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ABSTRACT OF THE THESIS

CEMENTED PLEISTOCENE GRAVELS
OF NORTHERN NEW JERSEY

by MARTHA WARREN PENDLETON
THESIS DIRECTOR: PROFESSOR RAYMOND C, MURRAY

Within the glaciated area of northern New Jersey, there are fluvio-
glacial gravels and till that are locally coated and/or cemented with
calcium carbonate, X-ray analysis demonstrates that this cement is, for
the most part, low-magnesium calcite with lessér amounts of aragonite,

This study was undertaken in an attempt to determine: 1) the ground
water environment in which the cement was precipitated, 2) the age of the
cement, and 3) the process {es) by ;x/hich the cement was precipitated,

The low-magnesium cement has a drusy mosaic fabric, i.e. it is pore
filling, and the size of the crystals increases awaykfrom grain boundaries,
Because of capillary action and gravity, water has been differentially re-
tained at grain boundaries and on the underside of individual cobbles.
Differential water retention has produced an uneven cement that is thicker
at grain boundaries and on the underside of the gravels.

Two carbon-14 dates were made on the low magnesium calcite cement
and corrected for error induced by isotopic fractior;ation during sample
formation and sample preparation,

It is proposed that the carbonate cement was formed in the vadose
environment, On the basis of corrected carbon-14 dates, it is also pro-

posed that cementation occurred during the Hypsithermal Interval either
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by evaporation or exchange of carbon dioxide between water and pore

atmosphere,
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INTRODUCTION

- Throughout the northern United States, in areas that were covered
’by drift of the Pleistocene glaciation, there are outwash gravels and till
that are locally coated and/or cemented with calcium carbonate (see
figure 1 and table 1), In some areas, these carbonate accumulations are
termed caliche, In other areas, however, the presént climate is such
that caliche should not be forming, The calcium carbonate cement found
in areas where caliche should not be forming today can be explained by
1) precipitation at some time in the past when the climate may have been
more typical of a caliche forming environment or 2) precipitation today
by some othei; process,

Caliche is a general term given to carbonate crusts such as those
that are found in the semi-arid southwestern United States. The forma-
tion of caliche appears to be determined by climate. According to
Arellano {1953), the basic requirement is an area of true chernozem.,
This type of soil is found in dry-cold climates, in cool or temperate semi=-
arid climates where a soil that is black and rich in humas and carbonates
develops. There is a close relationship between the distribution of
chernozem and the distribution of loess and glacial drift in North America,
Arellano's observations of caliche in North America and the western
Mediterranean lead to some conclusions concerning climatic limitations
on the development of caliche, Caliche does not form in areas of high
precipitation, An annual rainfall in excess of 650 mm, {24, 6 in, }inhibits

its growth, In addition, temperature is a limiting factor., The zone of



caliche formation today extends from 39°to 50° latitude in North America.

Table 1:

Localities of calcium carbonate cemented Pleistocene gravels
in the Northern United States,

State

Locality Description

Previous Work

Illinois

Indiana

Kansas

Michigan

Minnesota

West of Rock River, Cementation
in lower levels of gravels {till),
Lime carbonate carried down from
above, Sterling area, Seward,

Rockport; section of Ohio River
Bluff, Partly cemented gravel -

‘typical of Illinoian drift, rare in

Wisconsin,

Northcentral, Sanborn formation
is spotted with caliche crusts and
in places cemented into a firm
conglomerate,

Distribution not limited to any 1
part of the state. Cementation is
patchy and shows no noticeable re-
lationship to changes in porosity
or permeability. Massive sections
of cemented gravels within unce-
mented gravels, In some places,
gravels too well cemented to be
workable,

Central, Stratified drift of the
Wadena Lobe, a portion of the
Keewalin drift, is characterised

by calcium carbonate coatings. In
general, the gravels of the strati-
fied Keewalin drift contain a high
percentage of limestone cobbles,
and the individual cobbles are
commonly coated with secondary
calcite, Annual precipitation
ranges from 23-26 ins; mean annual
temperature varies from 379-420F,

Alden, W.C.
(1918)

Leverett, F. and Taylor,
F.B. (1915)

Frye, J.C. (1945)

Segall, R,T,, personal
communication,

Schneider, A, F, (1961)




Table 1, cont'd,

Montana -
N, Dakota

New York

Ohio

Penn,

Vermont

Caliche crusts on the undersides of
many of the pebbles in early and
later Wisconsin tills, The Cart-
wright gravel is in some localities
cemented by calcium carbonate.

The late Wisconsin Mankato drift
contains pebbles coated with calcium
carbonate on their undersides, This
is part of a regional caliche horizon,
The climate is semi-arid with an
average rainfall of 12-16 ins. per
year,

Central, Fluvio-glacial gravel
with pebbles of sandstones, lime-
stone, gneiss, quartzites, and
granite, Cemented by calcium
carbonate,

Mill Creek Valley. Fluvio-glacial
gravels consisting almost entirely
of limestone., Cementation with
calcium carbonate by evaporation,
Deposits of Illinoian Age,

Eastern, Two miles south of
Morrisville, pleistocene gravels
are exposed in Warner Brother's
gravel pit. At the north end of the
pit, the well-sorted gravels are
calcareous {cherty limestone and
grey dolomite) and are cemented
with calcium carbonate.

Proctor, A glacial gravel contain-
ing quartz, mica, and rock frag-
ments, including dolostone. The
cement is low-magnesian calcite
with a fabric of drusy calcite
mosaic. A metamorphic dolostone -
surrounding three sides of this gravel
is thought to be the source of carbo-
nate for the cement.

Howard, A.,D,, 1946

, 1947

Friedman, G. M., and
Kolesar, P, T,, 1969
Schmidt, V., E,, 1947

Fenneman, N,M., 1916

Pellier, L.C,, 1959

Friedman, G, M, and
Kolesar, P, T., 1969
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Cemented Pleistocene gravels occur throughqut northern New
Jersey. The present climate of northern New Jersey should inhibit the
grov#th of caliche because New Jersey is an area of high precipitation,
The average annual rainfall in New Jersey from 1890 through 1904 was
46,79 inches. This figure is almost double Arellano's figure of 24,6
inches which is the maximum amount of rainfall possible for the preci~

pitation of caliche.

Table 2: Mean annual rainfall in New Jersey
1890-1904, (From the Report of the New
Jersey Weather Service, 1890-1904.)

1890 v ovvevew. 49,34 inches
1891 s oeevevo. 47.98 "
1892 coveene.. 42,51 "
1893 .. ovvuns. 37,29 "
1894 .. ...000.. 51,72 "
1895 ¢eeeseees B2.35 "
1896 ovwuveuae 47,37 "
1897 vovevenas 47,90 "
1898 ovevenns 42,02 "
1899 v ovvvvo.. 45,84 "
1900 covnene.. 42,71 "
1901 ... 0veWs 51.80 "
1902 . .cvvewa. 59.44 "
1903 c.veeenn. 56,25 "
1904 ......... 37.41 "

Assuming that caliche should not be forming today in northern New
Jersey, and that there is no evidence to suggest that the cementation is
taking place today, one must consider 1) the time of cementation and 2)
how and under what ground water conditions the cement formed. In addi-
tion, the cementation of these pleistocene gravels provides an example of

Recent diagenesis, Examination of Recent cements may prove helpful in

the interpretation of the diagenetic environment of ancient sedimentary



rocks,

Table 3: Sample localities of cemented Pleistocene gravels of northern

New Jersey.

Liocality

Description

1. Sand and gravel pit

one mile south of Bevans,

New Jersey,

2. Till, north of the
Montague Hotel (Bevans
area).

3, Terrace material,
Belvidere area.

4, The Ogdensburg
embankment,

5. North Church Gravel
Pit,

6, Hardyston Sand and
Gravel Co,, Inc,

The pit exposes stratified Wisconsin outwash
gravels, Locally, layers are cemented or
coated with calcium carbonate. To thenorth-
east of the pit, there is a ridge of Silurian
limestone,

This outcrop is exposed in a well {(Salisbury,
1902). Underneath twenty feet of clay-sized
calcareous till, there are 12 feet of gravel,
cemented by calcium carbonate into a
conglomerate,

The terrace material is exposed along the L
and HR railroad and in gravel pits. Most of
the cobbles are limestone and shale, In
places, the terrace material is firmly
cemented, Also, the cobbles are coated with
calcium carbonate,

The best exposure is on the western side of
the embankment near Wallkill, The cobbles
are 40% limestone, 40% gneiss, and 20% slate
and sandstone, The cobbles are partially
cemented with calcium carbonate,

Located 4 miles west of Ogdensburg, this pit
contains cobbles of shale, quartzite, lime-
stone, and gneiss, Here, cementation occurs
locally, and individual cobbles are coated,
especially on the underside.

Located 1.4 miles north of Hamburg on route
94, this pit exposes gravels in a kame terrace.
The cobbles consist of limestone, gneiss,
granite, shale, slate, and sandstone. Calcium
carbonate coats the underside of many cobbles
and locally cements them together,




Table 3, cont'd,

7. Between the reces- Kame terraces are found at the northern

sional moraine and end of Liake Grinnel towards Monroe. 50%

Monroe, New Jersey, of the cobbles are limestone, This material
is locally well cemented with ¢alcium
carbonate,

8. Terminal moraine at This exposure is located off of route 46 in

Great Meadows, Great Meadows, Rock fragments are lime-

stone, shale, gneiss, sandstone, and
quartzite. The fragments are coated and
locally cemented with calcium carbonate,

9. Houdaille Construc- This company is working gravels in

tion Co, southern Warren County along the Delaware
River north of Carpentersville., Calcium
carbonate coats and cements cobbles in
this outwash deposit. Cobble types include
sandstone, limestone, quartzite, gneiss,
and chert,

10. Montville, The outcrop is 13 miles northeast of
Morristown just southeast of Montville,
The cobbles of this kame include limestone,
gneiss, Green Pond conglomerate, shale,
amphibolite, and greenstone, Calcium
carbonate coats and cements the cobbles,

A large part of northern New Jersey is covered by Pleistocene
deposits of Wisconsin age. A well defined terminal moraine extends
across the state from Belvedere on the western border of New Jersey in
a northeasterly direction to Dover and then southeast to Perth Amboy on
the eastern seaboard. In addition, there are a few recessional moraines
and numerous deposits of stratified drift in the form of kames, kame
terraces, eskers, and deltas, In places, the stratified drift and till of

northern New Jersey are locally coated and cemented with calcium




carbonate, Figure 2 shows the relationship between limestone bedrock
and localities of cemented gravels and till in the area studied, A descri-

ption of localities where cemented gravels were collected is summarized

in Table 3,

DESCRIPTION OF THE CEMENT

X=-ray analysis demonstrates that the Wisconsin gravels of northern
New Jersey are locally coated and cemented with calcium carbonate, The
majority of the cement is low-magnesium calcite, However, in one
locality, aragonite crystals were found in addition to the calcite cement,

The low magnesium calcite forms a drusy cement (Bathurst, 1959),
That is to say, the cement is pore filling and the siée of the crystals
increases away from the grain boundary. The calcite is a gravitational
cement as defined by Muller {1971), In hand specimen one can see that
the cement has been preferentially precipitated on the underside of
cobbles. There is also a preferential precipitation of cement at grain
contacts, Both in hand specimen and in thin section, one notices that the
cement has grown unevenly on grain surfaces.

The aragonite cement is rare and has only been found growing as a
secondary cement on a crust of low magnesium calcite. It occurs as

radiating clusters and single crystals of acicular aragonite,

DISCUSSION

The cemented gravels are found well above the present water table,
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Depending on the age of the gravels, cementation could have taken place
under either vadose or phreatic conditions, Various characteristics of
the cement help to determine in which of the two realms of meteoric
diagenesis cementation has taken place.

Muller (1971) considers gravitational cement to be indicative of the
vadose environment for subaerially cemented material, He argues that
in the phreatic environment, since the pore spaces are filled with water,
one would expect cement to be precipitated evenly along grain bounda-
ries. On the other hand, in the vadose environment, the pore spaces
are filled with air and water. Cons equently, the water would tend to
coat grains, If you consider an individual grain, the film of water,
coating the grain, would be thicker on the underside of the grain. The
thicker accumulation of water on the underside of the grain Wbuld allow
a thicker cement to be precipitated in that area. Thus, cementation
would occur preferentially on the underside of a grain in the vadose
environment,

Gravitational cement is a common feature in the gravels studied,
Examining the outcrops after a rain, one can see that water is preferen-
tially retained on the underside of the cobbles, Fufthermore, where the
gravels are coated, the cement is not only thicker on the bottom of a
cobble but also coats only the underside of many cobbles, At the Hardy-
ston Sand and Gravel Co, {outcrop number 6), the gravels of a kame
terrace are being worked. Close examination of these gravels shows that

the cement has developed almost entirely as a coating on the underside of




individual cobbles.

In the vadose environment, water should be preferentially retained
at grain boundaries by capillary action, Thus, according to Dunham
(1971), vadose cementation can produce a meniscus cement, i.e. a
cement that is more extensive at grain contacts than along grain surfaces,
Samples of the cemented gravels, in thin section and in hand specimen,
indicate that the cement is thicker at grain boundaries than along an
individual grain surface,

The concepts of gravitational and meniscus cement both lead to the
same conclusion. In the vadose environment, pore spaces are only par-
tially filled with water, As the wate‘r enters a pore space, it tends to
coat grains, In places, either by capillary action or by gravity, the film
of water will be thicker, Where there is a greater accumulation of water,
there is a greater opportunity for cement to dev'eloé. In the vadose zone,
an uneven cement will develop. The cement will be uneven, i, e, of
varying thickness, because of differential water retention. In the phrea-
tic environment, where pore spaces are filled with water, water is not a
limiting factor in the process of cementation, The cement should develop
evenly along grain surfaces. Cementation of the Pleistocene gravels of
northern New Jersey is uneven; the calcite ‘cement has developed differen-
tially., Where there is a greater probability of water retention, on the
underside of cobbles and at grain contacts, the cement is thicker, Thus,
at the time of cementation, the gravels were in the vadose environment,

and the ground water table was no higher than it is today.
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Another feature, related to the cement, is an accumulation of clay
sized particles, Itis important to consider whether this material is
residual or infiltrated, X-ray analysis shows that this material con-
sists of quartz, calcite, and lesser amounts of dolomite and chlorite,
This mineralogy would lead you to believe that the material is or was
derived from rock flour, The material is not residual. Frei, E. and
Cline, M, G, (1949) discuss the difference in appearahce between resi-
dual and infiltrated clay, If the clay has been infiltrated, you would
expect to find an uneven distribution, layering, strongly oriented grain
coatings, and perhaps ripple-like structures (Stephen, A, F., 1967).
The brown material associated with the cement has an irregular distri-
bution and coats grains. It has been infiltrated or translocated before
and during cementation., In thin section, one can sele the relationship
grain, clay layer, cement. Also, one can see another relationship:
grain, clay coating, cement, clay, cement, This material was not
weathered in place, but was added to the system before and during ce-
mentation in the vadose zone.

The aragonite cement appears to be a problem. It is found at only
one locality {3). In hand specimen the aragonite crystals appear to be
growing on a crust of calcite near the top of the cemented section some
twelve feet below the surface. It is a secondary stage of cementation and
younger than the calcite cement,

Despite the rarity of the aragonite cement, one must consider the

problem of its formation. J.W, Murray {1954) discusses the conditions
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that favor the precipitation of aragonite in cave deposits. He lists high
temperature, low concentrations of calcium bicarbonate, and a high
concentration of other elements, such as magnesium, strontium, and
lead, as factors influencing the precipitation of aragonite. In most
caves, where precipitates are derived from fresh as opposed to saline
water, calcite is the predominant mineral found, As the calcite is pre-
cipitated, the remaining solution will become more concentrated in other
solutes. If the concentration of other solutes is an important factor in
controlling the precipitation of aragonite versus calcite, then as the
concentration of other solutes increases, the chances of precipitating
aragonite may increase,

One must also consider the nature of the initiél solution from which
the precipitates are derived. Here, again, it is important to take into
account the role of the other elements in solution. According to Murray,
magnesium and strontium content of the solution are important in deter-
mining whether calcite or aragonite is precipitated. Holland et al {1964)
find three controls on the evolution of cave waters: carbonation in the
soil zone, solution of calcite and/or dolomite, and equilibration with the
cave air, Solution of dolomite instead of calcite will provide higher con-
centrations of magnesium to the initial solution. Also, according to
Holland, the strontium content wiil depénd partly on the mineralogy of
the precipitate and partly on the ration of the concentration of strontium
to calcium in the parent water, In his studies of the cave deposits of the

Luray Caverns, the concentration of strontium in solution was determined
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by the amount of dolomite that was dissolved by rain water. If the parent
solution is dissolving dolomite, it will become enriched in both magnesium
and strontium, With an increased concentration of magnesium and stron-
tium in solution, aragonite may be the more likely mineral phase to pre-
cipitate. Many of the glacial gravels studied contain dolomite or dolo-
mitic limestone cobbles so there is a source of both strontium and mag-
nesium to go into solution in the ground water,

Holland notes that aragonite is only precipitated when the product,
aca T2, 4 Co3” exceeds the solubility product of aragonite, At 15°c,
the solubility product of aragonite is approximately ten percent greater
than the solubility product of calcite (Holland et al, p. 65). Thus there
is a range for the product a_, +2, 8’003- during which calcite will pre- 4
cipitate instead of aragonite. Analysis of cave waters show that during
the loss of Co, to the cave atmosphere, cave waters can become more
than ten percent supersaturated with respect to calcite. At this time
calcite or aragonite may precipitate from the solution, Perhaps as the
ground water reaches a pore space in the gravels, there is a loss of CO2
to the pore atmosphere, This reequilibration of CO, to the pore atmos-
phere could also cause the ground water to become increasingly super-
saturated with respect to calcite. The precipitate from this ground water
during loss of CO, could then be either calcite or aragonite, This
explanation of the presence of aragonite depends on‘bthe hypothesis that

the environment of cementation in the gravels is analagous to the environ-

ment of precipitation in a limestone cave,
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Age of the Cement

There is no direct evidence that the cement is forming today. It
is yéunger than the gravels which it cements. Wisconsin age fluvio-
glacial gravels are exposed in a gravel pit on Hutcheson Road inHarmony
Township, New Jersey (locality 3}). Excavation in the gravel pit has
exposed thirty-five feet of terrace material (interbedded sand and gravel)
that is locally cemented and coated with calcium carbonate. The section
is cemented and/or coated below the soil zone down to fifteen feet above
the present ground water table. At the time of deposition, the gravels
were at or below the ground water table, and therefore, in the phreatic
zone, Consequently, cementation must have occurred some time after
deposition when the ground water table had fallen {or almost to) its
present level. The drop in ground water table brought the gravels from
the phreatic zone to the vadose zone, where the cement was precipitated.
Thus, cementation began some time after the Wisconsin ice sheet receded
from its southernmost extent in New Jersey.

Carbon-14 dates were made on two samples of low magnesian cal-
cite cement from this gravel pit (see Table 4). Thg samples were taken
from the same horizon ten feet apart near the top of the cemented zone.
These dates indicate that cementation took place during the Hypisthermal
interval, According to Deevey, E,S. and Flint, R, F, (1957}, this interval
when the mean annual temperatures exceeded those of the present extends
from about 7000 B, P, to 600 B, P, The pollen record in the temperat‘e

zones implies that the Hypisthermal Interval shows several oscillations
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in climate occurred, i.e. parts of the Hypisthermal were warmer than
otiﬁers. Because some of the warmest episodes are demonstrated by

hot, dry summers preceeding 600 B, P, in northwestern Europe, and
because repeated glacial advances appear to be restricted to alpine areas,

Flint and Deevey extend the Hypisthermal to 600 B, P,

Sample HR-1 HR-2
¢ Carbon-14 548 + 7 528 + 7
Apparent Age 6380 + 125 6030 + 120
{?/ Carbon-13 8.6 -10.6
A Carbon-141 574, 2 559.5
Corrected Age 6855 + 125 6585 + 128
A 496, 8 ‘ 483.1
Corrected Age 2 5515 + 125 5300 + 126

Table 4: Comparison of measurements on two samples
of calcite cement.
In order to correct the apparent age of the cement for error in-
duced by isotopic fractionation during sample formation and sample pre-

paration, JCié IS corrected to Cl%,

(1) o ctt = M} x 1000
Ao
= 14 o . 14
where Ay = C activity and Ao = standard activity C

cl4 is corrected by normalization to the C13/C12 ratio by the following

equation: {Broecker, W,S, and Walton, A., 1959).
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14
2) A ct =gt o2 gt 1+ ""”’"“””i/ago ]

The term AC!% is independent of fractionation, In equation two, a

factor of -50,0 per mil is added:

14
3) A cl4 = ogclt . 2dct? 1+4§f@%—~]- 50. 0

The addition of the -50, 0 per mil factor was revised {Broecker, W, S,

cl4
and Edwin, A,O,, 1961}, and 1+ {5‘@’5’} replaces unity as a multi-

plier of the constant term, 50.0. This revision should reflect 8 values
which show exact per-millage change in the fractionation-normalized
cl4 concentrations., With the final revision & replaces the term cl4

to avoid confusion as to which constant has been used,

_ 14 13 7 clay o cl4
4y A = clt - 2 fc G*W - 50,0 E*Tﬁ'ﬁ‘é‘”

The term, -50,0 per mil was originally added to make the 1890 wood zero
on the normalized scale {Broecker, W.S, and Walton, A., 1959), For
means of comparison, two age corrections were calculated. The first,
corrected age 1, was based on equation {2}; the second, corrected age
2, was based on equation {4}. Whether or not the scale is normalized to
zero, the corrected age will fall within the Hypisthermal Interval., The
added constant is not essential, but does provide a convenient L cl4
scale which gives the corrected dates more immediate significance,

The corrected carbon-14 dates limit the errors produced by dating
a calcite cement., According to C,H., Hendy {1970}, in a discussion of
the use of carbon-14 dating on cave processes,

"The most serious difficulty with this method has been the
estimation of the initial carbon 14 /carbon 12 ratio, which may
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vary from 100% to 50% of the atmospheric level and may thus
introduce an uncertainty of more than 5000 years in the age
determination, "'
On the other hand, Broecker, W.S, and Walton, A, {1959) feel that
although quite low carbon-14/carbon-12 ratios might be expected, some
factors will tend to make the ratio higher, Considering cave deposits in
a high carbonate area, at least two factors will raise the carbon 14/car-
bon 12 ratio, The first factor would be the éxchange of atmospheric
carbon dioxide at the surface, Secondly, one must consider the exchange
with carbon dioxide in the air during transportation of carbonate in solu-
tion and during precipitation. These factors lead Broecker to believe
that there is sufficient incorporation of carbon-14 in solution to provide
a reasonable carbon-14 date on cave deposits. In this case, the esti-
mated error would be limited to 800-1800 years, The technique of
carbon-14 dating on cave deposits has been used by ABroecker, W.S.,,
Olson, E.A., and Orr, P,C, to define annual rings in cave formations,
This study supports the validity of carbon-14 dates on cave formations.
Once the apparent carbon-14 ages have been corrected for errors
in fractionation that occur during formation and during sample prepara-

tion, then it is reasonable to say that cementation of the fluvio~-glacial

gravels from locality {3) took place during the Hypisthermal Interval,
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Summary and Conclusions

In northern New Jersey, Pleistocene gravels have been cemented
and/or coated with calcium carbonate. Salisbury {1902) refers to this
cement as caliche and states that it precipitated from solution by evapora-
tion, This study was undertaken to determine 1) the ground water
environment in which the cement was precipitated, 2) the age of the
cement, and 3) the process{es) by which the cement was precipitated,

In the phreatic environment, pore spaces are filled with water, and
cement should be precipitated evenly along grain boundaries and grain
surfaces. In the vadose environment, pore spaces are filled with water
and air, Where there is greater water retention, a thicker accumulation
of cement is possible., Precipitation of cement in the vadose environment
is, therefore, limited by the amount of water available. The Pleistocene
gravels of northern New Jersey are unevenly cemented, This cement can
be characterized as gravitational, i.e. there is a preferential precipitation
of cement on the underside of cobbles. Also, the cement is thicker at
grain boundaries where there is greater water retention by capillary
action, Because the cement is uneven and because of infiltrated clay
associated with the cement, it is proposed that the cement was formed in
the vadose environment,

Two samples of cement were dated by carbon-14, The apparent
carbon-14 ages of these samples are: HR-1: 6380 +'125 years B, P, and

HR-2: 6030 4+ 120 years B, P. These dates fall within the Hypisthermal

Interval {(7000-600 B, P,). The carbon-14 dates show that the cement is a
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relic cement and is not forming today. The apparent carbon-14 agcs
were corrected for errors in fractionation that may have occurred during
formation and during sample preparation,

The role of evaporation in the formation of this cement would be
minor if the cement were forming today. Since the cement is a relic and
was formed during the Hypisthermal Interval, evaporation may have been
an important mechanism for precipitation. ‘?res’ent},y, it is impossible to
determine the exact processes by which the cement was precipitated,
Supplementary pollen data is necessary to determine the climatic environ-

ment of New Jersey during the Hypisthermal Interval,
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