
OF"THE " "- .

'o ' /' -"" STATE O1_NEW" JERSEY ;" " . " .
• . . ,,, j L,

-DMSION ()F GEtJEOG_r_oAND, ,WATERS- " ,i:'_" -,.

"¢ ' KOMMEI_,,SYaleG_ologisl .... " "'

Ind'Ool_rgtionwitti th* United Staffs Geolpgical-Sur_'ey.
' Director_: ......

(GeOlogic Seric_s) : "

POT,ASH IN THE .GREENS_,('.NDSOF _ :

.NEW JERSEY.'-..., .,,,'
• . . _h

' 6r,ORGE_OGERSMANSFmL0 _ ': _' 7,

_ 1923 " _ ..

*. • , ,x . * ,v

,' .... . "" "'-,'-_'_,'¢_'_..,,¢_t,,'_.,,. . e %,'._ ".'_ . " .-,/I,.,; :-,.

! • e. , , , , \ ¢ , • , ,r , • . " . ,

..~ .

NEW JERSEY GEOLOGICAL SURVEY



FOREWORD.

This report is the result of co-operation between the Depart-

ment of Conservation and Development of the State of New

Jersey and the United States Geological Survey, Washington,

D.C. The expense of the investigation was divided as equally

as possible between the two orgafflzations. The report has been

printed by the United States Geological Survey and a small

edition purchased by the Department of Conservation and De-

velopment from the Public Printer, Washington, for distribution

under its cover as a bulletin of the department.

HENRY B. KUMMEL,
Stale Geologist and Director.
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ABSTRACT OF REPORT.

The greensand marl belt of Now Jersey extends across the State
from the vicinity of Sandy Hook at the northeast to Delaware River
near Salem at the southwest, a distance of about 100 miles. It is

crossed at many places by railroads and by streams that flow into
Delaware River.

The potash in the greensand marl occurs chiefly in the mineral
glauconite, which is essentially a hydrous silicate of ferric iron and
potassium. Nearly all the Cretaceous formations contain glaneonite,
but tufty three contain sufficient amounts to be considered commer-
cially important, though in some others it is locally abundant. These
three are the Navesink (the lowermost), Hornerstown, and Manas-
quan marl% which are described respectively as 25 to 40_ 30, and 25
feet thick. The marl beds, which form part of the Coastal Plain
strata, strike about N. 55° E, and dip about 33 feet to the mile south-
east, but there are some v_riations. The gently inclined and poorly
consolidated beds that compose the marl arc beveled by erosion and
covered to a greater or less extent by later deposits.

Five type areas were explored by borings and made the basis of
specific estimates. These were at Salem and Woodstown, in Salem
County; Sewell, in Gloucester County; Somerdale, in Camden County;
and Elmwood Road, in Burlington County. The data gathered from
borings were supplemented by well data, both published and unpub-
lished, and by field data on file in the office of the State department of
conservation and development.

'It is conservatively estimated that the New Jersey greensands
contain 256,953,000 short tons of potash (K_O) that could be mined

by open-pit methods. At the rate of importation for ths five years
preceding the World War, including 1914, this quantity could supply
the needs of the United States for nearly 1,000 years. Should it
ever become practicable to use underground methods of mining, the
available quantity of potash would be enormously increased.

The lime sand in probable commercial thickness is exposed or has
been recognized in wells as far north as Wrightstown.

Four companies have undertaken to produce or utilize the potash
from New Jersey greensand. Small quantities of potash have been
produced and marketed by some of these companies, but none are
now producing. The potash industry of the United States was dealt a
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VIII AtISTt_CT OF REPORT,

severe blow by the conditions arising after the armistice was declared.
It seems probable, however, that some of the large developments will

survive. Whether or not greensand may have a place in the American
potash industry will depend on how well the grecnsand operators
may be able to compete not only with German producers but also
with American producers of potash from other sources.

Recent experiments indicate that the potash in greensand is
promptly available to meet the needs of many and perhaps most
farm crops.

Composite samples, so prepared as to represent the principal beds
of commercial thickness at each of the localities drilled, were washed

and the residues magnetically separated and sized. A variety of

determinations upon original or prepared samples were also made
in the chemical laboratory of the United States Geological Survey.
The results of these separations and determinations are discussed
both in their relation to the recovery of potash from greensand and

in their bearing on the origin of glauconitc.
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POTASH IN THE GREENSANDS OF NEW JERSEY.

By GEORGn ROGERS MANSFIELD.

I_NTRODUCTION.

PURPOSE AND SCOPE OF INVESTIGATI0_.

The work on which this report is based was begun in the fall of
1918 as a part of the systematic search for potash conducted by the

United States Geological Survey since 1910.
The New Jersey greensand marls have long been known to contain

small amounts of potash, lhne, and phosphate. For more than 100
years they Were dug and marketed as fertilizer, and in the late sixties
the annual amount so used aggregated nearly 1,000,000 tons. 1 With
the introduction of prepared fertilizers the marl industry died away,
but. small amounts of greensand are still dug and used here and there.

• It has been considered impracticable to extract commercially
the potash fl'om greensand because of the relatively insoluble char-
acter of the mineral in which the potash is locked up. Of late years,

however, there has been considerable experimentation in processes
of extracting potash from silicate minerals, and the New Jersey
greensands, which are silicates, have attracted attention because
o_ their accessibility, abundance, and relative ease of mining. The

scarcity of potash resulting from the shutting out of German supplies
during the World War gave impetus to these experiments and
permitted hope of the establishment of a potash industry in the
United States in which the New Jersey greensands might be an

important factor.
Much general information about the greensands was available

through the published reports of the Geological Survey of :New
Jersey and of the United States Geological Survey and from ether
sources. The greensand beds had been mapped and described in
considerable detail. There was, however, little specific knowledge
regarding the quantity, thickness, and character of the deposit
and the accompanying overburden at any particular place. The
purpose of the work, therefore, was to procure data sufficient to

permit estimates of the tonnage of potash in certain areas that are

1 Cook, O. H._ 0_ology of New _erseyj p. 461, 1_8.
1
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POTASHINTHE GREE_EA_OF NEW JEBSEY.

favorably situated for commercial enterprise, and to determine the
nature and thickness of the overburden in those areas.

The investigation was begun at the instance of the United States
Geological Survey, but the New Jersey Department of Conservation
and Development cooperated in it, with the understanding that the
cost of the work should be divided as nearly equally as possible

between the State and the Federal Survey. The money actually
expended in field work amounted to $2,884, of which the State paid
$1,550 and the Survey $1,334. The Survey, however, furnished
the time of the field geologist and the numerous chemical analyses
and assumed the other expenses incidental to the preparation and
publication of the report.

_CKNOWLEDG_:EI_TS.

The writer desires to express his thanks to Dr. Henry B. Ktimmel,
State geologist, and his staff for much helpful information and for
the use of unpublished data, including field notes, manuscript maps,
and well records. Several days were spent at his office in the study
of thls material. Dr. Kiimmel accompanied the writer on several
trips to different parts of the marl belt, one of which was made possi-
ble by the kindness of Prof. Gilbert Van Ingen, of Princeton Univer-
sity, who gave his time and the use of his automobile. Dr. M. W.
Twitchell, assistant State geologist, went over some 500 cardg in
search of analyses that might bear on potash exploration, hunted
out numerous well records, and kindly permitted the use of his
unpublished manuscript on the water resources of the State.

The numerous analyses embodie(t in this report were made in the
laboratories of the Geological Survey, mostly by 1%. K. Bailey,
though some were made by Chase Palmer and E. T. Erickson. George
Steiger, chief chemist, made many helpful suggestions, and W. B.
Hicks, of the laboratory staff, visited parts of the field with the
writer. E. S. Larsen, jr., examined a number of thin sections and
made helpful suggestions. Hoyt S. Gale, geologist in charge of
the potash investigations of the Survey, Mr. Hicks, and _fiss M. 1%.
Nourse have contributed valuable suggestions and criticism.

The writer is indebted to the following persons for permission to
diZdl on their land: Messrs. Louis A. Fogg, T. R. Miller, and Lucius
Hires, of Salem; Mr. Isaac K. Lippincott, of Woodstown; Mr. J. C.
Voorhles, of Woodbury_ secretary of the West Jersey Marl & Trans-
portation Co. (owner of property at Sewoll) ; Mr. Thomas McMichael,
of Somerdale (Laurel Springs post office); Mr. Alfonso Fusco, of
Elmwood Road; Dr. E. W. Taylor, of Germantown, Pa. (owner of
property near Vincentown); Dr. J. Clifford Haines, of Vincentown;
the Norcross & Edmunds Co., of Birmingham; Mr. W. G. Taylor, of
Pembertun; Mr. Alfred Cox, of Jullnstown; and Miss Rebecca
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4 POTASH IN THE GREENSANDS OF NEW JERSEY.

Hopkins, of Hornerstown. Unfortunately time was not sufficient
for drilling at ali these places. Mr. William T. Hoffman, of Bir-
mingham, furnished useful information.

Messrs. Oren Conover and Chalkley Haines, of Woodstown, and
William B. Cooper, A. G. Dunphey, and Samuel R. Cooper, of Marl-
ton, furnished locM well data. Messrs. C. C. IIolladay, of Harmers-
villa, John L. North, of Sewell, and S. J. Taylor, of Mount Holly,
contributed well data and helpful field suggestions.

To the officials of the R. S. Ryan Co. the writer is indebted for
numerous courtesies, especially to Mr. F. Tsclfirncr, who conducted
him tl_'ough the plant at Reeves station while it was in operation
and permitted the collection of specimens and other data on the com-
pany's property. Mr. George F. Von Kolnitz kindly furnished data
regarding the process and plans of the Atlantic Potash Corporation.
Messrs. T. C. Meadows, general manager, and George Haler, engi-
neer of the Eastern Potash Corporation, fm'nished valuable informa-
tion and courteously arranged for an inspection of the corporation's
experimental plant at Jones Point, N. Y. Mr. David L. Frank,
vice president of the Coplay Cement Manufacturing Co., of Coplay,
Pa., was kind enough to explain the comuany's experience in the
use of greensand.

The personal kindnesses extended to the writer by the residents
at different places during the pro_'ess of the work are too numerous

to mention individually but are gratefully appreciated.

LOCATION OF DEPOSITS.

The greensand-marl belt extends across the State of New Jersey
from the vicinity of Sandy Hook, at the northeast, to Delaware
River near Salem at the southwest, a distance of nearly 100 miles.
It lies along the southeastern border of the broad strip of Cretaceous
deposits shown on the index map (fig. 1). The width of the belt
ranges from nearly 14 miles in Monmouth County, at the northeast,
to 1 mile or less in parts of Gloucester County, toward the southwest.
The detailed distribution of the greensand marl is shown in Plates
I to III (in pocket), compiled from unpublished maps prepared by
G. N. Knapp, formerly of the New Jersey Geological Survey.

TR_.N SPORTATION FACILITIES.

The railroads that connect the seashore resorls along the coast of

New Jersey with New York, Philadelphia, and other cities (see
fig. 1) cross the marl belt at a number of places and could supply
suitable transportation for potash and other products that might
be derived from the greensamt. The marl belt is also crossed by
numerous streams which flow into Delaware River, some of which,
such as Mantua, Rancoeas, and Crosswicks ereeks, are largo enough
to be utilized, at least in part, for transportation. Companies pro-
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posing to establish plants for utilizing greensand would do well to
consider the possibilities of water transportation in their estimates
of cost.

GENERAL FF_TUllES OF TItE DEPOSITS,

CHAl_ACTE P.

The potash occurs chiefly iu the mineral glauconitc, which con-
stitutes the green grains of the so-called marl. The term "marl"
as used in New Jersey includes a variety of materials. Titus we

have greensand or glaueonitie marl, clay marl, sand marl, and lime
sand or lime-sand marl. Ordinarily greensand is implied when the

term is used, but one or more of the other types is frequently in-

cluded, especially in well records, so that it is difficult or impossible
to make any detailed stratigraphic interpretation of many of these
records.

The greensand beds are in general unconsolid_ted deposits consist-
ing of variable proportions of glauconite grains, clay, quartz, and a
variety of small fragments of other minerals. A more detailed

description of these constituents and their relative proportions is
given in the sections on mechanical analyses of greensand, chemical
analyses, and nature and origin of glauconite. (See pp. 116-133,
138-142.)

The glaueonite imparts a greenish color to beds in which it occurs,
and beds consisting largely of dark-green or black glaueonite appesr
nearly black when freshly opened. '/'he claylike constituents, where
abundant, impart color to the beds. Thus some are light green,
but others arc dark green, drab, or chocolate-brown, although in each
bed the glauconite grains are generally dark-green or nearly black.
Likewise where quartz grains are abundant the beds have a color
resembling that of a mixture of pepper and salt. There is much
similarity of appearance between masses of the black phase of the
greensand and masses of disintegrated material from beds of black
or brown oolitic phosphate rook in the Idaho field.

The glauconite grains range in size from less than one one-hundredth
to more than one-twentieth of an inch. Some of the larger grains
resemble casts of shells of Foraminifera. Many appear to be more or

less irregular aggregates of small rounded masses, and others seem
to be small nodules irregularly cracked and recemented. The smaller
sizes are worn and have evidently been transported to their present

positions from neighboring or other sources. (See P1. IV.) Clay
with grains of glauconite forms nodules and casts of shells. Nodules
containing snore or less pyrite are present here and there, and locally
tiny grains of pyrite occur. Nodules of phosphate of lime are also
present.

Marine shells and other marine fossils representing a considerable

fauna have been found in the grcensand beds. The shells are seat-
NEW JERSEY GEOLOGICAL SURVEY



6 POTASH IN TIIE GREENSAI_DS OF NEW JERSE'%!.

tered to some extent through the mass of the greensand, but there
are two beds in which they are very abundant and which serve as

horizon markem. These are respectively the Belem_titella-bearing
bed, at the base of the Navesink mar], and the Terebratula-bearing
bed, at the top of the Hornerstown marl. These formations are
described on pages 10 and ll.

'l_e bedding of the greensand, so far as observed, seems relatively
uniform and free from cross-bedding, though locally streaks of dif-

ferently colored clay occur in a single set of beds. For example, at
Sewell, where greensand is dug, the upper 2 feet of chocolate-colored
material at the top of the so-called chocolate marl is streaked with
green materitd of similar texture. At Somerdale a bed of drab

material about 18 feet thick shows more or less streaking of gray
and green throughout.

STRIXE, DIP, AND THICKNESS.

According to previous reports the average strike of the greensand
beds is about N. 55 ° E. Tile dip is estimated by Knapp at 33 feet
to the mile, with some variations, for a distance of 15 miles back from

tile outcrop; at greater distances it apparently steepens. The gentle
inclination of the beds and the erosion they have suffered cause them
to wedge out a]oug the northwest margin of the marl belt. Tile
thickness therefore ranges from a few inches along the northwest
margin to nearly 50 feet in places along the southeast margin.
Variations in thickness along the strike are due to local erosion or
to differences in conditions of deposition.

LOCAL NA3_E S.

The greensand beds at some localities show sufficient variation in
color and constituents to give rise to useful local names. Thus at

Sewell three types are recognized--gray or bank mar], green marl,
and chocolate marl. These names are applied to beds of commercial
thickness, which are traceable through a considerable area. At

Somerdale a small deposit consisting chiefly of quartz grains, iron
oxide, clay, and a.little g]auconite is called red marl.

MOD]_ OF OCCLYRR]_NCE.

The marl belt is part of the New Jersey Coastal Plain, which in
turn is in the northern part of the great Coastal Plain that extends

along the Atlantic and Gulf seaboards. Glauconite deposits occur
in greater or less abundance in other parts of this plain and indeed
in some of the older geologic formations not now associated with

coastal plains, notably in tile Cambrian sandstones of parts of the
West and Southwest. According to present knowledge, however,
the glauconite beds of New Jersey are probably richer in potash
than those elsewhere.

NEW JERSEY GEOLOGICAL SURVEY
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GEnErAL I_EATrY_ESOF T_E I_EPOSlTS. 7

:_ The Coastal Plain in New Jersey has long been cited as an example
•_ of the bolted type, with inner lowland, in-facing slope, out-facing

slope, and outer lowland, caused by the erosion of gently dipping
strata of somewhat unequal degrees of coherence or hardness and by
the development of drainage upon those strata. The marl beds

lie near or at the top of the in-facing slope and thus relatively near
Delaware River, which occupies much of the inner lowland, and

their drainage in general flows toward that lowland, producing the
favorable conditions for water transportation previously noted.

G_UCONITE-B_RI_G AND ASSOCIATED FOR_ATIONS.

Age and general se_uenee.--The glaueonite beds of New Jersey_ with
one exception, are of Cretaceous age. Glaneonite occurs locally,
however, in some of the overlying Tertiary and Quaternary beds as a
result of the erosion and redeposi_ion of Cretaceous material. At
some places, as for example, at Somerdale, about 9 miles southeast of
Camden, these reworked glauconite beds overlie beds of Cretaceous

greeusand and may readily be mistaken for them. Closer inspection
of the reworked material reveals pebbles scattered through its mass
and usually a more or less well-defined layer of pebbles at its base.
The Cretaceous formations are described below and are shown with

the overlying Tertiary formations in the accompanying table2

Cretaceous and _er for_uztions _n Coastal Plain region of New dersey.

Thick-
System. series. Formation. ne_

(feet).

Recent. Beach san4 and gravel, marsh deposits, and alluvium.

Quaternary. gape May formation ......................................... 0-20
PleistQcene. Pen_auken _orma$ion ........................................ 0-20

Bridgetoa formation ......................................... O-_

Beacon Hill gravel ............................................
-Unc_olormtt y?_

Tertiary. Miocene(?), Cohalmey sand ............................................... 100-256
-Uncom*ormity--

_iocene. Kirkwood formation ......................................... 10o
-Unconformity--

Eocene. Shark River m_rl ............................................ )i
-Unconformity
YIanasquan marl .............................................. 25
R_r, eoeas group:

Vinee_town sand ......................................... _70
norlmrstowI1 marl ........................................ _0

Monmouth oup:
Redba_sand _th Tin_onsand meml)er (10-29 feet) at 010

top.
Navesi_ marl ............................................ 25-4(1
_ount Laarelsand ........................................ 5_o0

Cretac_atts, Upper Crata_ _a_awangroup:
ceous. Weaxonah sand ........................................... 2_Z5

Marshalltown formatiun ................................... 30-35
_nglishtown saxad ......................................... 20-100
Woodbury clay ........................................... 50
Me_ehantville clay ...................................... fi0

Magothy formatlQn .................... • ....................... 25-175
-Unconformity--
Rarit an formation ............................................. 150-250
Gre_t tmc_r_formity.

J Table and deserip t ions e_m_lled chieily from New Jersey Geol. Survoy Bull 14,1915; n, s. G¢oL survey
Geol. Atlas, Philadelphia foli_ (No. 162), 1909,and Trenton folio (NO. 167), 1_9.
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Rarf.ta*_formation.--The beds of the Raritan formation are of con-
tinental origin and extremely variable, consisting chiefly of light-
colored sands and clays. Some of the days are highly refractory.
Clays are more abundant in the lower half of the formation and
sands in the upper half. Some of the sands are water-bearhlg.

As the surface on which the beds were laid dowll was irregular the
thickness of the formation is variable, ranging from 150 to 250 feet
at the outcrop but increasing toward the southeast to more than 500
feet, as shown by well borings. Its dip is somewhat steeper than that
of the marl beds, ranging from 40 to 50 feet to the mile toward the
southeast. Animal rem_'ms are scarce, but plant remains are numer-
ous, and some of the genera and species are closely related to mo3era
forms. The formation rests in places on Triassic rocks, but from the
vicinity of Trenton southward it rests on ancient crystalline rocks
of Pahozoic or pre-Paleozoic age.

Magothy formatien.--The Magothy formation is partly of conti-
nental and partly of marine origin and includes beds of sand and clay,
some of which are utilized, with glaneonite beds toward the top. On
the shores of Raritan Bay the formation is 175 feet thick, but its thick-
ness diminishes towa*xt the southwest and along Delaware River is
only 25 to 30 feet. Plant remains of a somewhat more recent aspect
than those of the Raritan are numerous, and 43 species of marine
fossils have been recognized. The Magothy lies unconformably upon
the Raritan, but the discordance is not great and probably indicates
only a slight land movement. The Raritan and Magothy formations
are the chief sources of clay in thegreat center of the industry about
the lower Raritan River and Raritan Bay.

Merchantville day.--The Merehantvillo formation is a black glan-
conitic, minaeeous clay about 60 feet. thick, which is generally greasy
in appearance and of massive structure and weathers to an in-
do.rated brown earth. It is conformable with the beds both above

and below and contains numerous marine fossils, the most charac-
teristic species of which are rare or absent in adjacent strata. The
Merchant¢4lle clay represents the lower part of the "Crosswicks
clay" of Clark, forms the base of the "Clay-Marl series" of Cook,
and is the lowest of the five formations composing the Matawan
group of New Jersey. "In Maryland the Matawan deposits are not
subdivided and are called the Matawan formation. The Merchant-

ville clay is utilized with the overlying Woodbury clay in the manu-
facture of brick and fireproofing material along the south shore of
Raritan Bay in Monmouth County, in southern Middlesex and Mercer
counties, and in western Burlington and Camden counties.

Woodbury clay.--The Woodbury clayis a blaek nonglaueonitie jointcd
clay about 50 feet thick which weathers to a light chocolate color
and when dry breaks into innumerable blocks, ma_y of tham showing
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curved surfaces of fracture. Some 95 species of marine fossils have

been recognized, and these are more closely related to the Magothy
species than to those of the underlying Merchantville. The beds
are conformable with those above and below. They represent the

upper part of the "CS"osswicks clay" of Clark and are part of Cook's
"Clay-Marl series." The formation is one of the five formations of
the Matawan group.

EnglishtowT_ sand.--The Englistltown is a conspicuous bed of white
or yellow quartz sand, slightly mieaceous and sparingly glauconitic.
Locally it has been cemented in part by iron oxide into massive
stone. South of Woodbury, in Gloucester County, it contains local
heds of clay that are utilized for making brick. In Monmouth
County and to some extent farther south the Englishtown sand is

an important water-bearing bed. It decreases in thickness from 100
feet near Atlantic Highlands to less than 20 feet in the southern part
of the State. It represents the lower part of the "Hazlet sands"
of Clark and forms part of Cook's "Clay-Marl series." It was for-
merly called tile "Columbus sand" and is one of the formations of
5he Matawan group. It is not known to contain fossils.

Marshalltown formatio*l. The Marsha]Ito_m formation ranges
from a black sandy clay to a clayey greensand marl. Locally it
contains many fossils, its characteristic species being in part recurrent
forms from the Merchantville and in part forms that occur in a higher
formation, though absent or inconspicuous in immediately succeed-
ing beds. The formation is 30 to 35 feet thick. It is a portion of the
"laminated sands" that formed the upper part of the "Clay-Marl
series" of Cook, although in the southwestern part of the State he
referred these beds to the Navesink marl. It was included in Clark's

"Hazlet sands" and is one of the formations of the Matawan group.

In parts of Burlington and Camden counties beds of clay in the Mar-
shalltown formation are used for the manufacture of brick. The

grcensand of the formation is locally abundant and has been dug fox'
fertilizer.

Wenonah and Mount Laurel sands.--Above the Marshalltown

formation there is a considerable thickness of sand regarding which
there has been some difference of opinion. The terms Wenonah and
Mount Laurel have both been applied to it in whole or in part. The
sand is of rather uniform character, though the lower part (Wenonah)
is generally a fine micaceous sand, and the upper part (Mount Laurel)
is coarser and contains considerable glaucolfite. These sands con-
rain considerable water in the southern and central parts of the State,
where they are about 80 feet thick, but toward the northeast they
decrcasc both in thickness and in permeability.

88625°--22--2
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Tile fossils of the Wenonah are largely recurrent from the Wood-
bury, and the same forms recur higher in the Redbank. The fossils
of the Mount Laurel are identical with those of the Navesink and are

closely allied to those of the Marshalltown. A noteworthy form that
occurs in the Mount Laurel and extends into tile basal bed of the

Navesink is the pencil-shaped Belemnitella americana. The com-
bined thickness of the Wenonah and Mount Laurel formations is 40

to 80 feet. The Mount Laurel is very thin at Atlantic Highlands,
where it was called "Sand-marl" by Cook, but increases much in

thickness toward the southwest. The Wenonah sand is the highest
formation of the Matawan group; the Mount Laurel is the basal
formation of the overlying Monmouth group.

Naw, sin_" marl.--The Navcsink marl consists of greensand marl
mixed with varying amounts of quartz sand and fine earth containing
much calcium carbonate in a powdery state. VV'_nere purest the
marl has a dark-green to bluish-black color. The upper part of the
bed contains progressively less grccnsand and is more clayey. The
fauna is large, comprising 121 species, according to Weller, and is
allied with that of the Marshalltown and Merchantvillc beds; the
characteristic forms of the Magothy, Woodbury, and Wenonah are
absent. The basal bed of the Navesink at many localities, as at
Mull;ca Hill, is a shell bed several feet thick (see P1. V[, B), in which,
as in the ),fount Laurel sand, the pencil-shaped Belemnitella ameri-
cana is conspicuous. Another eharaeteristic feature of this bed is

the occurrence of smoothed or polished gravel grains, ehiefly quartz,
about one-eighth of an inch in diameter, for which Knapp sug-
gested the name "rlce gravel." The formation has a max;reran thick-
ness of about 40 feet, which diminishes southward to 25 feet or less.

It corresponds in general to Cook's "Lower nmrl," although some
beds referred by him to the "Lower marl" have proved to bc Mar-
shalltown. It rests conformably upon tile beds below and _'ades
upward into the Rcdbank sand or, where that is absent, into the
ttornerstown marl. The Navesink is the middle formation of the

Momnouth group. In Maryland the Momnouth deposits arc not
subdivided and are called Monmouth formation. The Navesink

marl has been extensively dug for fertilizer throughout much of the
marl belt.

Redbanlc sand, including T,inton sand member.--The Rcdbank beds
consist for the most part of fairly coarse yellow and reddish-brown
quartz sand, locally indurated by the infiltration of iron oxide.

The lower beds are in many places somcwhab clayey, and the fossils
of the Rcdbank have been found mostly in the elayey layers. The
fauna is a recurrence of Magothy, Woodbury, and Wenonah forms
and differs in important respects from the Navesink fauna below.
The Redbank sand has a maximum tlfickness of 100 feet in the north-
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ern part of the Coastal Plain, where it is a valuable water-bearing
formation, but thins out southwestward and disappears in the vicinity
of Skyesville, in the northern part of Burlington County. It is the
"Red sand" of Cook and earlier wxiters but does not iuelude certain

sands in the southern part of the State that were erroneously cor-
related by Cook with the "Red sand" of Monmouth County. With
the Tinton sand member at the top it is the uppermost formation of
the Monmouth group. The Tinton member consists of a bed of green
indurated clayey and sandy g]auconitic mar] 10 to 20 feet thick in
Monmouth County. Its fauna is more closely allied to that of the
Navesink than to that of the Redbank and is characterized by la_;c
numbers of crustacean claws. It is Cook's "indurated green earth,"
regarded by him as part of the "Red sand."

Hornerstown marL--The Hornerstown marl is a bed of glauconite
with clay and sand, having a total thickness of 30 feet or less. It
does not differ much in appearance from the Navesink, although
where unweathered it may have a greener tinge. Its fauna, though
meager, is different iu essential characteristics from the fauna of all

the underlying formations. A shell bed 4 to 7 feet thick at the top
of the formation is a conspicuous feature at many localities. The

bractfiopod Terebratula ttarlani, which occurs in great numbers in
the upper part of the shell bed, is perhaps the most distinctive fossil.
At the north the formation rests with apparent conformity on the
Tinton. Where that is absent it lies on the Redbank, and farther
south, owing to the disappearance of the Redbank, it is continuous
with the Navesink and not generally distinguished from it. It is

conformably overlain by the Vincentown sand except where over-
lapped by Tertiary formations. It is the "Middle marl" of Cook
and the "Sewell marl" of Clark and forms the lower formation of

the Raneocas group, the Vincentown saml being the upper formation.
In Maryland the Rancocas deposits are not divided and are called the

Rancocas formation. The Hornerstown marl has been extensively
dug and used as a fertilizer.

Vincentown sand. The Vincentown sand presents two phases-
(l) a calcareous or lime sand, more or less indurated and largely a
mass of broken bryozoau, echinoid, coral, and other calcareous re-

mains; (2) a glauconitie quartz sand. The two occur in alternating
laycl_, although the lime sand is more common in the basal portion,
particularly to the south, and the quartz sand predominates in Mon-
mouth County. The fauna of the siliceous phase contains elements
of the Itornerstown fauna in association with forms characteristic

of the cMcareous phase. The thickness of the formation ranges
from 25 to 70 feet, but numerous well borings have shown that it
thickens down the dip--that is, toward the southeast--as do most
of the other formations. It rests conformably upon the Horners-
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town marl and is overlain conformably by the Manasquan marl or
overlapped by Tertiary beds. The Vincentown sand includes the
"lime sand" and "yellow sand" of Cook, the former of which was
included by him as a part of the Horuel_town ("Middle") marl,
and is the upper formation of the Rancocasgroup. The formation
contains much water throughout the length of the New Jersey Coastal
Plain. The morc calcareous beds have been used locally for building

stone and for burning.
Maz_asqaa_ rmtrl.--The lower 13 to 17 feet of the Manasquan marl

is, like the ttornerstowal and Navesink marls, composed largely of

glauconite together with sand and clay and has a green or greenish-
gray color. The upper 8 to 12 feet is made up of very line sasld
mixed with greenish-white clay. Piles of this material look like heaps
of ashes, whence the name "ash marl." Fossils are no_ abundant or
well preserved. The thickness of the formation is about 25 feet.
it corresponds to tim "green" and "ash" marls of Cook's "Upper
marl bed" and is the ymmgest of the Cretaccous formations exposed
in New Jelsey. It rests conformably on ttlc Vincentown and at
most exposures is succeeded unconformably by Tertiary or Qua-
tcrnary deposits, although locally it is overlain by a bluish marl of
Eocene age (Shark River marl) without apparent unconformity.
The Manasquan marl has been dug and extensively used as fertilizer.

Tertiary and Quaternaryformatiot_s.--Aside fl'om the local deposits
of reworked material already mentioned the Shark River marl
(Eocene) is the only post-Cretaceous formation that carries sig-

nificant amounts of glanconitc. The Shark River marl crops out only
in a few small areas near Long Branch and Farmingdale, in Mon-

mouth County. Its maximum thic_mss is only 11 feet, and though
apparantly conformable upon the Manasquan it is believed fl'om well
borings to overlap the Cretaceous. It has little commercial im-
portance.

The succeeding formations are sufficiently described for the pur-
poses of this report in the table on page 7. They constitute much
of the overburden to be encountered in exploitation of the marl.

6'oramercially important format_ons.--Although most of the Creta-
ceous formations above the Raritan contain glanconite, only the

Navesink, Hornerstow]l, and Manasquan marls arc sufficiently

glauconitic to be of commcreial importance. These formations,
together with the intervening Redbank, Tinton, and Vincentown
sands and Shark River marl, are shown in detail on the accompanying

maps (Pls. I-HI, in pocket). The full development of the inter-
vening sands in Monmouth County explains the _'eat breadth of
the marl belt in that county.

Southwest of Sykesville, in the northern part of Burlington County,
the disappearance of the Redbank sand causes the Hornerstown and
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Navesink marls to merge in a single formation in which both faunas
may be recognized, but the respective parts "of the formation are
not clearly differentiated. Similarly the Manasquan marl practically
disappears at a point about 4 miles southwest of Medford, in Burling-
ton County. It has been recognized about 8 miles farther south-
west in a small exposure near Clemcnton, in Camden County, and in
Swedes Run, Salem County. Thus southwest of the vicinity of
Marlton, in Burlington County, the marl belt practically includes
only the combined bed of Navasink and Hornerstown and the Vin-
centown sand, which in that portion of the belt is locally very cal-
careous.

GEOLOGIC STRUCTURE.

The geologicstructureoftheNew JerseyCoastalPlain,asshown _m
inPlateV, isthatofa seriesofgentlyinclined,layersofpoorlycon- qsolidated rock which have been beveled by erosion and many of
which have been covered to a greater or less extent by later deposits.
These layers of rock may be regarded as is large measure continuous
throughout much of the Coastal Plain. Northwest of the area of its
outcrop any particular bed is absent, but southeast of that area its
depth increases regularly in the direction of the dip.

An idea more or less current in the marl region is that the marl
along streams is of better quality than that in places between streams.
Consideration of the structure as above outlined should show that a

stream bears milch the same relation to a marl bed as a carpenter's
gouge or saw would to a board that was being shaped or cut. The
tool might disclose differences in the grain or quali_y of the wood
in the board but would" have no part in producing those differences.

The analogy between the marl and t_e board is not complete,
however, because ground water percolates tin'ough the marl at
many localities and might be thought capable of removing fine par-
ticles, especially beneath stream beds, where underfiow may be
presumed to be relatively strong. Without a definite knowledge of
the amount and distribution of the pore space of the marl in place
it is impossible to deny that some removal of fine particles and con-

I sequent enrichment of remaining coarser material may be effeeted
by _'ound water. On the other hand, the marl generally is com-

i: pact, and the motion of ground water through it must be slow. The, more clayey portions of the marl are in many places so tenacious

I that small-dislbdged masses of it successfully resist agitation in

water for periods "of several minutes. The differences noted in the
marl are more probably to be ascribed, like the grain of the wood

i in the board, to original structure. If better marl has been fomld

along Streams than elsewhere the reason is probably because it is
more abundantly exposed in stream valleys than' elsewhere and
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hence has been more commonly dug along the valleys. Further
reference to euriehment is made on pages 133-135.

The gentle dip of the marl beds, previously noted, makes the area
of their outcrop relatively broad and its outline intricate where
crossed by streams. (See Pls. I-III, in pocket.)

NATURE OF THE EXPOSURES.

In fields and in roads the greensand gives a greenish color to the
soft. In such places_ however, the marl is likely to be mingled
with other material. Locally it has proved to be redeposited marl,
sand, and gravel of Quaternary age.

In the days when Cook wrote his general report on the geology of
New Jersey, published in 1868, the marl business was flourishing,

I marl pits were open and shipping was in progress at many points
all along the marl belt. With the introduction of prepared fertili-
zers and the decline of the marl industry most of the pits were aban-

doned and given over to water, swamps, and vegetation. The
sides or banks have slumped and are now overgrown with brush and
trees, some of which have trunks 3 to 6 inches in diameter, as in the
large pit 2 miles northeast of Richwood, in Gloucester County (locality
44, PI. I).

At a few pits, notably at Sewell and Birmingham, digging is in
progress or has been recently. These pits give excellent exposures
of portions of the beds but do not afford complete-sections. Plate
¥I, A, shows some of the recent diggings and gives an idea of the
present condition of one of the larger of the old pits. (See also P1.
IX, p. 80.) Exposures in road cuts give only partial sections and
are seldom fresh. The same statement is true regarding stream
valleys, except that the shell beds are locally well exposed in such
places and thus furnish definite information about the position of
the top or bottom of a bed. Plate VI, B, shows the shell bed at the
base of the Naveslnk as exposed at Mullion Hill, in Gloucester County.

Quaternary beds overlie the greensand deposits in greater or less
thickness almost everywhere and are locally difficult to distinguish
from them. Tertiary beds are also present as part of the overburden
in many places, as at Sewell. Complete sections of fresh material
can be had only by boring. For this work doubtless the auger would
suffice at many localities, but at others closely packed gravel and
pebbles, loose wet greensand, heavy shell beds, or firmly cemented
layers offer obstacles that only the drift can overcome.

FIELD WORK.

Selection of sites for drilling.--Preliminary trips, begun near Ira- ]
laystown, in the south.western part of Monmouth County, and con-

Jtinued southwestward throughout much of the marl belt, soon
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demonstrated the need for dff_lling. Bids were invited, and the
contract was let to Samuel J. Taylor, of Mount Holly.

In the selection of sites for drilling five requisites were considered.
(1) The sites must be so spaced as to represent a considerable portion
of the marl belt; (2) each site must be located in a tract large enough
and flat enough for the establishment of a plant and the opening of
pits; (3) the probable overburden should not exceed 10 to 15 feet;

(4) the site must be along the southeast edge of the outcl"op belt in
order that the maximum thickness of the marl might be available;
(5) the site mfist be near suitable means of transportation. On the
basis of these requisities preliminary sites and alternates were se-
lected by study of the map. These sites were then visited and the
surrounding country inspected before final decision was made. The
ownership of the land was then determined, and permission for
drilling was obtained.

In such manner sites were selected at Salem and Woodstown, in
Salem County; Sewell, in Gloucester County; Somerdale, in Camden
County; Elmwood Road, in Burlington County; and other places
which it was found impracticable to utilize. At each site a square
containing 2½ acres was selected. Holes were sunk at each end of
one side and a third hole for a check at the end or middle of the

opposite side. At Salem and at Somcrdale a fourth hole was sunk
outside the square, but at Elmwood Road only two holes were sunk,
the contract having expired before the third hole could be started.
During the period November 20, 1918, to March 13, 1919, 16 holes
were drilled under the contract. These were all in the combined

Hornerstown and Navesink marls. In addition, through the courtesy
of Mr. A. J. Mullen, superintendent of the Norcroes & Edmunds Co.'s
plant at Birmingham and Pemberton, men and tools were furnished
for sinkingthree holes in the Manasquan marl on the property of
that company. The distances between drilling sites range from 8
to 12½miles.

The holes were sunk generally into or through the marl. They
ranged in depth from 9 to 70 feet and averaged 37 feet. Of the 16
holes bored under contract 12 afforded complete sections from the
surface through the marl beds. Observations were made On the
character and thickness of the materials penetrated, and about 140
samples were collected for analysis. Numerous well records were
also gathered.

After the drilling was completed a trip with the State geologist
into parts of Monmouth County gave opportunity for brief insp_cffmn
of additional portions of the marl belt.

: Method of drilling.--Considerable variation was found in the cha_.

i! actor and behavior of the overburden and of the marl. in regard to
drilling a_othe different sites and in the different holes at the same
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site. Equipment and methods that worked well at one hole wo_fld
be unsatisfactory at another. Thus at almost every hole a certain
amount of expelqmentation was necessary to facilitate the work.

For two of the holes at Salem and for the first hole at Woodstown

a light outfit, consisting of a ]0-horsepower engine, winch, ansi
tripod composed of 20-foot lengths of 1¼-inch pipe, was employed.
Three-inch casing was used, and the drill bit and sand bucket were
operated with ropes. Water filled the holes within a few feet of the
surface. The marl had comparatively little binder, so that it could
be removed only as sludge in the sand bucket. It was therefore
necessary to follow the drill closely with the casing. For two of the
holes at Salem a Cyclone drill of standard pattern was used. At
Woodstown the tripod of the light outfit was replaced by a wooden
derrick built into a portable rig, on which thg engine and winch were
also mounted (see P1. VII, A), and this rig with modifications was

used throughout the rest of the contract work.
In some of the holes where conditions were favorable the marl was

removed directly with an auger. In some of the holes also a cylin-
drical tube was attached to the drill bar and driven down to obtain

a core. This method proved on the whole unsatisfactory. There
was more or less interchange from rope to rod tools and back again.
The most rapid progress was made by the use of the drill bit and
sand bucket attached to light rods and operated by hand by two men.
On the Norcross & Edmtmds property an 8-inch posthole auger with
overlapping blades, one of which could be raised for removing the
load, was used. This was operated by two men.

Method ofsampling.--In sampling, as in drilling, the varying con- :4
ditions at succeeding holes required more or less experimentation at
each hole, and improvements in method came as experience with the
material to be sampled grew. The aim was to procure fair average 1
samples of all material from the top of the marl to the bottom and to
have the samples represent uniform intervals, so far as was practi-
cable. Uniformity of interval was prevented to a considerable degree
by the conditions of the work. For example, where a 5-foot sample
was intended a change of material might come within 1 foot and thus
necessitate starting a new sample. Again, a change in the type of
tool, as from auger to drill, or the close of work for the day before the
desired depth had been reached would make advisable the beginning
of a new sample.

At holes 6 and 7 at Woodstown, where a given bed seemed uniform,

single augerfuls or bailings, taken at uniform intervals or after a
noted change in the character of the marl, were' considered reprer
sentative samples. This method saved time but was discontinued

in favor of the contlnuous-sample method, it
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So much water was present in most of the holes that the auger was
generally ineffective at depths greater" than 10 to 25 feet. The
cylindrical bit with vertical slit for cleaning was effective in a few
places, but where the material was incoherent it could not be brought

- to the surface. The more tenacious beds were penetrated only witb.
difficulty by the cylinder, and the removal of material from it was
very slow. The most expeditious met_od was drilling and sludging
with the sand bucket, care being taken to case off beds that would be
likely to modify the sample. Several samples taken by the auger or
cylinder were taken in duplicate by the sludge method as a check.

Some experimentation was necessary in handling the material
collected for samples. At hole 1, at Salem, the sludge was strained
on cheesecloth spread over a perforated bucket or on screens on the
ground. There was some toss of the claylike fines, but the lower
layers of the sludge served as a filter for overlying layers, so that the

_t loss of fines was thereby reduced. The remaining moist material,
with a texture of somewhat clayey sand, was kneaded on oilcloth or
canvas and divided six to eight times to duplicate samples weighing

!" about 1½pounds.

i. At hole 3, at Salem, the sludge was collected in barrels and allowedto settle over night, the water being then siphoned off. The remain-
ing material was too wet to divide on canvas. It was therefore
thoroughly mixed in the barrels and divided by discarding alternate

i bucketfuls until duplicates iveighing about 1½pounds were obtained.
. This method also involved some loss of fines because of the slow

settling of the claylike portion and the difficulty of siphoning without

i stirring the light fines.- At Woodstown two especially constructed boxes, each fitted with a
;. set of three screens, were employed. The solid material from the

_.. collecting barrel was spread on cheesecloth on the screens in the hope
that it would filter the clayey water of the sample, which was then

!_ poured into the boxes. The operation was not successful. Eitherno water would pass through, or if it did the colloidal matter passed
through with it. The collecting and filtering operations, both at
Salem and at Woodstown, Were seriously hampered by freezing,
Filtering was abandoned, and the plan of dividing the solid and
liquid portions separately and proportionally was tried, the end prod-
uets of each division being combined for the final sample, which
was then dried in pans. over oil stoves, care being taken to avoid
overheating and oxidation of the glauconlte. It was feasible to
collect some of the samples at Woodstown by means of the auger and .
the core tool. These samples were:mLxed and divided on canvas and
dried on oil stoves.

At Sewell it was also possible to collect some of the samples with-
out sludging, but that method proved necessary for many of them.
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The labor of mixing and dividing large quantities of marl was obviated
by using a trough with an end gate for collecting the sludge, as shown
in Plate VII, B. The sludge in the trough was mixed thoroughly,
and a sufficient quantity ladled out to provide duplicate samples,
one of which was dried as above described and the other preserved in
a 4-ounce wide-mouthed bottle. If more than one troughful was
required for a given sample, proportionate amounts were preserved
from each troughful and were mixed and divided for the final sample.
This method was used at the other localities whenever sludging was
necessary, care being taken to keep the sludge as thick as possible
and to operate the sand bucket so as to take only material from the
bottom of the hole. "i

Disadvantages of wet method.--The main disadvantage of the wet

method of collecting marl samples is that by loosening the marl some i
of the finer constituents are mingled with water, and the relative
proportions of coarse and fine materials are thereby slightly altered.
The coarse constituents of the marl are relatively heavy and settle

rapidly to the bottom of the trough, so that it is frequently difficult -
to get a uniform mixture. There is danger, too, of intermixture of
material from farther up the hole, but this may be obviated to a
considerable degree by suitable casing. J

As shown on pages 125-126, the finer constituents of the marl con-

rain potash in amounts varying from place to place and in different ibeds at the same place. Where the potash content of the fines of a
given sample is less than that of the sample as a whole a loss of fines
in collection would mean some enrichment of the sample, or an un-
due amount of fines collected would mean a corresponding impover-
ishment of the sample.

Three pairs of samples, one of each pair taken by the auger or
core tool and the other by the wet method, at hole 8, at Sewell, show
that the wet samples ran lower in total potash than the others by
amounts ranging from 0.07 to 0.35 per cent, the average difference,
weighted according to the thicknesses represented by the samples,
being 0.285 per cent. As similar methods were followed at succeed-
ing holes it seems probable that these figures show the order of dis-
crepancy between the wet and auger or core-tool methods.

The lithologic character and potash content of the samples from :
Salem and Woodstown are comparable to similar features of samples
from other holes, so that there appears to have been no undue en-
richment or impoverishment of the samples from those localities on
account of fines.

The potash was determined throughout this investigation by the
• method outlined by Hicks and Bailey. a

* Hicks_ W. B._ and Bailey t R. K,, Methods o f analysis o f greens_d: U. S. Geol. Survey Bull. fifO, pp.

51-58_ 1918.
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FIELD WORK. 19

Determinatian of weight.--The density and moisture content as
Well as the potash content were determined for several samples of
greensand, as shown in the accompanying table.

Potash, moisture, and density determinations for selected samplea of New Jervey greznsan&

JR. K, Bailey, analyst.]
:

n_O

Field Locality. K_O. at abo,u_ Density,No. i00 C.

Per cent. Pet cent.
M-7 Hole3 Salem (p.23 ........ : .................................... 6.14 a 1&48

M-9 ]:[ole 5_ Woodstowlz (p. 31 / ........................................ fi.48 23. I}7M-10 ]f_ole 5_ Woodstown (p. _1 ........................................ Z56 24.45
M-63 Sewel 4 West Jersey Mar| & Tram_portation Co .................... 7. 80 20. 50 ..... ½_958

RK AtlanticPotashCo. abentl_mile_ee_toIMarlton ................ 7.63 14.20 2,_25R.S. RyanplantatReave_staton,2rnilesnortho_Medford ..... fi.25 17._ 3.0_

a _am Io damaged befor_ reaching laboratory and contents transferred to bottle; hence n20 content
• may be _wer t hart that o f actual s_nple,

Samples M-7, M-9, and M-10 were collected with the idea of finding
how much water the greensand wmfld retain when saturated. They

• were collected in an excess of water and forwarded to the laboratory
in sealed cans. Before analysis they were placed in containers which

would prevent evaporation but permit the excess water to drain
away. The analyses show that marl taken directly from the pit and
loaded without drying in wagons or freight'cars, as was done by one
company, may contain from 18.5 to nearly 25 per cent of water.

Sample :_-63 was collected from a fresh stock pile gathered for
shipment at a pit about three-quarters of a mile S. 70 ° E. from Sewell
station and had been taken from the pit only a few moments before
collection. It is a mixture of gray and dark-green marl.

Sample K was taken from a depth of 20 to 32 inches in the top of a
stock pile that was probably less than a year old. It consisted of a

mixture of green and brown marl judged in the field to be of excellent
quality.

Sample R came from a frdshiy opened bed about 10 feet below the

surface. It was black marl of apparently good quality.
Four determinations of the weight per cubic foot of greensand as

taken from the ground were made in the field by weighing the material
used to fill evenly a measured box of convenient size. A sample of
the same material in each lot was preserved for the determination of
moisture. The average weight of the material as taken from the

ground according to these measurements was about 93 pounds to
the cubic foot, or about 2,500 pounds to the cubic yard. The average
weight of the dried material calculated from the moistm'e percentages
in the above table was about 79.5 pounds to the cubic foot. A
fifth determination of dried residues from several samples obtained at

hole 6, Woodstown, gave 81.8 pounds to the cubic foot, but some of
these residues had been exposed to the air for several days after
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drying. ]'he average weight of the five dried samples was about 80
pounds to the cubic foot, or 2,160 pounds to the cubic yard.

The figures given above are probably fairly accurate for the weight
of the better material as ordinarily handled. Estimates of tonnage,
however, are concerned with marl in the ground, which is presumably
much more compact than mar] removed to stock piles. According
to the density determinations given in the table the weight of dry
greensand, if massive and compact, would range from 182.7 to 191.4
pounds to the cubic foot and would average about 186 pounds to
the cubic foot, or more than 5,000 pounds to the cubic yard. The
marl in the ground, being unconsolidated, is probably much less
compact than the degree required by this figure. Its actual weight
doubtless lies between the two extremes given and for the purposes
of estimate may be assumed to be their mean, 133 pounds to the cubic
foot or about 3,580 pounds to the cubic yard. The voids, or open
spaces due to lack of consolidation, would represent on this asspmption
28 per cent of the mass of the marl.

Collection of well data.--During the progress of field work several
well drillers were interviewed and farms on which wells had been sunk

were visited. The well records at the office of the State geologist
at Trenton were searched for data bearing on the districts explored.
Published accounts were also reviewed with the hope of extending
_he inferences based on the drilling.

Otherfield data.--The field notes of the State geologist and his staff
were kindly placed at the disposal of the writer and have been utilized
to supplement the information gained by drilling.

GEOLOGIC MA] _.

The geologic map as prepared by Knapp on the scale of 1 inch to
the mile (1:63,360) has been adjusted to the somewhat larger base
of the U. S. Geological Survey (1:62,500). (See Pls. I-III.) The
map does not show Quaternary deposits, and as these are widely
distributed throughout the area, it shows the actual anrfaco conditions
at comparatively few places. It is valuable, however, in showing the
general breadth and outline of the areas in which the marl beds may be
presumed to be within reach of the surface and may serve as a useful
basis for tonnage estimates for any selected area. In its preparation
Kmapp visited all available exposures and made frequent tests with
the auger. The map may be regarded as generally accurate. One
or two slight modifications in it have been made as a result of the
writer's observations. At a few other places surface examination
suggested further modifications; but without opportunity for the
detailed work necessary for revision it was thought best to leave the
map unchanged. It is therefore presented essentially as drawn by
Knapp but without delineation of the formations preceding the Nave-
sink or succeeding the Shark River.
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All localities discussed are referred so far as practicable to the
maps (Pls. I-IIt), consecutive numbers being employed in order of

reference. The locations of many of the wells are not accurately
given in the available descriptions. The positions of such wells
arc indicated on the maps with a query (_).

RESULTS OF FIELD WORK.

SALEM DISTRICT.

SELECTION AND LOCATI01_ 0_" SITES.

Published accounts give little information about greensand marl
near Salem, but the geologic map of the State shows both the com-
bined Hornerstown and Navesink marls and the Vincentown sand

occupying broad areas near" Salem and passing southwestward to
Delaware :River. Salem has railroad facilities and, through Salem
Creek and its tributary Fen-
wick Creek, excellent I'neans of

water transportation. It was
therefore decided to make Salem

the starting point in the inves-
tigation.

The selected drilling sites lay
on opposite sides of Walnut"

Street, about three-quarters of
a mile S. 23 ° W. from the court-

house, on the farms of Louis

Fogg and T. R. Miller. A sup-
plementary hole was started in
a field belonging to Lucius
Hires, about a quarter of a mile

• north of the other sites.

HOLES I TO 4_ a y_

The overburden at hole 1
F_ov_ 2.--Sketchmap of part of ths S_Iem district,

proved so thick, 25 feet, that Mmwing_h_loeation_holesl-4.
commercial development

seemed unlikely. It was therefore determined merely to cheek the
thickness and character of the overburden at the other holes in that
vicinity and to confirm the character of the marl at oue other local-

ity. Thus at hole 2 only the overburden was penetrated; at }role 3,
the overburden and 16 feet of marl, enough to show the presence of
marl in commercial quantity and quality. At hole 4 the drill stuck
in gravel at a depth of about 9 feet. Work was discontinued because

of the thickuess of the overburden in holes 1 to 3 and the reported

thickness of overburden in wells in the vicinity. The positions of
the four holes are shown in figure 2; their records follow.
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22 FOTASIcI IN THE GREENSAND$ OF NEW JERSEY.

Records of hole.s in 8slam distrlet.

Lo_lil_ 1, bole 1,

[FarmofLouts_ogg, WainutStreet, Salem aboutthree-quartersof_mileS.23_W._feourtbouse. Ele-
vatioaofsudace, abou$2leet. S. ATaylor_drlller. Analy_ts:Cha_ePahner(_-ltoM-4),R.K.BaU0y
(_£-.5j]

! Field
M_ _pth. Form_tiol%: NO. of KjO.

'_ [._mple,.

L re. Rm
Top sod and dark soil ........................... 1 1 Recent.
Clgy dark gray, sandy, with scattered quartz : S _ 8 Plelstoc_.

pe]_hles _n4 including _ineh water-bearing :
bed ot yellow pebbly sand a_ depth of 3 feet !
3 inches,

Gravel, coarse and free angldar fr_!Tments vN 4 11 Do.
tuch to 2 inches in diameter chieny qusrtz,
with somo chert. _Iore or ess a ternation of
s_nd and gravel with considerable yellow clay,
pgbble_ becoming more rolmded. _ few
weathered needles of amphibola ?.

Send, deep yellow to orange-,yeSow, with black L4 25 Do.
specks; co_tains_attered tiny pebble% espe-
emily near the top. Lowest foot glauco_Jtic,

Chy, glauconitie_ yellowish gr ..,_en somewhat l 26
sandy, containing scatteredpehbles ½ to t
inch indiameter and scattered chocolate_al-
ored clay Deellets.

Glaueonite beds 4 36 N-1 8.11 Horner'xtow_a.a

7 87 4 M-2 6.30 Do.
clay intermingled.

_ome noddies with 4 41 7

1 42 7 N-3 S. 57 Do.

3 9 46 4 N-4 7.27 DO.
raining shell bed that was not measured but
is probably odiy a few inches thick.

Glaueonite beds with greenish clay in some- 2 48 4 N-5 7._ Navealak (?)a
what l_rger proportions than gbove. Some
fraglne_t_¢lgrge _hells ( E_ o¢_ra or C,rvph aea)
and broken casts composed of coDsohdatod

and t ether with a few tiny pebbles }
gr av_el°_1?) are included,

Sand, glauconJtio and clayey; much quartz, 4 2 52 5 .............. Mount Laurela
some graL_ of which are firm enough to float and We_c_ah.
b,yslsurface tension; clay, greenith gray, less
abundant than in above beds; some shell frag-

ments; water beariag.

a For the use of these names In tkls and subsequent records see stratigraphie notes, pp. 1_35-137.

L_lJly 2, hole 2.

[samegeneralloe_,Styasholel,31sfeetS. 4s_3'W.fromit. SurRacoolevation_about2feet, C.C. Hol-
laday,driRor, I

For_atinn.

8oiland muck, dark colored ................................ [

Cl_y, ray sand ........................................... ] 8 9Grav_ with ye_ow s_nd and stall quartz pebbles,sue- 6 3 7 3 Pleist_cene.
ceedod by lighter-colored sandand gravel c_ntainJ peb-
bleS; usually not over _t neh but locally2_ riches Inn_mm - [

et er: sue_e&_lon norally similar t o that at hole 1. I
Oravel,d_perye_w less_u-oixtttroofsat(d ............... [ 8 8 2_ 8
Sand, yellowish to greenish, with inerea_ng amount ot [ 25 5 Vlncontown (?),

18,UCOair e.
G_ueonJtebodswithsomot_aixtureofyellowlshclay, not

penetrated. I
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W_g_ DATA,

According to Twitehell _ six wells have been drilled at Salem for

J. Q. Davis, east of the railroad station, on the margin of the meadow I
adjoining Fenwick Creek, at an elevation of 3 to 5 feet. Three of
these wells are 130 feet deep and three 100 feet. The water rises
within 1 or 2 feet of the surface. As is shown by the record below,
the wells start in the Vincentown sand_ which, with a foot of over-
lying marsh mud, constitutes an overburden of 20 feet. The com-
bined Hornerstown and Navesink marls are 35 feet thick, and the
water is taken from the underlying Mount Laurel and Wenonah
sands.

Record of well of J, Q. Davis, at locality 5, Salem,

[Elevation, 3 feet; depth, 130 feet.]

Formation,

Mal_hlllu(_ root_, e_(l ............ I I
19 [ 20 f VtneentowmYellow with _o_tlo grea_nd
10 I 30 I Hona_rstown &lid Nav-

Ollve-g_n marl eslnk. •

o.   oooo.rl °I OoGreen mar _slightly lighter in evlor .... 1 55 Do,
Sandwith_elemniCesandsomofzagm_tsofsh¢ll .......... 60 Mount Laurel and

Wenonal_.
Sand, water bearing 70 I la0 I DO.

If Twitehell's interpretation of the record at loeMity 5 is correct
the boundary between the Vincentown and Hornerstown should be
drawn far enough west to include at least this locality.

A well at Oakdale farm (locality 6), about a quarter of a mile
southeast and down the dip of the beds from locality 5, shows 40
feet of marl beneath an overburden of 30 feet of clay, gravel, and
sand.

Recordof well of StewartCravenat locality6, Salem.
[About 0.4 mile 8. 52 _ E. from railroad station, on south side of street. Elevation, _bout 10 feet. C, C,

H olladay, driller and/_1ormant.]

Thick- Depth. Formation.ne_.

Feet. J_eet.
30 Pleisto_ne and Yin-

Clay, gravel, sand .......................................... 20 cent ovra (?),
Blueaadbte_kmarl ........................................ 0 76 Hornarstown and

Nav_sin_
Sa_d with somemarl mixed in it (marlmay have come from 10 80 :_otmt Laurel and "W_

above), nonah.
Sa_d _th good water ..................................... 23 103 Do.

It seems likely that much of the overburden here is Pleistocene
rather than Vincentown. The same statement is probably true

regarding localities 1 to 4, as shown by the detailed records. At
locality 5 also Pleistocene beds may form a larger shard of the over-
burden than is thought by Twitchell.

Twitchsll, _. W., _t_pubE_hed manuscript,
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The northwestward beveling of the greensand marl by erosion is
perhaps shown by the following record:

Recordof wellof H. J. Heinz Co. at locallt_y7, Salem.
Fonwick Creek, about 0.35 mile N, 42° W. of rallro_l _t_tion. Elevation, _bout 3 feet. C.C. Itolladay,

driI er a_d Lnfommat

Thick- Depth. Formation.

Feet. Feel

7,1ay........................................................ 8 _ Pleistocene.Green me_l .............................................. .... $ 1 nornerstown and Nav-
esh_k (?).

Black sand or blue marl .................................... . 6 17 DO,
Yellow sand ................................................ 53 70 DO,
Or_vel aIld gr_y _n_ ....................................... S 75

If the green and blue marl of the above record are undisturbed a
diminution of 26 to 31 feet in th_ thickness of the marl has Occurred

between locahties 6 and 7. The overburden also has been reduced

from 20 or 30 feet to only 8 feet. Th_ thick yellow sand and the
gravel in the lower part of the hole suggest that the entire m_ss of
the m_torial penetrated by the well may be Pleistocene and may
represent filhng in the formerly more deeply eroded valley of Fen-
wick Creek. Present data are insufficient to determine this point.

A 40-foot well drilled by Haines Bros. for Howard Harris _ about 1
mile west of Salem penetrated only fine yellow sands tea Iboint'near

the bottom, where the color changed' to white. These sands arc
probably Pleistocene. This well is cited merely to show the thickness
of Pleistocene overburden that maybe expected along the lOwer

course of Salem Creek and in low-lying lands near'the Delaware: '
A well at Moores Corner, about 1.2 miles south of the courthouse

at Salem, shows the continuance of tlfiek beds of marl along the strike,
but it shows also the increase in overburden toward the southeast.'
The record follows:

Recordof wello] Frank Brown at locallty8, Moore_Corner. ,,

[Oppc_iteforkam2e.houtl00feeteastolroad. Elevation abou$llfeOt;depth,120feet. C.C.]_[oll_day,
driller.

Thick- Depth. Formation.IleS_.

Fe_t, Feet.
Coarse gravel .............................................. 4 4 Ploistoee_.
Sand ....................................................... _ 8 Do.
Yellow cl_y ................................................. _2_ 40 Do.
Greensaad .................................................. 2530 70 ll_rne_town and Nav-

eslnk.
Black sand, water bearLng .................................. tO 120 Mount Laureland We*

nonah ?

]_Iew _r_rsoy Gee]. Sur_'ey AII_. Rept. for ltolj p. 10511902.

88625°--22 3
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_6 POTASH IN THE GREENSANDS OF NEW _ER_EY.

Southeast of the area mapped as Vincentown three additional
borings throw light on the thickness and character of the overburden
in that district.

A well drilled for Dr. Hilt-reel at Sandy Ridge farm (locality 9),
about 1 mile N. 42 ° W. of the Quinton railroad station, shows,
according to C. C. HolIaday, driller, 36 feet of overburden and 23
feet of "light-colored marl." This marl may be Vincentown, but it
lies witidn the area mapped by the State Geological Survey asKirk-
wood and may represent a marly phass of that formation, which
farther southeast is known as the Shiloh marl member of the Kirk-
wood formation, and was formerly dug as a fertilizer. 6

A well near Hagerville gives the following record:

Reco_ of well of Jame_ Petter cg locally 10, about half a milv _outheast of Hogerville.

[South_ideofmad. Elevation, 5_fee_. C.C. Helladay, driller and informant.|

Thick- Depth. Formation,

Sh_m_r|; etler_-esce3 strongly with acid ................... F_et.lO Feet.27 ]C_rk wood (?),
Cla gravel, and sand ...................................... 17 17 Pleis_ne.

Quicksand .................................................. I 58 I 85 I DO.

Sand and coral, stopped ,n coral ............................ ! 15 t 109 I Vincentou n (?).

It is supposed that the upper bed of marl in this well may repre-
sent the Shiloh marl member and the lower bed the lime sand

or ¥ineentown. Upon this assumption the Hornerstown marl at
locality 10 will lle 110 feet or more beneath the surface.

The well of Jerry Powell, on the west bank of Hope Creek near its
mouth (Locality 11), "a stone's throw from the Delaware," is said
by C. C. Holladay, driller, to be 264 feet deep. The greensand is 40
feet thick and 200 feet below the surface. Water is obtained from

a yellow sand beneath the marl. The marl is very compact.
Two wells about 2_ miles east of Alloway on the road to Daretown

show the increase in depth of the marl beds in the direction of the dip.
One well is on the farm of l_arvin Lloyd and the other on the farm
owned by Samuel C. Reeve and occupied by Henry Hilo. Both wells
are at an elevation of about 40 feet. Woolman _presents the follow-
ing combined record:

aCo_k_ C, H._ Geology of New Jersey_ pp. 471-473, 1868.

_Woolmsn, Lewis, Aztesian wells: New Jersey Geol. Sacv_y. Ann. Rept_ lot 1901_p. 102_ 1902.
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Combined record of two wells 2¼ miles east of Alloway.

[No. 1: Elevation, 40 feet; depth, 240 feet; driller Abraham Darangton. No. 2: Elevation, 30 feet; depth,
205 feet; drillers, Haines Bros.

Thick- Depth. Age orf ormation.

_eet. 2¥tL
Yellowclay ................................................. 18 18 Miocene In part a_

least.
't]3 ue mud _ ....................................... 90 108
"_Mar audsand" .............. 72 189 Mostly lime s_d_

[Vincent own].
Orayr0_k.................................................. !| lSl_ Do.
Sand, water-beating ........................................ o_ 190 DO.
Gray reek (9 inches ........................................ 1 191 Do.

Marl _ad saltd, weU No. 2................................ 14 205 Middle marl.
Do ................................................. 35 2t0 [Hornerstown atl_

NaveMnkJ.

The tlfiekness of the lime sand here is noteworthy, as is also the
thickness of the marl, which lies 191 feet below the surface.

Record of well of Salem Water Co. at Qulnton.a

[Depth, 248 feet; I_dsner & Batmstt, drillers.]

Gravel ......................................................
Clay with shells .......................................... ..
Green and whaesandy, ¢l_yey marl ........................
Alternations ofltrae sand and amamek ......................
Clay ........................................................ and

Naveatuk.]
Gree_Saud marl and shell comm_nuted by drill ............. DO.
Clay ........................................................

Wenonah.]
Gray quartzo_e sand with water ............................ Do.

a New 3ersey Geol. Survey Aam Rept. for 1S94, p. 194,1895.\

In the above record the forma*ion names in brackets are substi-

tuted by the writer for those used in the report cited. The thickness
of the lime sand (108 feet) is remarkable. The thickness of the com-
bined Hornerstown and Navesink is rather low.

OTHER DATA.

The exposures of the three important marl beds nearest to Salem
occur along Mannington Creek and its tributary Swedes Run in

Mamfington Township, from 3 to 5 miles northeast to nearly east of
SMem. The limestone phase of the Vincentown sand is also exposed
at the same locality. These formations were dug and utilized as

fertilizer years ago, and analyses of samples from them are given by
Cook. s

s Cook, G. H., Geology of New _ersey, pp. 441-442,1868.
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28 POTASH Ii_ THE GREENSAlXTDS OF NEW JERSEY.

SAND.

The use of lime in extrae_mg potash from greensand lends interest
to the occurrences of the lime-sand and limestone phases of the Vin-
centown sand as possible sources of the lime. The following analyses
giwn by Cook show the character of this material:

Analyses of limestone and lirae sand from the _ncer_oum 8and in Mannington Townsh_p.a

1 2 3 1 2 3

?hc_phorlcacid .......... 0.04 I 0.20 ......... Atumina ................ _}.91 0._6 6.20
]ulphuric acid ............ 06 .23 ......... O_ido of iron ............. 9.97 3.56
]Siclc _eid ............... 23.31 8.11 43.49 Carbonate ofllm¢ ........ 69.91 84.73 44.45

_agnesia ................. 1.81 1.40 1.95 Water ..................... 24 .45 ........

99.05 99.54 96. O9

a Cook, O. H._ op. cir., pp. 441-442.

No. I is described as a fair sample of the "Yellow limestone" in
Mannington Township. No. 2 is described as lime sand from pits of
John Fowler, Swedes Bridge, Mannington Township. This is a
sample of the loose variety, is gray in color, and contains many green-
sand grains. No. 3 is described as lime sand from William Barber's
pits, along a branch of Manniugtoa Creek, Manningt_n Township.
This lime sand was extensively used as a fertilizer. The stony layers
were burned for lime, which had a wide use and gave good satisfac-
tion.

These pits have long been idle and have probably passed into other
ownership, but the general locality can readily be identified from the
map. The average content of carbonate of lime for the three samples
is 66.3 per cent. The low mugnesia content is noteworthy. Meas-
urements of thickness are not now available, but the former use of the

lime sand suggests its presence in commercial quantity. Cook'
writes: "William Barber's yellow limestone quarry is perhaps the
finest in the State; he has dug 25 feet in it without finding bottom;
it is made up of alternating tabular masses of limestone and lime
sand, the stone from 4 to 12 inches thick and the sand from 8 inches
to 2 feet thick."

The Shiloh marl, to which reference has already been made, was
dug on branches of Stow Creek along the county line, about 9 miles
southeast of Salem. The five analyses given by Cook ,o show a maxi-
mum content of about 15 per cent of carbonic acid (CO_), equivalent
to 32 per cent of carbonate of lime. These analyses show a maxi-
mum of 2 per cent of phosphoric acid and of 1.55 per cent of potash
and soda combined.

'Cock, O. ]_.j op. eat., p. _73.
_ Ide_3, pp, 471--4_
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ESTIMATES OF _0NIqAGE AND VAL_Y_,

At locality 1 the thickness of the marl sampled was 23.3 feet. At
locality 3 the thickness sampled was 15.5 feet, but the marl at this
locality was not penetrated. The average of the thicl_aesses sampled
is 19.4 feet, but for purposes of computation it may safely be assumed
as 20 feet. The average potash content, weighted according to the
thicknesses represented by the respective samples, is 6.62 per cent.
The weight per cubic foot of marl, on the assumption of 28 per cent
of voids, as explained in a previous paragraph, is 133 pounds. On

this basis 1 acre would contain 43'560×20x133×0"0662=3,800
2,000

tons of potash (approximately), and 2.5 acres would contain 9,500
: tons.

|, With an 80 per cent recovery and a price of $2.50 per unit (March,1920), the available potash in a ton of greensand from the localities
sampled (6.62 per cent K:O) would be worth $13.24 and that in an
acre $760,000. It is doubtful, however, if the price of potash can be

: maintained at that figure. At $1.50 per unit under the same condi-
tions tile available potash in a ton of greensand would be worth $7.94,
and that in an acre $456,000. These values have only theoretical
interest, as they depend upon the potash being made available by

I_ processes whose success has not been demonstrated.
Although the estimates given are for a single area of 2.5 acres the

_\ • well records cited show that greensand marl occurs generally beneath
the Salem area. The wells at localities 5, 6, and 8 show thicknesses

of greensand ranging from 25 to 40 feet. These wells, as also the bor-
ings at localities 1 and 3, are near the southeastern border of the bev-
eled greensand belt, where the thickness is greater. Toward the
northwest the thickness may be presumed to diminish to zero along
the general northwestern border of the belt.

nTrF,TZ_kTIOI_ OF TH_ DE:POSITS,

The record of the well at locality 7 appears to show that the over-
burden may not be as thick along Fenwick Creek as elsewhere in the
Salem district. On the other hand, the marl shown in that record
may be reworked material of Pleistocene age and if so may have a
lower percentage of potash than the undisturbed Cretaceous deposits.
Systematic prospecting along the creek would be necessary to settle
these uncertaintieg.

Elsewhere the overburden in the Salem district appears to be too
thick to permit an_r immediate utilization of the greensand in the
Hornerstown and Navesink marls, but the deposit may be regarded
as a resource of possible future value.
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_0 I_OTA_I_ II_ THE GREEI_SAI_DS OF NEW JERSEY.

WOODSTOW_ DISTRICT.

SFI_GTIOI_ AND LOCATIOI_ OF SITFS,

Considerable marl reported as of good quality was dug in the
vicinity of Woodstown in the early days, and the material is still
readily accessible, as is also the llme sand, which occurs in several
stream valleys near the town. Railroad transportation is available,
and Salem Creek has been reported as navigable below Sharptown.
It is now utilized as far up as Course's Landing. Woodsto_n thus
seems a favorable place for commercial development ()f the marl.

o _ It ¾ tMil¢i -

I?]_URE 8*_kq/;ch map of part of the Woodsto'a-n district, showing tile locations ol holes 5 $o 7 and of

certai_ well_ne_ _%roc4_town.

The site selected is a field belonging to Isaac K. Lippincott, at the
north boundary of the borough, east of the road between Woodstown
and Auburn, as shown in figure 3.
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I_OL_S 5 TO 7.

Three holes were sunk in an area of 2½ acres; their records follow:

Records of holes _n Woodstown d_slr_ct,

Lo_llty t2_ hole 5.

[Field nf Isaac K. Llppincott_ about _ mile nerth of Wocdstown station, 20 feet east of culvvrt on road
to AubUrn, on north side of creek. Elevation of surface about 48 feet. S. l, Taylor, driller; R, K.
Bailey, unaly_.]

as largo as 1 inch in dis_rneter.
Clay_ sandy with pebbles larger and more PleistOcene.

m_merous _n above; som_ |umps el green-
_alad,

_and, yellow, with larger propertt_na of green- Do.
s_nd and some pebbles.

Satld, yellow, b0eom_gFreenlsh with increasing Do.
pro ortiuIl of gl_ucomte few if any ¢bhies
gra_es downward into _laueo.ite b_£_.

Olauconite beda with °onslderabla greenish-gray
clay and fine quart_, particles. Some scat-
tered pebbles more th_u _ inch irl diameter,
and some ravelly matermt i_ssihly worked
down by st_cking of pipe,

Ol_uco_]it e beds containing some fine sund ......
Glaue_1_it_ beds, dark greenish gray,compact,

clayey_ plastic.
GL_ucomte buds, somewhat coarser; lncluda e,

few grai_ts of qu_r tz and chert about _t#inch in,
diameter and a f_w pieces of shell. At 22 feet
material become_ runny. Two small pebbles i
noted.

Olauconile beds with consider_bt_ light-green
clay, xnore firm. Lowest 1 foot contains frog=
meats el _hel] mid some quartz grains.

Glaueo_it_ be_s, with much drab_gra_ clay,
little o_ no quartz. At 32 feet material he-
vetoes soft _*nd tends to run. At 33 feet 8
inches chocolate-colored clay pellets appear
in lallCol_ita material_ also scattered coarse
gra_l_sof quartz.

GlauconJtebeds with much gr_vel, considerable
drab clay and some sbul_ f_e,gl_l_t$; w_t_r-
bearing.
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Locality 15, hole 6.

Field of Is_ K. Lippincott W0edstown 375 feet N, 30° E. from hole 5. Elevation of surface about 53
cet. S. 3. Tay or, driller; R, K. Ba oy, analyat.

K_O. Formation.

st base a fewi_lches of underlying stratum.
Glauconini bed_ _th greenish_lrab clay, much 21 I0 _........

intermingled quartz sand, and yeUow grains
probably of weathered ferr_inous chert"
cc_rser grains of clear and yellow-stMn_
q_rtz and chert a_ large as _ inch in diameter,
angular and roUnded; rttm_ [n_ pipe, w_ter
beating; not sampLe_led.

Gl_ucanite beds, bIack, clayey _scous appar- S 2 25 M-14 _ _ DO.
cntly uniform. (Sample _-14_2 feet of
muterial from 21 feet 10 inche_ to _ feet 10
inches.)

Glauco_lte beds, green, larger proportion of 5 _0 M-15 7.88 DO.
g/auce_te; runs _asily; uniterm character;

fiahsam _thle bailing taken at depth of 29feet.observed. One
Glauconitebeds, grcen gre_*erprreporttenelay 4 7 _4 7t M-16 7,80 Do.

Btifl, fine taxtured, apparently uniform.
88mlgIt_ N_16 represents ra,_t erial from d_pth
of_O to S! feet.

Glauconit e beds, less cla_yeey, green materialwith 5 5 40 _f-17 7.76 Do.
larger proportten of gl_uconite.flne texture,
soft" tands torun. Sample M_17 taken from a
bal_g _t depth of _. feet 7inches but appar-
ently representative of entire thickness.

Glauconitobeds brownishbl_k, eompar_tively 3 6 43 6 I M-IS 7.56 Navesi_k.
littteelay. Sampl_ M-18 t_ken from a bailing
at depth of 40 feet but _nsldgr_d rep_senta_
rive of entire thickne_.

(_lauconite beds brownish black, contalningl I _ _5 M-19 2.92 Do.
eel _nd, clay and much gl_llco/r_ie. I_veJ grains _ to _ineh in d(ameter; some of

clear _uartz, angular; others rounded and corn- I
pDsed of quartz und chef t. Chocolate-colored
elaypellets _ to _inchin diameter alsopresen_. I
Bom_ of gravel grains smoo_h and polished
("rice gravel").

Glatlconite beds con_ing progressively more 2 7 47 7 ................. Mount Laurel and
_nd but le_ clay and glauconite. I Wenonah.quartz
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black,

_wg fr_m_ to i_h_ch_si_tdiarae_ar.
feetsa_ctpIeM-PA taken ofwater e2rculat_g
tfirouh laucopAtebeds.SarapleM_25takcn
from _ng at depth el 51 feet regnrd_d, ez
representative of entire bed.

Hard an dense reek composed largely of iron ...............
carbonatea,ndcontainhlg_ca_texedgrainsof

at_eo_Rte; whitish when first eaco_u_tered

Giauc0nit_b_ds__hNI; green CL_3_e layer_ t en
greeni_htoblacklsh,graymate/'_ra_hersolt, [ 37 M-26 6.66 g_v_Ilk,
in alterlaating layers. Sample M_25 ir0m a
bailingst depth of 34 feetregarded as repro- [
_entat_ve of bed below the hardpan.

Glaueonite h_ds; stiff clayey layer about 3 33 9 _I 27 &Tt Do.
hlches thick s_cceeded b_ water-bearing glau-
e_ite ea_d qn_tz _d ghaebes thick.

Glauconite beds, blackish-gray materiM, rgther 4( 6 ........ Da.
solt and uniform.

Olaueonite be_ with some gravel_ water beax. 41 _............... D_.

Glaueoni_ beds, somewhat eoarse¢. Sample _ 6.57 _)o.
taEen from bailir_g at 41 feet.

Glauconit_)beds, eontainingcasteotg_tropeds, 4' ........ Mou_t Laurel and
ptae_e__l sh_l, rice gravet_._v2, eons_derabl_ Wenonah.
day. Grades downward tnto more s_ndy I
m_terial wi_h continuation of ric_ gravel I

Sand,clay,mO_tland s_e_lllar/_fragments.butwith _omo staue0nite_ _ I........ Do.
I

a Watex only. bDried residue from water aample.
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_4 GRF_NSANDS OF NEW ffRP_EY'.

The data ofholes5 to7 are summarized in thefollowingtable:

Thickness and quality of greensand beds a_ holes 5 to 7, Woodstown.

Sample,

Thick- Average
, ¢c_te_t

Hole. Bed. ,Thiclrnes_ n_ of

No. , repre- KsO. of bed. IK_O.a
i se_l t¢A_.

_L i?1.ptr c_. _t.t_ per ce_2.
Overburden..............................................................7 11 ..........
Or_ym_rl .................................. M--9..... 12 9 6,48 12 _ 6.48
Gree_murl ................................. M*10 .... 8 7 7.56 8 ) 7.56
Choeolaternarl ............................. M-It .... 10 4 7)14 10 4 7.11

Overblzrden...............................................................10 ..........
M~I2 .... 8 4 5. 74

Gray marl..................................M-I_.... 2 2 &79 b& 75

'_F-ii-::: a _ _.gs
• ' Gree_t marl ................................. M-15 .... 5 7, g8 7. 67M-16.... 4 7 7._

M_-17.... 5 5 %76

Chocolatemgxl...............................M-19_£-18........ 3t gg 7.'95_ } 6,17

Overburden ............................................................... ,
M-20.... 4 8 5,661

Gray _m_r[................................... M-2t .... 1 5,62_/ 6,07

M-22 .... 5 1O 6.48

_(-23 .... 2 7Oreenmarl .................................. M-25 .... 5 g .: ¢7.39
......... O ..........
M-_J .... 5 fi.6_ |

Choeohte marl ............................... M-27 .... g _74

......... 3 _ ..... _:_y ao._M~'Aq.... 2
Average: i

Overhurdela ...................................... : ..........

Gray :mexl ................................................... • 6, lg
Oreet_ marl ............................................................ ,_7. 58
Cllo_ol_ te marl ......................................................... ' e6, 89

I f6,80

a AverageIorbed weightedaccordingtothe tl_tekne_sesrepresentedby therespe_i_ sampiem
Averago lor 1Ofeet g inches.

r Average for7 feet6 i_tehes.
Average for 7 feet 9 Lrtches.

c Average for bed in g£-acre tract weighted according to thiekne_s at the respoctiv_ holes.
f Average for endra thickness of marl m the 2Z_aere tract.

DATA,

A number of wells drilled in the vicinity of Woodstown furnish
supplementary data regarding the thickness of the overburden and
of the marl. Three of these wells (at localities 15 to 17) were sunk

during the field investigation by the Survey party.

J_ecord of well of Joseph Allen a_ locality 15, near Woodstown.

[W_llizl.lrailesg. 84° W. ofrailroedstatio_,onnorthsideofroad. ElevatIo_ about50te_t;dl_meteG
6 inch,; dept h, 105 feet. $_5eph Allea, _fo/mant; C, C. Holladay, drillar.

Thick/ 105 Formation.

heSS. Depth.

_'eai_ _r_etie'OverbUrden largely yellowish-gray clay with some gravel; Plelstoeene.
white quartz pebbles _s much as 1 inch hx diameter oa
dump.

Marl ........................................................ 58 71 VineeRtown (?) to
Navesi_k.

Sand; bottom ol well in whito _a_d ......................... Mount Laurel and
Wenonah.
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Although the shell bed at the top of the Hornerstown is not present
in this we]l it occurs in openings on Mr. Allen's property about 3,500
fcct to the southwest. Tlle tlfickness of the marl seems a little exces-

sive, but the hed was reported as all greensand. Probably some of
the glauconitic pllase of the Vincento_m is included.

A well drilled earlier probably not far from locality 15 shows a
somcwhat different record.

Record of well of Charles E. Allen, about 1 mile west of Wuodstown.a

[On road to Sharptown. Elevation, about 50 f_et; depth, 135 feet. IIalnes Bros., contractors.]

Depth. For tp_ation.

F_ct. l

Surface deposils, clay, gravel, ete .................. 30 PIels tc_ene.
Light-eoloredsand . ............... 3,5 Kirkwood.
Blaek mud ............................... 50 DO.
Lilne sand 111xed w ar ................. 6.5 'Vineentown.

Groeusand mall ......................... .... ' 100 HornerstownNaveshlk.andSand aud mat hnixed .................... 115 Mount LaurM and
! Wenonah,

Graysand wilh waltl . ..................... 20 135 I Do.
I I

o New lersey (_()1. "durvey 2_llIL Rept. for 1901_p. 101, 19027 - "

lieeoM _)f well of J. Gilbert Borton at locality 16, ne_tr Woodstown.

l:_boll_ 0,2I nli]e heyolld _11_horoughlimits of Wocelstown, on west side of road to Atlburtl. Elevation,
ahoul_ 55 feat; diameter, 4½inches; depth, 75 feet. ('hMk]ey Haines driller.}

Thick- Depth. Formation.hess.

Fe_t, F_vt.
Soil... . . . 1 1 Recent.
Cla . ..
Yei_w sand and gr_vei ........ :.:::::::::: 1 12 Pleistocene.
Mar w th greenish clay, blacker near bottom ............ 15 DO,ao 45 Horners_own and

Navesblk.
Graysand f _irlv uni orm ........... 3tl 75 Mount Laurel and

v_r_n0n_h.

Record of v,ell of IVilliam Cole at locality 17, near Woo&ti)wn.

[Ahout0.8;lmilenor_hofboroughlimitsof_Voodst(}wn onwestsideofroadtoAuburn. Elevat on _bo t
68 fee_; depth, 30 eet. Ch_ ]klcy Haines, driller ]

T_i£k- Depth. Formation.
-- [ -- __

Dugwcl] .............................................. ! Fllt_O I Fe't20 Pleistocene (?) and

,0 .?;?eeoug.Marl ..................................................... : erst w and

Gray sarld ....................................................... M oNalxtesi'_ka..... d

_ enonah.

The overburden at locality 17 is probably slight, and ndost of the
well is in greens_md marl.

The following notes on the deep wells supplying water to the
borouCh of Woodstmwi, whmh were kindly furnished by Dr. Twitchell, n

u Twitehel], M. W.. unpublished manuscript
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36 POTAS_ I_ THE GREEIVSANDS OF NEW JERSEY.

of the State Survey, will be of interest to any company that proposes
commercial development of the greensands:

The town supply of Woodstown, Salem County, is drawn in part from six wells

near the bank of the creek at an elevation of about 20 feet _nd varying from 136 to

149 feet in depth. The average flow of each well from the top of the casing, 1 foot abox e

the surface, is about 60 gallons per minute; temperature 58 °. The wells draw from

the Mount Laurel-Wenonah sands, which were water-bearing h'om 60 to H_ feet

below sea level. A seventh well at this point was prospected to 776 feet. Water-
bearlilg sands were found at the top of the Magothy-Raritan formation from 27G to 319

feet below sea level and also near the bottom of the series at 756 feet below sea le_ el.

Between these two horizons an alternating series of sands and white and red clays

was found, all of which apparently belong to the Raritan and Magothy formations,
which here have a thickness of ,180 feet, _vfith base not reached. The water at 2_6

feet (276 feet below sea level_ rose within 14 feet of the surface, and that from 776

feet (756 feet below sea levell within 18 feet. In 1915 a new well was driven to a depth

of 3,t0 feet, which drew upon the upper horizon in the Magothy-Raritan at 310 feet.
The yieht of this deep well on pumping is 300 gallons per minute, and it has there-

fore proved an important addition to the town supply.

Available records of the 340-foot well diffcr somewhat, but the fol-
lowing, taken from a letter in the files of the State Geological Survev,
cheeks fairly well with the samples now preserved at the pumping
station and kindly shown to the writer by Mr. Oren Conover, city
engineer.

Record of _zell of Boro_lgh of ll'ood, stou_ at loclilit!/ 18.

[Elevati_n, about 20 feet; depth, 340 feet. HlLhi_ & Ilolli_tshvad, drillers.}

1

Thick- Depth. Formati(m./less.

Meadow mud and gravel .......................... Quaternary.
Limestone ................................ 25 Villeellto'_;ll.
Green marl ................................. 40 65 _[ornerst owil _llld

I Navcsink.Chocolate marl, hard ............................ I0 75 Do.
Gray sal]d, wa cr be.r ng ................... _5 1,50 Mount Laurel and W_

ilOll_h.
Black elaymarl .............. 160 , 310 Marshalltown to M_,r-

chaiit viIh_ ?

White sarld and gravel .............................. 30 ] 3441 Magolh_ ?

The samples of material below the marl show some variation from

the description in the above record. Samples taken at depths of 185

and 210 feet show a fine-textured micaceous gray clayey sand, con-

taining small pebbles and fragments of shell. These represent the

Englishtown sand, which was not utilized. The entire thickness of

greensand marl is present, for both shell beds appear to have been

penetrated, as indicated by the samples.

2'ln'ee wells have been drilled for the Ice & Cold Storage Co., one

block north of the depot, at an elevation of 50 feet (locality 19).

The writer is indebted to Dr. Twitchell for the following description:

Two of the wells have a diameter of 6 inches, the other of 4½ inches; the last and

one of the 6-inch wells are 160 feet deep and obtain water from the Mount Laurel-

Wenonah sands 50 to 110 feet below sea level--the same horizon which supplies the
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shallower town wells. This water rises within 16 feet of the surface. Tile .ther

well has a deplh of 360 feet and draws from a water-bearing sand at the top of the

Magothy 270 to ]0 feet be ow sea level; the water rises wittfin about 50 feet of the sur-

face. The Englishtown sand was found at a depth of 190 to 2]0 feet (140 to 160 feet

below sea level) and was slightly water-beariug.

It is evident, therefore, that at Woodstown four water horizons have been recog-

nized, two of which are utilized--in the Mount LaureLWenonah sand at 50 or 60 feet

below sea level, in the Euglishtown sand _t 140 feet beIow se_ leveI, at the top of the

M_gothy-Raritan beds at 270 to 276 feet below sea level, and in the Raritan beds at

756 feet below sea leveh

Although the Vincentown occurs here and is covered by a layer of Kirl_vood clay,

it is not reported as water-bearing.

The following is the detailed section for the deepest well near the depot. Notes

on _he fossils found in this boring were pubhshed in the annmd report for ]90], page

93. The statement that Bdemnitdla was found at 240 to 250 feet in the Woodbury

is regarded as of doubtful accuracy, as this form has never been reported from any

of the outcrops of the Woodbury.

Record of ll ell of Woodstol!:n Ice & Cold Storage Co. at locality 19.

[Elevation, 50 leot; dilmeter 6 inches; depth, 360 feet. IIaines Bros, vontractors.]

..... i !
Thick- ] l)eptb, i Formation.i]es_.

i
Feet. ] F(rt, :

Graveland yellow clay ..................................... 25 25 Pleistocene.

Lhmesun'Blackcla "with......... Foraminifera"....................................................... 105 4030, VinccKirkw*md'tow.
Shelllavereon aillll]gGrypha a, T_rebra ula, andother os_ s ] l0 5ll , Hornerstown and

! ] Navesink.

Pure gr eelzsand marl. very dark ........................... 30 : I)o.
Lighter-green green._and nlarl, mixed with light-gray cla , 10 Do.

contains l_elcmiTitcs at about 90 feet.
Slightly clayey, dull vclh)wish-gnly s_nd, about one-third 45 Mount Laureiand We-

greeiL_nc[, two third._ whitLsh quartz sand with _Belen_. nonah.
hires and mollu._ean fos,_ils.

25 T)o.Black and white clear sail d; r e._emble_ pepper and salt mix-
ture; Belemnlldla, Te_ebratula, and other fossils etc.

(The last two div£¢ons, from 100 to 160 feet zarelargely
water bearing throughout and _up )ly wells N os. Iund 2. i

Clayey grecimand with molhlscan fossils .................... 10 170 Marshalltown.
Dark sandyelay; large admLxtttre ofwl]ite quartzsand with 20 190 [ Do.

a smaller proportion ol greeiL_and contains IIlollusks,
I_on_minifera, and other fossils, s_me o_ Marshalltown.

Greenish-gray sand, consisting of white quartz aad green- 20 210 I Englishtown.
sand grail_,t he farrncr predominatinll. Thisslratum was
slightly water be_ring but was llOt laJliz@:]. Tlleso sposh
rnenscontained molh_ks, Fovanllni[era, etc.

])ark, very slightly greenish micaceous clay with very little 40 250 [ Woodburv.
greeltsafld. Gr!iphacaal_dBdcmilllellaat210to250feet.

Still d_rker almost, black nncaceous clav with yellowish 40 290 ] DO.
pe )b es between 270 and _)0feet. NO fossi s observe(_

I)ecideAIy greenish el_y; contains at 290 to 300 feet some 40 330 ] Merchantvil]e.
molluscan fossils silnilar to fossils at Lenela, but different
from those ohse_,ed in the overlying bods. Nodules a_
290 to 319 feet.

]_le_lium eolrse gray or bluish white s_nd, abundantly 30 3_;0 ] Magothy and Ruffian.
water bearing; supplies well No. 3.

From _he above section the dip of the w_ter-bcaring formations from their outcrop
7 c)

is as follow_: Mount Laurel-_ enonah sand _8 to 30 feet; Englishtown 34 feet; l_Iagot hy-

Raritan 38½ feet.

In this well, as at the borough wells, the entire thickness of the
green-sand marl ill penetrated, and 10 feet of the lime-sand phase
of the Vincent own ill represented,
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A weU about 1 mile southeast of Auburn, on the road to Woods-

town, furnishes the following record:

Record of well of Benjamin Chee_man at Iocathy 20, r_ear Auburn.

[Elovatioll_ 100 feet; depth_ 301 feet. "_Vater rises within K_)feet of surface IIalncs Bros., driNm_.]

T ek leith ' Forma m

I

Sur fac_ soil ................................................ i 2 2CI_W and gnlvol ......................................... _ 4 I 6 QuaLernary and Ter

Orange-eolored sand "molding sand" .................. i 8 ] _ / l}ary,"Bullhead" boulder on green clay marl .................. I I I

Light ole c_colored green_xmd marl ......................... I 10 I 25 )Cev, gravel, and grce]lsand mixed, dark olive color ........ 10 I 35 [1[orners_own Lind

Lightergrai]_olivo-Coloredandgl_',ueordtcgreensandgrains,eonsisl ing of whitish quartz iI ] 0 [ 15 / Nax esink ?
I{edclish-yello_ qnartzase sand with a ft_w grcensand groins 50 95 /_ Me Lmm I andS n v maryc_v ate ,green n broils 20 1 o _ "_ en h
Redrfish-velIow san(_ _ame as abm e ................ 0 L* ]
Olive-green ehy alarl sand, /_ldte anti red-stainexl quartz ! 20 I lo 1grains, and some glfillcoIfile gPahis. ]
Gravenvcong omeraliemix ureofwhitis quartzgrainsan ] 0 , 155 /r_ f a n* *

dark-blue l_.ineral grams Iviviani_c teeth alld vertebra [ cl_s_a.,i_,_ ..........
of shark. ; ' "_

VChite sand and miming black mud ........................ 25 I_0Dark clay marl, lnieaeeous .............................. , 87 267 /

Medium sand • cry slighlly (?]ixe colored ................. _. 23 290._ . [Magoihv _ d Ran
Red and whi!e mottled clay; colored water blood-red ...... I 301 ] ' "]
Coarser Sal]fl, blIIl, b whJte_ _ lth water. .................. 10 300 [,ill ?

a New Jersey Oeok SllrVe 5 Arm. Eel)t. for 1_;96_pp. 127-128_ I897.

qlhe interpretation of this record is not very clear because of the
general distribution of quartzose material. Some of this material
from higher beds may have become mixed in drilling with material
of lower beds. There seems to be, however, 30 feet of greensand
marl overlain by 15 fcct of overburden. This locality is about 2
miles from Point Airy railroad station and about 1 mile from Old-

roans Crcck, which, according to the map, seems large enough to
utilize for transportation.

Two wells at Sharptown show similar but not identical records.

Record of well of William Ridlman at locality 21, Sharptown.

[kbout 500 Icct north of upper brldg¢ ovcr Sale_ Creek, Elevation, about l0 feet; depth, 136 feel. C.C.
Ilolladay, driller and in formant d

Tlli(!k- I e th. Format

, II(IS_.

Dug well .......................... I 0 _Quatcrnary _nd Ter-
Clay a!id sand ................................... 70 S0 t tiary?

Marl .................................... 31 Ill [ ilornersto_ n addNa_'eslnk.

Sand andgr_vclQUicksand........................................................................... 1510[I 136121[I?dount]Weaonab.Lal'rel and
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Record of well of Thomas McAIHster at Zocallty 22, Sharp,own.

[Abottthalfa_N.29°W.lromupperl_ridgeovarSalerrtCreek, easto_road. Elevation, a bout 52 leer;
depth, 155feel C.C. HolIaday, drilIer,]

: Thick- Depth. Formation.II_SS.

: Feet. Feet.
8oil and clay ............................................... 20 20 Quaternary.
Redsand ................................................. 39 50 VJrkwocd?
Fines_nd................................................. 20 70 Hornerztown sad
Green matt ................................ _ 100 Navesink.
_hel raarl ............. ID I_ Monn_ L_urcl and
Quick,and ........................ ::::::::::::::::::::::::: _ 1_5 W_o_h.

The city wells (locality 18) and those of the Ice & Cold Storage Co.
(locality 19) lie in the Vincentowu belt southeast of the greensand
marl. The thickness of the greeusand penetrated by these wells, 50
feet, may therefore be regarded as the maximum thickusss for the
district. The holes bored by the cooperating surveys (localities 12-
14) lie within the grasusand belt, near its margin, and show somewhat
lower thicknesses, averaging 35 feet. In consideration of the thick-
nesses at the Sharptowu wells (localities 21 and 22; 31 and 40 feet,
respectively), this twerage seems a little low and may indicate a con-
siderable erosion of the greeusand at localities 12-14.

Marl was formerly dug on the north side of Salem Crask about
0.15 mile west of the borough limits. This locality was considered
as a drilling site for the present work but was given up because of
the thickness of the overburden above the upper beds of marl.

Mong Nihomus Rtm about 1.5 miles northwest of Woodstown
(locality 23) the marl was formerly dug and used by many people.
The following section was then exposed: _2

Section of marl beds on Nihamu_ Run.
Fe_t.

Yellow lime sand and yellow limestone ........................... 9
Shells .......................................................... 4-6

Green marl ...................................................... 15
Chocolate marl.

These pits aro not now operated, and they lie too far from tho
railroad to be eotrmaercially attractive.

At Oldmaus Creek, ttbout 3.5 miles from Woodstown, below the
bridge on the road between Point Airy and Harrisouville, the lime
sand is exposed in an old pit now largely filled with water. This
locality is cited by Cook _a as a elate where the lime sand was well
exposed and commonly dug.

COok,O. W.j Geolog,] of New Jersey, p. 2T2,1868;New Jersey Geol. Survey Ann. Rapt. lot 1824,p.
179,1887.

a_Cook, O. 1/t., G_Iogy of New Jersey, p. 273, 1868.
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L_ SAND,

As shown on the map the lime sand beds on Nihomus Run come
within about a quarter of a mile of the railroad. At that place they
should be somewhat thicker than at the pits farther down the creek,
because they are farther back down the dip. They have doubtless
been somewhat eroded, but the three measurements givenat Niho-
mus Run and in the wells at localities 18 and 19 show that a thick-

ness of 10 feet or more of lime sand maybe expected at Woodstown.
No data regarding its quality are available, but inferences may be
drawn from its former rather extensive use. The deposits on Salem
Creek are crossed by the railroad and are probably the most accessi-
ble. At the city wells (locality 18) the lime sand is covered by 15
feet of overburden. "

ZSTIMAkTES OF TONNAGE _ VAL_E,

The average thickness of the greensand marl in the 2.5-acre tract,
as indicated on page 34, is about 32 feet. The average potash content,
weighted according to the thickmesses represented by the respective
samples, is 6.80 per cent. In computing this average the thicknesses
employed for holes 6 and 7 were those of which the respective samples
were considered representative, as indicated in the records of these
holes. Thus in the 2.5-acre tract a bed of _esusand 32 feet thick and
containing 6.80 per cent of potash (KzO) may be assumed. Here,-I"
as in the estimates for the Salem district, the weight of a cubic foot
of gTeensand, 28 per cent being allowed for voids, is assumed to be
133 pounds. Under these conditions an acre at the selected site

43,560×32×133×0.068 6,300 tonsof potash (K,O),would contain 2,000 =
and the 2.5 acres would contain 15,750 tons. On the assumption
of a recovery of 80 per cent and a price of $2.50 per unit of 20 pounds
(March, 1920) the potash in a ton of greensand would be worth
$13.60, and the quantity in an acre of ground at the selected site
would be worth $1,260,000. It seems unlikely that the price will
long remain so high. At the more probable figure of $1.50 per unit
the potash in a ton would be worth $8.16 and that in an acre would
be worth $756,000. These values are hypothetical, because the pot-
ash must be recovered by processes not yet satisfactorily demon-
strated.

The wells at localities 15, 18, and 19 show that a maximum thick-
ness of 50 feet of greensand marl may be expected in the vicinity
of Woo@town. Northwestward the thickness diminishes to zero

because of the gentle southeasterly inclination of the beds and the
beveling effects of erosion. Thus at Woodstown, as at Salem, the
greensand in considerable thickness underlies broad areas. The
2.5-acre tract may, in the light of the analyses from other districts,
be considered as representative for this district.

NEW JERSEY GEOLOGICAL SURVEY



UTILIZATIOI_ O1_ T_ DEPOSITS.

The overburden in the sample area averages abort 10 feet in thick-
n_s. Farther east it is undoubtedly thicker. To the _esf the over-
burden is irregularly distributed, and its thickness would have to be'

determined for any given loeal!ty bu_ shbuld, not be'excessive with)n
the area mapped as greensand.

The analyses show that the higher and lowermost beds have sSme-
what less potash than the middle beds but'that p}aeticMly all axe
usable. Water stands i_ the holes i_tb]h a few feet of the surface.

and would have to be considered in any plan for mining ithe green-sand. ' '

The railroad offers at present the most feasible means of transpor-
tation. The map chows several sites t,hht could be utili_e d along
the railroad from Woodstown northward toward Swedesboro.

Salem Creek below Courses Landing atld the cabal to the'Delay_£_e
are now used by baxgea for general freighting. Between Courses
Landing and Sharptown the creek is shallower but might perhaps be
used by boats or scows of lightei" dr_/ft. The'hills soatK of the creek

and west of Sharptow_ apparently affo_d good thicknesse_ of marl
within reach of water transportation. "

2_'ULL._CA _['IL]5.

The steep bluff inst east of the railroad station at Mullica Hill
(locality 24) has long been known for its excellent exposure of the
basal bed of the Navesink marl and for its numerous fossils, The

sectiot_ (see PI. VI, B) isas followa:

Section of Naveaink marl near station at M(dlica Hill • '
Feet. .

Greeasa_ad nmrl, leas% dark green ......... : ........... : ....-. :. 7:t:
Shell bed with more or less coherent matrix of marl and quartz

sand ......................................................... 3-4

Yellow sand ................................. .................. 4

Reddish-brown sand to road level .............................. 15:_

The two lower beds are overwashed with marl from above and are

hence dark colored. The veneer of marl may be removed by scraping
with the foot and the yellow sands (Mount Laurel) exposed. Many
of the shells are as much as 4 or 5 inches in diameter.

Marl was formerly dug at several places near Mulliea Hill and was
favorably regarded, perhaps because of its relatively high content of
phosphoric acid, which, according to two analyses cited by Cook,/_
ran as high as 3,48 and 3.60 per cent. A sample taken by W. C.
Phalen ou the Henry Edwards place, 2 miles southwest of Mulhca

l_ Cook,O. H., GeOLogyOfNew Jersey, p. 437, 1865.

88625°--22----4
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Hill, was analyzed in the laboratory of the United States Geological
Survey and found to contain 7.15 per cent of potash. The gresnsand
at this locality is 5 feet or more thick and is overlain by 15 to 20 feet

of clay and gravel 's In 1916 some 50 tons of marl was shipped for
experimental purposes from the pits of Mrs, E. B. Sharp (locality 25),
about 1.15 miles S. 64 ° E. of Mullica Hill station, The lime sand also

occurs in the same vicinity.
Several localities near Multica Hill and _?efferson station were

visited with the idea of selecting a drilling site, but the overburden

in places sufficiently near the railroad proved to be too thick to per-
mit hope of commercial development.

SEWELL DISTRICT.

The pits near Sewell have long been known for their excellent
marl, which was used as a fertilizer. More recently it has been used

for experiments in extraction of potash. Excellent railroad facilities
are available, and there are extensive areas of relatively even ground
in which the overburden does not seem excessive. The actual area

drilled at Sewell ineluded only 2.5 acres, but data for a number o_
localities within a radius of 3 or 4 miles of SeweU are available and "_

may conveniently be discussed in connection with the results of the
borings of the cooperating surveys. These localities are therefore
included in the Sowell district.

ED W_IRDS _UN.

Relatively recent observations by the State geologist on branches
of Edwards Run 2 to 3 miles west of Sewell show the exposures
described below.

At locality 26 an old marl pit aS an elevation of about 70 feet

shows the upper part of the combined Itornerstown and Navesink
beds.

Section in road cut at locaZ_y _7,

- Pleistocene gravel (Bridgeton).

Kirkwood, thin layer, l_eet.
¥incentown ..................................................... 2-3

Terebratula bed, base of Vincentown, elevation 75 feet,
Hornerstown marl.

Section in old pit near ice house at locality 27, 71orth of road.
Feet.

Kirkwood formation .............................................. 4

Vincentown sand ................................................ 5-6

Hornerstown mall.

At a pit near the pond just north of locality 27 and slightly lower
there is a good exposure of Hornerstown marl but no Vincentown.

z_Ashley, O, H., Notes on the £reensa_d dup,its of the a_sternUnited State_: n. S. G¢¢1.Survey Bull,
560,pp. _, 47,191&
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Section along road a_ locality 28.

_- Pleistocene gravel. Feet.
Miocene clay, Kirkwo_l ........................................ 2
Vincentown, more or less marly ........................ 5
Terebratula shell bed, elevation about 70 feet.

Hornerstown marl down to flood plain .......................... 15±

22_:

These exposures are typical of the partial sections available here
and there through the marl belt.

BARI_S_ORO.

Several well records give an idea of the thickness of the marl and
its overburden near Barnsboro.

Record of well of John Shutes, near Barngboro.a

[Elevation_ 120feet; depth, 140feet; water rises within about 50feet of surface, l

Thick-
ness Depth. Formation.

Feet. Feet.
Whitish uicksand ........................................
•reensan_ marl ............................................ 55 55 [Kirkwoed?]35 90
_hocolatemarl ............................................ 15 105 [tornerst ownand Nay
thell rock .............................. : ................... 2 107 esink.]
)arksand ................................................. 10 117 _IouNt Laurel ant
Nhite grave w th water ................................... 23 140 Wenonah.]

anew Jersey Geol. Survey Ann.Rept. for1896,p. 131,1897:

Record of wells of Dilks Bros., locality 29, near Barnsboro.a

lAbour half a mile south of crossroads in Barnsboro; two wel/_;elevation, about 10Ofeet depths, 110and 170
. feet. Haines Bros.t drfl era.

Thick- Depth. Formation.hess.

Feet. F:et.
Surfacesoil ................... 5 5

Orange-colored sand ....................................... 34 39 .[Kirks.oDd?1Dark clay; "no eensand nor other inicroorganisms _J ..... h5 b40
Light-green mar_............................................ 20 60
Rust:y green marl;lower 10feet with coarser quartzose sand 25 85 Vincentown(?)toNav

grams, esink.]
Gray sand with a few clay seams; Belemnites at 95 and 105 70 155

feet; abundance of water at 110feet.
Muddy sandy clay .......................................... 15 170

a New JerseE Geol. Survey Ann. Rept. for 1896,p. 130,1897.
b Record evxdently erroneous.

J. L. North kindly furnished records for the wells of Charles Dilks

and Isaac Dilks, said to be 175 and 135 feet deep respectively. As
the two records are similar only the first is given,
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Record of well of Charles DiIks. at locality 29a, three-fourfhs era mile south of Barnsboro.

Thick De

i hess. pth. Formation.

FC_o Fc_t.40

Co_rseYell°Wgreenfineraolder's6...........................................day .................................... 35 175 Kirkwr_xi (?).

Marl ........................................................ fi0 100 Vinecnto_n (? toNav-
Shale ...................................................... 5 105 esink (?)
Black and white epper sand ...............................

san_p 35 140 Mount Laurel and We-llOll_h.

This record differs considerably from the previously published
record of the same well given above. It may be noted, however,
that the Belemnites, a form characteristic of the basal part of the
Navesink, which occurs at 105 feet in the first record, corresponds
in position with the base of the shale in the second record, and that
in both records marl beans at 40 feet. Either the marl is unusually

thick or it includes a glauconitic portion of the Vinccntown sand.

Record of well of Dr. W. P. Chalfont at locality 30, l_arnsboro.

[Depth, 149feet. g.L. North, drillerandinformant.]

Thick- Depth. Formation.n(_ss.

Fret. F_¢i.
Yellow gravel very hard .............................. 28 28 Pleistocene.
Fine ycUowquieksand ................................... 85 63 Kirkwood.
Marl and shale ............................................ 50 113 lIornerstown and

Navesink.
HardshMe ................................................ / 30 143 :dount Laurel and

Oreensand; plenty of good water .......................... / 6 1.t9 Wenonah (?).

A well at locality 31, about a quarter of a mile farther west, sunk
by J. L. North for James Tomlin, gave a similar record.

Record of well of James Jessup at locality 82, near Barnsboro.a

[About I mile northw_st of Barnsboro, on road to Mount Ro)_al station. Llevation, 7(1feet; depth, 318} feet;
water rises within 70feet of surface. Joseph Pmtf, driller d

Thick- Depth.]less,

/"e¢_. Feet.
Surface loam ....................................................................... 5 5
Greenland b....................................................................... 39 85
Black mud and marlaiternuting in 8to lS foot layers; allttle water at 90and 100f_et ... 80 115
Black mud ........................................................................ 139 29g
Fine white sand .................................................................... 5 339
Co_rse white gravel with water ..................................................... 15_ 31el
Stopped on dark quicksand.

a New Jersey Geol. Survey Ann. Rept. for 1897 p. 25fi,189_.
bThe __greenland ' ' is the lower marl, as _hown by th_ occurrence ofBeIem nife_and _xofF¢a on th_ banks

of a smart creek a few hundrod feet to the w_st.
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J. L. North furnishes the following record for the well of James
Jessup. The discrepancy between the two records illustrates a

difficulty sometimes experienced in trying to procure accurate well
data. From either record it is evident, however, that grcensand
marl in commercial quantity is probably present.

1record of well of Ja_s Jessup, near Barnsboro.

[Elev'ation, 90± feet; depthj 333 feet; according to J. L. Northj informant.]

Thick- Depth.IleSS.

Soil .................................. .Feet. ge_.
Marl ....... : .:::::::: ...................................... 3 3

200 283
Fine black sand .................................................................... 40 323
Coats9 greenish-gray sand ........................................................... 10 333

]_OLES 8 TO 10.

Three holes, Nos. 8 to 10, were sunk on the property of'the West
Jersey Marl & Transportation Co. east of the railroad track half

a mile south of the station. Their location is indicated on the map
of the company's property (fig. 4), drawn about 1890 by J. C. Voorhies,
secretary, and kindly loaned by him for use in this report. The
records of these holes fellow.
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I JNOW_AM_

EXPLANATJON

_l Borings by J.C,Voor_ues ""

oa Borings by Cooper_ting
surv_s

o Boundary stone
WJ.M &TCo

_R,R_to

0_ 1,000 ?.000 3_0 4,000 FEET

_o_ 4.--Map of the property of the _'est 3ersey Msr! & T_s_t_o_ Co. _zd adJ_ pro_rty
_s¢ Be_dl station. After J. C, Voorldes.
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Records o/holes in Sewell di_trlct.

Locan_y 33, hole 8,

[Pr_p_r_y ot West Jersey Marl & Trauspo_tatio_ Co., at 8ewell, 2,750 feet southeast of center line of rail-
roaassatio_and40fee:eastofcenteraftrach. ElovaUonofsllrfaco_about70[_t. R.K.Bailey_analyst,
S, J. Taylor and J. L. North, drillers.]
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_U_ 34, _o|e 9.

[Pz_10_'_y of _t 5¢_¥ _a_l & Transpor tatio_ Co., _ i_t _ ._* _ ._ hol_ $. Elevatio2_ ol s_wia_,
about 70 fc_t. R. K. Bailey, analyst. J.L. North, driller.1
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SEWE_ DISTalOT. J 49 1

Locality a0, bole 10.

[Property of West tersey Marl & Transportation Co., about 375 feet N. 44" E. from hola t. Elevation of
suffaceabo_t60fe_t. R.K. BMley, analyst. 5. L. North, dfill_r.] 3

iField I

Thick- D_pth. No. of I Ir_O. Formation,

heSS. _rnpte_] "

I¢ t_, in. Ft. in, ! per cent.

8 8 i Recent.2 ll 3 7 Pleistocene.
Fop soil brown l_m ...........................
]ravel_ at first scattered bb] e._in li ht-yenow
_mtnx of clay_$ san_thell dar_er-$ellow I
coarser sand wire pebbles as large as 2 inches I
in diameter, water hearing. iland, yellow and gray banded, fine textured, 4 1 7 8 ...... Kirkwood.
clayey and micaceous becoming purplish iu ........
lower 6 inches. I

]laueonite beds, blackish green, rather stiff l 8 S M-01 [ 3.8_ Hornerstown.
with clay, no oxidized la[er or olive-
green bed as at holes 8 and 9. Throe "bbles [
discarded as having probably tollow_a_edown

3_Pceonit e beds, deep bhlish t o grayish greeal, 6 4 15 M-5_ i 6.60 DO.
leSS Clav than M-SL

_lauconi_e beds, dark orgrayish gree_, mealy 5 20 M-53 i Z63 D_
textured, similar to M-_2 but lower 6 inches
lighter green. [
lauconite beds similar to I_f-53 ................ 4 7 24 7 )4-54 7. 52 Do.

_lauconite beds, chocolate marl, brownish 6 25 1 _-551 6.85 Naveshlk.
black with some streaks of reen material
fairly coarae texture but wit_ _nsiderabla [
clay.

Mauconitobeds, chocolatemarl ................ 7 4 32 5 M-56 6.57 Do.
_laaconitc beds similar to M_56 but eonteht- 3 3 35 g

ing a few grains ol gravel 8_ll marcasite [ ]_1-57 , 6.90 Do.
concretions and conslderab_ brown day.

]laueo_to beds Smilar to above but eontahi- 9 36 5
in fragmentsofshell ¢la pellats, andsOme-
Iv_t larger propor tions o_gravel,

]lauconite beds becoming h*ereasingly sandy, l 2 87 7 ....... _........ Do.
At haso consist of glauconite with quartz sand,
brown clay, concretions z small fragments of I
shell, and erxv:stals of vivlallite.

_laucollit e be_[s, eoml_act, her d mix ture el cla v. g 5 40 ....... I......... Do.
quartz sand, and- -'glaucoItitB with graver

ains. I
_lconitebedssimilartoabovebutsomcwhat 2 7 42 7 Do.
softer. Rico gravel and quartz sand in in- "...... i.........
erasing proportion.

31auto,rite beds simihrip to last but with frag- 5 43 ................ Do.

mentsofsbelland epperandsakcolar, At
base ffagment_ of _¢elemnitella appear.
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For comparison with other borings in the vicinity the data of holes
8 to 10 a_ summarized in the following table:

Thickness and qualit!l of ffreen_and beds at holes 8 to 10, Sewell.

i Thick- Average
content

Hole. Bed, ] hess ofThickness oI bed.
No. repr¢- ] K20. ] K20.a

sente& [

--- l_t.i_.lpercvat, t Ft.i_. percent.

80verbutde ................................... _iN;_ I "''"i"S'I'''"_-_5"] 10 10 ..........

M_0 .... 2 4 4.54 8 S 5,61Bank marl ................................... M_I-2.. 11 5._

M_4 .... 5 6 7.25
M_3 .... 4 3 6.70

Green of blue _rl ........................... M-35 .... 7,40 "t3 6 b7.40

i_;_ o '_:_"
M-37, 57a 1 6. 99
M_8, 38a 2 6_0

M-41 .... 5 3 3. 51

Chcvolate marl ............................... M_9 .... 5 6.88 15 _0 e&48M-49 .... 2 3 5.59

i I .......... i

9 Overburden .................................. _ 8 3 ..........

Bank marl ................................... 74--43.... 6, 75 { 9 1
M_14.... 2 5 6.81 7.64

Gr_aorbluemarl ........................... M_5 .... 4 2 7"43_ 9 4
M_i6 .... 4 2 7,_0 ,
M_.7 .... 33 7,1;_ 5.95

Chccolate marl ............................... M'9M'8 ........ 559 13 5.906"74 I 174M-N) .... 3 1 3. 47

10 Ovexburd_n ..................................................... ] .......... _ 7 8 ..........

Bank marl ................................... M-51 .... 7 4 6.22
M-52 .... 6 4 L

Greenorbluemarl ........................... _-53 .... 9 7 7.58M_4 .... 4 7{
M-55 .... _ S5 I

7 4_ g. 57
Chocolatemarl ............................... _(56bI_57........ 6.90 [ 13 d6.69

t 21
Average:

Overburden.............................. 8 II

Bank marl ............................... _, 4 _5.09
Green or blue m_rl ....................... 10 l0 e7.5_
Chocolate _rl ........................... 15 5 e5.99

34 7 16.49

a Average for bed weighted according to tlle thieknes_s represented by the respective samples.
b Average for 12 t_et 6 inehe_.
¢ A','erage for }5 feet 6 inches.
d Average for i I f_et 10 inches.
• Average for bed in 2.5-acre tract weighted according to thicknesses at the resoective holes.
/ Average of entire thtck_bss of n_rl in 2.5-ac_ tra_t.
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BORn_S OF WEST J_RS_Y _ARL e_ T_NSPORTATI0_ CO,

Record of borings of We_t Jersey Mdrl & Trar_portat_on Co., near Sewell.

[ ever.
Lccaety.u Locailty.a burden.

t in. ' Ft. in.
1 l_t 0 12 5 8 15 ................. 12

18 9 7 16b ................. 22
3 21 5 7
4 18 13 7
5 12 12 6
6_." .............. 21
7 15 14 7
8 21 1D 5
9 12 6 9 6 7 23 .................. 5

10 16 13 S 7
11 10 11 7 25 .................. 16
12 ..... 16 12 7

13 13 11 7 AvexaCe ...... 13 10 ¢ 10 I I ¢6 n
14 .................. 12 12 7

a Locality numbers refer to figure 4. b Di4 not reach marl• e Average for 23 localities.

These holes all stopped at or above the chocolate marl, which, be- .
cause of its astringent qualities, was not considered desirable for
agricultural use. The analyses of the chocolate marl at holes 8 to
10 show that it contains less potash than either the bank marl or the
green marl but probably enough for commercial recovery by _ulyproc-
ess operative for the other two beds.

The average thickness of the overburden in the borings made by
the company is nearly 2 feet greater then that for the 2.5-acre tract
represented by holes 8 to 10, and that of the bank marl 1 foot 9 inches
greater, but that for the green marl is nearly 4 feet less.

SEWELL MARL PIT.

The lane pit belonging to the West Jemey Marl & Transportation
Co. is shown in figure 4 and as localigy 36 on Plate I. Much of the
pit is now overgrown and more or less slumped, bu._ marl has been
dug at the northwest corner (see P1. VIII, B), where the following
section is exposed and available for sampling.

Section of pit of West Jersey Marl & Transportallon Co., near Sewell (locality 36).

[R. IC Bailey, analyst.]

Field

Thick- D_pth. No. of KsO.D.e_s•
• sample,

Ft. in. Ft. im " Per cent
Old filSng ............................... 5 9 5 5 ....................
Oray/_h-gr_n back)mar] ....................... 1 6 O
Ora lsh-green marl ............................................ " ...................
D_] yK 4 9 II 6 _¢f-55 7._4_reen mart ............................................... 1 6 13 _-61 7,89
Dark bluish-green marl.., ." .................................... 1 14 ..........
Dark bluish-green man ........................................ 6 14 6 M-flO ...... 7:_
Dark bluish-green marl ........................................ 1 15 6 ..........
D ar k cho_lat ¢_br own marl .................................... 6 16 M-62 ...... t_:7_
General _ample run of mine, blue to sray .......................................... M-Sa 7. S5

e
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The samples were collected as typical of the freshly dug material
of the respective kinds. The analyses run higher than the aver-
age of the analyses of samples of similar beds from holes 8 to 10,
though they are matched by analyses of individual samples from
those holes. Probably all the marl now dug in this pit corresponds
with the green marl at holes 8 to 10. None of the stiff, clayey olive-
green marl found at those holes appears in the sampled part of the
pit.

The overburden at older exposures on the east and southeast sides
of the pit is 12 to 15 feet thick and includes a little Kirkwood sand
beneath the Pleistocene sand and gravel. Locally a thin bed of sand
and gravel cemented with oxide of iron (ironstone) occurs beneath
the Pleis_)eene. Westward from the pit the overburden increases
to 10 or 15 feet.

_ELI_ DATA.

Several wells in the vicinity of Sewell give further data on the
thickness of the marl and the amount and character of the over-

burden. They also indicate water-bearing beds, which might be
of use to companies interested in developing the marl. The writer
is indebted to M. W. Twitchell for the following record of the well of
F. J. Anspaeh.

Record of well of F. J. Anspach, near Sewell (locality 37).

[On Chews IIllI, east ofthoMantuaro_l. Elevation, 82feet; depth, 4_2Ieet.]

I Depth. Formation.

I Feet.
Yellow gravel, sand, and sandy clay T Fleist ocene.

I 24
Black or very dark- een _narl 30 Etornerstownand
R_4dish-yellow san_ock, wish casts of shells .............. [ 43 Navesink.
Yellowish sand, with some marl ......................... I 56
Light-yellow sand, with some marl_ water bearing; water 7g _lount Laurel and

t_, 3Venonah.
! 284

] _arshalltow_ V English$ow_ Y_oodhury_
I 304 Me_antvllle.

Greenish to gray sands; streak of clay _t 7_35feet ........... I 335
Fine cl¢_n ay sand ................. 342
Cc_rse san_g_ya_Yavel±angular grains; yielded a litae water. I 35]
Stiff whitocla ............................................. , 352
Fine gray san_ wah clay streaks and comidershle tignae...] 1 , ,_6

La ersofwhitesandandwhitoclay ........................ 146[ 381 _agoshyand Raritan.

_to angular gravel, coarse much water .................. 1_ ;ly5
Extra coarse gravel ......................................... I 405
Fine whitesand; water ..................................... 408

Flnesa_d, mixedwishcearse avel; water ................ _ I 415Very co_rse gravel_ up to eobb_tones ....................... 429

H_ed _vh_te _lay ............................................ / 12 432-_
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The water at 405 to 420 feet is utilized and is reported as pure, soft,
and satisfactory in every respect. On pumping 40 gallons a minute
the water stands at 77 feet below the surface.

The record shows 39 feet of the combined Hornerstown and Nave-

sink marls beneath an overburden of 17 feet of gravel, sand, and clay.

Record of well of J. L. North, at Sewell (locality $8).

[About 0.21mile N. 76° E. of railroad station in a e formed by two streets, Elevation, about 82 feet;
depth, 336leet. _._g_.North, informant.

Tnhie':k-: D_pth. Formation.

Feet. Feel.
Coarse llow sand ......................................... 10 Pleistocene.
Fi_eye_oLw_nd........................................... Kakwcod (?)._0

Marl........................................................ _8 78 }If ornerst own an_Shale, marly, with some shells .............................. 20 98 Navesink.
yellow gravel; very irony water ............................ 23 121 Mount Laurel anl

Wenonah.
Tough chocolate-colored clay ............ : .................. 200 I 321 Marshalltown to Mer.ehantville.
White quartz sand with considerable "hard coal" (glaucc- 15 _6 Magoshy (?).

nite?) about the size of buckwheat; water rose within i88 feet of surtace,

The overburden at this well is 40 feet thick, and the marl apparently
58 feet thick.

A well sunk for George B. Hurff at locality 39, near the North well,
shows a similar record.

The well of David T. Locke at locality 40_ in the same general

vicinity, shows a somewhat different record.

Record of well of David T. Locke, at Sewell (locality 40).

[$. L. North, driller and informant.I

] Depth. Formation.
Thick-

heSS.

leedi4 FeeS.

55 25 Pleistocene ?).
Greenland clay ............................................. _Sand ....................................................... lo _ Kirkwood ().
Bluomarl .................................................. 25 60 Itornerstown and

_, Chocolate-colored ahale ..................................... ii 71 Navesink (?).Gree_sand; plenty of water ................................. 85 _iount Laurel (?).

The "greenland clay" is probably reworked glauconitic material.
The well may stop in the lower Navesink but probably stops in the
top of the Mount Laurel. With these interpretations there would
be 35 feet of ovcrburden and nearly 50 feet of marl. If this location
is correct the little knoll north of the well should be included in the

greensand belt instead of with the pre-Navesink formations as
mapped,
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A test welt sunk near Sewell for the town of Woodbury gives a
record interpreted by Twi_hell as follows:

Recccd of well for town of Woodbury, near Sewell (locality 41).

[About three-fourths of a depths233feat.rail°northeast ofkrtesi_n WellRgDrilting Co.,drlli_r.lSewellale strike of formations. Elevation, I3 feet (?);

Thick- 235 :_farshallto_ to Mer-

ness. Depth. Fornmtion.

M_exlow mad ........................... Feet. Feet.12 12 Recent.
Sandymud ........................................ :....::" 63 75 Hornersto_l and

Nave_ink.
Fin_tsand.................................................7 82 Motlnt Laurel and

Wenonah.
Sticlcyclay................................................153

cPantville.Medium sand ............................................ 48 2_ Magothy and R_it_m
Clay ............................................................................

The town of Woodbury now has in this vicinity a group of eight
10-inch wells, according to J. L. North, who has kindly indicated
their positions as shown on the map (P1. I). As above interpreted
the ttdckaess of the overburden is not excessive, but the thickness
of the marl is unusual.

The records and locations of the three following wells were fur-
nished by J. L. North.

Record of well of John Schmidt, near _alina (locality 41a).

]Elevation, about 60 feet.]

I '//
Thick-

Depth. Formation.hess.

Feet. Feel
Yellow sand ................................................ 14 14 K i r k wood (?) and
Gray marl .................................................. 10 _ Vineentown.
Blue marl .................................................. 40 64 l
Shalefullofshells .......................................... 30 94 Uornorstown and
Black marl ................................................. 7 I01 Navesink (?).
Hard shale ................................................. 2 II_
Coars_ green sand full o1 sheS_ ............................ 14 117 MoUnt Laurel and

Wenonah (?).

From the location of the well there is little doubt that the gray
marl and perhaps much of the overlying sand is Yineentown. Pos-
sibly part of the "blue marl" may be a more glauconitic phase of the
Vincentown, for the marl here seems unduly thick. The base of the
Navesink is not distinguished but may be represented by the "hard
shale." The "coarse green sand" is probably the water-bearing
Mount Laurel and Weaonah sands, which are locally more or less
glaueonitie.
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Record of wvI1 of 7?minas Burrqug_, near _urffville (local@y 41b).

[Elevation, about _0 leetJ

Thick- Depth. Formatto_i.ness.

Feet. Fed
Grovel ...................................................... 10 "tO Pleistocene.
Yellow [me ,_and ........................................... 50 60 Kishwood,
Green marl ........................ : ........................ 60 1%
Shale ...................................................... 4 12t /intent own(?) to
G_ays_nd .................................................. 6 130 h'ave_t_k.
fih_|_ ....................................................... 2 132
Green coarse rice gravel iull of Belemnite_ ................. 15 147 _ount Laurel and We-

This record corresponds fairly well with the preceding. The Vin-
eentown is not distinguished but is probably present.

Record of well of Feli_ Beh_, at Fairview (locality 41e).

[Elevation, about 125 feet.]

Thick-25 , 63 Kirkwood (?).

hess. Depth. Formutton.

Feet. Feet.
Coarse gravel .............................................. 28 28 Pleistocene.
Yellow sand ...............................................
Greenmarl ................................................ 93 tfornerstown and

Very hne black and white sand .......................... :. 40 i 133 Nav_,_k.

Gree_ela .............................................. I_ 156 IMount Laurel aud............................................... : We.on hCoarso wha9 S_rt_ .........................................

The formations are not clearly distinguishable from these records,
but they indicate the continuity of the marl in considerable thick-
ness, though the overburden is heavy.

Two wells at Pitman show the amount and character of the over-
burden and the thickness of the marl in that district.

Record of well in can_p-meet¢n 9 Wounds at Pitman (locality $_).a

[About On.Child oI a mile southwest of railroad station, on nearly the lowest ground in the area, at west
edge ot grove. Elevation, nofoet. Hain_Bros.,dtiller_.]

Formation.

Surface soil_ elc ............................................. [QuaLcrnary.]
Orange-colored sand and sandy city ......................
Dark clay nearly black ....................................
Bryozc_n lime sand ....................................... [Vineento_vn,]
Greensand mart with F0ranlinitera and fragments of shell,

probably Terebralula.
Oreensand marl less shell .................................. and
Clayey greensand .......................................... Navesink.
Clayey sand ................................................
Cla ey marl Be/_n_tl_ and pondermls shells ...............

wishsa_dwith_omegl_y, Be_q_dlesandlragmentsof _ Laurel and

Medium coarse ele_r sand _th water ....................... I Wenon_a./

a New _ersoy Geol. Survey Ann. R_pt. for l_gfi_ p. 128_ 1897.
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A well sunk for the town of Pitman on the east side of the railroad

at locality 43, not far from the web just described, was drilled to a
depth of 507 feet. For the first 190 feet its record was practically
identical with the other. 's

A third well drilled in the same general vicinity, for R. H. Corney,
started at an elevation of 130 feet and penetrated bryozoanlime sand
between depths of 115 and 125 feet. Greensand was foumt between
depths of 125 and 160 feet, and coarse water-bearing gravels from
160 to 180 feet. z7

These wells show that at Pitman lime sand 10 to 20 feet thick and

greensand 35 to 50 feet thick lie beneath Tertiary and Quaternary
deposits from 70 to 115 feet or more thick.

OT_ ]DATA,

The Kern pits, which lie on the east side of Chestnut Branch,
about 1.5 miles above Sewell (locality 44), were visited in 1917 by
Dr. K_immel, from whose notes the following data were obtained.
There is a very large opening, and the floor is overgrown with trees
6 inches or more in diameter. The bank is very high. Marl prob-
ably rises about 5 feet above the floor. Where the pit is most

swampy the marl has 15 to 25 feet of overburden consisting of about
10 feet of yellow gravel, underlain by Klrkwood sand.

On the map of 1866 is shown a r_ilroad running to these pits and
marked "W. J. R.R." In the annual report of the State geologist
for 1886, page 178, it is stated that "southeast of Barnsboro in

Gloucester County, on the south branch of Mantua Creek, are im-
portant marl pits, one of which is worked by the West Jersey Marl
Co. in a layer cdn_aining 12 feet of green marl."

Near the lower bridge over Bees Branch (locality 45) a pit o_mcd
by Howard Davis was in operation in September, 1917, when visited
by Dr. Kfimmel, who observed the following section:

_e_ion o/marl pit of Howard Davis, on Bevs Bra_lch near Sewell (locality 45).

(ElevaLion ofserface, about 60feet.]

A. Yellow sand and gravel ..................................... 5-_

B. Brown marly sand with obscure cast_ of Terebrat_d_ harIani

stained reddish brown locally ............................. 2

C. Reddish-brown to black marl with dark-green more or less
mottled marl, purer at base ............................... 2

D. Green n_arl; locally streaks with discontinuous irregular lin_

of light chocolate-colored clay, only a minor feature. At 3

inches trom top iron-incrusted seam. Bazal 2 feet is blacker
than upper part .......................................... 6½

17½

ii New Jersey Geol. SUX_ r A_n. _epL for 19Qb p. 85_1_02,
17Idem_ p. _1,
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In digging layers A, B, and C are thi_)_la away. The base of
layer D is the level of tile uneven floor. Marl is dug in layer E, 8
feet below this level, but at the time when these observations were
made only layer D was being taken. Near by was a worked out
pit in layer E full of water. When visited in November, 1918, by
Dr. Kiimmel and the writer the Davis pit was inactive and badly
slumped.

On the William Wenzell place_ just west of Sewell, 10 feet of green-
sand is overlain by 8 to 10 feet of clay and gravel. A sample of the
gresnsand collected by W. C. Phalen was auaiyzed in the laboratories
of the United States Geological Survey and found to contain 7.09 per
cent of potash. 18

LJ.ME SAND.

At locality 46, south of the road from Sewell to Barnsboro and west
of the creek, there is an exposure of 3 to 4 feet of lime sand. At
locality 47, near Hurffville, some old pits in _he Vineentow_l sand
were visited in 1915 by Dr. Kiimmel, who found them slumped and
overgrown. In a circular published in 1903 these pits were cited
as a good locaiity, and in the annual report of the State geologist
for 1880, page 178, a section measured at these pits showed 9 fee't
of llme sand and 13 feet of greensand marl. These two locai_ties
furnish the exposures of the lime sand nearest to Sewell. It prob-
ably underlies the surface from half a mile _o a mile south of the
West Jel_ey Marl & Transportation Co.'s pit, but the overburden
is doubtless thicker than 15 feet. No data regarding the quality
of this lime sand are available.

EST_ATES OF TONI_AG_ AND VALUE.

From the data given on page 50, tire average thickness of the marl
in the 2.5-acre tract near Sewell may be taken as 34 feet and its
average potash content as 6.50 per cent. On the assumption, as in
previous estimates, that the weight of the greensand, 28 per Cent
being allowed for voids, is 133 pounds per cubic foot, an acre in the

specified tract would contain 43,560×34×133x0.0652,000 -- = 6,400 tons
of potash (K_O), and the 2.5 acres would contain 16,000 tons. With
an 80 per cent recovery and a ibriee of $2.50 per'unit of 20 pounds
_March, 1920), the potash in a tou of gresnsand would be worth $13
and that in an acre of ground would be worth $1,280_000. At the
more probable price of $1.50 per unit the same quantities of potash
would be worth $7.80 and $768,000, respectively. The values
given for the potash are purely hypothetical, as they are dependent

_s_kshtey, O. H._ Notes oa the gr_nsaad duposits of _ho easter n United S_at_s: U. S, O_I. Survey
BitS, 660_ ]pp. 49_ 47, 1918.

88625°--22---5
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upon successful extraction of the potash by processes not yet com-
mercially demonstrated.

As previously explained, the marl beds are beveled off by erosion

along the north boundary of the belt, but along the southeast border
their thickness is probably as much as 50 feet. The well records
and other data indicate that greensand marl is present, except where
locally eroded, throughout the portion of the belt included in the
Sewell district and that it may be expected to maintain a fairly
uniform thickness along the strike.

_TILIZATION OF THE D_PO$1TS.

The thickness of the overburden in the 2.5-acre tract averages
about 9 feet. At the borir%_s made by the West Jersey Marl &
Transportation Co. the average thickness of the overburden was
about 14 feet. Thus in the vicinity of Sewell there appear to be
considerable areas in which the overburden is less than 15 feet.

There is no water transportation within suitable distance from
Sewen, but excellent railroad service is available. Possibly Mantua
Creek could be utilized below West Landing for the marl beds within
a mile south of Mantua.

Marl of suitable quality is present in sufficient quantity near
Sewell to justify large-scala operations and can be worked in open
pits by steam shovels or other types of excavators, lYater is not so
near the surface in Sewell as in some of the other locahties tested

but would be encountered in handling the green and chocolate-
colored beds.

The analyses show that the green marl contains about 1.5 per cen¢
more potash than the bank or chocolate marls but that all the beds

may probably be profitably worked b_; any extraction process
applicable to the green marl.

Years ago the marl was dug and was well exposed near Black-
wood. According to Cook, 1_

At Blackweed town the whole bed ("M_ddle marl") can be seen by going upstream
from Good Intent toward the southeast. David C. Marshall's pits _ + _ are

good examples of the bed_ having on top 6 to 12 feet red or gray mart, 7 feet pale-green
marl_ and from 18 to 20 feet of green marl,.and then chocolate marl

These pits or pits in their vicinity were visited in 1917 by Dr.
Kfimmel, who observed the following section:

Section of mar_ beds in pi_ near B_lckwo_l (lecallty 4g), F_L

Yellow sand and gravel ........................................ 13-14

Browniah and clayey sand; weathered marl (?) ................... 1

Marl about half qtmrtz and half glanconlte ...................... 15
Bottom of banks.

3O

_ C_k, G. H. Ge_iogy of N_w $eesey, p. 2q_,1_.
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The pits in tMs vicinity are now largely filled in and swampy.
In 1918 the writer, with Dr. Kfimmel, visited a locality about a
quarter of a mile farther up the creek. Here, beneath 15 to 20 feet
of Pleistocene sand and gravel, about 4 or 5 feet of lime sand overlies
the greensand marl, about 5 feet above the level of the swamp. The
shell bed is absent. According to data at the office of the State geolo-
gist good exposures of black greensazld marl, representing 10 feet of
the Hornersto_a, occur at locality 49, about 1 mile northwest of
Good Intent, beside the road.

The marl is exposed in the fields in the valley between Blackwood
and Blenheim, close to the railroad. This might be a suitable place
for commercial development, but the full thickness of the mall is
probably not present. That the marl is present in considerable
thickness at Blackwood is shown by the record of two wells sunk
about 2,000 feet apart for F. Pine and H. Ruakel. The localities

of these wells are not given, but their records are very similar, except
that the Pine well starts at a somewhat lower elevation and is a

little deeper, z° Its record, as furnished by M. W. Twitehell, is as
follows:

Record of well of F. Pine at Blaekwood.

[Elevation, 5_ fe_t. F.E. _lc_a_n, drSler._

Thtc nopth. Formation.llesl

Feei 2"eat,
Sand ...................................................... 6 Pleistocene.
Red, heavy, atouy gr_ve/ ................................ 16

Graymarl ................................................. 2_ ITornerstown _-dBlue marl ................................................ 28
Cheeolat e_colored marl .................................... 60 Navesink.
P_ppev-e_fl-salt gt_y sand ................................. , 76 Mount Laurel ear

Wenonah.

A well sunk at Greelfloeh, about seven-eighths of a mile southeast

of the Camden County asylum, gives the following record:

Record of well of 8. R. Batsman (?), *_ear Greenloch (locality 50).

[EI_vation, 45 feet. _. L. North, driller.]

TBi_ Depth. Formation.ne$.

Do_k.gr_y_axtfl............................................. #'_ .l_ee_ Vince_tow_. (_)
Greenish marl shells with Terebratula har_2_i _lear top .......
OI'tMtllJ_ID.la/" ............................................ _ _0FR_/_tOWD- a_d

Pgppor-and-a_It zandt abo_t half l_ueolxit _................ 181 Navesink.Light-yellcrw sand and small shd_ fragaments ................
C0eX_ smad (_ to _ i_lch), shell fragments and 2?elementary...I 108 Aount Laurel.

The Pine well, whicll does not afford a complete section, shows
44 feet of marl. The Bateman well, which apparently gives a _om-

20 New Jersey Geol. Snrvoy Ann. Rapt. for l_0t, p. 88,1992.
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plete section, though the lower shell bed seems to be not well de-
veloped, shows 59 feet of marl.

No recent data are available regarding the quality of tide marl at
Blackwood, but it is probable that other conditions being favorable
its quality would justify commercial development.

The lime sand occurs along the stream valleys above Blaekwood,
as shown on the map. Dr. Kfimmel notes a good exposure of it at
locality 51, by the road at the pumping station, about haft a mile
northwest of Greenloch, where it consists of a mass of Bryozoa and
other fossils and is covered by a reddish clayey residual soil.

A well at Asyla, half a mile northwest of Greeuloch, shows 35 feet of
greensand, including the Terebralul_ bed, beneath 5 feet of surface
soil that contains occasional fragments of lime-sand rock21

SOM:ERDALE DISTRICT.

SEL]gCTION OF SITES.

In the vicirDty of Som-
erdale, in Camden County,
the greensand marl ocens
pies a rather broad belt,
as shown on the map (P1.
II), and the overburden is
apparently not excessive.
The Atlantic City Railroad
(Reading system) and the
Camden & Atlantic Rail_

road (Pennsylvania sys-
tem) provide e_celleat
transportation facilities.

A drilling site was se-
lected on the southeast

edge of thebelt, near Som-
erdalc station, in a corn
field belonging to Thomas
McMhchael, Laurel Springs
post office.

• :HOLES 11 TO II.

FIGURE 5._Sketch m_p of par t of the _rda_e district, show- _ 2.5-acrs tract was
i_g the 1ovation of h_es 11 to 14.

again selected and holes
11, 12, and 13 were sunk as indicated in figure h. A fourth hole, No.
14, was bored about a quarter of a mile northwest of the station, at
the culvert on the east side of the track, to explore the so-called red
marl, which was reported to be beneficial to crops. The records of
these holes follow:

1 Weelmau L_wis i_por$ on ez_au wells: New Jersey Geol. Survey An_ Rep_ _or 1902, pp _@_9_
71-72, 1_
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LOCality 53, hole 12.

|FarmelThomas_fcM]chael, atSomerdale,330feetN. 2½°W. fromholel_l } Elevation of surlace about _feet. R. K. Bailey, analyst; 8. J. Taylor, drl er.]

_'orm_tion.

To soil about 3 inches then stiff olive_green Quainrn_ry.
_aucointla c_ay with rootlets worked by plow
to depth ol about

Glauconiin beds, olive-green, stiff cla ey, Do.
streaked with red iron-stained c_y. _wo
Pebble_ noted at depths of 22 and 28 inches
but rejectod from sample _ few gravel grmas
inc uded.

s few brow_ streaks. _, few grave_graL_
9 5

11 l0

5 21 10 M-79 6.57 DO.

with irregular streaks aaa greea,
somowlm_ mealy texture, much black glau-

Glauconite beds I/kelastbut _¢[$hsoma gralas, 3 _ 10
of quartzand u few_gra vel grains at bas_ M-S0 6.12 D_

Glauco_itobedssimilartoM-79 1 3 26 1
3 29 1 M-S1 3.44 Do.Gl_ueolfiin beds, sandy and bard to drill _ sort

of hardpan; eor_iderable quartz mixed with
tho gluucointe; cementing clay chocolate-
brow_; becomes more sandy downward with
abundant gr_fu_ ol rico grovel near base; ao
shells observed.
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Loea|itysd, hole]3.

Farm ofThomas Mc_{i0hael,gomerdale 330feetS.87_*E. from centeroflinebetween hDlcs11and f2.
E ovation ofsurlece, about 89 Feet. R. K.Bailey t ann yet; S. J. Tay or, dr er.]

F_rs_%tte_.

Quaternary.
Do.

ceous and eontaini_ pebbles and
gr&_Tlainso[ _.Vei. I

Glauconite_eds, light green,relatively free from I Do.
yellow oxide of iron, mealy texture, mieaceous,
considerable fine quartz (in part ddbris from
Ktrl_vo_ formation?).

bocomDl_ numerous downward, pebbles as
Sandy clay bed with scattered quartz ebbleS Do.

large as 2mchesin diameter, bed very compact. I
Glauconite beds, deep Oive*colored, somewhat Hornerstowa.

strea_s.mealtexture, some yellow iron-stained
Glauconite beds deep green or olive-colored, 3 4 [ Do.

clayey hut with somewhat mealy texture
nuraerou8streaks of yellow iron-stained clay, ]

Scattered pebbles _ inch in diameter and a few ]avel rams
G[r_cnmte beds, brown, stiff, clayey, with 2 4 ] 6.15 i Navesink.

st teaks of green mat eriallike receding
Oleuconite beds like M-_, ofPwhich 8 inches 3 1O ] Do.

was inadvertently included; sample repre-
sents total thickness of 4 feet 6 inches.

Glauconitebedssirailarto 6 gl 27 Do.

3 61 3o Do.

beds, brownish drab clayey with 3 g ] 34 Do.
gruv_l gr_ins _slarg_ as _inch in diameter and

rains of uar t z; bed lmrd and compact, i
G_ucokiteqbede blackish brown, clayey, with 4 34 Do.

considerable quartz and grains of rice gravel,
one pebble _i inch in dinmeter noted.

Sand drab cla 2 8 37 DO.
yey with rice gravel and sOmeglaueonite.

Sand_ somewhat clayey, containing gravel 3 6i 49 Mount L_urei_nd
grams,brown clay at base. Hole dry at this Wenonah.
depth.

L_lity 56, hole 14.

[Farm of Thomas Mc_gchael, Somerd_e, at culvert _bout one-fourth of a mile northwest of Someedale
statlan, east oftrackandnorth ofereek. R.K. Bailey, analyst; S.$. Tayler, driller.]

FLed
Thick- Depth. ] NO. of KzO. Fornmtinn.
n ampl¢_

E

hi 5 ii;IClay, green, glauconitic, somewhat sandy, with 3 lO ................ Quaternary.
scattered pebbles; irregular red iron.stained
streaks.

Depasit locally called "red marl." Clay, rod 3 6 I M--9I 4.22 Do.
with iron oxide, glaueonitic; contains gravel
and pebbles as large as 1 inch in diameter; in-
ekid_ _ 2-ine/z layer of stiff greenglaucenitie
clay.

C/ay, "red marl," red with oxide of iron gleuo l 11 5 3 I _[-92 2.96 DO.
conitic; grains of quartz, a few small pebbles
and gravel _ suggesting rki_ g:mveh

Sand quartz, with some glaucointe and much 2 5 7 10 I ................ Mount Laurel and
iron oxide. Wenonah.

Sand,white quartz, succeeded by reddish sand t g 9 _.................
with iron oxide, water bearing.
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For comparison with other localities the data furnished by holes
11 to 13 are summarized below.

Thicknessand quality of greensa_dbedsat holes11to 13, Sorry'dale.

Sample Tllickn¢_ Thick- Average

N';--o. " repr¢- K2O. ne_ content

field. Bed,
sented, of bed.

K_O.a

Ft. in. Per e_nt. Ft. in. Per cent.
n Overburden ............................................................. 3 ..........

_f-_5 .... 1 2 6.94

Green marl .................................. M-66 .... 1 10 7.58 i0 l0 7.49M-67 .... 3 3 7.52
M-68 .... 4 7 7.58
•_f-69 .... 2 9 6. 74
......... l .........

Choeolat_Dmr] ............................... M-70 .... 4 5 6.67M-71 .... 3 6.60[ 17 8 b6.33
......... 1 6 ..........
M-72 .... 3 5.12

12 OverburdeR .............................................................. 10 ..........
M-74 .... 2 2 5.43
M-75 .... 3 3 7.32 8 7 6.88

Green marl .................................. M-76 .... 3 3 7.42
M-77 .... 2 5 6.44

Chocolatetaar] ............................... M-TS .... 5 6.64] 16 8 6.46M-Z9 .... 5 6.57 IM-80 .... 4 3 6. 12
............................. 1 1 ..........

13 Overburden .................................. M-_ .... 3 3,74_ 4 5 3.67M-83 .... 1 5 3.51

Greenmarl .................................. M-84 .... 4 6 7.45 7 10 7.5t
._[-85 .... 3 4 7.66
M-86 .... 2 4 6.15
M-87 .... 3 1O 6, 63

Chocolate marl ............................... M _S .... 6 6 6.55 19 6 6.21
H-89 .... 3 6 6. 70
M-g0 .... 3 6 4.65

Average:
Overburden ................................................... 3 1 ..........

.......... 1_ 9 1 c7.35Green marl ..............................

Chc¢oi__t ........................... :::::::::: .......... ::::::::::] is _6.3227 1 d6.ffi

a Aver'age for b_i weighted according to the thic_messes represented by the respective samples.
b Average for 15 feet 2 inches but assumed to be approximate for entire bed of 17 feet 8 inches,
c Average for the bed in 2.5*acre tract weighted according to its tM_ss at the respective l_ole_.
d Average of entixa thickmess of marl in the 2.5-acre tract.

As shown in the above table, the maximum thickness of the

overburden in the 2.5-acre tract is 5 feet 6 inches, and the average
is 3 feet 5 inch. At hole 13 the overburden consists in part of re-
worked marl and carries significant amounts of potash, though per-
haps not enough to be considered commercially.

The green marl in the same tract has a maximum tMckness of
10 feet 10 inches, averages about 9 feet, and carries 7.54 per cent
of potash (K20). The chocolate marl has a maximum ttfickness of
19 feet 8 inches, averages 18 feet, and contains 6.21 per cent of

potash. The entire marl bed averages 27 feet in thickness and
carries 6.66 per cent of potash.

At hole 14 the so-called red marl consists of reworked glaueonitic

material, oxidized, and mingled with gravel but containing a maxi-
mum of 4.22 per cent of potash for the samples analyzed. The
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material appears to be a locM deposit of Quaternary age which
contains too little potash to be of commercial interest.

_LL DATtL

A number of wells sunk within a radius of 2 or 3 miles of Somerdale

throw additional light on the thickness and character of the ever-
burden and the thickness of the marl in the Somerdale district. At

Magnolia a well drilled near the station _2 showed 4 f0et of over-
burden consisting of yellow clay and sand succeeded by 32 feet of
"blue" marl underlain by water-bearing sands and other strata to
the depth of 91 feet. A well drilled for Walter Hunt _ about three-
quarters of a mile northwest of Kirkwood station (locality 56_.),
shows 50 feet of greensand marl beneath 44 feet of yellow quick-
sand,,and a second well7 _described as 1 mi!e south-southeast of the
well just cited, shows 30 feet of "black mud" (greensand_.) and
12 feet of green marl beneath 50 feet of yellow quicksand.

The well at the Stratford House, nearly midway between Kirk-
wood station and Stratford station and on nearly the highest ground,
furnishes the following record: 2_

Record of well at Stratford llou_e, near f_irkwood (locality 57).

[E|_tion, l/_0 feet. Water rises within 51 feet of surface.]

f
Formation.

t.

D_lg we]] .................... 33
Fine yellow sand ...... 8 4l

Cc_rsa _ze]low sand .... 2 43
Vellaw_h loony gt_vol 3 46
Ye]Iowish clayey 8and 2 48
Grin _rly clay very hard ............................... ? 55
lq lack marly mad ......................................... 3 58
Green m_rly clay v hexd ................................ 3 7t
Dlaek m_r|y san_ _zie_ water ............................... 5 76
Or_n clayey marl, very sticky ............................. 4 80 and
Limer oek (?), very hard .................................... 2 82 Navesink._
Brown _narly clay, soft and gticky .......................... 4 85
Black sand and _el with water .......................... 3 89
Hard stony eoa_g_oaom_erat_................................... 2 91
Li_h_gr_n ma_ly clay ..................................... 2 9_

Lath'el _,_d

Sandilllayers, softe/'andharder ............................ 7 to0 I_ Wangnah.]

If the above record is properly interpreted there is 45 feet of marl
beneath 48 feet of overburden.

At Laurel Springs a well drilled southwest of the railroad, near the
millpond, for Joseph Eldridge *_shows the following record:

New Jersey Geol. Survey Ann. RoOt. t_r 189t, p. 197, 1805.
_Idem for 1_1, p. 86, 1902.

_ Idera, p. 87.
_ Idcm tot 1897, pp. _%5_.2.56, 1898.

Ideln for lg01, p, 88,1802.

C"
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Record of well of Joseph Eldrldge, near Laurel Springs (_cality 58_).

[Elevation, 6_ feet. F.E. McCan_, driller.]

Tlfick- Depth. Fomoat_on.hess.

J_ed. _eet.
Im_my yellow gravel; suitable for _ making ............ lg 18 Quaternary.
ChmJne or 0range-yellow quicksand ....................... 22 40 Kirkwo_l(?)
Greemmari, bluomarl, chc_latemarl ..................... 40 80 Eornerstown and

Naveatnk.

Dark-colored hard sand ........................ ! ........... 15 95 Mount Laurel and
Bhetibed ................................................. 7 102 Wenonah.
nard stone ................................................ 1 103
White sand, water bearing.

The position 6f the base of the Navesink is not clear from the
above section, but there seems to be at least 40 feet of marl beneath

40 feet of overburden at this locality.

OT_R DATA.

From an old marl pit southwest of Laurel Springs, where the green-
sand was 10 to 12 feet thick and was overlain by 20 feet of over-
burden, W. C. Phalen collected a sample which was analyzed in the
laboratory of the United States Geological Survey and fmmd to
contain 6.40 per cent of potash? 7

A large marl pit at locality 59, on the west side of the railroad
track, about 0.6 re'de N. 20° W. of Kirkwood station, was visited by
Dr. Kiimmel, who observed the following section at the north end
of the pit near the railroad:

_eetion at marl pit abou_ 0,6 mile N. 20 _ W. of Kir_wood station (locality 59).

[Elevation t _bout 58 feet.}

Thick- I Form_
_tess. tlolL

I--
Fee_. I

2-_ Plelstc-

A. G_enJsh marly sandy clay, very tough .......................................... I0 _ne,

B. Coa_'_e gTeerd.uh 121_.vl S_(] an(] :[_le gravel ...................................... _-4 Do.
C, MaHexposed_lmut_fcetaboveflcorofpit ...................................... _ Homers*

town.

There are no data about the former depth of the pit.
In 1918 a pit was opened in ground purchased by the Coplay

Cement Co., of Coplay, Pa, at locality 60, about 0.3 mile due south
of Osage station. A few carloads of greensand dug.in this pit were
shipped from Ashland. The pit was largely filled with water in

Ashley, O. _,, Notes o_ the gtee_and deposits ol the eastern United States: U. S. G_ak _a_'_ey BulL
f_0, pp. 4_, 47, 1918,
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March, 1918. About 1.5 feet of greensand, corresponding with the
green marl of holes 11 to 13, was exposed beneath an overburden of
about 4 feet of sand, including a 6-inch gravel bed just above the
marl. A sample representing 1 foot of fresh material, analyzed in
the laboratories of the Geological Survey, showed _ total potash
content of 7.17 per cent.

8AlqD.

As shown on the map, the lime-sand phase of the Vineentown forma-
tion is exposed in branches of Timber Creek, near Laurel Springs.
Beds of indurated lime sand full of Bryozoa may be seen at locality 61,
in the bed of the brook, below the bridge 1½ miles west of Clementon.
Some material taken for experimental purposes from this locality is
reported to have contained as m_ich as 80 per cent of carbonate of
lime. Above Laurel Springs the lime sand occurs in close proximity
to the railroad.

_STIMATES OF TONNAQE _ VAL_E.

A_ stated on page 64, the average thickness of the marl bed in the
2.5-acre tract at Somerdale is 27 feet, and its average potash content
is 6.66 per cent. On the assumption, as in previous estimates, of 28
per cent of voids and a weight of 133 pounds per cubic foot, the total
potash in an acre of the 2.5-acre tract would amount approximately •

43,560 × 27 × 133 × 0.0666__5,200 tons. In the 2.5-acre tract the
to 2,000
total potash would be about 13,000 tons.

With an 80 per cent recovery and a price of $2.50 per unit of 20
pounds (March, 1920) the potash in a ton of greensand would be
worth $13.32 and in an acre of the specified tract it would be worth
$1,040,000. At the more probable price of $1.50 per unit the same
quantities of potash would be worth $7.99 and $624,000 respectively.
As in the previous estimates the values given for the potash are hypo-
thetical, being dependent on the extraction of the potash by processes
whose success has not yet been commercially demonstrated.

UTILIZATION OF T_ DEPOSITS,

The 2.5-acre tract at Somerdalc station is part of a larger area of
suitable size and of sufficient potash content to justify commercial
exploitation. No water transportation is available, but thc district is
served by two railroads and lies only 9 or 10 miles from Delaware
River at Camden.

At holes 11 to 13 the water level was not reached at a depth of 40
feet 6 inches, and the marl was dryer than at any of the other holes
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bored. Absence of water would doubtless be an advantage in hand-
ling and shipping.

Northwestward from these holes the thickness of the marl may be
expected to dimhiish to zero along the general northwest boundary
of the belt indicated on the map (P1. II). Along the southeast
bounclary, as shown by the well records cited, a thickness of 40 to 45
feet may be expected, but the overburden also is probably thicker.

WINSLOW.

A well at Winslow, near Hammonton, in Camden County, shows
the increase in depth of the marl beds in the direction of the dip.
In a distance of about 13 miles the top (?) of the Hornerstown marl
has descended about 300 feet. This well was sunk about 1853 and

is thought by Twitchell to be the first deep well in New Jersey.
Its record has been repeated in somewhat varying form in reports

I of the New Jersey Survey from 1868 (Cook) to 1890. Its record,
as worked out by Knapp, _ follows:

Record of'well at Winslo,w.

Thick- Depth.]leSS,

Feet. Feet.
Surfaceearth du _way ............................................................. 5 5
Bluo and blSCk l_y ................................................................ 15 29

Glass sand described as quick_nd .................................................. 95 115
Miocene clay described as hard black clay ........................................... 35 150
Miocenesanddescribedasquicksand...............................................107 257
Brownclaydescribed_sh_d blackc_y ............................................43 300
Greensaudmarlshellsetc..........................................................20 320
Pure greenland, no fo_sila; Water rose from tile bottom of the gr_d" a ....... 15 335

aCook,G.H.,GeologyofNew JerSey,p.291,1868.

MARLTON DISTRICT.

aELEGTIOI_ 0¥ AR_EA.

In the vicinity of Marlton the area occupied by the combined
Hornerstown and Navesink marls expands to a broad belt about
2 miles wide. The greensand may be recognized in the roads and
the plowed fields at many places. A number of marl pits were
opened in the early days, and the marl was much used. More recently
the Atlantic Potash Co. has opened pits, described below, along the
railroad, about 1.1 miles east of Marlton, for commercial exploitation
of the marl and the extraction of the potash. About l mile south-
east of Marlton the Vincentown sand emerges from Tertiary cover,
though it is still concealed to a greater or less degree by Quaternary.
deposits.

_sKnapp, G. N., data on file at the officeof the State geologist, Trenton.
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The field of Alphonso Fusco, at Elmwood Road station, about 1.8
miles east of Marlton, was selected for exploration because, so far as
could be told from the map and the general appearance of the coun-
try, it lies near the contact of ¥incentown sand and Hornerstown

marl, so tliat a full thickness of greensand marl might be expected.
The overburden, too, was thought to be relatively thin.

0¢ _ Zz -_a _Mile

Plo_1_ 5._Bkcteh map of pars of the Marlton distzict, sho_rlag th0 lo¢_tion of holes 15 and 16.

_OLES 15 AND 16.

A 2.5-acre tract was laid out east of the road and north of the

railroad, and two holes were sunk 330 feet apart, as indicated in

figure 6. A third hole was planned, but the contract for drilling
expired before it could be started. The records of holes 15 and 16
follow.
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Records of holes in Marlton d_strict.

L_aliB, 62, hole 15.

[Farm of AlphonSo Ftzsco_ Elmwoed l_d. 65 feet N. 63° E. from Center of _Ailr_d erossin_just east ol
station. Elevation ofsurtace, about 65 feet. R.K. B_M_y_ analyst; S. 5. Taylor, driller.}

. Field
Th/ck- Depth. No. of K20. Farm._tim_.

Ft. t_ Ft. t_ Per cent.

Soil ratbersandy, w/thsomecLa[g ............. 8 6 11 6 .................

Sand, clayey, somewhat laucomtic, yellowish 2 6 3 :::::::::::::::::QuaternarY.Do.
drab, becoming greenish ye}low.

S_nd_ clayey glaueonitic with some mlca and a Pc.
few pebblc_ (one a_r grani tie fragment
inch in diameter noted), yellowish green,
water bearing_ hard at base. 2 13 6 ............... Do.

Sandlike last but _dth mpre gravel and l_ebbles: 5 22 M-O8 _._2

one pebbIe 2incbes/n dw.meter; m_tenalhard

3 6 17 ............... DO.

Vinceatewn.

and compact.
Glaucorgte beds, black, with consider_bla

uartz, contain some l_mps of yellow sandy
c_ay and scattered pebbles; on_ subangular
_uartzite ebble l½ incbes In di_neter; mat_
hal runs_e qniekssnd.

Glauconite beds, with fine quartz sand and dark
greenish_dmb clay _ms s_me layers appar.
entlymomfirm and fo_m lump with gr_y I
feel; some layers dry, but san_ as whole 1_ j

waterbearing- . g 2 ] 28 M-99 6.68 lomerstown.Olaueo_to bt_s, _rse grams, smaller propor-
tion of clay, shell fragments one or two _sts
poorly preserved 5ecasm_ nedules of hard [
gray and brown clay with included grains el
gl_ugo_ cozlcgetions of n_rc_ite.

Glauconite beds similar tolast but v_th more 5 [ 33 M-I_ 7.33 Do.
g_egish tial, w_t_r bering; mater!el apl_s I
to be compact but :When loosened _s a runny
glauco_lttc_nd W_th finegrainsandeom ar- [
ativelylittla clay.. Poorly preserved eo_e
fossils and conerehons.

Glauconltebeds, greenishblack,similarto_f- i l0 I 35

100but glaueonitegrainsslightlyeo_rserand I M-t01 7.51 DO.
there is somewhat more green c Lay; runs easily.

Glauconite bedslike _boVe, but shells am scat. 3 _ [ 38
toted through the matertaJ.

Olauconitebedsliko M-l_101;materLalrel_{ e_ [ 1 _1 ] 40 M-102 7.55 Do.
sent s ba._l par_ o f dar k-greeal marl, ru_s e_sl_Y.

Olauconite beds, ch_colate-wlored m_rl, glen- [ 4 l0 I 45 l_f-l_3 6. _0 _avesink.
eouite mingled wit h much brown via YandtinY ]
fiches of mica.

Glauconite beds, brownish blaeh_ clayey beds 3 6 ] 48
falrlyarm. M-104 _.38 Do.

Glauconltebeds similartolas_but with sc_t. I 6 I 50
toted shells.

Olauconite beds simtt_toM-10_. Sbellsseat- 4 11 ] 55 M-105 g.45 Do.
toted throughbroWaish-bl_k glauconitie cl_y. I

Glauconite beds _imilar t 0 M-105; m_t_rlal cLries 4 10, 60 M-106 tk28 Do.
to agray color

Glaueonit_ beds simitar to abovo; conte_ a few 4 4 64 M-107 6.6_ Do.
grains like rice g ravel and some shell fragJnent s.

Glanconite beds _brownish lilaek; glaueomt e _d 5 4 69 M-108 5.12 Do.
claycontinueabundant but gravel grainsand
shell fragmentsbecome more numerous, on_
fragmentofBele_r#ite//anotedat 67feet,At
base gr_vet and shelllmgments become ahtEn-
deut. Bdemn_te//alrag_aentsmuner gas.
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The data furnished by holes 15 and i6 are summarized below:

Thic]zness r_nd quality of greensand beds at holes 15 and 16, Elmuvod Road,

Average

K_O.a
__i

Chccola_ marl ...............................

A_a_tage:
Overburden .............................. I..........

i

6A oforb_wei tc4aceordin tothethiekne_sesrel_resgntedbytbotespcctlvesv, mldes,
_c_u_ 11mehes o_chtccoh_oma'rl.

e AVetagB for th6 bed in _hc 2.5_cvo tract weight od a_cordlag to its thicka_ _t the respective holes.
4 Average of e1_tir¢th_ck_mssof marl in the 2.5-acretragt.

As shown in the above table, the maximum thickness of the over-

burden in the 2.5*acre tract, as inferred from the two holes, is 17
feet and the average is 16.5 feet. The land rises slightly toward the

north side of the tract, so that 17 or 17.5 feet would perhaps be a
fairer average for the overburden.

The presence of the Terebratuga-bearing bed at hole 16 fixes
definitely _he position of the top of the _/ornerstowa a_ 19 feet a_
that place; the corresponding bed, not so well marked, occurs at
22 feet at hole 15, where the surface elevation is 4 feet higher (65 feet).

Above _he top of the Itornel_town is a bed 5 feet thick at hole 15
and 3 feet thick at hole 16, consisting largely of fine quartz sand and
glaueonite with more or less clay. This bed is presumably the basal
part of the Vincentown sand but may represent reworked material
of Pleistocene age. It contains sufficient glauconite to warrant its
inclusion with the underlying marl beds, and it is here classed with
the black marl.

The black marl has a maximum of 11 feet 2 inches, averages 9 feet
7 inches, and contains 6.01 per cent of potash (KzO). The green
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marl hag a maxinmm thickness of 13 feet 6 inches, averages 12 feet
11 inches, and contains 7.26 per cent of potash. The chocolate
marl has a maximum thickness of 29 feet 3 inches, averages 28 feet

2 inches, and contains 6.32 per cent of potash. The entire bed
averages 50 feet 8 inches or, for purpose_ of Computation, say 50
feet in thickness and contains 6.50 per cent of potash.

W_ELL DATA.

Numerous wells sunk within a radius of 2 or 3 miles of Marlton
serve to cheek the thickness and continuity of the marl and show the

general thiekuess of the overburden in the district. At locality 64_
which is on relatively high ground midway between Marlton and
Ashland and southeast of the marl belt as mapped, there is 50 feet

of greensand beneath 81 feet ef overburden, as shown in the following
record :2_

Record of well of S. C. Gardlner , about 2,5 miles southwest of Marlton_ on road to A_hlaryt
(locality 64_.

[Ei6vation,147 leer. W, C. Bert, driller.]

Thick- Depth. • Formation.

Feet. Fell.

Ye_ow ql_icksand ......................................... 35 75 [

Gravel and coarse sand _xed .............................. 6 81 / H_ra_v_i and
Oreenmua ................................................. 20 1(}1 } Navesink.]Choeola_ _vl ............................................. $0 131
Sand with wat_t ............................................ 5 137 [Mom_t L_u_l mad

Three wells at Marlton show considerable thicknesses of marl, but

_hey also show a rather thick overburden.

Record of weft of H. B. Dunphey, at Martton (locality 65).a

[El_vation,105fcei. W.C. Bert, driller.)

7-

" Thick- i D_pth. 1_ormation.ll_ss. ,

F_et Feet.

Top _oil yellow loam and grave[ ............................. IS 18 Pleistocene,
Black marl ................................................. 1_ 52 Horaerstown and
Green ]n_rl ................................................. 9 41 l_av_lnk.]
Chocolatemarl withwhiteshell, probably Gryphaeu ........ 29 70
Graysand wit_xirouywater ................................ 12 E_ _/mtutLaureland40 122Black sand ................................................. Wenonab.]

BlaCk clay ........ ¢........ w "£er ........................... 72 19a Marshalltow_]Finewhaesandwth_od a ...................... : .... 6 200 EI_gtishtown:]

avow Jersey Geol, Svawey A_m. Rept. for lSg_, p, 89, 1896.

If the black marl beneath the gravel is considered part of the
Hornerstown there is a thickness of 52 feet of marl beneath an over-

_aN_v J'ersey Geol._urv(_yA/ms.IRep_.l_r189_, p.14B,1897_

85625°--22
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burden of 18 feet, The records of the well at locality 66 and of
hole 16 suggest that this black marl may perhaps more properly be
assigned to the Kirkwood or the Vinecntown.

Record of well at waterworks, Marlton (locality 66).a

[AboutO.6mil_southotrailroadstatiom Ele_-ation, ltSlevt(?). A.G. Dv_phey, drfller.]

Formations.

Feet. Feet.
Soil ........... 9 9
Yellow 6 14
Ydlow
Black n
M_rl
Bro_'n mud (chocolaSe marl?)
Mud ,_nd shell ............. 6 96 N_veShlk.]

Wh_'teOrasand. wi_h abun_co ofw_t_r, _omewl_tL-OnYsand.......... .......
Ill_zk sand ........................

Wenonala.]WhitishOrg]'aysand .............. 17
Black saudy lnud ..................... (:?,9)
Black ehy at ...... (30)
Ehek muddy saud ................. ::::::::::::::::::::::::: {11)
Sandy mad ................................................. t2) (208)?
Light-col_redsand ..........................................Yellowish white sand _ith satisfactory water. 4)

a New Jeraey GeOl. Survey Area. Rept. for 1897, pp. 259-260, lSgS.

Here there is 47 feet of marl beneath 49 feet of overburden.

The writer is indebted to M. W. _lhvitchell for the following record
mad interpretation of the neighboring well of T. R. Wills:

Record of well of T. R. Wills, near Marlton (locality 67),

[Fiveeighths of amiIe south of MaflDO_ Elevation, _D0feel k.G. Dunphey, driller.]

s. Fgrmation.

t.
Soil and ycllow loam.. 12 12
Gravel _nd greenish-yellow sand... 3 ; 15
Yellowish _¢and wt_h som_ greensand grains ........... 7 i
Dark or bkwk ela_ 16
Sand, mixture ol greensand and wbi _o qoartz grains ....... 4
Greem_and _zLarl,aomewha_ c}aye!y........................... 14 ]
P_'e _reen_nd maxl cMled powder-gT-_ia marl ............ I0 and ]way-
Choeomte m_r ........ 8 estnk.
Choeolu$_ ]marl, darker $b2.de .... 14

5
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At this locality the top of the Hornerstown is net present, but
there is 46 feet of greensand beneath 36 feet of overburden, consisting
of Kirkwood sand.

A well sunk for Joseph Evans, about 1.5 miles southeast of Marlton,
furnishes the following record:

Record of well of Joseph Evans, 1,5 miles southeast of Marlton (localily 68).a

[Elevation, 129 teet,]

Formation.

Sahd ........ 20 29 {Ki_kwc_d 71el_k 1_1_ or _D_rl ....... 5,0 70

Cmst .... 9 93 , ]

Green marl ..... 27 120 i=I_rners to wn ann
Sand ...... 27 147 Nav_nk ?]Cr_st of oyster and otlmr shells 2 149
Whi_e sand with watel 6 155 Lau_I-Weno-

a New J_rsey GcoL Su_ey AZa_ 1{apt. for 1894, pp. 214_215,_189_

If the writer's interpretation of the above record is correct there
is 54 feet of greensand marl beneath 93 feet of overburden. The
"crust" at a depth of 84 feet is thought to be the more massive lime-
sand phase of the Vincentown, but it may represent the shell bed at
the top of the Hornerstown. The shell bed at a depth of 147 feet is
probably the base of the Navcsink.

IElevatio_, 70 feel.]

_£hick- Depth., Formation._leS$.
• =

Feet. Fed.

Soila1_d green clay ......................................... I0 IO Quat_rnazy.] "CogX_ s_l_d a_d gravel ..................................... tO 29

Bl_kandgreenn)arl ....................................... 14 34 inornerstowa and
Chocolatemarl ............................................. _ 64 _la-_sink.]
Shell crust _qth .Bel_mnitella ................................ 4 ,68
Sand, water bearing ............................................................ MOUnt Latt_l _nd

Wa_onahl•
¢,

a INeW Jersey C_ol. Survey Anl_. Rapt. ?or 1894, p. 209, 1895.

The upper shell bed is not present at this locality, but beneath 20
feet of clay, sand, and gravel there is 48 feet of greensand marl,
including the lower shell bed.

The records of a number of other wells in the vicinity of Marlton,
so far as they relate to the marl and its overburden, are summarized
in the following table.
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Thicknvss o/overburden and o/marl at several wells near Marlton.

1ersay Geol. Survey Owner, bur- Marl. Driller.
lty. _ul_, Ilept.). den.

Feel Fee_.
70 1894, p. 215 ........ Jacob L. Evens ....................... 40 5S?

70a' 1894, p. 286 ........ S_mu_l Lipp_incott .................... 26 54 W.C. Burr.
1899, p. 69 .............. do ................................. 7 51 A.G. Dunphey.

....... 18(}4,p. 21_ ........ W[Uiam .l. _v_8 .................... , S0 [ 6_/ , Do.

....... 1894) p. 210 ........ Josiah Ballenger ....................... I I:_O? 44) I Stotthoff Bros.71 (a) W.a. Cooper......................... 20_ 50

72? 1894, p. 211 ........ Ben'amin_), Cooper ...................... / _1 | 35? / y" W. Burr.
7a 1897, pp. ¢_-_1... T.u. nammitt ........................ ¢ 85 | 42 _ A. G. Dtmphey.

....... 1894, p. 213 ........ B. S, Lip]pincott ...................... 50 ] 4_ W.C. Bart.

....... 1894, p. 21_ ........ Levi T, Ballenger ..................... 26+ _ 567 Do.

....... 1894, p. 216 ........ A. _L Lofland ........................ } 58 3]37( DO,

74 (a) ,%a_luel R, Cooper ..................... l 30 1___./5()
27

a Personal communication.

Definite locations for a number of these wells are not available,
but they all lie within 3 miles of Marlton and mostly to the east or
southeast. They are near the southeast boundary of the marl belt
and show an average thickness of about 49 feet of marl beneath about
37 feet of overburden, which, at several of the wells, consists in part
of Vincentown and Kirkwood sands.

OT_R DATA*

Some of the marl exposed in plowed fields and along roads near
Marlton is reworked material of Pleistocene age that might readily
be mistaken for marl in place. For example, at locality 75, between
Marlton and Evesboro, Dr. K(immel noted in 1915 a good exposure
of reworked marl 2 feet thick resting on a bed of yellow iron-stained
gravel also about 2 feet thick. In the old marl pits in that vicinity
the only exposures at present show reworked marly clay with pockets
of gravel. The real marl occurs below the floor of the pits at an
elevation of about 90 feet and beneath the gravel.

The pits of George T. Middleton, at locality 76, about 1.1 miles N.
78° E. from Marlton station, are entered from the Evesboro-Me_'ord
road. According to information furnished to Dr. Kiimmel in 1917
these pits have not been dug recently, but the marl lies near the
surface with only 2 or 3 feet of overburden and no shell bed. The
marl was formerly dug to a depth of 12 feet, where water interfered
with digging, but the marl was said to be much thicker and to contain
more than 7 per cent of potash.

ATLA_TIO POTAS_ e0Ja PIT,

The pit of the Atlantic Potash Co. lies about 1.1 miles due east of
Marlton, at locality 77, iust north of the railroad. At the time of the
writer's visits, in October, 1918, and January and March, 1919, the
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pit was filled with water. In September, 1917, fresh surfaces were
exposed and Dr. Kiimmel measured the following section:

Section at pit of Atlantic Potash Co., 1.1 miles east of Marlton (locality 77).

Feet.

Sandy may and gravel ......... '................................. 3-5

Yellow bed, Gryphaea she|Is, iron stained and more or less de-

c_mposed. : ................... : ........ _.... .................. 2-2½

White unaltered shells, 80 per cent Gryphaea, some Terebratuta
harlanl; upper contact verysharp and approxlm_tel)/ horizontaI. _-1

Dark greenish-black marl, exposed ............................. 6=7

15½

It was stated that 40 feet of marl had been dug here without

reaching bottom, and that about 13 feet from the top the marl
became a little more greenish.

The condition of the pit in March, 1919, is shown in Plate VIII, A.
Deteroinations of the weight of the marl per cubic foot were made
on relatively fresh run of mine material, as described on pages 19-20.
A sample of this material analyzed at the Survey laboratories con-
tained 7.63 per cent of potash (K_O).

LIME SAND.

The lime sand does not come to the surface in the Marlton districi,

but it is penetrated in a number of wells in the eastern and south-

eastern parts of the district. The map shows its probable distribu-
tion northeastward from a place about 1 mile so(_theast of Marlton,

where it emerges from beneath Tertiary beds but is still concealed

by Quaternary deposits.

ESTI3_ATES el_ TOI_NA(_EAlql)VAL_'E*

In the 2.5-acre tract at Elmwood Road station the thickness of

t the marl is about 50 feet and its potash content 6.50 per cent. On
the assumptions, as in previous estimates, of 28 per cent of voids and

a weight of 133 pounds per cubic foot, 1 acre of this tract would

I contain 43,560 × 50 × 133 × 0.065
2,000 =9,400 tons of potash (K,O) and

the 2.5-acre tract would contain 23,500 tons.

With an 80 per cent recovery and a price of $2.50.per unit of 20
pounds (March, 1920) the potash in a ton of grecnsand would be
worth $13 and the potash in an acre of this tract would be worth
$1fl80,000. At the more probable price of $1.50 per unit the potash

in a tea of greensand would be worth $7.80 and the potash in an
acre of the ground would be worth $1,128,000. These estimates of
value have no relation to the present value of the land, as they are
dependent upon the extraction of the potash by processes whose
successful operation has not been commercially demonstrated.
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UTrr_T_aTION OF T_ DEPOSIT_,

The 2.5-acre tract is part of a tract large enough for commercial
development and lies on a railroad that gives direct access to Dela-
ware River at Camden, about 16 miles distant.

At holes 15 and 16 and at the Atlantic Potash Co.'s pits water
rises within a few feet of the surface and will need to be considered
in any plan for exploitafmn of the marl.

Along the southeast boundary of the marl belt a thickness of
about 50 feet of marl may be expected, but the overburden is rela-
tively thick, being about 17.5 feet in the 2.5-acre tract. Where
streams have removed some of the overburden, as in the vicinity of
the Atlantic Potash Co.'s pits, the marl will be more accessible.

3_EDleORD DISTRICT.

MARL LOCALITIES.

The Medford district merges with the Marlton district on the
west and is discussed separately only for convenience in the presen-
tation of data. At Medford the Manasquan marl underlies the
surface sand and gravel, but to the south, east, and northeast the
Kirkwood is found. The Manasquan forms a belt extending nearly
4 miles southwest of Mc_ord, but the marl is only locally exposed.
It was'formerly dug here and there, as at locality 78, about 1 mile
southwest of the town. This locality was visited by Dr. Kflmmel
in September, 1917, when he found the pits entirely grown up with
trees and no marl visible. The marl was deeply buried by yellow
sand and must have lain 12 to 15 feet below the surface.

Just north of Medford the Vineantown sand forms a belt about a

mile wide that is also largely concealed by surface sand and gravel.
From the vicinity of Reeves station to a point within a n_tle of
Lumberton the Hornerstowll and Navesink marls occupy a belt about
2 miles wide, in which the marl lies under varying amounts of sand ]
and gravel and in some places is within a few feet of the surface. 1

_'E LL DATA,

Th_ records of several wells show the thickness of the overburden

and of the marl in different parts of the district. The writer is
indebted to M. W. Twitchcll for the following record and interpreta-
tion of the well of J. S. Wills:
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Record of well of J. S. Wills, near Medford (locality 79).

[Elevation, 63 (?)Ieet. I

Soil ........................................................ Thick2- 2

n_s. Depth• Formation.

Feet. Feet.

5
15 Kirkwood. "
23

_o Mauasquan.Dark-green marl. 35
50 Vinc_ntown.
70

Pure 76
80 Hornerstown and
91 N_v_ink.

104
120

12A Mount L_ute! and

Gray s_nd and wat_l I23 Wenonah.

This record shows a thickness of about 54 feet of ttornerstown and
Navesink marl beneath an overburden of 70 feet; but included in
the overburden are about 20 feet of Manasquan marl and'20 feet of
Vincentown sand.

At the farm of I. W. Stokes (locality 80), alJout 1 mile northeast of
Medford, a well was sunk in the midst of the Horncrstown and Nave-
sink marl belt. This shows 15 fas_ of overburden and 30 feet of mmq,
a commercial quantity. The following record and intert)retation
are supplied by Dr. Twitchell: .

Record of _ell of I. W. 8to_es, near Medford (locality 80).

[El_vation_ 78 feet. Stotthoff Bros., drillers.]

Th3k" )epa Formation.

i-

Feet• Feet.
Sand and e2fth ............................................ 1_ 15 t
Marl ...................................................... 30 45 I nornerstown and

Navesink.

Sand,w.rFing..............................................J,5 60

Shellyl_yers...............................................4 64 IIM°ullt L_ttrel and

Coarsegray sand(waterirony)............................ _ _ _¥_11onah. ,Gree_tt m_rl ................................................. 15
Black quicksand ........................................... 28 ll0
Marl.......................................................12 122
Quicksaud.................................................35 157 Marsh_lltown.
Marl(fourthstratum)at.............................................170
S_ald__omo clay............................................5 175
Sand, somo clay (water good) .............................. 2 177 i_Englishtown.
Sand ....................................................... fl II
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At the EayTest0wn School_ about 1.2 miles northeast of Eayres-
town, a well was sunk, which, according to the State Survey files,
furnishes the following record:

Record of well at Ea_estown SChool (locality 81).

[Elevatlon_about 45 feet. S. J'. Taylor_ driller.]

• Thick- Depta*. Formattott_n_,

,Feet.

Ye_)o__a ...................... 5 0_ }[et_te_ary.]Brown and yellowish sandy loam .......................... 15, ,2
lack m_rl, g_mpowde_ ................................ 20

Dark-greenmarl ............................................ I0ti 40 I|[Hornemtown _nd

White sand, water ......................................... _ I[ Naveaink.]

Hardpan, limestone ........................................

HFine greenish sand, wate,, ,, .................................. ,0 _llardpan, concrete ..................................... 11 I [MoUntWenonalL]Laureland

The overburden at this site is relatively thick (20 feet). The marl

is 31 feet thick and from the descriptive terms used is probably of
good qltaiity. In view of the thickness shown it is probable that the
marl extends farther northwest than is shown on the map.

R. S. RYA_ CO.'S PIT.

The pit of the R. S. Ryan Co., which formerly belonged to Edward
Rogers, of Medford, is at Reeves station, about 2 miles north of Med-
ford (locality 82), and is now the si_e of a plant for the extraction of
potash from grccnsand marl. (See P1. IX, A.) At the north end
of the pit the following section was observed in )_arch, 1919:

Section at pit erR. S. Ry'an Co., at Reeves station (locality 82).

Thick* Depth. Formation.ne_s.

Feet. Feet.

Brown soil with pebbles ................................... _ 2 Quaternary.Light-Colored consolidated glauconitic sand ................ 3 Do.
Ironstone full otshell c_sts and with Iocal strongly forrugin- 3 6 nornerstown.

orsban_.
3lack to reenish marl (l inch strongly ferruginous layer 1-1½ 7½ Do.
at base_.

]lack matt with _eenlsh streaks ............. _............ _ 10} Do.

The pit has been dug below the level of the base of the above sec-
tion, but the lower part is concealed by water. The marl is said to
be 40 feet thick and to contain from 6½ to 7 per cent of potash (K20).

Material from the lower layer in the sectSon was used in the weight
determinations described on page 19. An average sample of fresh
marl from this layer analyzed in the Survey laboratory contained

6.25 per cent of potash.
The ironstone layer, which in the above section coincides with

the position of the shell bed at the top of the _Iornerstown, becomes
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Vincentown,penetratesthe Navesink marl and shows the succession
of overlying beds. Its record follows:

Record of well of William J. Irick, about 1 mile west of Vince_ttown (locality 84). a

[Elevation, 30 feet. A. G. Dunphey, driller.]

Thick- Depth. Formation.heSS.

l_eet. Feet.

yellow gravel ............... 3 3 _[Quaternary.]Orange-colored sand and fine gravel ........................ 6 9
Yellowish sand with a few greensand grains ................ 9 18
Yellowishllme sandwith lentilulBr ozoa ................ 7 25
Ash-_oloredlime sand wit_ very few _yozoa .............. 19 44 .[Vineentown.]
Grayish greensand with numerous Foraminifera, _ryozoa

wap.ting _................................................. " 5 49
Dark greonSmld with Terebratula harlan_ and Gryphaea ...... l 50

Lighter-eoloredgreensaiad;nofosslls ........................ 20 70 [Hornerstown and

Very darkeoloredGrayishy eonsan_rwitheeUsand:fossils,...............................including Grypbaea _nd 31 10l . Navesink.]
Belemnttd2a .............................................. 3 104

Grayish greensand with Belemnitez ......................... 5 109 Mount Laurel ?).

aNew _rersey Geol. Survey Ann. Rept. for 1901, p. 7i. .i]

Here beneath an overburden of 18 feet of sand and gravel, inchid-
hag probably the upper bed o_ the ¥incentown, there are 31 _eet

of lime sand and 55 feet of greensand marl, including both shell beds. ._
A well sunk at Richard Ridgway's farm, south of Vincentown, t

shows_ as reported, some 90 feet of marl beneath 12 feet of over-
burden. Its record follows:

Record o/well o/Richard Ridgway, about 1.75 miles south of Vincentown (locality 85).a !

[Elevation, about 40 leet. S.I. Taylor, driller.}

ness. Depth. Formation.

Feel Fea.
Low soggy, ground .......................................... 12 12 [ Quaternary.l
Dark-green marl ............................................ 20 82 [[[M a n a s q u a n and
Light-green marl ................................. x ...... 7(} 102 Viaeelltown?l.

112 Top of Itornersgown?

a l_lles of New Jersey GeoL Survey.

This Well is about 2 miles farther down the dip than the Irick well
and would thus be expected to show a greater thickness of the Vha-
centown sand, which is locally very glauconitic, and a complete

or nearly complete thickness of Manasquan marl. The limesand
phase of the Vhacentown, if present, was not recognized. It is pos-
sible that the Vincentown is absent and that the shell bed mentioned

is the base of the Navesink, but in view of the records of the Irick

well and that of Henry I. Budd, given below, the interpretation in-
dicated seems more probable.
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thinner southward and is only about 6 inches thick at the south end
of the pit. At that place the shells are missing, and the ironstone
includes pebbles. Thus the ironstone appears to cut across the
upper beds of the marl at a faint angle, rising toward the north.

The layer from which the sample analyzed came is in the upper
part of the Hornerstown marl. Comparison with the borings pre-
viously described would indicate that marl of better quality would
be found a few feet lower.

LI3fE SAND.

The Vincentown sand with its lime-sand phase is reported in the i
logs of some of the wells already cited. In this district it is exposed
only in the pit at locality 83, on Haynes Creek about 0.4 mile south-
east of the R. S. Ryan Co.'s pit just described, with which it is
connected by a tramway. The lime-sand pit also belongs to the
R. S. Ryan Co., and the lime sand is used with the greensaad in the
process of potash extraction.

The exposure shows about 8 feet of lime and quartz sand with hard,
cemented masses of lime sand 6 inches to 1 foot thick, irregularly
distributed through it. There are also large bodies of dark-greenish
clay, grading into sand and here and there containing small masses
of limestone. Clay bodies 10 feet el' more long and 2 or 3 feet
thick lie near the base of the cut. A random sample of the loose
lime sand analyzed in the Survey laboratory contained 35 per
cent of carbonate of lime (CaC03), and a similar sample' of the
harder limestone phase contained 74 per cent. The analysis of the
harder sample gave 52 per cent of lime (CaO), of which only
about 32 per cent is in the carbonate form. The excess lime,
20 per cent, is probably present as phosphate, for a qualitative
test shows a strong reaction for phosphoric acid. Some iron is
also present and may be combined.with carbon dioxide (COz). The
loose lime sand contains only a small excess of lime. The presence
of phosphate of lime in the lime sand may account for its irregular
consolidation and also in part for its beneficial action in agriculture.

VINO]E NTOWN.

Vincentown lies partly in the area of the Manasquan marl and
partly in that of the Vincentown sand. Both marl and lime sand
have been dug near the town, but these formations are only locally
exposed.

WELL DAT_

A few wells sunk near Vincentown give an idea of the amount and
character of the overburden and of the thickness of the lime sand
mad marl beds. The well of William J. /rick, about a mile west of
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The well of .Edward Blackley, at locality 86, _lear that of Richard
Ridgway, shows a similar record but was sunk to a depth of 135 feet.
The driller reports that the oyster shells wel"e not so plentiful and
that a little black muck was penetrated before reaching the sand,
which was of a gray color.

30 • • _', • •
The well of Henry I. Budd, desembed as 2 miles south of Birming-

ham, is probably within 2 miles of Vincentown and somewhat north-
west of the strike of the beds at the two wells last mentioned. At

the Budd well the base of the Navesink is struck at the depth of 140
feet. Its record follows.., - .... •

Record of well of Henry I. Budd, 2 miles south of Bi_n_ingham.

[Elevation, 50 fee_. 1

T hick- Depth. Formation:

cert. Feet.
Learn a_d clay ............................................. 7 7
Marl atieky ........................ : ..................... 62 69
_r_ iror_tone ............................................ 2 71
Marl ............................................ : .......... 1 72
tlard ernst ................................................. 1 7a

• _arl ...................................................... 2 75
_ard crust................................................ 1 76
Marl .................................... : .............. _. ' 3 79 . ' '

H_rdcms_ .......... : ...................................... 1 80 [Vtne_ttown?} •Marl .................................................. : .... 2 82
}lard crtlst................................................. 1 83
M_t[ .................................................... 2
Hard ett_st ............................................... 1 86
_5._rl..................................................... 3 89 ' ' - •
Shefimarl ................................................. 10 : 99
Shell bed Gryphaca and Tcrebratula ....................... 6 1(}5 '
el_cksand_mfl1_ar...................................:... IfJi I15 Iornerst ow_ and

Gr_ndmarl ............................................ ' _ _ 1gg Nav_k.]'• *
Crast,Belemn_les ........................................... 2 I 140i

C_ whitfl s_tld with water ......... :.•.." ................. " 3 i 1_3 Mo_l_Wen0a_h.].,L_llr01. and

In this well the position of .the top of the Hornerstown is cleal"iy c,
indicated by the Terebra$ula-bdaring bed, .and the combined ttorucrs-
town _nd Navesink beds are thus 41 feet thick. The alternating
marl road crust layers above tiffs bed are suggestive of the lime-sand

" and limestone phases of the Vincentown, which under this interpret
tation would be 28 feet thick, The-62 feet of "sticky marl" _s
probably too thick to represent only the Manasquan marl and may
include the lower and more clayey portion of the Kirkwood. The

ironstone, however, suggests unconformity, so that the _{anasquan
may be absdnt. ! . ,.,

- MA_L PITS. , ,

At locality 87, about 1 mile.south:of Vincentown, on the property

of Dr. J. Clifford Haines, Dr. Kommel observed, in September, ' 1917,
' _ New Jersey G_ol. Survey A_I_, Rept. for I_ p. 14a,1_;97..... ,
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a freshly dug pit with vertical walls in which the following section

was exposed:

Section at marl p_t of.Dr. J. Cl_flbrd Hqines, I mile south of Vincentown (loozlitg 87').

Feet.

8and and gravel ................................................. 5
Cr_y marl .................................................... 1
Gray to black marl .............................................. 3-4
Water level.

10

Other expostmes in the neighborhood showed 10 to 12 feet of
stripping.

In the early eighties, according to data on file at the New Jersey

Geological Survey, the pits of the ¥ineentown Marl Co., which were
near the Haines pit, showed an overburden of 6 feet of yellow and

white sand and gravel resting on 15 to 20 feet of marl, gray above
and black below.

At locality 88, on the opposite side of the cre_k from locality 87,
Dr. Kiimmel observed, in September, 1917, several small openings

that had been made within the preceding few years. There were

piles of light ash-colored marl at an elevation of about 40 feet, and "
the pits showed 7 or 8 feet of sand and gravel overlying 3 to 4 feet
of light yellowish-green marl blobbed with clayey pellets. The pits
were filled with water.

The pits on the H. J. Budd estate, at locality 89, about 1½ miles
east of Vincentown, were visited by Dr. K0mmel in September, 1917.

No marl had been dug there for 20 years, and there were no expo-

sures, but according to John W. Rose, who used to dig marl therej

the pits formerly showed 3 to 6 feet of stripping succeeded by 3 feet
of gray mar] (locally with ironstone) overlying 12 to 18 feet of black
marl. The bottom of the marl was not reached.

From the Ben Brow11 place, near Vineentown, W. C. Phalen col-

lected a sample of marl from a previously dug pile and a check

sample from a bed of greensand 5 or 6 feet thick. The first sample
when analyzed in the laboratory of the United States Geological
Survey was found to contain 3.74 per cent of potash aJad the second
sample 4.22 per cent. s_ A third sample from the Henry Butterworth

place, between Pemberten and Vincentewrb contained 4.28 per cent
of potash. This sample represented 5 feet of greensand, which was
overlaln by 10 to 15 feet of clay and gravel.

According to data on file a_ the State Survey, lime sand was dug
on Rancocas Creek near Vincentown at locality 90. In the early

eighties the foIlowlng section was exposed :

_ Ashley, G. _., Notes on the greenland deDosits of the United States: U. S, Geol. Stlrvey BaIL
660_pp, 89147_1918. NEW JERSEY GEOLOGICAL SURVEY
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Section of Vincrn_own sand on Rancocas Creek, near Vincentown (locality 90).

Ft. in.

Brown sand and humus ....................................... 6
Yellow and white sand and marl ............................. 24

Red sand_.. : .......................... ...... : ........... :... 6
Lime sand, cemented in some places and iullof Eschara ........ 7-9
Limestone ........ : ......................................... 10

24

In the spring of 1919 interest in the lime sand at Vincentown was
revived, and some of the material was reported as being dug for

agricultural lime.

BIR_IWGHA_ A/_D PEwrmERTOI_'.

HO_'FMAN PIT.

William Hoffman owns a large pit at Birmingham (locality 91),

from which he makes occasional shipments. (See P1. IX, B.)

The follo_ng section was exposed i n January, 1919:

• Section at William Hoffman's marl pit, at Birmingham (locality 91).

Ft. in.

Sand with some pebbles ...................................... 6

Light-green clay locally at contact ............................ 1-2

Marl, grayish, with some dark irregular masses including gray

spots and specks ........................................... 2-3

Marl, black, grading irregularly into overlying layer ........... 3 6
Marl, black, dark greenish tint ............................... 1 6

14 2

Mr. Hoffman states that the marl about 14 feet below the top is
green and that he stops digging at that depth on account of water.

A sample representing an average of 10 feet of greeILsand from this
pit, taken by W. C. Phalen in 1917 and analyzed in the Survey labo-
ratory, contained 7.07 per cent of potash (K20)._=

A well sunk for Mr. Harper at locality 92, a short distance south
of the Hoffman pit, shows the thickness of the marl and the amount

of overburden thai may be expected. Its record follows:

Record of Harper well, about 0.33 mile N. 24 ° _ o/Birmingham station (locality 92).

[Elevation, about3Ofeet, s.J. Taylor, dflller.]

I heSS. Depth. Formation.

Sand and gravel ............................................ I Feegi5 F_et.
Ironstone,re hard ....................................... 2 Quaternary.
Light .gra_ t_alrk.green marl .............................. 33 _5_I_"orn_rst own and
Haedsandst0ne formation(indurated marl?) .............. 10 _91/ Nav_sink.Oyster and clam shells, "lignit e," coralreef elc ............ 10

Shell, bro_v-nsand,whaosand .............................. 29 901}Mount Laurel andBrownclay ............................................... _ 95 Wenonah.

n Ashley, G, H., op, cit., p. 47.
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According to Mr. Taylor, the "lignite" of the above record is glan-
conite. The total thickness of the marl beds as there shown is 53

feet, and that of the overburden is 17 feet. The shell bed at the
base of the Navesink, which lies at a depth of 60 feet in the well, is
exposed in the bank of the creek above 12 feet of Mount Laurel sand
at locality 93, about 1.2 miles north of Ewansville.

PzzsoF_ORZROSS_ E_m_s co.

About half a mile east of Birmingham station the Noreross &
Edmunds Co. has operated a sand-washing plant for a number of

years. The sand is taken from the company's property, which
includes about half a square mile south of the creek and east of the
station. So much sand has been removed that the overburden over

much of that area has been greatly reduced. The property lies largely
in the belt of Vineentown sand, but the creek has cut tbrough into the
marl about 0.2 mile east of the station, and near the western part of
the property the Vineentown sand should not be very thick.

Men and tools were kindly supplied by the company for exploration,
• and three attempts were made to reach the marl in the vicinity of

localities 94 and 95, but each attempt was unsuccessful because of

the gravelly nature of the overburden and the nearness of water to
the surface. The marl was not reached at depths of 3 o1"4 feet.

In the southeastern part of the property two holes, Nos. 17 and 18,
were sunk, respectively, at localities 96 and 97 in the Manasquan marl,
and samples ¢or analysis were taken. The character and potash
content of the material are shown in the table below.

Two attempts were made to sink a third hole by the creek at
locality 98, but these were abandoned at depths of 3 or 4 feet because
of the gravelly n_ture of the overburden and the abundance of water.

Records of holes at sand pits of Norcross & Edmunds Co.

LocaSLv 96. hole 17.

[ About 0.75 mile southeast of Birmingham station and about 375 feet northwest of culvert in road to South
Pe_nbertom. Elav_tion olpresent stlrface_ about _ feet. Ane.lyst, E. _2. Enc_son.]

Thick- Field
n_. Depth. No. o( K_O. FOrmation.

;ample.

_'_. rl_. P_c_tGravelwith pronouncediron-stainedlayers..... Pleistocene.
Glauconitobeds thin alternatthg leafylayers of 3 3¢ 6 3 "M_'I_'"'_ Manasqurm.

drub fine aan_y cla_ and gree_ith glauconitic
clay; random sampre.

Glauconite beds, dark grayish grcen_ clayey_ 9 8 I 1511 COo.
uniform texture, water bearing, l
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Lo_ltty 97. hole 18.

[About330feetnorthofholo17. Elevatiollotsttrf_ce, Bbout5_feet. Anslyst, E.T. EricksolL|

I F_ld.Depth. Are. of K_O. Formation.
,_mpl_.

Gravel and sand I Ft. i_ er cent Pleistocene. ,
Glauconito beds, thin alternatin 15 _-'1_' ""_7" Do.

drab fine sand
9feel

el bed.
Lower 6 to arker &rid n

17 10 M-12l 2. 75 _anasqualL

{ 19 6 _-t_ i.g3 DO.

clayey.
Glauconite bed% clayey, dark greenish gray....I
Glauconite bed% hght greeul_h gray w th

grains o f lime andltunps _f _5_ana_. _umps
are irregular in shape and rough in feel The
bed has rmlch cl_y and considerable glauconite
bnt appears quite [[my with dark glauconite •
_tres_s. At ba_ a hard layer that could not

belowbepenetratedsurface,with auger. Top of Vincen-
town(?). Waterstand_ in holeabout 3 feet

, kt locality 99, in the same general vicinity, a hole 10 to 15 feet
square and perhaps 10 feet deep, now filled with water, had been
recently dug in the Vincentown sand. No greensand appeared on
the dump, but incoherent lime sand with some pieces of cemented
limestone formedthe bulk of the pile. Bryozoa were very numerous.
Portions of the material were strongly cemented with iron oxide,
and much vivianite was scattered over the dump in bluish radiating
crystalline masses, in crusts, and in concretionary forms. Evidently
the hole had missed the Manasquan marl and had not been dug deep
enough to strike the Itornerstown.

From the vicinity of this hole westward and northward to the rail-
road the lime sand should be relatively near the surface and in snffi- "
eient quantity to be a commercial source in the event of any exploita-
tion of greensand marl in the district. No analyses of this material
are available, but fl'om its appearance in the dump near the hole and
in d_bris along some of the ditches cut by the company it seems prob-
able theft this lime sand will compare favorably in content of carbon-
ate of lime wkh that from locality 83, near Reeves station, which is
utilized by the R. S. Ryan Co.

The Norcross & Edmtmds Co. also owns ground between Rancocas
Creek and the road east of the tributary that enters the creek about
0.6 mile southeast of South Pemberton station. Throngh the courtesy
of the company a hole, No. 19, was sunk at locality 100, in the north-

western part of this property. There are numerous old marl pits in
the vicinity, and some recent pits with equipment for digging. A.
site was selected near one of the recent pits where most of the over-
burden had been removed, and samples for analysis were collected,
as shown in the following record.
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Record of hole 19, at _ocality 100.

los pra_er t_"of Noreros s &Edmu ads Co. ab out 4,200feet S. 65° E. from South Pemb erton st alien, at group
of o1_ ann rec6ut marl pits. Elevation of present surface, about 36 leer. AnMysl, E. T. Erickson.]

1 Tkic_ Fie d

n - Depth. No. of KzO. Vormation.

Ft. in. Ft. in. i Perce_a
Soiland gravel at level of former working....... I 1 ........ Pleistocene,

Glatteordte beds, dark grayish green, _omewhat 5 6 ] M-123 4.2_ Man_tsquan.clayey_ fine textured rather mealy.
Glaucomte beds 1i hter green, stiff, clayey; ] ]

contatn co Is _e_gble quartz in fu,e gr_a_s 2 8 ,
easy feel arid a ppearance on smooth surfa_e'. [ f

G_ueconlte beds similar to last but vdth more 3 10 i ll I0 }iM_124quart_ and some_vhat mealy texture: irregu- 2._ no.

larstreaks oflighter and darker constituents. ! }

Glaucoi_Jtebeds darkergreen largerpereent e fi 12 4
ofgl_ucoJlJle du_ to larger _umher of t_
beds of finc-textured glaueonite

Glaaconitebeds darkgreen thinbedded will 3 8 ] 16 M-125 4.61 DO.numerous layers o line glaucoraitio material
at base a stiff green clay.

The overburden at the hole was only i foot thick, but the top
of the hole was about 3 feet below the level of the adjoining meadow
to the northeast. The marl was not penetrated at the depth reached,
16 feet.

The analyses of the marl from holes 17 to 19 indicate that' the
portion of the Manasquan represented by them is distinctly inferior
in potash content to the ttornerstown and Navesink marls. Deter-
minations of the water-soluble potash of the samples from these
holes showed either none or tt mere trace.

Composite samples from these holes were tested for their content
of lime (CaO) and of phosphoric acid (P_Os), with the results shown
in the following table:

Potash, liwoe, and phosphate content of samples of Manasquan _tarl from holes on property
of Norcross & 2_dmunds Co., near Birmingham and 8outh Pemberton (localities 96,
97, artd 100).

[Analyst, E, T. Eriekson.]

Field No. of sample. Thick- K_O. Soluble K_O. Cao. P_o_./iess.

M-119a........................ Fl'3i_ Percent. Percent. _ercent. Pereenl.3.63 Tr_e ........................ 1.53 1,37M-120......................... 14 4 3.27 NoRe..........................
M-I19 ......................... 9 8 3.61 FaJnttrace ....................

M-121......................... 2 10 2.75 None......................... 2.31 i 3.58M~122......................... 1 8 1.83 ..... do........................

_[_123......................... 5 4. 29 Trace ........................ I_d[-125......................... 3 8 4.61 ..... do ...................... 3 86 2.44

The lime and phosphate content of this marl, as indicated by the
above analyses, is not high but is probably sufficient under favorable
conditions to produce beneficial results in agriculture. The higher
phosphate content of the middle group is probably due to the vivi-
anite in sample 122. (See p. 87.)
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OT H_l:t DATA.

At North Pemberton a well sunk near the station for Peter Cos-

grove's creamery furnishes the following record:

Record of well at Pder Cosa'rove's creamery, North Pemberton (locality 101).

[Elevation, about 35feet. S, $. Taylor, drdler.]

T)ACk.ness.Depth. ] Formatimt.
I

Feet. Fc_.
Dugwell ................................................... 15 15 ilManasquan and VL_-
Dark-groenmarl ........................................... 65 80 _[ eentowr_(?),

eo_(:t_e_ns_]rld _n_[qilfIYt_............................... e 88 Horne)stewn a n d
Gree_lm_r l_"lignae)' (_glaucol_tte) ........................ 18 Na_,eaLak(?),
Black _deac_us clay ........................... _........... 20

Hard nhells................................................. 8 132 ]_fMolmtLaureland We-
Coarsewhiteqt_rtz ........................................ I0 142 _,( nonah.

The 65 feet of green marl in the upper part of this well is rather

hard to interpret. The Vineento_m locally contains much greensar?d
and at some places, as at hole 16 (locality 63), might be called a

greensand marl. The lime-sand phase does not appear to have been
recognized here and me), be absent, in which event the Manasquan
and Vincentown might together for m the "green marl." The two
shell beds give rather definitely the position of the combined Hor-
nerstown and Navesink beds, a_d, allowing for the dip, the lower
shell bed is at about the right depth to correspond with its position
at localities 92 and 93. With this interpretation the combined
ttornerstown and Navesink marls would be 52, feet thick,

At locality 102, near South Pemberton, are some old pits now
overgrown. According to data on file at the State Survey, the

following section was formerly exposed here:

Section exposed in tt_ early eighties at marl pits _ar South Pemberton (toca_ily I0_),
Feet,

Humus and black sand ........................................ ,. 1

Yellow sand and _avel ........................................ 3

Reddlsh-brown sand ............................ '................ I_

Whlte, black, and yellow sand and gravel ....................... I_
Marl with scattered shark t_eth ................................. 18

24_

At locality 103, about 2 miles northeast of Pemberton, are some
marl pits from which Ivins Homer made small shipments in 1914.
This locality was visited by Dr. Kfi_mnel in September, 1917, when
he observed the following section:

SeCtiOn at p_e of Ivlns Hor)%er) 2 mile_ norg_ast of Pemberton (tocality 10._).
Feet,

Stripping ...................................................... 9-4

Gray marl .................................................... 2-2_
Green marl ..................................................... 10

88625°--22 7 16_

NEW JERSEY GEOLOGICAL SURVEY



90 eOTAS_ Ilq TI_E GREE_S&_DS OF NEW tTEI1SEY.

The marl pits occupy 2 or 3 acres dug over in rows. A large
area can be opened to the south without much increase in stripping.
The bottom of the marl was not. reached, but the green marl is
said to be 18 feet thick.

A sample of mart taken by W. C. Phalen from one of the piles
was analyzed in the laboratory of the Geological Survey and found
to contain 4.22 per cent of potash. A second sample taken from
a bed where the greensand was 12 to 14 feet thick and the over-
burden 8 to 10 feet thick contained 4.74 per cent of potash23

SUMMARY.

Near Birmingham there are several places in proximity to the rai]- \_
road where Hornerstowa and Navesink marl of suitable quality can
be obtained in commercial quantities without too much overburden.
Lime sand is also accessible near the railroad between Birmingham
and Pemberton. The Manasquan marl near Pemberton is apparently
18 feet or more thick but so far as examined carries less potash
than the ttornerstown and Navesink marls. The presence of small
amounts of lime and phosphoric acid (P2Oa) probably explains its
former popularity in a_icultural use. The overburden is rather
thick except Mong stream courses.

The available data do not warrant the formulation of specific
tonnage estimates for the potash content of the areas described.

OT_R AR_AS.

Although no further boring was done than that described, well
records and fairly recent data bearing on the thickness and con-
tinuity of the marl are available for "several other areas north-
eastward into Monmouth County. These are given below.

JOBSTOWN.

The well of Barclay White at Jobstown, locality not stated,
shows that the marl continues into tha$ district in probable com-
mercial quality and thickness.

Record o/well of Barclay WM2e, dobsh_wn.

[w. c. Sarr_ driller.]

Thick- Depth. Formation.

Fe_. Feet.

.o,.. ...................................................,, ,, }Gree_marl ................................................. 10 24 [ and N_
Bl_v0k mart and shells. ...................................... 46 70

Co_ay. or pap_-colorecl sand, _ few inches water .................... [MoUntw_nonah,]Laurelmad

Ashley, G, H-, op, ca., pp. 39_ 47.
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A railroad traverses the marl belt southeast of Jobstow_n and affords

suitable transportation facilities. The overburden in the higher
lands along the railroad is probably excessive, but along the stream

- courses more favorable sites for exploitation may be expected.
For example, a site near the stream and railroad crossings below
Juliusto_l (Ellis station) would probably give a maximum of marl
with a minimum of overburden. The lime sand occurs at Juliustewn

but is not well exposed.

SYI_SVI;LLE.

In the vicinity of Sykesviile the Hornerstown and Navesink
marls become separated by the Redbank sand. A well sunk for
the Newbold Black estate at locality 104(?), about 1 mile north of
Sykesville, shows 15 feet of Navesink marl beneath 35 feet of gray
sa_d,

At locality 105, about halfway between Sykesville and Georgetown,
a well sunk for D. C. Kalback on timber land at an elevation of about

135 feet penetrated the base of the Navesink marl at a depth of about
81 feet. No specific record of this well is available, but material
lying on the dump consisted chiefly of Navesink marl and Redbank
sand with apparently a very good representation of the Navesink.

WRIGHTSTOW_,

At locality 106, about 0.9 mile north of Wrightstown station, a well
sunk for Ellis (Robert 7) Crowshaw furnishes the following record:

Record of welI of EHis Crowshaw near Wrlghtstown (locality 106),

[Elevation, about 160 feet. S. $, _aylor, driller.]

Feet. FeeS.

V_ry hard yellowish cl_, and gravel ........................ 15 15 [Quat_rnexy and TOF-
O rp_nsand,"s_ eOll_g_i_e]_nglis_towJa"................ 5 20 tiary.].
H_rd tone.tofov_aao_, s_ndstono........................ i0 30 iVinccnlown?_

Ve darkbluishmarlg*nctshe]t8 ........................... 20 50 [Hornorstownand
Light'green s_ild she[IXmarls............................. 40 _3 ]_av_ink,]Very d_rk _r_liiy_l_l_rJIshalls.............................. 20 I10
Hard gr_:_ saud shell_ hardpan containing Bel_e_lu 20 130 [Mount Laurot.]
_d_rlalllby _ry b a_k _c_c_ clay; water.

The overburden here is 30 feet thick, of which the l0 feet of "hard
concrete" may represent the limestone or lime_sand phase of the
Vineentown. The marl appears to be 80 feet thick but may include
beds assignable to the Redbank sand. The sand with Belemnitella
is undoubtedly :Mount Laurel.

On January 18, 1918, two wells were being drilled at an elevation
of about 120 feet at locality 107, on the bank of the creek about
three-eighths of a mile northwest of the station at Wrightstown.
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At that da_e one well was 130 feet deep and the other 320 feet. INTO
definite record was kept, but Dr. Kiimmel's inquiries elicited the
following data:

Records of two wells about 0,38 mile N. 64 ° IF. of Wrlghtstown s_atio_a (locality 107).

Tl_ck. Depth.n,_$ 8n

Feel Feet.
Soil flood plain d_positsp ate ....................................................... g 9
_ar ............................................................................... tOl tie
Shell bed, Ezoeyr a, Belemnitelle_ .................................................... 2 112
G_e._sh q_lart_ sand with mor_ orles8 marl ....................................... 13 I'_5
OtlT_r beds......................................................................... 1_5 320

Dr. Ktimmel notes that the shell bed is undoubtedly the base of
the Navesink marl. He thinks that part of what is reported as m_l
is Vincentown sand. The Kirk-wood sand appears in the side slopes
of the valley above the wells. From a contact of Navesink and
Mount Laurel 3 miles away Dr. K_mmel estimates the dip here at
38 to 40 feet to the mile.

ff&OOaSTOWI_,

At locality 108, along the road about 1.4 miles east of Jaeobstovn b
the shell bed at the top of the Hornerstowa is exposed in the stream
bed north of the road. A considerable acreage of comparatively
even ground with probably moderate overburden and with practically
the full thickness of the _ornerstown marl is here available.

Unfortunately the site is about 1½ miles from the nearest railroad
shipping point, New Egypt.

At locality 109, about 1.t miles farther northeast, on the road and
county line, the shell bed at the top of the Hornerstown is exposed.
Dr. Kiiramet notes that the overlying Vincentown semd is a gray,
more or less marly sand, more strongly marly m _ts lower 10 or 12 feet
than in higher beds. At a pit nearby he observed the following
section:

Section al pit near county line west of Crossl_cks CYee_, Mon_amzth County.
]_eet.

Vincentown s_nd .................................................

Black greensand .................................................... 6

Greensaad with yello_4sh pebbles I inch in di_meter, not _e much
clayey as limy in appearance ................................... 6

Greenland, _ery black and massive, b_e _mt exposed .............. 6

18
l_'_W _GYPT.

The following record of a wel/drilled for the water company at
New Egypt _ shows a probable great thickness of marl but does not
differentiate the greensand from the Vincentowa, in which it begins.

"N_w $ersey Geol, Smwey ._u, P_pt. for I_I_D,p.
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Reeard o/we]Z el water company at New Egypt.

[Elevation, 75 feet; Pfeiffer, driller.]

Thick- Depth. Formation.

Marl ........................................................ Vineentown to Navc_
sinkJ

Sand ...................................................... 8 120 MoUnt Laurel to Mar-

M_fl ........................................................ 92_8 218 shalltov_?Dark quartz sand......................................... 23a Engli_htown.

The base of tile Navesink is probably at the depth of 112 feet. Its
thickness combined with that of the Horaerstown doubtless exceeds 50
feet.

About 1 mile south of New Egypt the Manasquan marl forms an

irregular area in which a number of old max1 pits axe located. These
axe mostly inactive and overgrown, but at some of them marl has
been dug as late as 1915. In October, 1913, Dr. Twltchel132 ob-
served the following section at the Huggins pit:

Section at Huggins _arl pit, about 1_ miles south of New Egypt.
Feet.

Soil, gray sandy, with a few pebbles .............................. 2
Marl, olive green, apparently reworked, yellow spots and streaks- .. 4

Marl, dark olive green to greenish black, pale-yellow specks and
concretions ..................................................... 4

10

Sorae marl was dug here in 1912-13. The surface where dug looks

like fine light-gray ashes.

HORITERSTOWN.

At locality 111, about 0.75 mile southwest of ttornerstown, there

is a large marl pit, formerly worked on an extensive scale and con-
nected with the railroad by a spur track. This pit was visited in

1917 by Dr. K0mmel, from whose field notes the following observa-
tions are taken:

The old marl pit is now grown up with sizeable trees. The old switch is now torn

up, but the graded cut is still available. The marl is fairly well shown on the sides.
On the south side it lies within 1 or 2 feet of the surface and is covered with sand,

with a line of pebbles at the base. If the marl extends to the bottom of the pit its
thickness must be in excess of 20 feet. The excavation can be extended southward

for several rods and northward an equal distance without increase of thickness of

cover. East of the railroad is a broa_l field of 20 to 40 acres, or perhaps more, in which

the m_ri probably lles very near the surfuee. This is one of the best pits. It is now

owned by the Richard Miers estate. Some marl has been dug at Hornerstown within

recent years, but none has been sold.

Along Crosswicks Creek and in some of its branches the marl is

exposed here and there within 1 or 2 miles of Hornerstown. At

a_Data on fileat New Jersey Geological Survey.
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locality 112, in a tributary opposite Lahaway Creek, the basal bed
of the Navesink is exposed on both sides of the creek east of the
road, and characteristic fossils, including Belemnitella, may be
found in it.

A well sunk for Charles Higgins near and southwest of the mill
pond at ttornerstown furnishes the following record, which is given
both as reported and as here interpreted.

Record of well of Charles Higg_n_, southwest of mill pond at Hornerstown (locality 113).

[Elevation, 20feet (above pond?); F. R. Hope, driner.I

As interpreted.

As reported.
Thick- Depth. Formation.ne,9$.

Feet. Feet. _ed.
12 12 Quaternary(?).

Green marl at about .................................... 12 22 34 Horaerstown.
Black marl at about ....................................
Second strattma of iron or somcthhag tough to pene- 15 49 Red'Oank(?).

trate at ...............................................
Gray marl at ........................................... 24 73 Navcsink(?).
Coursesand at .......................................... 2 75 Mouut Laurel(?),

As above interpreted the well shows 22 feet of Hornerstowa marl
beneath 12 feet of overburden. The base of the Navesink is probably
at a depth of 73 feet. The zone between the Hornerstown and
Navesink, as exposed in the ravine at locality 114, is black, glan-
oonitic, and micaceous and might be called a black marl.

OB.E&M _mGE AXeD ]_&VIS,

A railroad traverses the Navesink marl between Cream Ridge and
Davis and could supply transportation for marl or marl products, in
case of any commercial development, k pit at locality 115, about
0.45 mile east of Davis, shows the following section:

Sectico_ at _rmrl pit 0.4,5 m_l_ east of Davis (locality 115).
Feet.

Fine reddish and yellowishsand................................ 6
Blackmicaceoussandwith someclaypelletsand greensand; scat-

tere4largeshells (Gryphaea).................................. 10-11

17

There is a distinct iron-bearing zone between the two beds of sand,
forming a dark line on the weathered face of the pit. This is proba-
bly the contact between the Redbank sand and the underlying Nave-
sink marl, the base of which is not exposed.

_LX_ORO.

The Navesink marl was dug in large quantities many years ago at
Marlboro and Itolmdel and along branches of Hop Brook east of
Marlboro. There are some very large pits in this vicinity, but most
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of them are now inactive and more or less overgrown. From time to

_une small amounts of marl are dug for local use.
The United States Department of Agriculture has recently arranged

for a shipment of three carloads of greensand marl from Marlboro to
Florence, S. C., for experimental use on lands deficient in potash.
(See pp. 113-115.)

The following rather recent analyses of Navesink marl from the
vicinity of Marlboro give a good idea of the phosphoric acid and
potash content of what may perhaps be called random or run of mine
samples:

Analyse8 of samples of hravesin_ marl from Marlboro and vicinity.a

[Collected by C. C. Engle, representing the New Jersey Geological Survey.]

No. Location. K,O

Per cent.

Fit of Mr. Stryker, Marlboro ................................................... 5.06.... do ......................................................................... 5,44

4 .... do ......................................................................... 5.70Pit ol Charles M. _v_yckofl, Marlboro ........................................... 6. 50

..... do ......................................................................... 6.28Pit of Josepth Holmes, Holmdel 6. 05
Pit of _fr. Myers Martboro .... 4. 24

7 Pit o f David I. _]an Deveer, Marlboro ......................................... 5,05

19_ Pit of D. H. Taylor_ Bradevelt ................................................ 4.64..... d_ .......................... 6.16

5. 512

Blair: A. W. The agricultural value of greensand marl: New Jersey Agr. Exper. Sta. Circ. 61, p. 12,1916.

At the John Van Kirk place, at Marlboro, where I0 feet of green-
sand containing shells is overlain by 3 to 5 feet of gravel, W. C. Phalen
collected a sample which was analyzed at the laboratory of the
United States Geological Survey and found to contain 4.45 per cent
of potash26

The average potash content of the Naves'ink marl dug near Marl-
boro, if judged by the analyses in the above table, is 1.09 per cent
lower than the average obtained from the borings at holes 1 to 16, as
described above. (See also p. 104.) The phosphoric acid content of
nearly 1 per cent would give the marl additional agricultural value.

Marlboro and Bradevelt are on the railroad, and the country in
their vicinity is sufficiently level to permit exploitation of cons'xderablc
areas. The Marlboro district is thus the most favorably situated of
the Navesink localities for commercial development.

FREEHOLD.

The Hornerstown marl comes to the surface over extensive areas
in the vicinity of Freehold. Marl was formerly dug here but on a
less extensive scale than at Marlboro, and there has been little recent
digging. Recent analyses, showing the phosphoric acid and potash

Ashley, G. H,, Notes on the greensand deposits ol the United States: U. S. Geol. Survey Bull. 66_,
pp. 39, 47.
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content of random or run of mine samples from Freehold, are given
in the following table: .-

Analysesof samples of Hornerstown marl from pit of J. W. Dobbins, Freehold.a

[Collected by C. C. Engle, representing the N_w Jersey Geological Survey.]

--N°' _ 96./_49P_05. K_O.

per cent, per co'u_.
18 ................................................................................... 0.81 6.05
19 ................................................................................... 1,40 5,01
2_ .................................................................................... f*_ 5.1Z

Aver_go .......................................................................

a Blair,A, W., op. cit.

The average phosphoric acid content of the three samples from
Freehold is slightly higher than that of the ten samples from Marl-
boro, but the potash content is a little lower. These differences
might disappear if a larger number of analyses were available.

Freehold, because of its railroad facilities, is one of the most favor-
able localities in Monmouth County for the commercial development
of the Horuerstown marl.

F_ATONTOW_I_.

At Eatontown and about 3 miles to the east, at Branchport, the
Hurnerstowa mar] is crossed by railroads, and at Branchport it is on
tidewater at Pleasure Bay, which cuts diagonally across the marl bed.
Parker Creek, a branch of Shrewsbury River, also tidewater, lies
along the northwest border of the Hornerstowa bed.

At locality 116, about 0._ mile north of Eatontown, acc_)rding to
field notes of Dr. K(immel, the Hornerstown marl beneath a thin cap
of gravel reaches an elevation of 25 to 28 feet in the road cut at the
top of the hill and extends down 10 feet, to the level of the flood plain
of the creek to the north, or even lower. Thus the maximum thick-
ness of the marl near Eatontown is probably as much as 20 feet and
may be more.

At locality 117, half a mile south of Shrewsbury, the road cut,
according to Dr. K0mmel's notes, shows 6 to 7 fee_ of marl from 25
to 32 feet above sea level. The marl passes downward into a more or
lesu indurated marly sand (Tintoa) revealed only by boring. Thus
the marl outcrop should be extended somewhat farther north than
is shown on the map. The slope of the surface southward to the
creek corresponds very closely with the dip of the Marl bed.

The Eastern Fotash Corporation has acqlfired of Charles McCue
the Crystal Brook farm, about 75 acres, including land between the
road and the railroad and on both sides of the brook half a mile north

of Eatontown. It also has provisional options on land farther east.
The following analyses of samples collected from these properties
have been kindly supplied by Mr. T. C. Meadows, manager of the
corporation:
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Analyses of samples of greensandfrom vldnity of Eatontovm.

[hnoJyzts_ Sttlwell & Gladding, l"_ew York.]

Total
No. potash

(K20).

217499 _rypl
ash Corporation aJuly 30, 1918 ...................................................... 8. 75

Sample from miltta igpenfromMomn_ulhPark, reeeivedflOmtheAmerieanPc, t- Pcree_zt,

217480 Oreoasand"from top of knoll bosiOe nursery," received frora the Ameriea_ Potash Cor-
poratiml July 30 1918 ............................................................... S. 68

218045 Greens_ndmark_"Ne.7--6_overburden,14feetbluoandgreen_larl"receiveatrom
the American Potash Corporat on, Aug. IS, 1918. On sample driexl at 212_ I_....... & 19

a The Eastern Potash Corporation has taken over the rights aadpatents of the American Potash Corpora-
tion, in _o far as they relate to potash _xtraction from greensand.

In view of the results obtained from samples already cited in other

parts of the marl belt these results seem high.

A sample of fresh marl, collected at a depth of 1 foot at locality 118,
on the property of the Eastern Potash Corporation, was analyzed at
the laboratory of the United States Geological Survey. It contained
7.09 pet" cent of potash (total K20), including a trace of soluble pot-
ash. This analysis, which may serve as a check upon the others,
shows that the Hornerstown marl at Eatontowu compares favorably

with the better-grade marls elsewhere in the marl belt, but it shows
also that the Eatontown material is perhaps not so conspicuously

high in total potash as the analyses in the table would indicate.
According to field notes of Dr. Ktimmel, the thickness of the

Hornerstowll marl at Crawford Hill (locality 119), about 8½ miles
northwest of Eatontown is about 25 feet.

_'ARMn_GDALE.

The Manasquan marl was formerly dug in considerable quantity in
the vicinity of X_armingdale, in Monmouth County, and enjoyed a

high reputation as an agricultural marl. The pit nearly half a mile
northeast of the town (locality 120), now owned by D. Mahoney, is
doubtless the largest. It ha6 long been inactive and largely filled
with water. (See P1. IX, C.) The following section was measured by
Dr. Kfimmel _7at the north end of the pit:

Section at D. Mahoney's marl pit, Farm{ngdale. Feet.
Pleistocene gravel ............................................... 6 "
Laminated clay ,_a.thvery thin seams of sand, the laminae of sand

more numerous and thicker in upper portlon; the upper part of
the exposure weathered to a yellow color; the lower 8 feet nearly
black or very dark chocolate-colored;noglauconite. Kirk-wood
(_[ioeene) ...................................................... 12

Greensand marl composed of glauconite and very fine quartz sand;
when wet material is plastic and coherent; only upper portion
shown ....................................................... 2-3

21

sl K0mmel, _. B., field notes on file at New Jersey Department o! Conservation and Development.
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The overburden at the north side of the pit is now 18 feet or more.
It probably increases in that direction, but toward the northwest,
southwest, and south probably considerable extensions of the pit could
be made without finding much increase of overburden.

The Squankum pits, about 3 miles south of Farmingdale, which
formerly produced much marl, are now flooded.

At the pits of James H. Johnson, about three-quarters of a mile
southwest of Farnllngdale (locality 121), Dr. Twitchell _ in 1912 ob-
served tile following section:

Section at marl pits of J. H. Johnson, near Farmingdale.
Feet.

Graysandy soil................................................. 1
Yellow sand ...................................................... 1

Yellow sand and abundant gravel ................................ 1

Chocolate-colored clay, laminated ................................. 2-3

Light bluish green to ohve-green marl .............................. 1

7

The marl is light greenish gray when dry, piles of it resembling
piles of ashes. In 1884 N. L. Brltton visited these pits and noted the
followhlg section: _

B_hton' s section at Johnson marl pita in 1884.
Feet.

Brown sand and humus ........................................... 2

Yellow dr_ft ................................................... 3

),Iarl ......................................................... 15-17

22

The excava¢ions are in the ash and blue marl layers of the upper
marl bed.

Small thicknesses of marl are exposed along the water's edge at
several places along the river in the vicinity of the Johnson pits.

Several relatively recent analyses of marl samples from Farmingdale
show something of the phosphoric acid and potash content of the
Manasquan marl in that vicinity.

Analyses of samples of marl from 17armlngdale.a

[Collected by e. C. Engle, representing the New Jersey Geological Survey. l

No. . Locality. r_o_ [ K_O

1._2 " 3.40

Percent. Perve_L
11 Pitof]?._.Perry l_'_rrningd_ie ............................................... 1.12 _.76
12 l[t ofJ. _. Johl SOn, Farm ilg6_l_ .............................................
13 ....do ......................................................................... n_ 1 _.13
14 .... do ........................................................................ I._1 I 3.72

_ Pitttormerly owned b, )oseph L. Bu_ch_ F_mingdale ...................... ,• , L 85l)a of Hugh tturley, _rmingda!e ............................................. r_ t 1.94
17 , t'it otScitte.lakum M_rleo._t'ltrmLogdale, nowow_edby D_*Ili_l*Ml_honey ..... 2.31 I 4.2_

Aver_g_ ................................................................. L lti J 2. 86

a Blair, A. _V._ The agviculSural vahm o_ greelL_al_d ]oaarl: Now Jersey Agr. E_:per. Sta. cite. 61_ p.
12, 19115.

Twachell, M. W., field no,ca olx IiI¢ _t New Jersey Departmetut of CoaSerw.aol_ _nd Developmenl.
_ Twitchell, M, W., idem.
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A sample collected by W. C. Phalen from Daniel Mahoney's prop-
erty was analyzed in the laboratory of the United States Geological
Survey and found to contain 3.54 per cent of potash. 4°

The thic!_lesses represented by these samples are tmknown, but in
so far as the sami;les are representative of the Manasquan marl they
show a lower potash content than that of either the Navesink or the
Hornerstow_l and thus confirm the similar findings at holes 17 to 19,
localities 96, 97, and 100, near Pemberton. The phosphoric acid con-
tent of the Manasquan marl, as judged by these samples, is noteworthy
and is probably a considerable factor in its former agricultural
popularity.

The Shark River marl (Eocene) is also exposed near Farmingdale
at locality 122, along Man_squan River about 1 mite below the
Johnson pits, above described. In 1912 Dr. Twitchell a measured
the following section at this place:

Geologic section on Manasquan River about I mile south of etatlon at Farmingdale.

Feet.

Yellow sand and gravel ........................................ 4-6

Chocolate-colored clay, more or lees weathered, with some thin
sand seaals at base ........................................... 34

i_Iarl, mottled and indurated ................................... 1-I-

Marl, mottled bluish green, with considerable giauconite and drab

clay specks and streaks ...................................... 6

Water's edge.

17

The marl is fossili_erous close to and in the indurated portion.
A similar exposure with less marl occurs at locality 123, about 0.1
mile farther up the river.

POPLAR AND ELBEROI_,

Along the creek about 0.75 mile south of Poplar, in Monmouth
County, the old marl pits at locality 124 and vicinity are much
overgrown, but on the north side of the creek the upper part of the

_' Manasquan marl is exposed with the base of the Kirkwood. Dr.
Kiimmel visited this locality in 1917 but found no fresh openings.

At locality 125, about 0.8 mile southwest of the station at Elberon,
in Monmouth County, Dr. Twitehell found, in 1912, an exposure of
Shark River marl in a gully near the barn of the Deal Golf and
Country Club. Beneath 4 feet of yellow sand and gravel he found
8 feet of fairly _,nlform mottled grayish-green marl with clay specks.
There were old marl pits in the vicinity.

The main body of Shark River marl lies about 0.6 mile south of
Elberon and occupies an area about 1½ miles long at the coast and

40,kShley, O. tt., op. _:, pp. 39, 47.
_1Twiteh¢ll_ _I. W., field notes on file at New Serscy nepar tment of Conservation and D_velopm_t.
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stretches back 1 to 2 miles from the shore. This area is now largely

a residential district with pleasure grounds.
Two wells drilled at South Elberon near the railroad and about

half a mile north of the Deal Beach station furnish the following com-

bined record, which is slightly modified from Kttmme['s account. _

Comb_i_ed record of two wells at South _Iberon (locality 126).

Thick- Depth. Formation.rwJs$.

Feeti2 .FeeSand and gravel ............................................ lz Cape May
I eene). ( PINst_

90 Manasquan.Or_d marl ............................................ 78 I
Quartz sand with some marl grah_s ........................ 40 I Vlneent o_.

Quartz and lime sand with somelimerockand numerous 200 Do.

shells ..................................................... 70 578 Na-_elgl_ (?).

Oreensand m_rl ............................................ 100 300 (l_orners_own?)
Red sand, becoming black sand at base ..................... 59 3,59 Redbank (?).
Clay ....................................................... 19
Sand ....................................................... 31 409 Wenonah ?).
Clay ........................................................ 3.5 444 [ MarshaUto\_qx (?).

465 (E liShtown?)
Sm_d ....................................................... 21 472 n'_o.More clayey sand ........................................... 7
Sand ....................................................... 33 5_5 DO.

The Manasquan marl is unusually thick (78 feet) and has an
overburden of 12 feet. The lime sand also is well developed but

deeply buried. The top of the Hornerstown lies at a depth of 200
feet and is 100 feet thick. There is some uncertainty about the
colTelation of the beds in the lower part of the section.

.&SBWRY PARK.

The records of several wells at Asbury Park have been studied

by Woolman *a and compiled into a single record, which, in simpler
form, is presented below:

Record of well at Asbury 1)ark.

[Elevation, 10 feet. Uriah White, driller.]

Thick- Depth. Formation.

Feet. Feet.
Surface soft ................................................ 15 13 Recent.
Brownish cIay called rotten stone ......................... 64 80 Kirkwood?]

Light-colored clay resombleS "ash marl" below ............ 13 93 Shark River?]
Greensaud _'bluemari" o! Proh Cook .................... 7 100
Whitish clay with Foraminifera; _'ash marl" .............. 40 140
Cl_y c_mtaining e.oumder able gteemm_4 .................... 20 160 Manasquau.]
Greensand ................................................ 20 180
Clay with conSiderable greensand ......... : ................. 20 200
WMth_h e}ay with thin layer ot bryozoan liTzm s_nd ....... 40 240 Vincent own.]
Greensand with Ttrebratula and ¢tryphafa .................. 30 280 Homerstoven.]
Bl_ck Sarld with _.liege w_ter thv.t overflows .............. 7 2_7 _edbank.
Grecalsand with some clay on top and _ryphaea, _ogyra_

and Belen_nitella at the bottom .......................... 93 380 Nave_ink.]
Gray sand with water .................................... 50 430 Mount Laurel and

We_lonah.]
Other strata including a water-he_rtug str_tc, m_t 1,t_7, leer,

which is the one utilized .................................. 891 1,321

a KflmmeI, It. B., New Jersey Geol. Survey Azm. Rept. for 1904, p. 269_ 1905.
Weolmau, Lewis, N_w _ersey Geol. Survey Ann. tt ept. for 1895, pp. 72-73, 1896
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Here the tIornerstown marl is 40 feet thick and lies 240 feet below

the surface. The Navesink marl is reported as 93 feet thick. The
Vinoentown contains only a thin layer of lime sand. The greensand
member of the Manasquan is 20 feet thick, though the formation as a
whole is 100 fe_t thick.

OOEAI_ e_.a_.

A well at Ocean Grove shows the marl beds at somewhat greater
depths and with more variations in thickness. The following record
is simplified from that of Woolman. 4_

Record of well at Ocean Grove.

[El%ration, 20 feet. grMh White, driller.]

Tl_Ck-neas._Depth" Formation.Feet.
Sur face sands .......... . .................................... 20 20 Recent.
Brownish cls , called rotten stosc ......................... 55 75 [K/rkwood? 1

Light-colore_d_lay, resembling"ashmarl'below ........... 30 105 [Shark River?]
Fure _.eensaad ............................................ 8 113
%¥hi%ishC_ with cteeo_i%hs_r,d_/_a_Mni[_, %h_ "_sh 47 [60
In,_,rI"of_rof.Cook.

Darker clay much mixed with gr_nd; greenssnd layer 48 208 _Manasquan.]
at 172 to 1_3 feet.

Hard cla with greensand grains through it ................ 19 227
Clay wit_ much greensand, Bryozoa, echhmid spines, For- 264 lVincentown.]37

amintfera at 261 to 264 feet.
i Hc_rn_rsto_vn, 1

Gra_.ck greena_:*d_ wi_h Foraminifera ..................... 20 284 _edbank.Grcensand with comminuted shell at bottom .............. 16 300
Grc_nsand; shell at 362 f_et ................................ 81 381 Navesink.]
Gray sand comminuted shell .............................. 76 457 MOUl!t Laurel and
Other strata; water from aycr at bottom .................. 677 1,134 Wenonah. l

Here the top of the IIornerstown is at a depth of 264 feet. The
Hornerstown and Navesink together represent a thickness of 101
feet but are separated by a greensand layer, presumably less glanco-
nitic, 16 feet thick.

S]_A GI]B,T.

The New Jersey coast cuts obliquely across the strike of the Coastal
Plain strata in this part of the State, so that a well at Sea Girt, which
is 6 or 7 miles nearly south of Asbury Park, strikes the marl beds
farther down their dip than wells at either Asbary Park or Ocean
Grove. A well at the Beach House furnishes the following record,
which is simplified from Woolman's account. *_

t4Woolman, I_wis, op. cit. p. 74.
4SIdem, p. 75.
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Record of well aI Beach House, Sea Girl.

[Elavatlan, 11 f_t. Uriah W'hit e, dtlilar .]

Formation.

_eash or dun_ sand.
Yellowish clay..
yellow sand and gravel .....................................
Solid blu_ s_ixliy clay .......................................
Solid blue clay, with streaks of sand and woc4 ..............
1_inewhitesand ............................................ ?ost-PlJocene or PUo-
Hard rock .................................................. cone.
Sand and shell
White sand,
Brownish clay, with streaks of sand; lignit_ at 126to 145 feet..
Light-cO]or ed greenish ela_ _auch Like ash marl below ........
Black sa_ld marl glaucomtic; blue Jmarl of Cook .............
Light-green mart, contains Foraminifera at 285 to 306 feet;

h_r4 blu_ st_aes_ _h m_rl of C_ok.
]Black sand m_rl, glauconitlc; green marl of Cook ............
Light greenish-_a ¢la ...................................
Gray nmrl; eqUlva_nt _lime sand ........................ Vineentom_? l
]Black marl; eqtlivalent to middle m_ri bed and red sand ..... Hornorstow_ and Red

bank?]
Sandy marl .................................................

_and, "_ater hearing ........................................ Laurel and

Other strata ................................................ We_onah.]

Here the _op of _he Horaers_own is apparently 4,50 fee_ below the
surface.

/.4k K:EWO OD.

From specimens and information regarding two wells a_ Lakewood
Woolman .6 compiled a record which is presented below in simpler

, _orm,

l_eeordof twoweU._atL_ewood.

[Elovat_, 50 f_t; depths, 475 and 612 feet. Uriah White, driller.]

Depth ofl Formation.
l&ll_pt_, i

i

icel
Yellowish sand ......... : ................................... _ •, Beae_ Hill (?).
_r owni_h s_ndy _lay .......................................... _

Brownish sandy clay ............................................ [_kreo_.lBro';_3h sand, medli_l _oars'o ................................. 112 !
ero_t_h coarse sandy clay ..................................... _:_a_
gand; considerable [number of greensand grains .............. 168 I _hark PAver?]
IAght-eolored clay .............................................. 170 I
Light-colored _lay .................................... | 200 t

IAght-_olored sandstone, some greensa_d, slightly| 240 I M2aasquan.]

ea[e_reous. _Sh lnarl
Light-eolor_:t clay with some sand ................... _ I
_ _,_dy glaY _d_.rk_ ................................... 27(I !
Greens_._d ..................................................... 280 I
Oreensand ...................................................... :_5oI
Clay, d_rker than at 170 feet, etc ............................... t¢53_ Vinccntv_wn?]_60Oreensaud .................. . .................................
Gree_and, ,_h Tvr#brat_, etc ................................ aTo( [Ioraemtown andNavesink.]Greel_d ...................................................... 390 !

450 i [Mount Laurel _dyello_vi_h-gr ay sund ............................................ \ We_-
yellowish_ray Sand ............................................ 46O I nah.]

0 thor stxata not represented by samples ........................ 460-612

In view of the great thickness of the Vincentown reported in the
log of the well at Atlantic City, it seems probable that some of the

_ Woalma_, Lewis, Now $ersey Oeol. Sarvey Aua. Rope. for 18_6, p. 148,1897.
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greensandreferredabovetotheManasquan,whichhereseemsunduly
tI_ek,shouldbe ascribedtotheYincentown. The topofthel-lorners-
town is here at a depth of 370 feet.

AT_b.-'_TIC CITY.

A deep well at Atlantic City shows the depth of the marl beds at
the easternmost limit of the Coastal Plain, at a point about 45 miles
from the outcrop in the direction of the dip. The well was drilled
about 1,000 feet out on ¥oung's ocean pier at the foot of Tennessee
Avenue. The record as compiled by Woolman a is presented below
in simpler form.

Record of well at Young' s Pier, Atlant,_c City.

[Elevationofpier, 2Ofeet. Uriah White, dri_ler.}

Thick. Depth. Age or farmution.[tess.

Feet.
Floor of let to mean tidelevel ............................. 2_ 20
(Mean ti_e level to bottom ol water) ........................ (15) 35
Sands, clays, etc .......................................... 237 272 Po_t-Miocene.
Sands, clays, diatom beds, gravel_ gree_semd, etc., lachiflln I 943= I_2t5 Tentatively l_oeene.

at 78i_880 feet the Atlantic City 800-foot water horizon.

Greenland marl ......................................... 25 1,240 [Shark River?]Ver[ bard tough light and dark slate or ash-colored clays 200 I, 440 P r o b a b I y Manas-
vnth cocco thsand Foraminifera. quart.

YellowiSh calcareous rock soft or hard; two-thirds eon_i-_ts 460 1,900 P r o b a b y Vincen-
of nearly equal mixture of greensand and quartz; sh¢ town.]
other tldrd is easho_ate olllme, the cementing material;
contains Foraminifera.

Glauconitic greenSa_d marl ................................ 40 I. 940
Clay mixed with a latle greensand .................... : .... 7{} _mo [Probably Homers-
I_ld'm_ted ash*colored clay "hard almest asrock" .......... 60 '_uTn town and Navesink.]
GlaucoM_te greenaand mar _imilar to that at 1,900t01,940 80 z _*

feet.
Blackordarkmieaceoussandycla_'s ....................... 156 2,306 k(otmt Lo,uret and

Wenonah?|

The top of the Hornerstown marl is here apparently at a depth of
1,900 feet. Two beds of greensand, 40 and 80 feet thick, are sepa-
rated by 130 feet of clay. The thickness of the overlying Vincentown
sand, 460 feet, is the maximum recorded thickness for that formation,
which is not, however, so calcareous here as in Salem and Burling-
ton counties.

S%rM_I_y O1_ I_I_I*D DATA AND ESTI_&TES.

At Sewel] three greensand beds of commercial quality and thick-
ness have been recognized, which with some variations are generally
distinguishable throughout the region where borings were made.
These are gray br bank marl, green marl, and chocolate marl. The
following table gives the range in thickness and quality of these
three beds at the five localities explored.

W0ol_all_ l_wis_ Now Je_y _05I. SUlVBy AJlll. Rapt. for 1901_ pp. 110-114, 1902,

NEW JERSEY GEOLOGICAL SURVEY



104 POTABH IN TH_ GREENSA_,*DS OF _VEW JERSEY/,

Thickness and potash content of contmerc_l beds of greensand at five locallt_eg _n Salem,
Gloucester, Camden, and Burlington counties.

e_y marl. GT_n ma_L / Chceolute marl,

LocaIi W .

Thick- _ Thick* K:O.lieSS. K_O" _ _ess.

7t. in, ]
Per cent. Ft. in. Per cent.

Salem.. 9 7.19 a 2 a 7. 26
Woodstown ........ 11 7 7,58 I g 9 6.69
Sewcll. 1010 7.52 I 155 5,99

Somerdalo ............ 9 I _ 7.2617"_5 281g2 6.32_lmwoodRoa4....... "'_"_[""_.'bi _ 11 6.32
lo 71 b6.il --10 s _'7_-.3_i 146 _,_9

a Not choracteristie chc_alate marl: ma T beloug with overlying _d.
b Average weighted according to the thicknesses ot the beds at _heir reapectlve localities.

The middle bed or green marl is distinctly richer in potash than
the other beds, but probably all contain sufficient potash to be
considered workable by any process that could utilize the richest bed.

The following table gives a summary for the five districts enumer-
ated of the data regarding the thickness of the marl as a whole and
of the amount and value of the contained potash:

Summary of thlc_nesg of the Hornerstown and 27ave_ink marls and of estimntes of amount
end t_lue of the contained potash for five districts ranging northeastward from Salem
Count_, into tlurlington County.

Value of potash
per acre of

District. g_otmd,a

At $2.50 IAt$1.50
per per ..... per

unit. tLna. um_. t trait.

13.2_ 7.94 1.353,600 [ 819,100

a T{_e vallles given m ¢olumn_ 7 and g have no reIatton to the p_ent _'alue of Eoo lalld, for they are de-
pen(}ent upon _e succe_slul extr_ctlon of the pot_sh by processes nt whic_ tl0e sucoess and the _ost of
installation end opel_tion have ]lot ye¢ becll eo_ercJally dexeonalrated.

In column 1 of the above table are included all wells and borings
from which measurements were obtained in these five districts.
Of the 44 listed under Sewell, 25, ulade by the West Jersey Marl
& Transportation Co. (see p. 51) stopped at the chocolate marl.
The record of these holes was supplemented by adding to the average
_hickness of the bank and green marls the average thickness of theNEW JERSEY GEOLOGICAL SURVEY
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chocolate marl as determined at boles 8 to 10. The resulting average
compares very well with the averages for the adjacent'dlstricts.

In column 2 the final average is weigbted according to the number

of holes and the average thickness at the respective localities.
In column 3 only Survey borings which entered the Hornemtown'

and Navesink marls are included.

In column 4 the final average is weighted according to the number
of boles and the average thickness at the respective localities.

In columns 5 and 6 the final averages are weighted according to
the average thickness and potash content of the marl at the respec-
tive localities.

In column 7 the final averages are not weigbted.
Izl column 8 the final averages are weighted according to the esti-

mated tonnage per acre at the respective localities.
In the region from Medford to Birmingham and Pemberten seven

wells, which show an average thickness of about 45 feet for the com-
bhmd Hornerstov,'a and Navesink marls, indicate the northeastwaM

coutinuation of the mart in commercial thickness beyond the region
explored by Survey borings.

At Jobstown 56 feet of marl probably referable to the Hornerstown

and Navesink is reported. The records of three wells at Wrights-
town and New Egypt show great thicl_esses of marl, parts of which
are probably referable to the Manasquan or Vincento_q3. They
suggest, however, the northeastward continuation of a great body
of the Navesink and Hornerstewn marls.

Northeast of Sykesville the two beds are separated by the Redbank
sand. At Hornemtowa a well penetrated 22 feet of green marl and
24 feet of gray marl, probably assignable respectively to the Hornets-
town and Navesink. Between these beds lies 15 feet of more or

less marly material thought to represent the Redbank. Near

Eatontewn and at Crawford Hill (locality 119) measurements by
Dr. Kiimmel indicate a thickness of 20 to 25 feet of Hornerstow_l

marl. Thus it appea_ that in the region where the Itornerstown
and Navesink marls are distinct they tend to maintain thicknesses

which if combined would equal or exceed their combined thickness
southwest of Sykesville. Each of these beds is present in commercial
thickness in Monmouth County.

In Monmouth County the Cream Ridge and Marlboro districts
probably afford the most favorable conditions for commercial develop-
ment of the Navesink marl, and the Hornemtown, Freehold, and

Eatontown districts are probably best for the exploitation of the
IIornemtown marl.

Comparatively few analyses and no complete measurements of
thickness of the Manasquan marl are available, but the data at

88625°--22 8
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hand for localities where it is accessible suggest that the more glau-
cvnitic portions of the marl are thinner and contain from 2 to 4 per
cent less potash than the averages for the combined Navesink and
Hornerstown given in the above table. It is thus probably unsuited
for the commercial extraction of potash, but there is no apparent
reason why it might not again find favor for direct application as a
fertilizer to softs deficient in potash or phosphoric acid.

GENERAL ESTIMATES FOR _NTIRE MARL BELT.

WashingLon 4a estimates that the greensand beds in New Jersey
contain 2,034,000,000 metric tons, equivalent to about 2,243,114,000
short tons of potash. This estimate is based on the assumption of a
bed of greensand 6 meters (about 20 feet) thick, containing 6 per
cent of potash (K20), and occupying a belt 160 kilometers (99.4
miles) long and 16 kilometers (9.9 miles) wide. These assumptions
appear to be fully justified, except, perhaps, that for the width of the
belt. The marl doubtless underlies all that portion of the State
southeast of the line of its outcrop and contains potash throughout
its breadth, a much wider area than the 16-kilometer strip. Most
of the deposit, however, is inaccessible because of the overburden,
which, on account of the geologic structure, increases toward the
southeast. In Monmouth County, as previously shown, the part of
the marl accessible by open-pit mining occupies an area 10 miles or
more wide, though much of this area is also underlain by the Redbauk
sand. Farther southwes_ the similarly accessible portion of the belt
is much narrower.

In Monmouth County the Navesink and Hornerstown marls are
distinct, but for purposes of computation they may be considered
together as if occupying a single belt, as they do farther southwest.

The average of 25 measurements, at intervals of 4 miles, across
the marl belt as mapped is 2.1 miles. From the table on page 104,
an average thickness of 40 feet may be assumed for the combined beds
and a potash content of 6.6 per cent. The accessible portion of
the greensand mass may thus be considered as a triangular prism
I00 miles long, 2.1 miles wide, and 40 feet thick along its southeast
border but wedging out along its northwest border. The total potash
content of such a prism would be approximately 513,905,000 short
tons. Of this quantity part has been removed by stream erosion
and part is doubtless so deeply covered by Quaternary deposits that
it may not be considered accessible. Thus if one-half is deducted,
there remains about 256,953,000 short tons of potash that could be
mined by open pits. This figure is probably conservative.

,_ Wasbingtan, H. 8., Italian leucite lava_ _ a so,ca of pc4a_: Met. and Chin. Eng., vol. 15,p. 71,1918.
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The average annual importation of potash (K_O) for the five years
immediately preceding the war, including 1914, was 257,143 short
tons. At this rate the New Jersey greensand deposit would furnish
enough potash to supply the needs of the United States for nearly
1,000 years, if only the material obtainable by open-pit methods
were used.

Shotfld it ever become practicable te use underground methods
of mining the available quantity of potash would be enormously
increased. Wells southeast of the marl belt and along the shore
indicate a thickening of the greensand belts in the direction of the
dip. There are, however, no data about the maintenance or change
of quality in that direction. The maximum recorded depth of the
top of the Hornerstown appears to be 1,900 feet in the well at
Atlantic City.

SUMMARY FOR _!V_E SA.ND.

The lime sand in probable commercial thickness is exposed or has
been recognized in wells as far north as Wrightstown. Northeast-
ward from this place the Vincentown sand becomes predominantly
quartzose. The lime sand is reported as 25 feet thick in Salem
County, but at the well of the Salem Water Co., at Quinton, it is 108
feet thick, and at Atlantic City 460 feet thick. In the well of William
J. Irick, near Vincentow_l, it is 31 feet thick, and at Weodsto_Ta it is
10 feet or more thick. The ma_imum reported content of carbonate
of lime is 84.7 per cent in a sample from Mamfington Township,
SMem County, but the average of three samples frem that township
gave only 66 per cent; 80 per cent material is reported from locality 61,
west of Clementon, Camden County. No systematic measurements
or sa_nples of the lime sand arc available. Ordinarily it has con-
siderable overburden and lies a mile or more from available sites

for greensand exploitation.

COMMERCIA_ DEVELOPMENT.

• Although small amounts of potash have been manufactured from
New Jersey" greensand and maxketed, there has been as yet no
large-scale commercial operation o_ production. In 1916 the
Waverly Chemical Co., of Camden, N. J., under the direction of
Samuel Peacock, was regularly producing from grcensand dug near
Scwell a small output of hydrated carbonate of potash far the cut-
glass industry. _ No further production by this company has been
repot'ted to the Geological Survey.

In the same year _0the Kaolin Products CorVOruCion was operating
a plant at Jones Point, N. Y., on Hudson River about 40 miles

_ Gal_, n. s., Potash la 1916: U. S. O_I. Sm-roy Mlne_a) Rcsourves, 1916, pt. 2j p. l_o, 1917.
aa Gale, H. S,_ o1>._t,
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above New York City. The plant was designed to produce 1 ton
of potash a day but was only experimental and not intended for com-
mercial production. The process as at present developed is described
below in the account of the Eastern Potash Corporation. In 1917
the company, having changed its name to the American Potash
Corporation, continued experimental operations at Jones Point 5t
and claimed to have solved the difficulties of extracting potash on
a commercial scale from the greensand of New Jersey. Among
the propose<! by-products ware "agric_tural lime," brick, tile, and
ar.tificial stone. No production of potash was reported by the com-
pany during the year.

The Eastern Potash Corporation was subsequently organized to
take over the rights a_d property of the American Potash Corpora-
tion in so far as they related to the production .of potash and by-
products from greensand. This corporation, with offices in New
York, continued the experimental work at the Jones Point plant
and produced and marketed in 1918 a small quantity of high-grade
caustic potash. The company now has ttodar construction neox
New Brunswick, N. J., a plant designed to treat 1,000 tons of green-
sand per day. According to a recently published statement _ the
process which this company ctainls to have demonstrated com-
mercially consists in grinding the greensand in ball mills to 200
mesh, and then digesting the material with milk of lime in an auto-
clave or a special type of continuous digester for 30 to 60 minutes
with steam at a pressure of 200 pounds. The lime (CaO) should
equal the weight of the greensand. The digested material is filtered
twice, and a solution containing about 80 per cent of the potash in
the charge is evaporated in a multiple-type evaporator from an
original strength of about 2 per cent of potash to about 45 per cent.

This solution can be further concentrated to produc( the ordinary
90 per cent solid caustic potash. 52_ The excess steam from the diges-
tion and other sources of waste heat from the plant will be utilized
for evaporation. For the manufacture of tile or brick the residue is
mixed with sand. The hydrous calcium silicate and excess linm
hydrate serve as binders, and the product is hardened by steam.

The Atlantic Potash Co. (Inc.), _ with offices in New York, was
organized early in 1917 to produce potash from greensand by a
process invented by G. F. yon Kolnitz. It has mined a considerable
amount of greensand at its pits near Marlton, in Burlington County,

_ Gale, H. 8, _d t_cks, W. B., Porch in 1917: U_ S. Geol. Survey Mineral Resource_ 1917, p t. 2, p. 440,
le_lS.

_* W_I]S, A, E., The pot_s_i_lstry of _lio United States and its possibilities for ftltttre prodnctio_:
Bar. Mi_es _[i21_rals Inv. t pl'elimi_ry rapoft, pp. 1_*-16_2_gllSt, 1919.

_* Shr_ve, R, M., Potash recovery in New _ers_y: Chem. Age, May, 1_20. S_e also later public_-
t lon_ by sa_lo _ltl]or: Action of time on grec_,_nd: _'otl/, Ind. _nd ]_g. Che_,, voL 13, pp. 69_-6_9,

Augtlst _ 1021; O_el_l_d _s a source _f potash: Chem. and Met. Eng, vol. 26. l_. 1_+5_Deeem be," 7_1_1.
Gale, _, S,, and _ticks, W. B ._ op. ¢it,
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N. J. (see Pls. II and VIII, A), and has marketed a small quantity
of high-grade potash extracted therefrom in its experimental plant
at Stoekertown, Pa. The process consists in preheating the green-
sand to 350° C., mixing it with calcium chloride, passing the mixture
through a furnace at about 850 ° C., leaching the product, and finally
obtaining potassium chloride by evaporation and crystallization.
The company had suspended operations by the fall of 19!8 but was
planning to erect a plant on its ground near Marlton. No further
progress has been reported to the Survey.

The large-scale experiments of F. Tschirner at Yorktown _4in 1917
led to the establishment of the R. S. Ryan Co.'s plant at Reeves
station (P1. IX, D), 2 miles north of Medford, in Burlington County,
where the company had acquired ground. The plant, which is
regarded as only for commercial experiment, handles about 50 tons
of greensand and produces from 2 to 3 tons of potassium chloride
(KC1) per day. The process consists in grinding greensand and
lime sand, taken from the company's pits near the plant, mixing

these with salt, and heating the mixture in a rotary kiln. The
clinker is leached in water, and the potassiu m and sodium chlorides
are removed by evaporation and crystallization. Most of the
sodium chloride is recovered and used over again. Potassium
chloride, running 88 to 90 per cent, with a little potassium sulphate,
is produced. By March, 1919, the company had sufficiently over-
come initial difficulties to start commercial operation. In September
of the same year the plant was reported closed. The figures for
production are not available.

In the fall of 1918 the newly organized Reduction & Concentration
Corporation acquii_ed a factory building and grounds at Gloucester,
N. J., for rendering soluble the potash in greensand and making
complete fertilizer in which was to be incorporated the treated
greensand. Preliminary arrangements were made for utilizing
greensand from properties of the Norcross & Edmnnds Co. at Bir-
mingham and of the West Jersey Marl & Transportation Co. at
Scwell. Installation of machinery and experimental work were
said to be in progress from January to March, 1919, when the writer
was in the vicinity, but no information as to the process was divulged,
and Do opportunity was afforded to view the operations. No
production and no further activity of the fforporation have been
reported to the Survey.

In 1918 the Coplay Cement Manufacturing Co., of Coplay, Pa.,
which had recently installed a Cottrell dust-collecting system arid
equipment for the extraction of potash from flue dusts, experimented
with greensand from Birmingham, N. J., as a constituent of its
cement mixture to see if the amount of potash recoverable from

u Gale, tt. S., and tticks, W. B., op. cir. . .
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these dusts could be increased. The company's usual mixture con-
tained about 1 per cent of potash. The greensand employed con-
tained about 7 per cent of potash, so that its use in the proportions
selected for the experiments would nearly double the amount of
potash available for volatilization. The experiments showed that
the potash was largely volatilized, and that the cement, though
darker colored on account of the iron in the greensand, was salable
under the market conditions then existing. The company next
acquired greensand deposits near Kirkwood, in Camden County
(locality 60, Pl. II), and began commercial utilization of the green-
sand. After a few runs, but not from any difficulty arising from
the use of greensand, it became necessary to shut down the dust-
collecting units of the plant. These were still inactive in October,
1919, but resumption of activity was expected if the potash market
seemed favorable.

A number of other processes for the extraction of potash from
greensand have been devised and most of them patented. None
of these processes, however, has reached so advanced a stage of
large-scale experimentation as those above described. 55

OUTLOOK.

The development of a potash industry based on the New Jersey
greensands depends on the ability of the manufacturers to compete
not only with foreign producers but also with American producers.

According to Hicks 56the prices of German potash salts delivered
before the war under special contracts for large quantities direct from
the source of production to Gulf and Atlantic ports were as follows:

Wholesale prices per short ton of potash salts c. i. fi Atlantic ports, 1911-1914.a

1911-1913 1914 b

IApproxl- Approxi

I lllal_epel_ rllat _ nel
Potash salt. centage price per

of potash IAst Dis- Net List Dis- Net mfi_ of
(K2O). price, count.c price, price, c0mlt.e price, potash

(20
pounds

of K_O).

Sulphate ............ 48.6 $46.30 t_95 $39.35 $47.58 $7.14 $40.43 $0./_
Muriat e ............. 50. 0 38. 05 5.71 32. 34 39. 07 5.86 33. 21 .@
Manure salt_ ......... 20. 0 13. 30 2.1_ 11. 24 13. 58 2.10 n. 48 .5
Hartsalz ............ 15.0 10.65 1.05 9.00 10.87 1.68 9.19 .5
Kalnite ............. 12.4 8.20 1.28 fi.97 8.36 1.30 7.06 .5

a Federal Trade Commission report on the fertilizer industry, 1916, p. 155.
b These prices, which _vere for January to lane, 1014, were incre_ed slightly during the later part oI the

year. See Oil, paint, and Drug Reporter, voh 85, .59, 1914.
¢ 15 per cent discount on sulphate and muriat e an_ 15} per cent on 20 per cent manure salts, hat tsalz, and

kalnite.

See Gale, n. s., Potash in 1915: U. S. Geol. Survey Mineral Resotlrces_ 1016, pt. 2, pp. 126-125, t917.
Gale, H. S., and Hicks t W. B., Potash in 1917: U. S. Geol. Sarvey Mineral Resource, 1917_pt. 2, pp. _10,
_, 191_; also Hicks± W. B., PotaSh in 1918: U. S. Geol. Survey Mineral Res0urces, 1918, pt. 2, pp.
_5,1920. E_ch ol these papers conintns a list of patents and a hibliography.

bt llicks, W. B._ op. cir., pp. 899-t01.
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I
As wilt be observed from the table, net prices to large importers varied from 57

cents per unit (20 pounds of K20 ) for the lowest-grade product to 83 cents for sulphate.
The list prices, which are generally show_ in market quotations in the United States,
correspond to 67 cents per unit for the low-grade material and 98 cents for sulphate.
Ocean freight rates to the United States on these salts in bulk from Hamburg averaged
about $2 per metric ten to norther_ ports and $2.50 to $2.90 to southern ports.

After the embargo of January 30, 1915, placed on the exportation of potash salts from
_.---_ Germany, the prices of these salts rose rapidly. Early in 1915, market quotations on

80 per cent muriate were around $115 a ton and gradually rose to $500 a ton in Decem-
ber. The quotation_ in 1916 furled from $300 to $490 a toy, in 1917 from $325 to $450
a ton, and in 1918 from $260 to $350 a ton. These quotations are not indicative of the
actual selling price of potash materials, as only limited quantities of muriate were on
the market and muriate was at a premium because of its use as a raw material in the
mwaufacture of various refined potaselum salts. The actuul selling prlce in the eastern
markets of the domestic output was about $4.87 per unit in 1916, $4.79 in 1917, and
$4.61 in 1918. These data are tho_rn in the following table.

Wholesale price of potash in the Unfed Slales, 1915-1918.

Market quotat|ons of 80 per cent mtlr/ate._

output.

Eastern

a Quotations for 1915 and 1916 taken from Jour. Ind. and Eng. Chamistry and for 1917 and 1918 from Oilj

Paint, and Drug Reporter.

When the armistice was signed i_ November, 1918, only a few large producers in the
United States had made their orlgi_l investments out of the potash industry, ninny

plants had b.een operated only. a short time, and others were under constnlction.
About one-third of the pots_, produced in 1918 was still in the hands of producers,
money for operating expensds had been advanced on the potash held in storage, and
developments h_l gone forward under the prevailing price of $4 to $5 per unit of potash.
Anticipation that low-priced potash from foreign sources would be available followed
the armistice agreement, checked sales of domestic potash, and caused the price to fall
to about $2.50 per unit--a price lower than the cost of production of many producers.
These condition_ caused a crisis in the potash industry, and producers began to close

their plants. By the early par t of 1919 _eariy all producers had shut down and some
had gone out of business. _ ' ' "

The cost of productio_ of American salts is summarized by 'G_de
and Hicks 57as Iollow_:

• Available data on the. cost, of producing: potash from the varmus American sources
are very meager, but if the follov_ng estmmtes of cost productten are correct they
indicatethatundoubtedlysomeofthelarged_velopmentswillsurvive: Condra gives
the cost of producing potash in the alkali-lake region of Nebraska as between $20
and $44 a short ten, or an average of $30 a short ton of crude a_lts. This corresponds

_ Op, eft., p, 403.
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to an average of about $120 a ton of potash (K_O). The conditions as regards labor,
fuel, and supplies in this region are very difficult, and the cost should be considerably
reduced if such conditions are improved. It has been stated that sulphate of potash
can be produced from alunite at Marysvale, Utah, at approximately $20 a ton (equiv-
alent to about $40 a ton of K_O), and that if an aerial tramway were installed the
cost would be reduced 50 per cent. Porter estimates that the present cost of pro-
duction, exclusive of royalty, depreciation, and similar items, by the Security Cement
& Lime Co., Hagerstown, Md., is about $30 a ton of pure potash (K_O) packed on
board cars, and that under normal conditions the price might be reduced 50 per cent.
Treanor, from his experiences as manager of the Riverside Portland Cement Co.,
thinks the cost of saving potash from flue dust may run $100 a ton of K20 for the first
month, may average $40 a ton of I_O the first year, and that it may ultimately be
reduced to less than $20 a ton of K20.

Estimates of the cost of American production thus run frmn 820
to $120 a ton of K_O or from $0.20 to $1.20 per unit.

Wells _ in describing the plant of the Eastern Potash Corpora-
tion estimates that the cost of producing caustic potash in a plant
with a capacity of 1,000 tons of greensand per day, including interest
and general plant depreciation, may reasonably be as much as $1.50
per unit of K20. Such a plant would produce about 45 to 50 tons
of K_O as caustic potash and would turn out about 2,000,000 brick
per day. It should, however, be borne in mind that the cost of

raw material for the brick is greater than that for ordinary brick
and that the by-product brick, to find a suitable market, must
possess some special attractiveness such as color, endurance, or
adaptability to particular uses. With the requirement of a special-
ized market the disposal of so much brick might prove a problem in
itself.

It is doubtful if companies making potash their only product in
the treatment of greeusand can do so for less than the $1.50 per
unit estimated for the Eastern Potash Corporation.

The experience of Treanor, cited above, appears to indicate that
a_ter the installation of a dust-collecting and potash-refining system
in a cement plant potash may be recovered from the dust rather
cheaply. Wells, _9however, thinks that the cost of the high-grade
product, allowing for royalties, selling costs, and storage charges,
would be nearly $1.80 per unit.

If these figures are at all accurate it is evident that the cost of
producing potash from greensand, even in conjunction with cement
manufacture, is greater than that of producing it from alunite
and some of the western brines. The greensand product has the
advantages of prpximity to market and of low freight cost•

In view of the present disturbed state of industrial conditions in
Germany and of the heavy war taxes it seems certain that the cost

Wells, A. E,_ The pQt_sh indttstry of th_ United Stale_ and its possibilities for f_tuze production:
Bur; MinesMineralsInv.,preliminaryreport, p. 16,Atlgust,1919.
_ Ide_, p, 7.

NEW JERSEY GEOLOGICAL SURVEY



AVAILABILITY OF POTASH I]V GREEIgSAIgD. 113

of German potash will hereafter greatly exceed and perhaps be as
much as double pre-war prices. On the other hand, there is the

._ possibility that in the United States the cost of labor and fuel may
have reached its peak and that with the resumption of industries
interrupted by the war and with increased production these costs
may decline.

The American potash industry thus bids fair to be on a nearly
even basis with foreign potash industries. Whether or not green-
sand may have a place in the American potash industry will depend
on how well the greensand operators may be able to compete with
western producers.

AVAILABILITY OF POTASH II_ GREENS_D.

The scarcity of potash and the tfigh prices of fertilizers during
the war led many farmers to think again of greensand as a source of
fertilizer. Although accounts of iN use in the early reports were
higl_y favorable, the results of more recent local applications were
contradictory, and the writer received many inquiries about the
availability of the potash in greensand.

From the standpoint of thefertilizer manufacturer thepotash is
not considered available because of its slight solubility in water.
Recent experiments conducted by True and Geise, of the Bureau of
Plant Industry, United States Department of Agl"ieulture, show
that plants in their early growing stages will assimilate potash from _._
greensand as effectively as from the usual soluble co_umercial potassium
salts. These authors 60used two sets of carefully controlled pot cul-
tures of wheat and red clover with nutrient solutions. In one set the

potash was supplied by the usual commercial salts; in the other set
potash was supplied by greensand in proportions such as those
formerly employed in agricultural practice, all other sources of
potash being excluded. They reached the following conclusions:

It has been shown by pot experiments carried out with crushed quartz and Shive's

culture solution as a basis that greensands and greensand marls from Virginia and New

Jersey are able to supl_ly sufficient potassium to satisfy the demand of Turkey Red

wheat and red clover during the first two months of their growth. This enables them

to make a greater dry weight of tops than was seen in similar cultures in which the

potassium demand was supplied by potassium chlorid, potassium sulphate, and

potassium phosphate. The prompt availability of sufficient potassium to meet the

needs of many, perhaps most, farm crops seems to be indicated.

It is reported that the New Jersey Agricultural Experiment Station
has been working on the same problem and has reached similar
conclusions.

In a letter to the Director of the United States Geological Survey
Dr. True points out that land which already has a sufficient supply

_0T_e, R. H., and Geise, F. W.7 EXperiments on the vahm of greensan(i as a source of potassium for
plant culture: Jour. Agt. Res_rch, vol. 15,pp. 483492, Dee 2, 1918.
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of potash and the other ingredients supplied by greensand marl will
not be benefited by application of it. This may account in some
measure for the contradictory nature of the reported results of its
use. Dr. True further states that arrangements have been made
for the shipment of three carloads of grecnsand from deposits near
Marlboro, N. J., to the vicinity of Florence, S. C., where it is to be
applied to fields known to be deficient in potash. Results of interest
and value are to be expected from these experiments.

More recent experiments along a somewhat different line have
been carried out by McCall and Smith, of the Maryland Agricultural
Experiment Station. These authom 61 composted greensand with
sulphur, _oil, and manure in varying proportions, taking samples
from time to time, extracting these samples with distilled water, and
analyzing the water extracts for their acidity and their sulphate
and potassium content. Two types of greensand were used, one
from Sewell, N. J., containing 5.88 per cent of potassium (K), and
the other from Crownsville, Md., containing 1.42 per cent of potas-
sium. Each compost had as a basis 1,500 grams of greensand,
500 grams of commercial flowers of sulphur, and 0, 250, or 500 grams
of partly rotted yard manure, aid-dried and ground fine. In some
of the tests Collington sandy loam and precipitated calcium carbonate

i were used, also small percentages of the sulphates of iron and alumina.
The following results were obtained:

_ . 1. In composts consisting of greensa,ud, manure, and soil in d_fferent proportions
an appreciable amount of the potassium was made water-soluble through sulphofi-
eat/on.

2. The composts containing the largest proportion of manure developed the highest
degree of acidity, oxidized the greatest amount of sulphur, and produced the largest
quantity of water-soluble potassium.

3. The composts in which soil was substituted for a part of the manure developed
less acidity, oxidized less sulphur, and produced a smaller amount of soluble potassium.

4. When all the manure was replaced by soil, the rate of sulphofieation was so
slow that at the end of 23 weeks only a very small amount of acidity had developed
and very little potassium had been made soluble.

5. When no organic matter was added the amounts of acidity _nd of soluble sul-
phates were no greater than might be accounted for by natural oxidation of the
sdiphur.

6. The addition of small amounts of ferrous and aluminum sulphates failed to
st_raulate sulph_ficutio_.

7. Calcium carbonate added to the sulphur-manure-soil compost produced a stimu-
lating effect during the early pakL of the period but failed to increase the acidity,
soluble sulphates, or potassium above the maximum reached by the corresponding
composts in which no calcium carbonate was used.

8. More water-soluble potassium was formed in composts containing the high-
potassium grecnasnd, but a larger per cent of the total potassium present was liberated
in the composts containing the Iow-potassimn greensand.

mMcCall,A. G.,and Smith, A. _f., Egect of manure-sulphurcompostsupo_athe availability of the
pota$siumof_d: Jou_._kgr.Research,voL19,pp. _9-_,J_ne,1920_

d

i
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9. In the composts c6ntelning ma_ure the total amounts of potassium recovered in

the water extracts varied from 9.1 per cent to a maximum of 41.3 per cent of the total

initial amount present.

10, Our resultsindicate that the compostthg of greensand or of soil rich in petassium

with sulphur and manure may prove to be a practical and efficient method for obtain-

ing available potassium from comparatively insoluble materials.

In the opinion of the writer part of the benefit derived from the
use of marl may be the result of an improved texture produced by
the mechanical mixture of the greensand with the soil. For example,
a mass of clayey greensand applied and worked into a light sandy soil
would produce a more loamy texture besides furnishing potash. On
the other hand, similar greensand applied to a stiff clayey soil would
tend to emphasize the hear'mess of such a soil and might be injurious.

EARLIER VIEWS ON AGRICULTURzkL VALLrE.

Little was known in the earlier days about potash in greensand
mnrl and its part in the beneficial action of the marl upon crops. On
the other hand, the importance of the phosphoric acid and lime as
beneficial constituents was strongly urged. For those interested in
reverting to the use of marl as a fertilizer it may be well to repeat the
conclusions drawn years ago by Cook: _

1. That the most val:uable marls and those which will best pay the cost of long
transportation are those which contain the largest percentage of phosphoric acid.

2. That the most durable marls are those containing carbonate of lime, the more the
better.

3. That greensands containing but little of either phosphoric acid or carbonate of

lime become active fertilizers when comported with quicklime.

4. That marls which are acid and burning from containing sulphate of iron can be

rendered mild in properties _nd useful as fertilizers by composting with lime.

5. That crops particularly improved by it are all forage crops, grass, clover, etc.;

for these the green marl may be spread upon the surface to the amount of from 100 to

400 bushels per acre. The crop is generally doubled and in some caees quadrupled by

this application. Other marls must be used in larger quantities, but will produce

good results.

Potatoes: For this crop marl seems to be a specific. It does not materially increase

the growth of the vines, and the yield is not much greater, hut the potatoes are

smoother and fairer in the skin and dryer and of better quality when boiled. The

marl is put on the potatoes in the hill at planting; if not acid, it is thrown directly on
the tuber; if acid, the potato is first covered by earth and the marl thrown on or

beside that. From 5 to 30 tons may be used on an acre.

Buckwheat: Most remarkable effects upon this crop _re produced by marl. Two

and one-half tons, or 50 bushels to the acre, spread on after sowing, have caused an

equal amount of buckwheat to grow on land which otherwise was not worth cultivating.

Wheat, rye, oats, and corn are improved by the use of marl, though not with the

striking re, nits seen on the crops before mentioned. It is applied as a top dressing

on the prepared ground, is spread on the surface before plowing, is worked in the hill

or drill, or is composted with barnyard manure and spread on the ground according

_-C¢_k, O. u., Qeology of *New3ersey, pp. 452-453,1868.
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to the farmer's judgment. From 5 to 30 tons and even more may be used upon an
acre.

With any kind of garden or field crop it may be used and will be beneficial both to

the crop and soil. It is free from the seeds of weeds,is dry and convenient to h_ndle--

all of which recommend it to any snug farmer.

MEC_EANICAL ANALYSES OF GREENSAND.

NATURE OF INVESTIGATION.

In the course of drilling variations were observed in the texture of
the marl and in the relative proportions of the different constituents.
Quartz was present in all the samples in greater or less amounts and
served as an adulterant, lowering the potash content. The clayliks
constituents, however, consisted in part at least, of finely divided
glaueonltie material, so that their presence might or might not mean
a reduced potash content. Ill oMer to study the different eonstitu-
ents of the marl and their relative proportions in the principal beds
of commercial thickness mechanical analyses were undertaken some-
what along the lines of the work of Cook 63and Ashley24 The follow-
ing investigations were carried out: (1) Wet separation to determine
the relative proportions of coarser and £mer constituents; (2) mag-
netic separation of coarser residues to determine the percentage of
magnetic materials, chiefly glauconite; (3) sizing the products of the
magnetic separation to determine the sizes and shapes of the mineral
grains and the relative abundance of grains of certain sizes and
shapes; (4) microscopic study of glauconite grains in thin section
(for discussion see pp. 139-140) ; (5) chemical analyses of some of the
products of the wet and magnetic separations (discussed below).

PI_EPAI_ATION OF SA_oLES.

Composite samples, 15 in all, derived from 87 originals, were pre-
pared to represent each bed of commercial thickness at each of the
six locahtJes explored. Each sample weighed approximately 100
grams and was made up of weighed portions of all samples taken
from the given bed at the given locality, each in proportion to the
thickness represented by it. The material was weighed without
preliminary drying, but at the end check samples weighing 100 grams
were dried under the same conditions to which the cmnposite samples
were subjected and reweighed to determine the loss of moisture in
drying.

_ET SEP_RATIOI_,

In a preliminary trial 100 grams of greensand was placed in a
beaker, covered with water, stirred briskly one or two minutes with
a glass rod, and allowed to settle for a few seconds. The liquid _rlth
finer particles in suspension was then decanted. This proeedure

a Cook, O. H., Geology of New/ersey, pp. 227-280,1868.
Ashley, G. H., Notes on the greens_d deposits of the Uaaed States: U. S. Geol. Sarvey Bull. lEO,

p. 30, 1918.
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was repeated and continued for an hour and three-quarters. At
first the material released by washing was of a brownish color and

_...__ relatively heavy, settling in a comparatively few minutes. This
disappeared after five or six washings, however, and a light yellowish
green material was developed, which clouded the solution and ap-
peared without evident diminutior/ at every washing. Compara-
tively little of this cloudy matter had settled, even after standing
over night. A few drops of dialyzed iron, added to the solution at
the suggestion of George Steiger, caused the flocculation and pre-
cipitation of the fine suspended matter and the clearing of the
solution.

A second preliminary trial was made to determine whether tile
cloudy material above mentioned was present as detached particles
in the original sample or whether it was develot_ed from the green-
sand grains by agitation in washing. About 25 grams of greensand
in which claylike material was relatively abundant, was placed in a
beaker on a stand under a faucet. The inflow of water was directed

by a funnel to the bottom of the beaker. The "clay" was soon
washed out and the solution cleared. Some cloudiness of the water

was developed, however, when the greensand was agitated with a
glass rod. This was done at intervals of a few minutes for a period
of nearly four hours, and the cloudiness appeared at each agitation.
The clear water was then poured off except about 50 cubic centi-
meters, in which the greensand was again stirred briskly with a rod.
The cloudiness at once reappeared just as abundantly as at the
early stages of the washing.

It was concluded that the glauconite grains were yielding fine
particles either by mechanical wear of grain on grain or by the flow
of water over the grains. Of the two agencies the former is appar-
ently the more effective, because practically no cloudiness appeared
during the constant flow of water through the beaker. The test
suggests that much of the "clay" that is so abundant in some beds
of greensand is really composed of finely commlnuted glauconlte
grains. Its presence in the marl, therefore, does not necessarily imply
poorer quality.

In making tl:e separations tabulated below the following proce-
dm'e was observed. After placing the weighed sample in a beaker
somewhat more than enough distilled water to cover it was added.
The grecnsand was then stirred vigorously with a rod for one minute
and allowed to settle for 30 seconds, after which the cloudy liquid
was decanted to a second beaker. These operations were repeated
to _ total of 10 times for the first five samples and 15 times for the
remaining 10 samples. The washed greensand was then removed
to u casserole, dried on a steam bath, and weighed. A few drops
of dialyzed iron were added to the cloudy liquid, which was then
allowed to settle, after which the clear water was decanted and the

J
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setttings dried and weighcd in the same manner. In samples G-2,
G-10, G-13, G-14, and G-15 the entire washing waters were dried

without flocculation and precipitation by dialyzed iron. _._.,
Wet separations of _mposite samples of greensand from 8u'ri'ey 5orlngs.

Residue from Material washed
washing, out. LO_S of

weightin
Samplo washing

Locality. No. ampie, and
• cent Grams. drying.

G-1 ..... Feet I _rarns. Orate.1C0 95.44 95.6 4.25 2.31
Salem ................ G-2 ..... 100 95.07 97.3 2.02 i 2.3_

G-3 ..... 100 77.04 79.9 20A)7 2.89
Woo4_tow_ .......... G-4 ..... lifO 84.78 85.7 14.17 i 1.10

G-5 ..... 100 86•65 Sg.S 10.90 2.40
G-5 ..... ice _1•59 53.4 45.09 8.82

Sewen ............... G-7 ..... 12 i 10_ 79.75 91.5 18.08 220
G-g ..... 100 84.3_ _6.2 19.50 2.16
o-9 ..... 100.1 _9.47 40.0 59.19 L 44

Somerdale ........... C_,0 .... 100.12 50.94 52.4 40.20 2.98
G-11 .... 100.04 09.42 _ 71.2 I 2S.0T 2.25
G_12 .... 100.04 86.70 88.8 11.49 1.85

Elmwood Road ...... G_18.... 100.04 94.99 I 97.3 I 2.68 3.03
G-14 .... _3 I 100.07 81.52 849 I 15.19 8.36

70.8 22.70 2.19Pemberton .......... G_15.... 100.07 ?5.24

Average ....... 2.38

a Average weight ed according to the thicknesses of the respective beds.

For the check tests on loss of weight in washing and drying four
samples were selected, weighed, dried over nigh_ on the steam bath,
and reweighed with the following results:

Moisture determinations on samples of greensand.

ori • Weight

Locality. No. of . at alan weight.sal_,pi_.a

I 100 97.49

Grara_. Grams. Grams.
12_-1 ..... 1O0 00.95 3.05

_alem .......................................................... "(M-8 ..... 100 97.19 2.81

Woodstown .................................................... {_:_:::: I@ _6.8529'581

Average ................................................ I.................... 1.......... 2.88

a The/ield n_mbers are thOSo used in the descriptions of the borings at Salem and Woodstow_,

The loss of weighZ on drying for _he fo,lr check samples is of the
same order individually as for the samples subjected to wet separa-
tion, though the average is somewhat higher.

The percentage of fines or "clay" in the grcensand at the six
localities named ranges from 2.7 to 60 and averages about 19.5.

_AGI_TE T IC S_PA.R ATIOI_.

An interesting characteristic of glauconite is that it is moderately
magnetic and may thus be separated from quartz and other non-
magnetic substances by passing the dried greensand through a
strongly magnetic field. The residues from washing were presented
successively in small quantities close under a glass plate placed

NEW JERSEY GEOLOGICAL SURVEY



• i_EGHA],TICAL ANALYSES OF GREEI_SAI_D. 119

against the poles of a powerful electromagnet. The glauconite was
attracted and held to the glass plate so long as the plate was in
contact with the poles of the magnet. By lowering the plate the
glauconite could be dropped into any convenient receptacle. This
action was repeated until no further results were shown, and thus

fairly complete separations were obtained.
As "tabulated below the numbers of the samples and the beds

represented are the same as for the wet separations. Ten-gram por-
tions of each sample were used, and the products of the separations
were weighed.

Magnetic separation of samples of washed greensand.

Magnetic portion, Nonmagnetic per- Glau-
chieflyglauconite, ti_)n, chieflyquartz. Excess conito

gr_ir_in
Sample Weight. or loss original

]_aaty. No. after sop- sample
Percent Grams, Pcrce_t aration. (CXA,

Grams. (C). (D). p. 116).

Grams. Gra_. Per cent.
G-IA... 10 &87 87.3 1.29 12.7 +0.16 83.5

_ale_l ................ G_2&... l0 9,4,5 I 94,1 .59 5,9 + .94 91.6
(N_A ... l0 9.09 80.4 1.97 19,6 + .96 63.8

Woodstown .......... G_4A ... 10 9.60 96.0 .39 3,9 --,Ol 82.2
G-5A... !0 9.30, 92.5 .75 7,5 + ,05 82.1
O-6A... 10 8 27 82.3 1.79 17,7 + ,0,5 43,9

_vel_ ................ G-7&... 19 9.77 ' 97.0 .30 3.0 + .07 79.1
G-_SA... 10 9.51 94.5 .65 5.5 + .06 81.5
G-gA... 10 9.32 9"2.6 .74 7.4 + .96 37.0

_omerdalc ............ G-1OA.. l0 9.70 96.6 .34 3.4 + .04 50.9
G_IIA .. lO 9.62 96,0 ,40 4.9 -r .62 97,._t
G_I2A.. I0 6. 24 62. 5 3. 75 37*5 -- , Ol 5& 2

Slmwood Road ...... G-13A.. l0 9.96 94.5 .55 5,5 +.05 91.9
G-14A. I0 9.65 96.0 .40 4,0 + ,05 80.9

Pember ton .......... G-15A.. l0 5.27 52.4 4.79 47.6 + ,96 40.2

Average a ................ _.......... [.......... 89.9 .......... ILl .......... 73.1

a Averages weighted according to thlckne_._ of beds represented.

The excess after weighing was probably due in part to the moisture

taken from the humid air by the dried greensand during the opera-
tions of separation and weighing• The percentage of magnetic
materials, chiefly glauconlte, in the washed grecnsand is generally
high, being more than 90 in 10 of the 15 samples and averaging 89.9
for all the beds represented. The percentage of glauconite grains

in the unmodified greensand is shown for each bed at each locality
in the last column of the table. The final average shows 73 per cent
of glauconite for the entire thickness of the greensand examined at

each of the six localities. This figure does not include the finely
divided glauconitic material occurring in the greensand as mud or
"clay" (B in the table on p. 118). No mechanical separation of this
mud was attempted, but the chemical analyses on page 125 indicate
that it is probably highly glauconitic.

SIZE OF GRAINS.

Both products of the magnetic separation (C and D of the table)
wore passed successively through a series of sieves having 20, 40, 60,
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80, and 100 meshes to the inch. The entire magnetic or nonmagnetic
portion of each sample was used, so that the initial weights for the
sizing operations were assumed to be the same aa those of the sew
arated portions shown in the table. The grains held on each sieve
and in the receiver below the lowest sieve were weighed. From these
weights the percentage of material of the different sizes in each
sample were determined as shown in the following table:

Size of grains of glauconi_e, quartz, etc., in washed 9reensand.

Ghueonite, etc. (C). Quartz, etc. (D).

Loyalty.

Grams. ]Per cent,

_16 I 11.8

lO0+

20Woodstow_ ...... G_3A.. 1.97
40
6O
80

100
1_0+

Do ............ O-4A... 9,60 20 .39 7.
4O
60
8O

I00
100+

DO............ G-hA... 9.30 20 .75
4O
eO
8O

100
100+

Sewell ............. O-SA... 8.27 1,78

DO............ G-7A... 9.77 _.9 .30_V
40.9
10.7
8.1
6.4
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Somerd_l¢ ......... G-gA,.,

Do ........... (N10A.,

Do ........... G-IIA.

Do ............ , G-14A.

l°emberton....... _-lSA.

88625°--22 9
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The glaneonite particles range in diameter from more than 20-mesh
to less than 100-mesh, but the greatest number by weight fall between
20 and 40 mesh, though many fall between 40 and 60 mesh. Below
the last size the quantity of glaneonite falls off rapidly, though a few
samples, especially G-9A, have considerable material of the smaller
SiZeS.

The quartz grains, too, fall chiefly between 20 and 60 mesh, hut
there is a large percentage also of the finest grains.

SHAI'ES O_' GI_S.

The largest glaueonite grains, 20-mesh or more in diameter, show
their form most clearly. Under the hand lens they appear irregular,
botryoidal, or mammillary in general form, suggesting agg_egates of
rounded grains, rather than casts of foraminfferal shells, though
some grains suggest such form. Many appear to be rounded nodules
with irregular cracks of lighter color. The grains in general have a
shiny surface and dark-green color. The 40 and 60 mesh grains show
similar forms and markings but a greater degree of regularity, as if
reduced by wear from larger grains. Some of the grains are elongate
or curved and have a platy structure or cleavage. The smaller
grains are subangular to rounded, though retaining to some extent
the suggestion of earlier form and markings. They have evidently
been much worn and represent, at least in part, material that has been
transported and redeposited. Other grains, nonmagnetic, have seed-
like or capsule form and measure 40 mesh or less. These, tested

qualitatively, give a strong reaction for phosphate. Typical glaneo-

nite grains, somewhat magnified, are shown in Plate IV (p. 6).
The quartz grains are generally irregular, angular, or subangular,

though some of the larger grains (40 to 20 mesh) arc rounded.

SXItrUtARy,

Composite samples, so prepared as to represent the principal beds
of commercial thickness at each of the localities drilled, were washed,
and the residues were magnetically separated and sized. Some _.
greensand was relatively free from clay or mud, but on the average
it contained about 20 per cent of such material. Glauconite grains
form nearly 92 per cent of two of the beds, but the general average is
73 per cent for the beds e_xamined. The most common size for the
glanconite grains is from 20 to 60 mesh. Their shapes are generally
irregular and suggest mechanical aggregation.

CHEMICAL ANAIaYSES OF C_REF_NSA_'D-

CHARACTER AND NUMBER OF Ahi'ALYSES.

The character and number of analyses and determinations made in
the chemical laboratory of the United States Geological Survey in
connection with the present investigation are shown below. The
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potash determinations were all made by the method described by
Hicks and Bailey. "_

Analyse8 and determlna_ona of greensand, etc.

Nu_uber ot

CharaetBr of work. dotl_s-

Total K20 in fndivid_al originalsampl_ ..................................................... 128
Total K_O in c_mbined or prepared Samples ................................................. 17
_ate¢ solubt_ K_O in oriri_aul smnples ....................................................... 15
CaO lllindi_idual or co m_ ined samples ...................................................... 15
PtO_ in individual or combined samples ..................................................... 13
CO_in individual sample_ ................................................................... 2
Moistar_ doter_l_5_tions ..................................................................... 6
D_nsay d_t _rmi_atim_s ...................................................................... $
Allal_ses of three _&_lplea o f wat _r five d_tar_anation s each ................................. 15
_let e an_ly_es of ten a_mp e_, elsven d_ter/_h_$tolJs each ................................ 110

327

The total potash content of the individual original s_m_ples has been

given in the logs of the respective borings. It has furnished the basis
of the computations and estimates already presented. The density
and moisture con_ent of the greensand have also been utilized in

these computations and estimates. Some reference has also been
made to the determinations of CaO, P_O_, and CO_. Other lectures

of the investigation are described below.

COMPOSITIOI_ O_ GREEI_SAND.

Numerous analyses of greensand samples from different parts of
New Jersey are given by Cook2 _ Four of them, which relate to locali-
ties near those sampled in the present investigation, are given in the
following table:

Analyse_ of greenland.

1 2 3 4

1.6g 1.0"2

_110_ hol'_c _id ............................................... LOt 3.45 2.69 2.34

_ulp_ric acid ................................................. 96 .27 "26 50"_Siticlc acid...................................................._.93 50.23 49,40

Po=b ......................................................... 5. 80 032 5. 31 _:15Lime ......................................................... L 64 1,46 2-5_

Oxide of lr0n and alumina ........................ ::7:::::_:_: _A.4I I ....................
Alum'ma ................................................................ { 7,94 8.90 6.15

Ox_les of itv_ ............................................................I _. 14 15. 66 24. 32W_ta_ .............................. * ........................... S_4 9._ 7.55 6._

160.27 99.77 99.54 9S. 2_

l, _'Uplmr nte._l bed" (Mana_qua_) tr_m $OShtaa _ors_th's pla_ uea_ Peu_he_tou; green m_rl, _._
ave r_ge _pe_me_cs n, Cook,_.O, H,, op, c_t., p, 43_.
2."mddlv martbed" (Homurswwn), from the Pvmbertan Mart Co.,sentby a.e. G askillas_n _erag_,

_de_l_ p. 434,
3. dMiddlo _arl bed" (Horn_rstown), fr_n_ pits of West Jersey Marl & Transportation Co.; average of

th_wholebedd_g. Id_,p. 437.
4. ='Lower _rl bed" (probably _ornerstown z_tber than N_veMnk) from farm Of Jesse Lippi_cott,

_ar Oidm_n's Cr_k, Olo_¢e_hir Cotmty; mud _verageof the g_en raarl of this neighborhood. Idem_
p. 43_, 1

I_ _t*_, W, _,, all4 B$iley, _. K-, Meth_ ol aualy_ls ol _ee_and: U. _- G_I* S_rvey _UlL _0, pp.
81-_$, 191_,

Cook t O. _._ The geology o1 New Jersey, pp. 417_[41_ l_.
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Much time has elapsed since the publication of Cook's work, and
there have been changes in methods of analysis, so that it was thought
desirable as a check to make a few complete analyses of greensand
samples taken in the p1_esent investigation. Four samples were ac-
cordingly selected, the analyses of which are given in the following
table:

Analvsea of greensaru.L

[R. K. B_21ey,analyst. XCororganic matter see p. 130.1

_M-119 %I-4@6.6g 2,f_529._0 M-_,7.8,% ....M-119 ! M~9_ _-52 M-a5

SiO_............. ! 68.90 50.74 ,_1.83 flO.3_ N_O ............ 0,82 1.5,3 9.76 6.22
FesOa .......... 8.91 17.:_6 17.15 18.38 CO_ ............. 1,00 .8S .3e. .15

Fee ............ 1,52 3.34 2.93 3.0g P_O_ ............ 1,95 1.79 _ .3AAI_O#............ 3,52 1.93 6.2_ 7,53 _I_O............. 9" 8. 58

c_o............. _:_ 2._ ._ ._ _i-_ "MgO ............

_-119 Mailgs_tt_I1 marl from ho1_ 17, lo_lay g6 b_twe_la Birm_ghgnl _ncl Pemb_rton. (gee p. _,)
M-_. l_Iornetstownmarlfromhol_tS, loc_lity02, Elmw°°dl_°ad. (Seep. 79.)
_I-_2. Hor_mto_vn raarl fmm hole lO, 1OealRy :_5,_¢_11. (gee .49.)
M-I& Homerstownmarlfromho/_6,1octday l_,Woodstown. (_p, 32.)

Although the localities from which the Cook samples were taken
are not definitely known the respective materials represented by the
two sets of analyses may perhaps be regarded as fairly comparable.
Certain differences, however, deserve mention.

The potash content of Cook's samples 2, 3, and 4 seems at first
sight to agree fairly well with that of samples M-99, M-52 and M-15,
though it is somewhat lower. It does not appear, however, that

, N%O was separately determined in the Cook samples. This substance
is therefore probably included in the figure for potash. Further, as
pointed out by Hicks and Bailey, _*the methods employed in the anal-
yses cited by Cook would tend to give too low a value for the potash.
Thus the semblance of agreement in potash content in the two sets
of analyses is accidental.

The silica content of the six samples cited in the preceding para-
graph is fairly accordant, as is also the content of the combined
oxides of iron. The other constituents show a greater degree of
variation.

Sample 1 of the Cook set and sample M-119, both of which repro-
sent Manasquan marl, show considerably less potash than the other
samples, though sample 1 is apparently of better grade than sample
M-119, as shown by its lower content of silica as well as by its higher
indicated content of potash. The high silica content of both these
samples is probably due to a greater admixture of quartz grains in
the marl.

The percentages of CaO, P_O_, and CO_ indicate that only small
quantities of the carbonate and phosphate of lime are present in the

#_nicks, W. B., and BaJley_R. K._op. e_t.,p. 5_,
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better-grade marls. Some of the P205 is doubtless combined with
iron instead of with lime, for the mineral vivianite occurs at a number
of the localities sampled.

Some of the iron is probably present in the form of sulpbides or
sulphates, as indicated by the sulphuric acid of the Cook samples and
by the "irony water" noted at many wells.

CO_OSITION OF PRODUCTS OF WET SEP_ATIONo

In the section on mechanical analyses of greensand (p. 117) it is

suggested that much of the claylike material so abundant in some
beds of greensand is really composed of finely eomminuted glanconite
grains. Four analyses were therefore made for the purpose of com-
paring the chemical composition of the products of wet separation
and of unaltered greensand. The samples used were some of those
prepared for mechanical analysis. (See p. 118.) Each represents
high-grade Hornerstown marl. The chemical analy_es are given in
the following table:

Compaslt_n of products o/wet separation.

JR. IC,B_l_y, analyst,]

G-IZA O-18B

_-TB I G-TB (coarse (wring.

wood
Roe_D. woodRc_d).

SiO* .............

Fee P2O_ .............
AI_O_ ............ H_0 .............
C_O

MgOK_o............. 7,$53'54 3.44_6_74I 190, 78 ! 100,87 10¢/,98

a NO materialleftford_termin_tionofP_O_.

These analyses appear to justify the view that the fine or claylike
constituents of the g_-eensand marl have practically the same com-
position as the coarser constituents and that much of the fine ma-

t terial is finely comminuted or amorphous glaueonite. W_nen these
samples are compared with each other or with samples M-99, M-'52,
and M-15 of the previous table certain variations appear_ but the
quantities of the respective constituents are of the same orddr.

POTASH CONTENT OP 'A'_L_ PXIXTEB.

Although it was impracticable to make extended analyses of all
the samples of fines obtained by washing (see p. 118), the potash
content of each was determined because of its possible bearing on
the treatment of the m'arl in commercial operations. If the fines

should prove decidedly lower in potash content than either the
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coarser residues or the unaltered mart it might pay to wash the marl
before extracting the potash. In the preceding table the potash
content of the fines is compared with that of the coarser residues.
In the following table the potash content of the fines is compared
with the average potash content of the unaltered greansand. (See
p. 104.) The discrepancy in thicknesses given for the beds in the
two tables cited is due to a revision of stratigraphie data after the
mechanical analyses were completed. The beds from which the
fines were taken correspond in a general way, however, to those for
which the average potash content is given.

Potash content of fines and of unaltered greensand in per cent:

[R. K. _iley_ analyst.]

Gray marl.

/ax_lity, Fines.

K20.

Salem .................... 6.19 ?.19

Woodstown ............... 2. t2 7.32

Elmwc_d R_ad ........... 6,1)1 7.58

Sewell....................6. 7. 52

Somerdsle ........................ 7._ I

For th_ Manna uan marl in the Birmin gham- Pember t on _re_ the average of samples M-119,121,12_, 1_4,
and 125 weight _ according to the tbic_ess repr_santed by each sample,was 3.7 per cent of potssh, and
She_ss sumpleG-]SB sho_ed2.S2pervenL

In general th_ potash content of the fines, as shown in the above
table, runs from about 0.1 to 1.5 per cent lower than in the unaltered
greensand. At Sewell the fines of the gray marl contain 0.11 per
cent more potash than the unaltered marl, but at Elmwood Road the
fines of the chocolate marl contain 3.18 per cent less potash than the ,I
unaltered marl. As indicated in the table on page 118, the fines
of representative samples from all the districts examined average
19.5 per cent of the unaltered marl.

Concentration of the marl by washing would undoubtedly in-
crease the proportion of potash in the resulting residues. This
gain would be offset, however, by a loss of potash in the fines so
nearly equal that the expense of washing the material would not be
justified.
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CO_OB'_T£OI_,0_' GLA'UCONIT'R,.

Cayeux e8cites a group of analyses showing the chemical composi-
tion of actual glauconite. The samples analyzed were all of recent
material, mostly taken by the Ghallenger expedition. The analyses
axe presented in the following table.

Chemical composlt_ou of recent glauconlte.

" , ' ' I--I--
SiO_ ........ :................... ] 5_t2

.50,85 51.80 55. _.7 4*62 .70 " 2,41

5-51 g7.7_ _.9_ 47.4_

A]SO_........................... 12. N P,.67 t 8.12 13.ff$ 4.06 1,53
Fe_O_ .......................... I&63 I_4.4t_ 24.21 t 21.59 $9.93 27.09 30,83
FeO ..................... 1.18 1.60 LN r l.t5 1.76 3.60 3,10
CaO ........................... i L69 1.26 LzT I 1.54 [ 1.19 .29 .........
MgO ........................... 2. 49 ;_.043.13 2._3 ;

Na_O .............. _............. 90 .25 .... 0.6_ L28 ..........
H_O ............................ 6.°¢ 5.5_ i _ m 10.85 9.25 7.£_

1-5. From CbaRe er reports.
6, Agulhus Bank,n_n4ian Ocean. Ot_mbel, C.W., K. bayer. Akad. Wiss. Sitztmgsber, vol. 16, p. 417,

1886.
.7. M_teri_l aom ehai_engcr office, described by _. W. Collet (Les d_p_ts marh_s: Encyclopedic _ian.

risque, p. 167, F_r/% 1_) as _the purest specimen of actual glaucontie which has ever beam fo_d/" ,

The noteworthy features of these analyses are the relatively high
percentage of ferric iron as compared with ferrous iron, the rela-
tively high alumina content, and the low or moderate potash content.

Cayeux also cites a list of 23 analyses of glaueonite from older
sedimentary formations and shows, following other investigators,
that these older glauconites, though still ferric, have greater per-
centages of ferrous iron than the recent types. The analyses also
show a considerable increase in the amount of potash and in some at
least a diminution in the amount of alumina. Co]Jet _a remarks

that "the glaneonite which is forming to-day on the bottom of the
sea is not the glauconite of sedimentary rocks, which certainly has
undergone transformations that must be studied to understand the
genesis of this interesting mineral." These transformations doubt-
less include the continuation of the process that he terms "glau-
conitization," to which further reference is made on page 140.

A group of analyses of glaueonite from sedimentary rocks, some
of which are identical with those given by Cayeux, are cited by .

esCayeux, Lucian, Introduction _ l'_tude p_trographiqtle de_ rocb_ $ddimantaLres: Mdm. carte gdoL
France, pp. 242-2¢4, Pva'is, 1916.

ColMt, L. W., op. ca., p. 168.
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Dana. t° Some of these, together with analyses of material collected

in the present investigation, are given in the following table:

Chemical composition of g.auconite from older sedimentary deposits.

1 2 3 4 5 6 7 G-7c a , G-13cc

02 ......................... 49.42 51.24 49.75 : 50, fi2 50.42 46.91 49.09 ! 50.58 49.41
_20*........................ 16. O1 13.44 16.O0 21.03 19, 99 23. 06 10. 56 19. _ 19.4_
_0 ......................... 3.00 306 3.77 6.02 5.96 2.64 5.05 2,96 3.3(

[20........................ 10.23 12.12_ ! 8.18 3.80 4.79 7.04 15.21 6.72 5._tO .......................... 31 . .n b.54 5.21 2.95 .55 .;_l .5C
0 ........................ 3.78 3.93 3.97 b.57 2,28 4.40 2.65 4.10 3.9_
:)......................... 7.91 7.50 7.57 7.14 7,87 7.31 6.05 8.26 8.04

_zO........................ 26 .31 .52 ......... 21 .91 L21 .D4 ,1_
)J ................................ , ........ _........ , ........ , ....... , ........ , ........ 80 .5(

P_Oa ................................ I ....... ,........ , ........ , ........ , ........ ,....... .27 1.0(
) ......................... 8.08 i 8.20 9._ 9.14 5.28 4.71 11.64 7.76 8.54

soluble material ............ 80 I .............................................................

99.80 I IOO.DO 300.00 99,86 99.92 99.93 100.02 100.83 100.8C

a For organic matter see p. 180.
b Carbonst_,
1. Swir aive_, Rtlaqta, Kupffer, A., 5ahresb. Chemic, 1870, p. 1307.
2. Ontika, nu.o,qia, Kupffer A., idein.
3. OrodnoValley, Ruasia. _Upffer, A.,idem.
4. Havre, France. Haushofer 7£., Jour. prakt. Chemic, vol. 102, p. 38, 1868.
5. Antwerp, Belgium. D_w_(lue, F., Soc. g6oL Belgiqae Amzale_, voL 2, p. 3, 1_75.
6. GozzoIsland_Medtterraneanse_. Bamlw_r er E. Min. pet. Mat, 1877 .271.
7. _, n_r _l_,, s_ot_d. Eeddic_r_._., r5y..So_.Em,_# #_., _oL29,p. 79,1879.
O-7C. Sewen, N. ft, nornerstown marl_ g_auconite _ams separated magnetically from the resldue_

ofwashed eensand. (See p. 118-119.)
e-13C. _rl_wood Road, _. J., Hornerstown marl, glauconite grains separated magnetically from the

Mdu_ of wathed _'_d. (_oo pp. 118-119,)

The magnetic separation in the last two samples was very clear,

so that these samples represent material as nearly pure as it seems
possible to get by the method given. The potash content is distinctly
higher than that of the other samples cited and is probably as high
as could be expected from most New Jersey material. These

• analyses may therefore serve as a further check on the analyses of

material from EatenLown given on page 97. By comparison with
the unaltered green marl from Sewell and from Elmwood Road

(see p. 104), from which these samples were respectively derived, it
appears that by washing and magnetic separation the potash content
9f the concentrate thus formed was increased about 0.7 per cent.

The above table shows the general range and variety of composition

of the older giauconites. By comparison of these analyses with those
of greensand given above and with the potash con_ent of the samples
taken in the several borings it will be seen that much of the New Jersey

greensand is very nc_ly pure glauconite. Further discussion of
the nature and origin of glauconite is given on pages 138-142.

WA_ER-SOLUBLE POTAS _'.

As the water solubility of potash in greensand has an important

bearing on the use of that material as fertilizer or as an ingredient

of prepared fertilizers, a number of analyses were made to determine

_ Dana, J. D. and g. S, System of minera/ogy_ 6th ed., p. 4_, 1892,
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the amount of soluble potash in selected representative samples.
The method employed was that given in Bulletin 107 of the Associ-
ation of Official Agricultural Chemists. The following table shows
both the total potash and the water-soluble potash of the samples:

Total and water-soluble potash in greensand.

[R. K. Bailey and E, T. Erickaon_ analysts.]

Px_nplo_lo. t Locality. K_O (p_ _t),
• Total, Soluble,

I

_I-8 .............. noI_ 3, _alenl ............................................. , 7.72 0.06
M-15 ....... : ..... Hole 6,.Woodstown ....................................... , 7.88 ,04
M-37a ............ nole8, Sewell ....................... _ _ . 7.62 Trace.
M-38a ................. do .................................................... i 6.18 Trace,

a-,S8............. nolo Ib Somerdale ....................................... 7.55 .e2
_-75 ............. no|e 12 _merdate. ...................................... 7.35 .62
M-99............. nolelb, Eimwoodlgoad .................................. , &58 .04
M-116............ note 16_Elmwood Road ................................. 6.36 ._
M-n0 ............ no]_ 17t neo_ BirE_-l_gha_ ............................... 3.61 Faint truc_,
M-riga ................ do ................................................... $.63 Trace.
n-120 ............ ]Flolo 18, near Birmingha_ ............................... 3.27 None,
%1-121 ................. dO ................................................... 2. 75 NolI_
M-12_ ................. dO .................................................... i, 83 None,
M-123 ............ _ole 19 iaeay Pelnber toll ................................... 4,29 Trace,
M-124................. do .................................................... 2.99 Trees.
n-125 .................. do .................................................... 4.61 Trace.

_I_126............ Locality 60, near Osage Station ............................ 7. l? el'race,
M-127 ............ Locality 118,near J_atoat ow_a .............................. 7.{_ _race,

From the above table it appears that the water-soluble potash
content of greensand is very low. The greensand is thus gener_!y
regarded as unsuited for use in prepared fertilizers, though some of
it has been used in fertilizer as a filler.

ACID 80_LUBIIJ.TY.

No special tests of the solubility of greenssnd in acids were made,
but greensand is said to be directly and slowly soluble in dilute acids

P (sulphuric, hydrochloric, or even acetic), so that the potash becomes
available.

SOLUBILITY AND AVA_T._ILITY.

-2 Although the availability of fertilizer ingredients is generally
supposed to depend on their solubility, greensand appears to offer
an exception to this rule. Its wide and beneficial use as a fertilizer
in former years lends strong probability to the idea that its potash,
though practically insoluble in water, is actually available for plant
growth. Possibly the weak acids present in some soils or the local
reaction between the greensand and the root activity of certain
plants may bring about this condition. Experiments of True and
Geise, of the United States Department of Agriculture, on the
availability of potash in greeneand have been described on pages
113-115.
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ORGANIC _R.

In the analyses reported on pages 124 and 128 organic matter
was inadvertently omitted. For the sake of completeness this was
later determined for the four samples of grecnsand and for two of
the magnetically separated samples of glauconite. In the determi-
nations, which were made by E. T. Erickson in the laboratory of
the United States Geological Survey, the sample was treated initially
with dilute sulphuric acid with some boiling to eliminate inorganic
carbon dioxide. Possibly a slight and negligible amount of organic
matter escaped in this treatment. The residue was then heated
nearly to the boiling point of an aggregate of about 50 per cent
HzS04 and 10 per cent Cr2Oa. The following determinations of
organic carbon were calculated from the carbon dioxide recovered
from this procedure:

Organic carbon _n samples of greensand and ff_auconZ_tsfrom 2Vew Jersey,

Greensnnd: yet cent.
_I-15 ....................................................... 0.07
M-52 ........................................................ 24
M-99 ........................................................ 10
M_119 ....................................................... 21

Glauconite:
G-7C ....................................................... i0

....... G-130 ...................................................... 09

Mr. Erickson states that for stabilized organic matter--that is,
organic matter not of recent ori_---tho hydrogen content may be
considered as considerably less than the corresponding amounts of
carbon and very likely not over one-fifth of that of the organic
carbon. The total organic matter for each sample is therefore,
roughly, not much greater than the quantity of carbon indicated for
it--probably not more than one-fifth greater, q

It is worthy of note that for two bf the grcensand samples the
quantity of organic matter present is practically identical with that
of the two samples of pure glanconite and that for the other two
samples of greensand the quantity of organic matter is still very
small.

The bearing of organic matter upon the formation of glancolrite is
discussed on pages 140-14L

PtIOSPHORIC &CID _ T=_M'I_.

As the investigation dealt chiefly with potash, little attention was
devoted to phosphoric acid and lime, but some analyses were made
as a check on earlier determinations and because of the agricultural
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importance of these subseances in the marl. Cook 71emphasized the
importance of the phosphoric acid in these words:

Phosphorlcacid is themostvaluableconstituentofthe whole. Indeed, it maybe
a_er_ed as a general truth, that the greens_nd marls may be Valued just in protmrtlon

to the percentage of this acid they contain.

In that day the effect of potash on plant growth was just beginning
to be realized. In the light of the (_xperiments Of True and Geise it
now seems probable that the potash in tho marl is spfficiently avail-

_-_-------ahle to have agricultural importance at least equal to that of the
phosphoric acid.

The average phosphoric acid content of New Jemey greensand
marls as shown by 130 analyses given by Cook 72is 1.78 per cent.
Similarly the average lime content derived from 105 of Cook's analy-
ses is 2.25 per cent. The highest individual percentage of phosphoric
acid cited by him was 6.87 in a sample from the upper marl (Manas-
quan) from Poplar. The highest percentage of lime (not counting
that reported as carbonate) was 15.19 in a sample from the lower
bed (Navesink) from Holmdcl.

Fairly recent analyses cited on pages 95, 96, and 98 give 0.907 per
cent of phosphoric acid as the average of ten samples of Navesink marl
from the Marlboro district, 0.96 per cent as the average of three sam-
pies of Hornerstown marl from Freehold, and 1.16 per cent as the
average of seven samples of Manasqnan marl from Farmlngdale.

Analyses of three composite samples of Manasquan marl from the
Birmingham-Pemberton district, made in connection with the present
investigation and given on page 88, show from 1..37 to 3.58 per cent
of phosphoric acid and from 1.53 to 3.86 per cent of lime. Addi-
tional analyses of selected individual or composite samples from the
Horaerstown and Navesink marls are given in the following table:

p Lime and phosphoric acid in selected samples of marl.

[R. K. Bailey and E. T. Eriekson, analysts.]

Sample NO, Locality. Formation, [ CaO PIO6

Per cent. per cent.
-7 ............ Hole 3, Salem ................................ Homerstown ...... 2. 97 a 6_

_-15-16-17 a. _.. Ho_e 6, Woodstown .............................. do .............. 60 .21_-43 .......... H e 9, Sewell ................................. .....do ............. _ Trace
_-52 .......... Hole 1O, Sewell ..................................... do .............. 52 .01
_(-62.......... west Jer_y Marl & Transportation Co.'s pit,

Sewell ..................................... I Nave_iuk( ?) ........ 29 Trace
bI-_ ............... do ........................................ Hornerstown. ..... 1.49 .3i
d-75 ........... Hole 12, Somerdale ............................ !....do .............. 17 .E
_i-78-79 b ............ do ......................................... Navesink (?) ....... 08 .E
d-99 .......... Hole 15, Ehnwood Road ...................... I Homorstowu ...... 2.86 1.7',

Atlantic Potash Co.'s pit, Marlton .................. do ............. 1.84
d-12_ ......... Cop ay Cement Co's p t, near Osage ............ do ............. None. .:_
ki-12q .......... Eastem Potash Corporation's ground, near ! ....do ............. None. .2_

Eatontown.
1.08 ._

a Composite sample of one-third each of M-15 M-16 and M-17.
b Composite sample of one-half each of M-78 and M_79.

7 Cook, G H., op. oit pp. 453-454.
T_Id_ pp. 917-441.
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The phosphoric acid and lime content of the three principal marl
beds in New Jersey is relatively low, but the Manasquan marl has a
greater proportion of these substances than the other two beds. On
the other hand, as previously noted, it is poorer in potash.

ACCOMPA2q-YING- WATEB..

At many localities the marl beds contain water, especially in the
southwestern part of the State, where the elevations are generally
lower than in the northeastern part. Much of the water has an un-
pleasant taste of iron or is slightly snlphureted and is unsuited _or
drinking. One sample of about 2 quarts was collected for analysis
at Woodstown. A number of samples of marl collected wet were
thought to contain sufficient water, singly or as composites, for
analysis. The waters, however, proved insufficient for this purpose.
Probably a gallon of each sample would be required for complete
analyses.

By combining the supernatant water from 11 samples (M-98 to
M-108 inclusive) from hole 15 and similarly the water from 10 sam-
ples (M-109 to M-118 inclusive) from hole lfi, both at Elmwood
Road, sufficient liquid was obtained for partial analyses, which repre-
sent the waters from these holes. The analyses of these composite
samples and of sample 24 from hole 7, at Woodstown, are given in
the following table. Only four of the more important substances
were determined in each sample.

Partial analyses of _a_'r _amples fronr New Jers_ greenland.

JR. K. Bailey, analyst,]

Hole 15, H_ _nl.9,Ehn- . Hole 7,
wood wood Woods-
Road. _, town.

9
Per cent. Per cent. Per cent,

_oluble salts .............................................................. 0. 02_ 0. 026_ a 0_8

Sio_ ...................................................................... 19.1( 11.37 8.32
........................................................................ 2L 4( 91. 07 38. 19

Na ....................................................................... _2S 9.35 13.20
K ........................................................................ 3._ 3._ 5.97
Undetermined ............................................................ 47. 94 54. 41 34. 41

100.0f i00. O_ 10a00

The percentages of soluble salts in these waters m'e so small that
the apparently substantial amounts of potassium correspond respect-
ively to 9.6, 10, and 5.2 parts per million. This is probably far below
the saturation point for potassium, for in the table showing percent-
ages of water-soluble potash (p. 129) the content of potash, so far as
given, ranges from 0.02 to 0.06 per cent K20, equivalent to about
0.018 to 0.05 per cent potassium. These percentages correspond
respectively to 180 and 500 parts per million.
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In laboratory determinations of water-soluble potash it is custom-
ary to boil the material in water for perhaps half an hour to pro-
duce the solution, whereas in the ground solution takes place at a
much lower temperature and hence much more slowly. On the
other hand, the water which percolates slowly through the beds has
the advantage of long-congmued contact with the greensand.

The disparity between the tmlount of potassium present and the
amount required for saturation suggests that potassium is being

-- "_--'_;iFndrawn from solution. The silica, lime, and soda and the rela-
tively large percentage of undetermined substances suggest that the
other constituents of glauconite may be presentAn sufficient quantity
to urute with potassium to form glauconite and that this action may
be the cause of the withdrawal of potassium from solution.

That other substances are formed as well is shown by the occur-
rence hero and there of vivimaite, marcasite, iron earbonate,-and
phosphatic nodules.

Solution and deposition are processes that have doubtless been
going on within the marl beds at different places at the same time
or at the same place at different times. The present composition of
the waters represents the halance between the two sets of conditions
at the time of sampling.

ENRICI'IMENT.

POTAE_I_.

Cook is states that "the best marls will always be found below
the natural drainage of the country, or at least where they have
never drained out to dryness." This statement does not seem to be
borne out by the present investigation. In the table' summarizing
the field data obtained in the borings (p. 104) the thickness and
potash content of each of _h6 principal marl beds are given for each
locality. The green and chocolate marl beds were in large part or
entirely below the water table in four of the five localities. At the

Somerdale borings, however, all the marl beds were above the water
table and were practically dry, yet the potash content of each of the
two beds represented (the uppermost bed had been eroded) was
comparable to that of the corresponding beds at the other localities.
For example, the green marl at Somerdale contained slightly less
potash than that at Sewell and Woodstown but more than that at
Salem and Elmwood Road.

The borings show that the green marl averages 1.1 to 1.28 per cent
more in potash content than the other two beds. This difference
appears to be due, in part at least, to its relatively l_ss admixture of
quartz. This is shown on the table on page 119, where the rffsults

_aCo_kp O. _I._ op. cir., p. 464.
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of the magnetic separation of residues are given. Thus it is probably
in the main a feature of original bedding rather than of subsequent
enrichment. The green marl is usually distinct lithologieally from
the overlying or underlying bed. This again is probably a feature
of original bedding.

At some localities, however, notably at Sewell (see pp. 47-52),
there is clear evidence of leaching and oxidation of the upper part
of the marl and consequent impoverishment in potash. Although
the marl beneath has a distinctly higher potash content it is no_ "_---_
clear that this is due to enrichment rather than to original deposi-
tion. At the Somerdale borings (pp. 7, 61-64) the Hornerstown marl
has been in part eroded and is overlain by reworked marl of Quater-
nary age. This reworked material is distinctly oxidized and contains
less potash than the unerodcd marl beneath, but this unerodod marl,
which is part of the green bed, is not unduly high in potash.

Without doubt potash is locally being leached from the marl
and is passing into solution. With little doubt, too, as suggested
above, it is being abstracted from solution, but there seems to be no
readily distinguishable zone of enrichment unless the green marl bed
may be so considered. With regard to what becomes of this potash
the following tentative suggestions are worthy of attention:

1. Clay, which is believed to have an important, share in the
formation of glancoulte (see section on nature and origin of glau-
eoaite, pp. 138-142), was probably abundant in the original muds
from which the glaueonite was formed--witness the alumina present
in all the analyses of glaueonlte and greensand cited above. It was
probably more abundant in some beds than others.. Thus the green
marl bed with less quartz probably had a larger proportion of clay.

2. When the marl beds became part of the land area and were
subjected to the action of meteoric waters the processes of oxida-
tion and leaching of certain layers began. Some potash with other
constituents went into solution and circulated through the marl
beds. The potash-bearing solutions reacted with the clay to form
new glaueonite, and the action was more pronounced in the more
clayey layers--for example, the green marl bed. Some of the new
glanconite formed additions to existing grains, but some of it formed
amorphous or colloidal glaucunite such as that which now con-
stitutes so marked a feature of certain beds.

3. The difference in potash content between the recent glau-
conites and older glauconites shown in the tables on pages 127-128
has significance in this connection, as does the remark of Collet
cited with those tables. I t seems quite possible that the development
of glanconite begun in muds offshore may have continued by the
process outlined above and may thus have enriched the undisturbed
marl beds, through which the waters circulated.
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4, The changes of level to which the marl beds, together with the

entire Coastal Plain, have been subjected have permitted all the

marl beds, eye n those that now lie above the water table, to be sub_
leered to the action of ground water for protracted periods.

O'x'_t_:R SUBSTANCES,

Iron carbonate, somewhat phosphatic, forms the hard, stony layer
at the base of the Hornerstown marl at hole 7, at Woodstown, and

i probably alsO) forms part of certain nodules and casts that axe

strongly phosphatic. The stony layer is localized at a horizon that
is thought to mark the boundary between two formations. The
nodules and casts are distributed rather irregularly. All bear
witness to the activities of solution and deposition in the circulating

i: waters,

i Ironstone, or sedimentary material cemented by oxide of iron,

occurs at many places and at a number of horizons--for example, at
the pit of the R. S. Ryan Co. near Medford. Here it-occurs along
the contact between the Hornerstown marl and the overlying Qua-
ternary gravels. (See p. 80.) Tiffs material also bears witness to
the activities of grmmd water. It is locally of sufficient abundance
to be quarried as stone.

STRATIGRAPHIC NOTES,

Southwest of Sykes,zille, in Burlington County, two broad lithologie
units are present--an upper formation, predominately green to
greenish black, and a lower formation, brown to brownish black, the
so-called chocolate marl. The contact between the two formations

is well defined and usually marked by the presence of sand or gravel

__ grains near the base of the green formation. Locally a water-bearinggravel bed, shells, or an indurated layer occur at the contact. This
contact would be a convenient lithologie boundary for the Navesink
and Hornerstown marls and is tentatively so considered in this
paper. A single cast thought by T. W. Stanton to be that of
6_cultasa vtdgar_s, a wide-ranging form but common in the Homers:

town, was .taken from a grave] bed at this contact at Ehnwood/
Road. (See PL X, hole 160 It suggests that the Hornerstown--
includes all of the green formation at that locality.

This gravel bed and the sand and gravel grains elsewhere at the
contact may represent the southwestern continuation of the Redbank
sand. The st_athgraphie features of the combined _Iornerstown and
Navesink marls at the different borings are shown in Plate X.

The Navesink grades downward into the Mount Laurel but
appears, to rest on a fairly Lmiform surface at each of the localities
drilled, except at Woodstown and Sewell, where variations of about
4 and 5 feet, respectively, in distances of 330 and 375 feet down the
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dip were observed. These figures would indicate a dip of 64 a_d 80
feet to the mile, respectively, at these localities, whereas the average
calculated by Knapp, as previously stated, is only 33 feet. This
apparently greater local dip may prove to be more widespread, or it
may indicate local current scour in the Mount Laurel sands prior to
the deposition of the Navesink.

The thickness of the Navesink is about 28 feet at Elmwood Road,
23 feet at Somerdale, 17½ feet a_ Sewell, 14 feet at Woodstown, and
2 feet (?) at Salem. At Salem there is no very clear "basis for dis-
tinction between the Navesink and Hornerstown. The shell bed

with rice gravel at the base appears to be l_Tavesink, but the marl
above in quality and appearance suggests Hornerstown rather than
N_vesink. At ScweU a depression ilt the top of the formation
corresponding to that in which the base lies was observed. At
Woodstpwa a depression of 5 feet was found in a distance of 375
feet along the strike, together with a total observed variation of 9
feet in thickness at the three holes. These features, together with
the scant representation of the formation at Salem, may indicate
local erosion of the upper beds by current scour or otherwise. On
the other hand, at several of the holes the upper beds of the forma-
tion show a transition intervM of 6 inches to several feet in which

streaks of green material are intermingled with the brown.
In general the Navesink marl is more clayey at the top, less clayey

and correspondingly more glaucordtic in the middle, and more sandy
near the base. The less clayey portions shucap easily and tend to run

like quicksand. At Woodstown a water-bearing gravelly layer was
encountered at hole 7, which was not represented at holes 5 and 6.
At SeweU a hard sandy layer with vivianite was found in hole 10

which did not occur at corresponding depth in holes 8 and 9, though
in these an increasing proportion of quartz sand was noticed. At

Somerdale the intermingling of brown and green material was present
throughout the formation.

The basal featm'as of the Hornerstown marl have been mentioned

_._ in connection with the description of the Navesink. The top of the. formation, as represented by the Terebra2ula-bearing bed, was found
in only one of the holes. Elsewhere portions of the Hornc_to_
had been eroded. Nevertheless the measurements show that this
formation maintains or even increases its thickness toward the

southwest. For example, at Elmwood Road, where the Terebratula-
bearing bed is present, the thickness is 17 feet 7 inches. At Somer-

._ dale the formation is considerably eroded, but from 6 to 11 feet
remains. At Sewell the maximum thickness measured is r, early
22 feet, at Woodstown 27 feet, and at Salem 21 feet.

In general, the Horncrstown marl as observed in these borings is
more clayey and lighter in color in the upper part and more glance-
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nitic and darker below. Near the base sand and gravel grains and
locally even tiny pebbles appear. Local variations may be noted.
For example, at WoodstoWa a stony layer about 6 inches thick, some-

P what phosphatic and containing much iron carbonate, occurs at the
base in hole 7 but is not found in holes 5 and 6. Similarly, at Woods-
town shells were present at the base in holes 5 and 7 but absent in
hole 6. At Sewell a light-green clayey bed 4 feet thick at hole 8 is
only 6 inches thick 375 feet away at hole 10. Other variations in

_-,_color and texture were noted at different localities and at different
holes in the same locality.

The three holes bored in the Manasquan marl near Pemberton were
not deep enough to pass through the formation, but they showed
some variations in character and thickness of the marl. The upper-
most member, a relatively light colored sandy clay with compara-
tively little glauconlte, was 3 feet thick at the first hole and more than
14 feet thick at the second, only 330 feet distant. The lower, dark-

green glauconitie member was more than 9 feet thick at the first hole
and less than 3 feet thick at the second. At the third hole, which
was nearly a mile and a half away, only the dark-greenish member
was exposed, more than 15 feet thick.

These irregularities in the greensand beds suggest that their accu-
mulation did not take place entirely beyond the range of wave and
current action.

CONDITIONS OF SEDIMENTATION.

The bedding of the greensand, as previously noted, is generally
regular, so far as obse_-ced. Some beds show a fine 1Am]nation.
There is more or less alternation of clayey layers with more glauco-
nitic beds. Quartz grains, generally angular or subangular rather
than rounded, are distributed somewhat" unevenly throughout the

b glauconite beds. The sizes of the quartz grains agree in a general
way with those of the glauconite, but the preponderance of the
40 and 60-mesh grains is less marked. The specific gravity of

i glauconite is slightly less than that of quartz, so that under the same
conditions of sedimentation the glauconite grains might be expected
to have a somewhat greater average size.

The distribution of the quartz grains indicates a generally steady
but slow influx of land-derived material from which the more soluble
rock fragments had largely been removed: The presence of the clay
and glaueonitic mud included with thi) greensand indicates generally
quiet waters. The maintenance of these conditions long enough to
build up such an extensive and relatively thick deposit suggests a
slow subsidence of the bottom on which the deposits were accu-
mulating or a gradual transgression of the sea upon the land. The

88625°--22. 10
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Vincentown and Redbank sands indicate that the glauconite-forming
agencies were at times interrupted or impeded by reversal of condi-
tions, the sea retreating or becoming shallower during the epoch of
their formation. Minor reversals or oscillations of conditions during
the deposition of the greansand are indicated by the presence of the
sandy or gravelly layers described above.

The local variations in the thickness of the supposed Navesink marl
previously mentioned suggest that from time to time the generally
quiet bottom conditions were disturbed by oceanic currents or by
waves.

A rather abundant and varied life inhabited the waters in which the

greensand beds were being deposited, as shown by the shells and other
types of fossils that have been recovered from the marl beds. Lists of
these fossils are given by Clark u and Waller. 7_ These animals fur-
nished by their decay the organic matter generally supposed to be
necessary for the formation of glanconite.

According to Murray and Renard, 7°glanconite forms most abund-
antly at about the lower limits of wave, tide and current action, in
the neighborhood of what may be called the mud line---that is, at
about 200 to 300 fathoms. The temperature of the ocean at these
depths off Sandy Hook is between 40° and 45° F. If, as seems prob-
able, the conditions of the formation of glauconite in Cretaceous time
were similar to those of to-day the depth of the sea water over New
Jersey in the Navesink and Hornerstown epochs was 1,200 to 1,800
feet.

NATURE AND ORIGIN OF GLA_UCONITE.

Glaneonite is a constituent of various marine sediments now forming
along the shores of the continents, usually at depths greater than 600
feet, but ranging from about 300 feet to somewhat more than 2 miles.
It is not formed in the deeper parts of the ocean, except from acci- 41
dental causes, nor along coasts where great rivers, such as the Amazon,
bring large quantities of sediment into the sea. It is associated
chiefly with greensands and green muds, though present in blue muds,
volcanic muds, and some of the oozes; and it is widely distributed in
the Atlantic, Pacific, and Indian oceans and the Mediterranean Sea.
Glanconite is also widely distributed in time, having been formed in
all the great geologic periods.

The chemical and mineral composition of glauconite is variable,
though part of the apparent variation may be due to the difficulty
of procuring pure material for examination and analysis. There is

r_Clark,W. n., A preliminary report on the Cretaceous and Tertiary formations o! New Jersey: New
3vrsey OooLSurvey Ann. Ro]3t. forI892,pp. 169-239_1893.

75WeIler, Stu2.rt, Ul)pe_ Cretac_ous IormationSand fatmas of New Jersey: New Jer_y Geol. Stlrvey: Aml.
Rapt. for lg)4, pp. 145-160, 1_05.

7eMurray, John, and Renard_ A. F., Challenyer Rapt, D_ep-$ea depe_ts, p. 583,diagram 2,1891.
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some doubt whether the mineral is really a definite substance. It is

also thought that glauconite may include members of a series of

P. minerals, in the same manner as the chlorites and micas. 77 Glauco-
nite is essentially a hydrous silicate of iron and potassium and, ac-
cording to Clarke, 78probably has when pure the composition repre-
sented by the formula Fe"'KSi206.aq. , in which some iron is re-
placed by aJum_nU_l, and other bases partly replace K. Thus it

should contain about 13 per cent of potash. 7_ The analyses show,
-4 however, that the potash is practically always partly replaced so that

it rarely exceeds 7.50 to 8 per cent. Dana _ogives the hardness of
glauconite as 2 and its specific gravity as 2.29-2.35. It is usually

amorphous and has a granular texture.
Glauconite occurs chiefly in tiny irregular botryoidal or rounded

grains, some of which appear to be casts of foraminiferal or other cal-
careous shells. The greater number, however, show no direct rela-

tion to foraminiferal form. Many of the grains are worn and have
evidently been transported and redeposited. Cayeux m describes and
figures a type of grain relatively rare, in which a thin superficial coat-
ing with radial structure, visible only in thin sections with strong "

magnification, wasobserved. Collet 8_suggeststhatthesecoatingsmay
represent glauconitic pseudomorphs after the calcite of foraminifera]

shells. Another type of grain described by Lacroix ss and relatively
rare is thought to be crystalline and monoclinic. It is strongly pleo-
chroic, has a well-recognized cleavage, and under crossed nicols in
polarized light extinguishes parallel to the cleavage. Still another

type, called by Cayeux pigmentary glauconite, stains the cement of
consolidated sediments and forms coatings on grains of other mlnarals
or fillings in the cracks of minerals such as feldspar.

A number of microscope slides were made showing thin sections of

a: glaueonite and of some of the associated mineral grains of different
sizes from the New Jersey borings of the present investigation. The
noteworthy features of the glauconite, as shown in these sections,
are (1) the absence of concentric or radio-fibrous structure; (2) the

_ absence of any skeleton or core of other mineral matter; and (3) a

uniform or nearly uniform aggregate structure of tiny crystalline

_-' n Goldman, M. I., General character, mode of occurrence, and origin of glauconite: Washington Acad.

8cl. Jour., vol. 9, pp. 501-502,1919 (abstract); The petrography and genesis of the sediments bf the Upper
Cretaceous of Maryland: Maryland Geol. Survey, Upper Cretaceous, p. 179,1916.

Clarke, F. W, The data of geoehemis try, 4th ed.: U. 9. Geol. Survey Bull. 695, p. 519,1920.
TgAshley G.H., Notes on the gree_and deposits of the eastern United States: U. S. Geol. Survey BniL

fi$0, p. 34, 1918.

Dana,J. D., System of mineralogy: Descriptive mineralogy by E: S. Dana,gth ed., p. 683, New* York,
1914.

tl Cayeux, Luden, Contribution k l'4tude micrographique des terrains s6filmentaires: Sc¢. gfiol.Nord
M_m,, vol. 4, N0. 2, p. 164_ 1897.

Collet, L. W., Lea d_Ipbts marina: Encyclepedie scinneliquet p. 141, Paris_ 19(_.
Cited by Cayeux, Ltmien, op. cit., p. 165.
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flakes, which, in polarized light, show an aggregate polarization
without general extinction. (See P1. IV, p. 6.)

The absence of skeleton or core is in distinct contradiction to the

idea of Hart 84that glauconite "consists of a core, which is apparently
pure silica, and a covering layer of glauconite containing apparently
no, or very little, silica."

Some grains, presumably those described on page 122 as having a
platy structure or cleavage, show these features with parallel extinc-
tion in thin sections and are pleochroic. These may prove to be
crystalline glauconite like that described by Lacroix. A grain of
feldspar, in which flakes of glauconite had evidently been formed in
cracks, was observed in one of the sections. The glauconite was
apparently fresh and relatively pure and free from alteration. A few
grains, however, showed encroachment of iron sulphide. The seed-
like Or capsule-shaped grains are isotropic. They are phosphatic
and contain numerous tiny black particles that may be magnetite.
Some of them contain grains of green glauconite.

The origin of glauconite is still imperfectly understood. According
to Murray and Renard, 8_ organic matter inclosed in the shells and
present in the m_uditself transforms the iron in the mud into sulphide,
which may be oxidized into hydrate, sulphur being at the same time
liberated. The sulphur becomes oxidized into sulphuric acid, which
decomposes the fine clay, setting free colloid silica, alumina being
removed in solution. The colloid silica and hydroxide of iron are
in a condition most favorable for their combination, and in the pres-
ence of potash salts in sea water these substances form glaueonite.
Culler8_suggests in modification of these views three stages for which
hecites evidence--(1) the formation of graycasts composed exclusively
of clay; (2) the formation of brown casts of different shades repre-
senting different stages in the replacement of clay by peroxide of
iron, no potash being present; (3) "glauconitization," the introduc- '_
tion of potash and probably also of the water of constitution.

Murray and Renard 87regard it as improbable that any minute
grains of glauconite are formed in a free state in the mud. Thc*ythink 2
that this mineral is formed in the cavities of calcareous organisms,

though they aclmit that some grains appear to be highly altered frag-
ments of ancient rocks or coatings of glanconite on these rock frag-
ments. They state that shells are broken by the swelling out or
growth of the glauconite and that subsequently the isolated east
becomes the center upon which new additions of the same substance
take place, the grain enlarging and becoming more rounded in a

Hart, Edward, Glauconao or greensand: Am. Chem. SOC.Jour., vo]. 39, p. 1919, sept smber, 1917.
is Murray, John, and Renard, A. F., ChaUeT_er Rept., Daep-sea depc_its, p. 389,1891.

16Collet, L. W.j up. cir., pp. 176-178.
i_ Murray, John and Renard_ A. Iv up. cit., pp. 387-388.

NEW JERSEY GEOLOGICAL SURVEY



IXTATI_RE AIWD ORIGIN OF _LAIICONITE. 141

more or less irregular manner, as in the formation of concretinnary
substances. Although the irregularities of shape and the general
scarcity 6f grains with definite foraminiferal form may perhaps be
explained in this way, the coatings and accretionary layers noted
suggest that other modes of origin besides that within calcareous

# shells may be important.
Cayeux ss cites a variety of evidence to show that orgame matter is

not essential to the origin of glaneonite grains. He ascribes an
_i_portant share in their genesis to the so-called pigmentary glaueon-
it% and shows that grains of glauconite have originated or have
continued to increase in size after all the elements of the accompany-
ing sediments were in place as in a consolidated deposit. He con-
cludes that organic matter may be more often the primordial condition
of the production of glauconite, but that it is very certain in many
places that organic matter has had no part in the genesis of this
mineral.

Collet s_ also recognizes the important part that pigmentary
giauconite may play in th6 origin of glauconite grains and adds that
the absence of cement in microscopic sections of glanconite may be
explained by the fact that both the glaueonite grains and the glau-
conitie cement are cryptoerystalline and composed of particles
differently oriented so that suture lines would be masked.

On page 126 the fine material washed from composite samples of
New Jersey greensand beds is shown to contain approximately 3 to 7
per cent of potash. It consists largely of greenish to yellowish
colloidal matter that may be classed as pigmentary glaneonite.

It may be part of the original deposit, in which for some reason
grains of glaueonite did not develop, or it may have originated by
mechanical wear or disintegration of previously existing grains.
It may, however, have been formed by the chemical action of the
circulating waters upon clay in the marl. Possibly grains of gtaueon-
ire may be forming in it to-day, bu6 of this no direct evidence was
observed.

With reference to caladonite, a mineral closely related in composi-
tion to glauconite, Clarke soremarks:

If, now, we assumethat celadonite artd glauconito are at bottom the same ferrl-

potassic silicate, differing only in their impurities, we may beg:m to see that the several
modes of its formation are not absolutely different after all, Probably, in all their

occarrencsa, the final reaction is the same, namely_ the absorption of potassium and sel-

able silicaby colloidalferrichydro_de. In the ocean thesematerialsare prepared

by the action of dec_ylng animal matter upon ferruginous clays and fragments of potas-

sium-bearing silicates. In the sedimentary rocks, where gluuconlte appears as a lste

**Cayou_, Lucien, op. e_t., pp. 175-1gt,
CoSet) L. W., op.oit., lip. I54, lbS,

_ Clark_,_.W.)Thed_tso__e_mni_try:4thed.:U.S.O_LSXltw_vdDulI.S95,Dp.814"51S,192O.
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product, the action of percolating waters upon the hydroxide would account for its
formation. In igneous reeks the hydroxide is derived from auglte, or perhaps from
olivine, and percolating waters again come into play. Thus the yarisus productions
of glaueonlte and eeladonite become the results of a _ugle process, which is exactly
equivalent to that in which potassium compounds are taken up by clays. The obser-
vation of L. Cayeux that glauconite is frequently present in arable soils, in al| condi-
tlo_sfromperfectfreshnesstocompletealterationintolimonite,suggeststhatperhaps
the formation of the species is one of the modes by which pota_ium is withdrawa from
its solution in the ground waters.

This statement tends to confirm the suggestions presented above
in the discussion of enrichment.

Fuller discussions of the.nature and or_dn of glauconite are given

in some of the pape_ cited, notably those of Cayeux and Collet,

which contain bibliographies of the subieet.
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