing at the rate of 2.2 inches in diameter in ten years,
whereas four trees measured within the same stand showed an average
rate of growth of about 1.05 inches in ten years, or a little less than
half.

YIELD.

There are few trees, if any, which grow i as dense masses as White
Cedar, In order toshow the number of trees per acre and the amount
of wood at different ages, eight sample plots were measured and the
trees counted. These valuation surveys are summarized below. At
twenty years of age there were over 10,000 trees per acre, at forty
years about 3,500, and at eighty years in one case still over 1,000.
Special attention is directed to Plots Nos. 61 and 52. These plots
were within & few hundred yards of each other and of about the same
age and height. In the first case, however, there are pearly two
hundred trees less and a correspondingly larger diameter. While the
number of cubic feet per acre is nearly the same the number of board
feet is very much larger in the first plot, although there is a smaller
number of trees, Plot No. 54 is of about the same age as Plot No, 62,
but has only one-half as many trees. These two plots were also very
near together, the former on the edge of a swamp., A number of
stumps of nearly as large diameter as the trees within the stand were
counted and the age found to be the same as in Plot No. 52. In Plot

" No. 54 there were over 1,000 more cabic feet and over 10,000 more

board feet per acre, though the number of trees was only about one-half
a8 great. From these figures it follows: First, that it requires about
gixty years to produce lumber in paying quantities; second, that it
would pay to thin the forest when it is about forty to sixty years old.
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TABLE 33,

Summary of Sample Areas Surveyed in Job's Swamp, near Whitings, and
Marigold Swamp, near Tuckerton, New Jersey.

o & |8 § | | PER ACRE.
N AT I A |
g 3 1.'? \E i [l n wd
gy ] L - H g
g REEOE R OF og|E|H|
: ST A A TR I
2 . B3 iE B BBV EIEE RIS ]S,
§ F Al iRiE f PG| fE| 1|3
Sq. . - Inch’s Inch's; Feet
57 . 400 ;107 ....... 081 8| 20 | 21 {11663 |cveccer| corrrens s § I—
58 12500 109 116 23 | 7| 85 | 39 | 3463|2018|......| 1420 3,689
Acres.
55| 025 472 | 2 46| 8| 42 | 49 |1888| 8. 5286 2,676
53 0.25 |326 | 5 54 11| 485| 62| 1304 20| 9756 5888 | 2,420
51 025 214 0'72 13' 60 | 68| 856 ....... 18.244| 7448 | 1.418
50 025 253 0 66| 13 60 | 66| 1,012| .. 14,636! 7,668 | 1,568
54 026 140 0 9.2| 15 65 | 80| 560|....... 25,668 8910 692
52 02 263 0 69! 12 60 ' 791 10521......1 15506 7.824! 1472
5 aEoL AP
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APPENDIX.

The following results of the measurements of 55 sample plots in
various portions of South Jersey are added for their value in confirm-
ing and illostrating the conclusions given in the text, and because
students of the forest in this region will find an examination of them
to be helpful. So also will practical men interested in the productive
capacity of South Jersey, and in the effect upon it of forest fires,

One Acre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Pine White Black Chestnnt
breast high, Pine, Stumps. Cak. Oak, Qak. Hickory.
3 Inches...... 1 3 8 b 1
4 " L. 1 20 B 2
5§ Y . 1 27 2 1
6 26 5
T M 1 1 10 2
8 * ... 3 4 2
9 * ... 3 4 1
10 = ... b 1 1 1
) & L . 8 2 1 2 1
iz L 2 3
13 “ ... 3 3 .
14 “ ... 3 5
15 “ ... 8 1
18 % ... . 8
17 0% L. 4
- [ 1 o
8 % .. 3 2
20 ... 1
21 4 L 1
2 % .. 1 1
Total........... 52 17 10 100 26 4
Average height of Pine—89 feet. .
Diameter of average Pine over six inches—13.9 inches.
Diameter of average Pine over ten inches—14.5 inches,
Total volume of Pine over six inches—2,882 cubic feet.
Merch, volume of Pine over ten inches—9,939 board feet,
Volume of Pine under six inches—,02 cords (est.).
Average diameter of hardwoods—5.9 inches.
Volums of hardwoods—8.5 cords {est.).
Soil—dry gand.
Humus-—rather poor,
Dansity—0.7.
The Pine stumps have been reckoned ay trees in the computation of volome

(63)
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One drre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Piae White Black Chestnut
breast high. Pine, Stumps, Oak, Qak. Qak, Hickory.

3 Iaches...... 1 4 1 1 b
4 " L 2 3 11 i}
B * ... 2 4 18 4
g " ., ¥ 1 10 1
T " e 2 7
8 “ .. 4 1 3 2
g " e B 1 2 1

0 " .. 5 1 i

11" L. 1 . 2

120" e e 1 1

18 " .. O -

14 ¢ 7

i " ... 13 1 1

16 = weere 4

17 ... H 2

18 ¥ . 4

21 C 1 e

2 ¢ 1
Total, weversss 85 2 23 53 15 6

Average height of Pine—89 faet,

Diameter of average Pine over six inches—14.0 incheas,
Diameter of average Pine over ten inches—15.2 inches,
Total volume of Pine over six inches—2,685 cubic fest.
Merch. volume of Pine over ten inches—8,8%4 board feet,
Volume of Pine under six inches—0,25 cords (est,).
Average diameter of hardwoods—6.2 inches.

Volome of hard woods—5.0 cords (est.). -

8So0il—dry sand. Flat,

Huomus—rather poor.

Density—0.8.
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One Acre of Old Pine Near Winslow, New Jersey,

Diameter Shortleaf
breast high. Pine,
3 Inches...... ...
4 ¢
B “ ... 5
L . 3
7" veeeer 4
g8 v L. 4
g “ 4
10« ... 4
11 “* ... 1
12 ¢ o 3
13 ¢ ... 4
14 ¢ tearue 11
| 1 9
16 * . 8
18 « veenen 4

Pitch Pine White
Pine. Stumps. Oak.
- 8

1 ree
. 3
1
1
1
1
2
4 3
1 1
2 1
2
1 1
2 12 23

Average height of Pine——67 feet.
Diameter of average Pine over six inches—13.0 inches.
Diameter of average Pine over ten inches—14.8 inches,
Total volume of Pine over six inchea—2,812 cubic feet.

Merch, volume of Pine over ten inches—8,940 board feet.
Volume of Pine nnder six inchez—0.15 cords {eat.).

Average diameter of hardwoodg—-5.8 inches.
Yolume of hardwoods—3.5 cords (est.}.

Boil—dry sand. Flat.
Humus—rather poor.
Density—0.8.

Black
Qak.

7
18
14
10

1

2

81

Chestaut
Qak.

14
14
8
7
6

W

60

65

Hickory
2

w

The Pine stamps have been reckoned as trees in the computation of volume-:
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One Acre of Old Pine Near Winslow, New Jersey,

Diameter Shortleat Pine White Black Chestout
breast high, Pine, Stumps. Oak, Ouk, Oak.
3 Inches...cveereen 5 1n . 14 2
4 Y eiaene B 4 38
b weren 2 1 28
- O 23 1
T i 1 12 1
8 5 1 3 2
8 . B 2
10 " vireenen B 2 1
U B 4 2 3 3
12 % e 2 i)
I3 % e 4 3
14 % e 1 4 4
) T | 2
18 % i B 1
17 % ivieieen. B 2 1
1
3 .
20 31 121 9

Average height of Pine—70 feat.

Diameter of average Pine over six inches—12.7 inches.
Diameter of average Pine over ten inches—13.9 inches.
Total volume of Pine over six inches—2,648 cubic feet.
Merch. volume of Pine over ten inches—8,828 board feet.
Volume of Pine under six inches—0.3 cords (eat.).
Average dlameter of hard woods—5.9 inches.

Volume of hardwoods—7.5 cords (eat.).

Boil—dry sand, Flat.

Humus—rather poor.

Dengity—0.7.

The Pine stumpe have been reckoned as trees in the compatation of volume.
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One Acre of Old Pine, Mized with Young Oak, Near New Lisbon,
Burlington Counly, New Jersey.

Diameter Pitch Pine White Black Chestsut Past
breast high, Pine. Stumps. Oak. Qak, Qak. Qak.
1Inch........ ... 14 3
2 Inches...... 7 22 17 1
3 0" ... 9 16 . 14 1
4 " L 8 4 4 2
b * . 9 1 5 2 2
6 .1l 3 7 3. 1
7 0% 5 4 1
g e 3 1 2
g * ... 18 1
) L 14 1
11« o 4 b 2
120" L. 11 2
13 ¢ vors T 1
14 “ ... 3 .
i5 3
18 ... 1
) 3 1
) £ . 1
2 " er 1
Total......... 113 18 78 44 1 7

Average height of Pine—80-70 feet.

Diameter of average Pine over six inches—10.0 inches.
Diameter of average Pine over ten inches—16.1 inches.
Diameter of average Pine under ten inches—4.9 inches.
Volume of Pine over ten inches—8,000 board feet,
Volume of Pine under ten inchea—3.6 cords (est.).
Average dinmeter of hardwoods—3.0 inches.

Volume of hardwoods—1 cord (est. ).

Boil—dry white sand, Fiat,

@Ground burned over annually.

Density—0.6.
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One Acre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Pine White Black Chestnut.
breast high. Pine. Stumps Qak, Oak, Oak,
3 Inches...... ... 1 3 10
4 4 .. 7 2 9 23
6 ¢ ... 7 3 18 12
6 “ .. . 1 22 11
R 1 1 12 8
8 * ... 7 1 2 5
9 * ... b 8 4
10 “ . 9 1 3
1 T 3 1 4
12 0« .. 4 3 1
13 “ ... 8 8 2
4 0« ... 4 3 4
B " ... . 4 7
s “ “ 2 1
17 0« ... 4 1
18 ¢ ... 3
19 % ... 1 1
20 ... 1
22 4 .. 1
Total......... 78 14 24 0 83

Average height of Pine—68 feet.

Dlameter of average Pine over six inches—12.0 inches,
Diameter of aversge Pine over ten inches—13.4 inches.
Total volnme of Pine over six inches—2,6567 cubic feot.
Merch. volume of Pine over ten inchea—7,739 board feet.
Volume of Pine under six inches—0.4 cords {est.).
Average dismeter of hardwoods—8.9 inches.

Volume of hardwoods—13.5 cords (est.).

Boil—dry sand. Flat.

Undergrowth composed of & few Pine geedlings, small Oaks,and Vaccininm.
Humus—rather poor,

Density--0.8.
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One Acre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Pitch Pine White Black Chestnat
breast high. Pine, Pine, Stumps. Oak. Qak, Oak,

3 Inches...... 7 1 4
4 " .. 9 6 10
6§ ¥ ... 5] 8 5 7
6 . 2 b 2 8
7 “ e b 3 4 6
B ¥ ... 3 2 2 b
9 * 4 2 2 7

0 “ L. 4 1 1 2

11 ... [i] 1 1

12 % L. . 2 1 3

13 v . 4 1 2

14 % ... 6 1 2

15 “ ... 2 1 -

18 * ... 10 1

7 3 1 ]

183 “ ... 3 1

19 “ ...

20 % .. . 2

21 ¢ . 1
Total........... 60 2 3 44 23 64

Average height of Pine—88 feet,

Diameter of average Pine over six inches—13.0 inches.
Diameter of average Pine over ten inches—14 3 inches.
Total volume of Pine over six inches—2,228 cubic feet.
Merch. volume of Pine over ten inches—7,521 board feet.
Volume of Pine under six inchea—0.15 corda (est.).
Average diameter of hardwoods—6.8 inches.

Volumse of hardwoods—8.5 cords (est.). *

Boil—dry gand. Flat.

Humus—rather poor,

Density—0.86.

The Pine atnmpa have been reckoned ae treea in the computation of voleme.
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One Acre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Pine ‘White Black Chestout
breast high, Pine. Stumps. Qak. Qak, Oak. Hlckery,

3 Inches....., 1 6 8 1 1
4 ¢ 2 ] 1 1
b * .. 1 4 11 2
6 v ... 4 1 16 3
7 ¢ 4 4 12 2

8§ " ... 3 1 ] 3

g " 4 4 3

10 ¢ ] 2 1 2 1

I . 4 3

12 % .. 2 3 4

13 “ .. 3 4 1

4 " L . i) 3 1 1

15 " ... 8 b 1

16 “ ... 1 1 1

7 " . . 2 1

18 " L. 2 1
1w+, 2
Total........... 63 18 24 68 26 2

Average height of Pine—68 feet.

Diameter of average Pine over six inchea—12.4 inches.
Diameter of average Pine over ten inches—13.5 inches.
Total volume of Pine over six inches—2,388 cubie fest,
Merch, volume of Pine over ten inches—7,488 board fest.
Volume of Pine under six inchea—.04 cords (est.).
Average diameter of hardwoods—7.0 inches,

Volume of hardwoode—9.5 corda {est.).

Soil—dry sand. Flat.

Humogs—rather poor.

Density—0.6,

‘The Pine stumps have been reckoned as trees in the computation of volume.
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One Acre of Old Pine Near Winslow, New Jersey.

Dinmeter Shortlealf  Pine White Biack Chestaut Post
‘breast high, Pine.  Stumps. Qak, Qak, Qak, Oak. Hickory.
3 Inches...... 1 26 7 2
4 4 2 12 14 4 .
5 " ... 2 10 15 2
8 " . 2 8 21 2 1
7 0% L. 8 4 12 1
8 % ... . 2 8 3 1
| B 4 8 1 1
10 * ... 4 4 1 2 1
11 2 2 1 2
12 % ... 10 4 1
13 ¢« ... b 1 .
14 v L 8 1
15 ¢ ... b 1
16 % L. 2 . - .
17 0« e B
1 “ O |
Total...... 62 6 79 75 15 1 4

Average height of Pine—68 feet.

Diameter of average Pine over six inches—132.2 inches,
Diameter of average Pine over ten inches~—13.7 inches.

Total volurte of Pine over eix inches—2,127 cubic feet.

Merch. volume of Pine over ten inches—7,208 board feet,
Volume of Pine under six inches—0.7 cords (est.).

Average diameter of hardwoods—>5.7 inches,

Volume of hardwooda—7.0 cords {est.).

Boil—dry sand. Flat.

Undergrowth composed of young Oaks and a few Pine seedlings.
Humus—rather poor,

Density—086.

The Pine stumps have been reckoned as trees in the computation of volume.
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One Acre of Old Pine Near Winslow, New Jersey.

Diameter Shortleaf Pine Whit Black Chestout
breast high, Pine. Stumps. Qak. Qak, Qak, Hickory.

3 Inches...... 14 ] 8 1 b
L . 8 10 16
8 % .4 2 20 3
g8 “ L. 3 2 18 2
7 04 L. 7 6
8 * . @ 1
9 “ ... B8 1 1 1

10 % .. 9 1

1 ... b & 1 1

12« v 1 8 1

13 0« 1 10 1

14 % ... 6 1

5 % ... 3 2

8 .. 1 1

17 % L. 2 .

bt

Ig i1} 2

20 ¢ e 1

2 . 1

Total......... 81 24 34 73 11 6

Average height of Pine—68 feet,

Diameter of average Pine over six inches—11.2 inches.
Diameter of average Pine over ten inches—12. 8 inches.
Total volume of Pine over six inches—2,048 cubic feet.
Merch. volume of Pine over ten inches—8,134 board feet.
Volume of Pine under six inches—08 cords (est.)
Average diameter of hard woods—6.4 inches.

Volame of hardwoods—7.6 cords {est )

Boil—dry