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INTRODUCTION
"We are still confused -- but on a higher level"

The 1985 Friends of the Pleistocene trip marks the 48th reunion of the
"Friends". This year almost ninety (90) friends will spend part of three
days together in gravel pits, in cramped buses, and in the luxury of the

former Great Gorge Playboy Club. The last time the friends met in

northwestern New Jersey was in 1939. The group included such notables as:

Dick Flint, Georgethite, Don Chapman, Dr. and Mrs. Charlie Denny, Henry
Herpers, Dr. and Mrs. Link Washburn, Meredith Johnson, Kirk Bryan, Lewis
Peltier, E. T. Appfel, Peter Wolfe, Chauncey Holmes and was lead by Paul.
MacClintock. At that time hotels were $1/night not including the "reduced
rétes" MacClintock hoped to get for the group (see meeting announcemeﬁt).
They visited the same pits (North Church, Ogdensburgj, asked the same
questions and were, in the end, confused.

Forty-six years later we feturn with new techniques, new ideas, new
m#ps, new friends, and we are still confused -- but on é higher level (we
hoﬁe!). In reality, the basic observations of the masters like Salisbury,
Lewis, Chamberlain and Leverett, weré uncannily acéurate and have weathered
well. In many cases the revisions made by workers who followed these
pioneers have not stood the test of time nearly so well and much of our
recent work has simply closed the circle of revision where it started.
Knowing full well the cycle is about to begin again, we welcome all of you
to what“we hope wili be a scientifically and personally rewarding

experience =~ now let's see the evidence (ca. 1985).




ANNUAL INVASION
FRIENDS OF PLEISTOCENE GEOLOGY

| . May 20 and 21; 1939
. New J ersey

, The plan for this epring 1s to spend helf & day on the
Wisconsin drift phenomena in the northwestern part of the State,
made classic by the sarly work of Selisbury, The remainder of
the time will be devoted to the older drift sheets. The main
topic for demonstration end discussion is-the evidence for separat-
ing the Jerseym into two or more drift shests,

The porty will assemble et the Sussex Inn, Sussex, New
Jersey, (Room $2.00) to start at 8:00 ofclock Seturdey, May 20,
Thet night will be spent at Hackettstown Hotel, Hackettstown
(Room $1.00-$2,00) or nearby tourist camps,

Reft

Selisbury, "Glacial Geology of New J ersey." Geol, Surv, N, T,
Vol. V, 1902. ,

Leverett, "Glacial Deposits Outside the Wisconsin Terminal
Moraine in'Pemnsylvania," Penna, Topogr, and Geol,
Surv, Bull, G7, 1934,

Topographic Maps, Shects 24 end 25, New J ersey Geol, Survey
(Price 50¢ each, dog gone it!)

Signed, local Committee

Henry Herpers
. " Meredith Johnson .
March-27, 1939 . Paul MacClimtock, Secrstory
' Princeton University
Princeton, New Jerseyr

P, 8, If the group will let me know how meny aro coming I cen
Probably get reduced rates st the hotels, Also if anyono wants a
route map to Join us elong the way I willl mark one and send it to

P, MacClintock
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which occurred 28,000 years ago during the Great Ice Age.”
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ABSTRACT

New radiocarbon dates, detailed morphosequence mapping, and
palynologic and pedogenic investigations in the Great Valley of
Pennsylvania and New Jersey all support the hypotﬁesis that the "Terminal
Moraine" is Woodfordian in age and that retreat from this moraine began
prior to 18,500 yr B.P.

Four major valley-constrained sublobes of the Ontario and Hudson-
Champlain Lobes in the Delaware, Beaver Brook, Jacoby-Paulins Kill and
Pequnst Valleys deposited correlatable heads of outwash and end woraines at
numerous recessional positions as the rapidly thimning, active ice margin
retreated northward. In addition, these sublobes(interaéted with ice north
of Kittatinny Mountain indicating contemporaneous occupation of the Great
and Minisink Valleys.

Basal radiocarbon dates of 18,390 * ZOOv(SI~4,921), and 18,570 * 250
yr B.P. (8I-5,273) from Francis Lake, New Jersey place a minimum age on the
initiation of deglaciation and the establishment of tundra vegetation in
the area. Additional dates of 16,480 % 430 (S1-5,274); 13,510 £ 135
(SI1-5,300) and 11,220 * 110 B.P. (SI;5,301) higher in. the profile, and
pollen stratigraphy comparable to the regional record of northeastern North

America, indicate that these basal dates are correct.



INTRODUCTION

The Great Valley in Pennéyi&énia.and Néw Jersey was occupied by both
the Hudson-Champlain and Ontario Lobes of the Laurentide ice sheet during
the maximum extent of the Woodfordian glaciation and the earliest phases of
deglaéiation{ Documentation of the timing and geometry of the retreat of
these lobes from the Great Valley is of critical importance to the
development of the deglaciation history and glacial stratigraphy of New
York and surrounding areas.

Surficial mapping of the Great Valley began with the tracing of the
"Terminal Moraine" by Lewis (1884) in Pennsylvania and Salisbury (1902) in
New Jersey. The "Terminal Moraine" was defined as a morphostratigraphic
iandform marking the limit of the latest phase of glaciation now known to
be Wisconsinan. Subsequently, the Great Valiey's surficial geologyvhas
been mapped by numerous workers (Ward, 1938; Herpers, 1961; Connally and
Sirkin, 1970, 1973; Connally, 1973, 1979). Although these studies have
advanced our understanding of the glacial history of the area, two
principal problems have emerged. They are: 1) the delineation of the
gébmetry and extent of the Woodfordian glaciation (Ward, 1938; Connally and
Sirkin, 1973; and Cfowl and Sevon, 1980), and 2) the determination of the
absolute age of inception of the Woodfordian deglaciation (Crowl, 1980).

Recent mapping of the glacial deposits using the morphosequence
concept (Koteff and Pessl, 1981) has éocumented systematic ice'retreét in

the Great Valley (Ridge, 1983). Basal sediment radiocarbon dates, in




association with pollen stratigraphy, indicate that the Woodfordian

_ deglaciation began in the "Terminal Moraine" area prior to 18,500 yr B.P.

Togeﬁher these dates form the basis for the reconstruction of the patterns
and chronology of the deglaciation of the Great Valley that are presen;ed

in this paper.




LOCATION AND SEITING

The study area includes 400 km2 of the éreat Valley section of the
Valley and Ridge physiographic province in Pennsylvania and New Jersey
(Figure 1). This area is bordered by Kittatinny Mountain on the northwest
and the hills of the Reading Prong and New Jersey Highlands on the
southeast and covers parts of Warren and Sussex Counties in New Jersey and
part of Northampton County in Pennsylvania.

Three northeast-southwest trending lowlands occur within the study
area (Figure 2). The northernmost of these, bordered on the north by
Kittatinny Mountain and on the south by slate uplands, contains Jacoby
Creek, Paﬁlins Kill, and the headwaters of Martins Creek. The Delaware
River traverses this lowland southward from the Delaware Water Gap and
forms the southwestérn portion of the central lowland, with Beaver Brook to .-
the northeast. The central lowland is separated from the lowland to the
south by Jenny Jump Mountain. This southern lowland is drained by the
PequestrRiver. ﬁufing deglaciation these three lowlands and intervening
uplands controlled the flow of ice in the Great Valley.

The Great Valley is characterized by moderate to high relief developed
on resistant, clastic-rock uplands and carbonate lowlands. Within the
vélleys smaller scale, low relief features include carbonate-karst and
shale-knoll topographies. The highest elevation in the study area is the
summit of Kittatinny Mountain (Mt. Tammany}‘475 m) and the lowest point is
on the Delaware River (52 m).

The bedrock geology of the area 1ncludes a diverse suite of rocks
which decrease in age northwestward from the Precambrlan metamorphlc rocks

of the New Jersey highland to the Silurian sandstones which underlie

Kittatinny Mountain (Figure 3).




l Kilometers

Figure 1. Location map and.physiographic provinces of the study area.
The study area is shown by the ruled pattern.
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m Sandsiones and conglomeraies

- Slate and groywacke .

m High~grade metamorphic rocks

Generalized bedrock lithologies of the study area after Johnson (1950).

Figure 3.




PREVIOUS WORK

The principal reference for Quaternary studies of the Great Valley is
that of Salisbury (1902), a comprehensive description of all deposits in
New Jersey associated with glaciation. The first published works on fhe
glacial deposits\of the Great Valley in New Jersey were those of the New
Jersey Geological Survey as part of their annual report series (Cook, 1878,
1879a, 1879b, 1881). 1In Pennsylvania, Hall (1976), Prime (1879), and Lewis
(1883a) made notes on the glaciation of Kittatinny Mountain and glacial
deposits in Northampton County. Early tracings of the "Terminal Moraine"

in New Jersey and Penmsylvania by Wright (1882) and Lewis (1883a, 1883b,

1884) ultimately resulted in the correlation of this' morphostratigraphic

unit from Massachusetts to Indiana (Chamberlain, 1883). Mapping of "extra

morainic' drift by Lewis (1884), Salisbury (1892a, 1892b), Ward (1938),
Wright (1893), Williams (1893, 1894a, 1894b, 1895, 1902, 1517, and 1920)
and Leverett (1928, 1934) further defined the Late Wisconsinan limit of
glaciation and contributed to the understanding of prior glacial events.
More recently, researchers have taken one of three approaches to the
mapping of Quaternary deposits in the Great Valley region. These include;
1) moraine tracing, the mapping of moraines and kame deposits to define
Woodfordian ice-marginal positions (Minard, 1961; Herpers, 1961; Crowl and
Sevon, 1980); 2) surficial mapping, the mapping of gll surficial deposits
at a scale of 1:24,000 (Epstein, 1969; Crowl, 1972; Berg and others, 1977);
‘and 3) morphosequence mapping; the mapping of successive ice-marginal
positions in individual valleys (Connally and Epstein, 1973; Ridge, 1983).
Although‘previous work has contributed greatly to the understanding of the
glacial history of Pennsylvania and New Jgrsey, relatively few attempts

- have been made to develop a stratigraphic model for the region. Notable




exceptions are, Sirkin and Minard (1972), Crowl and others (1975): Sevon
and others (1975), Crowl and Sevon (1980) and Connally and Sirkin (1973, in
review). The models of these workers, although disagreeing in part,
conform remarkably well with the model presentéd by Salisbury in 1902: a
morphostratigraphic model based principally on the position and .
characteristics of the "Terminal Moraine" and the relation of other glacial
deposits to 1it.

The most conspicuous glacial landform in Pennsylvania and New Jersey
is the "Terminal Moraine', which varies in morphology and composition
throughout its lemgth (Crowl and Sevon, 1980). These changes are due, in
part; to the varying sources of glacial debris. From Kittatinny Mountain
northwestward to the Salamanca Reentrant in New York state the "Terminal
Moraine" and all other Woodfordian materials were deposited by the Ontario
Lobe of the Laurentide Ice Sheet (Crowl and Sevon, 1980). The
Hudson~Champlain Lobe deposited most of the glacial materials east of the
Great Valley (Comnally and Sirkin, 1973; Ridge, 1983). Interlobate
deposits or deposits with till pebble lithologies characteristic of both
lobes have not been recognized in the Great Valley.

In Pennsylvania, Crowl (1974; 1980), Crowl and others (1975), and
Crowl and Sevon (1980) have concluded that the "Terminal Moraine" is ‘
Woodfordian in age. These workers have also suggested that the samé
deposit, mapped by Salisbury (1902) in New Jérsey, is also of Woodfordian
age. However, Connally (1979), citing his unpublished work on the
Ogdensburg-Culvers Gap Moraine, has suggested that the "Terminal Moraine"
in Warren County, New Jersey may be older than Woodfordian.

The Ogdensburg-Culvers Gap Moraine (Figure 4a) was originally mapped’

by Salisbury (1902) as a recessional moraine deposited during the

10
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northeastern retreat of the Hudson-Champla;n Lobe. Additional refhnants 6f
moraines were mapped by Herpers (1961) who referred to the deposit as the
"ogdensburg-Culvers Gap Moraine". This name has been used by Minard (1961)
and Minard and Rhodehamel (1969) in mapping additional deposits in the
area, and by Sevon (1970) and Sevon and others (1975) when they mapped an
assumed correlative deposit in Penmnsylvania. All of these workers
considered this deposit to be a Woodfordian recessional moraine (Figure
4a).

Oﬁ the basis of provenance and flow direction indicators, Connally and
Sirkin (1970 and 1973) suggested that the southernmost extent of the
Hudson~Champlain Lobe in western New Jersey was marked by the
Ogdensburg-Culvers Gap Moraine. In additiom, Connally (1979) concluded
"that the Culvers Gap moraine is not a recessional moraine but rather the.
terminal Woodfordian position" of‘the Laurentide ice sheet, thus suggesting
that the glaciated region southwest to the "Terminal Moraine" was somewhat
older (Figure 4b). The assignment of a maximum Woodfordian age to the
Ogdensburg-Culvers Gap Moraine was based principally on provenance and
pedologic data (Connally and Sirkinm, 1973; Comnally, 1979). Coﬁnally
(1979) did not assign an age to the "Terminal Moraime".

Attempts to determine the absolute age of the "Terminal Moraine" in
Pennsylvania and New Jersey have been inconclusive due to the paucity of
organic matter in glacial deposits in the Great Valley area., Estimates of
the age of the "Terminal Moraine" have been based for the most part on
. radiocarbon dates obtained from the base of organic-rich sediments of lakes
and bogs associated with the moraine.

There are numerous ambiguities associated with "base of organic

sediment” dates (which are often misnamed "bog-bottom" dates) and true "bog
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bottom" dates when they are used as minimum ages for deglaciation. The
principal problem is that the length of time between deglaciation and the
initiation of deposition of datable organic material is indeterminable
unless stratigraphic control is available. Organic deficiency in basal
lacustrine and bog sediments results in extreme lag time problems. Other
ambiguities associated with minimum dates result from the unknown length of
time between deglaciation and lake formation, and contamination by younger
organic- material (Cotter and others, 1983).

The difficulties inherent in the interpretation of base of organic
sediment dates have resulted in the development of two different theories
about the timing of regional deglaciation. Crowl (1975, 1978, 1980) and

Crowl and Sevon (1980) suggest that deglaciatioﬁ in northeastern

Pennsylvania began at approximately 15,000 yr B.P. Crowl (1980), citing 12 -

-

"bog-bottom" radiocarbon dates ranging in age from 12,520 to 14,170 yr B.PF.

from sites near the glacial border, believes that the mutual consistency of -

these dates and the absence of older dates indicates that the influence of
the Woodfordian jce sheet in the region ceased about 15,000 yr B.P. Crowl
(1980) also suggests there is no evidence for a significant time lag
between deglaciation and initial organic~rich sediment deposition.

In contrast, Sirkin and Minard (1972), Connally and Sirkin (19733 -in
review), Sirkin (1977), and Connally (this volume) suggest that:
northeastern Pennsylvania and northwestern New Jersey were deglaciéted
sometime prior to 18,000 yr B.P. 'These authors have attempted to solve the
"lag time" problem by using sedimentation rates and thicknéss of sediments
below the oldest obtainable radiocarbon dates to estimate the onset of

deglaciation.

13



The resolution of this préblem is essential to understanding‘the Late
Wisconsinan stratigraphy in Pennsylvania, New Jersey, and New York. A
15,000 yr B.P. deglaciation of the Ontario Lobe from northeastern
Pennsylvania is not consistent with the 14,000 "+" yr B.P. date assigned to
the Valley Heads Moraine in western New York (Calkin and Miller, 1977;
Muller, 1977). When compared to the well documented 18,000 yr B.P. age of
deglaciation determined for the Erie Lobe (Dreimanis and Goldthwait, 1973),
the problem becomes even more complex. Much of this paper is addressed to

the resolution of this problem.

METHODS

FIELD MAPPING AND PEDOLOGIC ANALYSIS

Detailed field mapping was done according to the morphosequence
concept of Jahns (1941) as explained by Koteff (1974). A seqﬁence is a
group of deposits associated with an interval of deposition and having a
common base level. Koteff (1974) defines eight types of sequences, seven
of which were observed in the study area. Because of the limited number of
end moraines in the area, the morphosequence concept is extremely useful
for delineating ice-recessional positions and the correlation of ice
recessional positions from valley to valley. Ice flow direction indicators
and provenance of glacial materials were analyzed to determine lobél
(Ontario vs. Hudson-Champlain) affinities of all deposits. All mapping was
done on 1:24,000-scale topographic maps with a 20-foot contour interval.

An altimeter was used for determining more exact elevations than could be
interpreted from topographic maps.

Soils were analyzed to determine the relative age of -deposits in the

study area. Soil profile sites were selected in areas that were well
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drained and on flat surfaces. Soil classification utilized the terminology
of the Soil Survey Staff (1960). Soil hérizoﬁs_were differentiated on the
basis of pedologic development, color, thickness, and structure.
Quantification of relative age parameters was not attempted because soil
parent material lithologies varied greatly. Inste;d, a qualitative age
differentiation of glacial deposits was done using the system of Sevon
(1974).

Two ages of glacial deposits were differentiated in the Great Valley
on the basis of morphologic and pedologic characteristics; pre-Wisconsinan
(Illinoian) and Late Wisconsinan (Woodfordian). Surficial deposits of
pre-Wisconsinan age were mapped south of the Woodfordian border. These
dep&sits possess little morphologic expression, and are intensely
collgyiated. Soil profile thickness greater than 2.4 m suggest a
pre-Wisconsinan age for these deposits (Marchand, 1978, Crowl and Sevon,
1980). No deposits of Altonian age (early—midéle Wisconsinan) were
identified in the Great Valley.

Late Wisconsinan (Woodfordian) deposits were mapped as the Great
Valley drift (new term, Ridge, 1983). These deposits probably correlate
with the Olean Drift further north in Pennsylvania (Crowl and Sevon, 1980)
and represent the last glacial episode in the Great Valley. The "Terminal
Moraine", as mapped by Lewis (1884), Salisbury (1902), and Crowl and Sevon
(1980) is a morphostratigraphic unit of Woodfordian age throﬁghout the
Great Valley (discussed below).

ABSOLUTE AGE DETERMINATION

During the winters of 1979, 1980, and 1981, 12 sites were cored using
a Davis-type peat corer. The following factors were predetermined for each

site: underlying material, closure, lake size (for feasibility or coring),
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relative age (morphosequence affiliation), origin of lake basin, &nd
postglacial modification. Field description of core samples included
sediment type and color, organic content, degree of compdction, macrofossil
content, and sedimentary features. Core segments for pollen studies were
extruded into 30 cm tubes in the field, sealed with stoppers, and stored
for laboratory analysis.

Pollen analysis was used for reconstructing postglaéial vegetation and
stratigraphic control. The presence of an herb pollen zone similar to that
described by Deevey (1949), Davis (1965), Sirkin and others (1970),
Connally and Sirkin (1973), Sirkin (1977), and Watts (1979), was documented
in the basal sediments of two sites. Sediment samples from these lower
horizons were submitted for ;adiocarbon dating and the sites were re-cored
to obtain material for complete pollen aﬁd additional radiocarbon analysis..

Because both the organic content of basal lake sediments and the size
éf the barrel of the corer ( 25 cm long, 2.5 cm diameter) was small,
multiple core sections from the same depth were pooled for each radiocarbon
sample, after the method of Sirkin and others (1970). When sampling for
radiocarbon analysis, intervening'sediments were left between dated levels

to eliminate contamination. Samples for radiocarbon dating were packed in

heavy-weight aluminum foil and refrigerated.

GLACIAL HISTORY OF THE GREAT VALLEY

WOODFORDIAN LIMIT OF GLACTIATION

The "Terminal Moraine'", as mapped by Lewis (1884), Salisbury (1902),
and Crowl and Sevon (1980), has been assumed to represent the maximum
extent of the Late Wisconsinan (Woodfordian) ice sheet. This

interpretation has been questioned by both Ward (1938) and Ridge (1983).
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Ward (1938), mapping in the Great Valley south of the "Terminal Moraine",
noted that the deposits had an "intermediate ;olor" due to the
incorporation of '"dark Illinoian till in fresh, light Wisconsinan till".
Ridge (1983) recognized the prccence of a narrow fringe of till and erratic
boulders extending up to 5 km (Figure 5) in fromt éf the "Terminal Moraine"
in the Delaware Valley. This deposit closely mimics the pattérn of the
"Terminal Moraine'" and consists of both freshly derived and preﬁiousiy‘
weathéred materials, giving the till an indeterminate age appearance.

Ridge (1983) interprets these fringe deposits to be Woodfordian in age and
to 5e the result of deposition during the maximum advance of Wogdfordian
ice, which subsequently retreated and deposited the "Terminal Moraine'.

The older appearance of Woodfordian drift in front of the "Termiﬂal
Moraine" is assumed to be due solely to the incorporation of older
(weathered) material. Deposits of a similar age and origin in the Bangor -
area may have been incorrectly identified as Altonian in age by Sevon andbp
others (1975).

Prévenance and striation data document ice flow from the
north-northeast out of the Ontario Lobe during the deposition of most of
the "Terminal Moraine". The "Terminal Moraine" represents the first
equilibrium position established by Woodfordian ice during its earliest
retreatal phase. The position of the moraine is marked by both till
deposits and heads of outwash in the Great Valley.

| Following the deposition of the "Terminal Moraine", the influence of
underlying topography resulted in the formation of 5 sublobes in the Great
Valley: the Bangor, Belvidere, Beaver Brook, Mountain Lake,.and Pequest

Sublobes (Figure 5). As ice margin retreat and ice-sheet thinning

progressed, tributary flow from the Ontario Lobe into the Great Valley
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Figure 5. Sublobe nomenclature, flow patterns and geometry during the
maximum extent of Woodfordian glaciation and deposition of
the "Terminal Moraine'" (Ridge, 1983).
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diminished, and by the time of deposition of the Framklin Grove Moraine
(discussed below), ice in the Gréat Valley was fed by the Hudson-Champlain
Lobe. This resulted in major changes in sublobe deployment. The most
siznificant changes were the development of the Paulins Kiil sublobe, and
the modification of the Beaver Brook sublobe (Figufe 6). The Pequest
sublobe undeywent little change in local ice deployment and geometry even

though the source area was changed (Figure 6),

DEGLACIATION OF THE BANGOR AND PAULINS KILL SUBLOBES

The Bangor sublobe occupied Jacoby Creek and the headwaters of Martins
Creek (Figures 2 and 5). The Bangor Moraine, composed of bouldery red
diamictons, and the Gruvertown Moraine, composed of drab, slatey
diamictons, make up the portion of "Terminal Morainé" deposited by the
Bangor sublobe (Figure 7). Initial deglaciation from these moraines is
represented by ‘a series of meltwater channels and morainic deposits. The
Minis Lake Moraine (Figure 7), an early recessional deposit composed of
both diamictons and stratified drift, is situated immediately north of an
extremely bouldery till sheet. The ice-contact character, subdued
topography and high boulder concentration all suggest abundant meltwater
activity during this interval of ice margin retreat.

ﬁue to ice thinning and recession, the Bangor sublobe could mo longer
be nourished by ice flowing through the Delaware Water Gap or.over
Kittatinny Mountain (Figure 8). Ice in the Jacoby Creek Vaiigy at tﬁiérri
time had its source to the northeast and in part from théiHudéanCha@plain
Lobe. This ice is referred to as the Paulins Kill sub}obéﬁﬁnyﬁﬁé basis of.
provenance (Ridge, 1983). Ice-contact outwash\défoSiFs %fqm‘the eérliest

phase of the Paulins Kill sublobe retreat were originally mapped by Lewis
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Delaware Water Gap
lce Tongue ™2

Stage I of Lake
Pequest

Townsbury moraine
dam and spillway

) Kilometers

Figure 6. Sublobe nomenclature, flow patterns and geometry during early
stages of the Woodfordian deglaciation (Ridge, 1983).
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Location of the Bangor Moraine and reconstruction of the ice margin position during

the deposition of the Minis Lake Moraine.

Figure 7.
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Figure 8. Reconstruction of the sublobe geometry during the formation of
Lake Portland and Stage I of Lake Pequest.
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(1884) who named them the Portland Kames. Ridge (1983) mapped a kame delta
segment of the Portland Kames which indicates the presence of standing
water eafly in the deglacial histo;y of this valley,.as Jacoby Creek
sequeﬂ;e 1. This lake, named glacial Lake Portland (Ridge, 1983), formed
as eastward drainage was dammed by ice in the Jacoby Creek valley (Figure
8). As retreat of Paulins Kill sublobe continued and the deposition of
Jacoby sequences 2 through 5 occurred, Lake Portland drained through
progressively lower spillways into Martins and Allegheny Creeks. The
deposition of the Jacoby Creek sequence 5 represents a stillstand of some
duration and the last evidence of the damming of Lake Portland. As the
margin of the Paulins Kill sublobe retreated northeast to the town of
Portland, meltwater was free to draln south through the Delaware Valley.
Provenance data and striations indicate that ice-marginal flow of the
Paulins Kill sublobe in the Portland area was to the southwest (along thé
valley trend). Striations at Columbia, however, indicate southeast flowing
ice. The source of these striations was a small lobe of ice, here called
the "Delaﬁare Water Gap ice tongue", which projected southeastward through
the Delaware Water Gap (Figure 8). As the Paulins Kill sublobe retreated
northeastward, ice in the Great Valley was no longer coalescent with the
Minisink Lobe north of Kittatinny Mountain. Deposits of the Delaware Water
Gap ice tongue, identified from provenance date (Figure 9), do?ument the
position of this extension of the Minisink Lobe and its relatibnship to the
Paulins Kill sublobe. The Delaware Water Gap ice tongue, which was for the
most part stagnant, dammed southwestward flowing meltwater of fhe
retreating Paulins Kill sublobe (Figure 10), forming glacial Lgké Paulins
Kill (Ridge, 1983). Paulins Kill sequences 1 and 2 consist of ice-contact

lacustrine sediments deposited in glacial Lake Paulins Kill while deltaic
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materials of sequences 3 and 4 document the lowering of the lake. During -

this period lake levels dropped from an initial elevation of 107 m to an

elevation of 104 m before draining as the stagnant ice and drift dam at the

mouth of Paulins Kill melted and was jncised (Figure 10).

The deposition of the Franklin Grove Moraine ‘is correlated with

Paulins Kill sequence 5. This moraine, traceable from Spring Valley to

Kittatinny Mountain, probably represents 2 protracted stillstand of the

retreating Paulins Kill sublobe. Ice in the Great Valley consisted solely

of sublobes of the Hudson-Champlain Lobe during the deposition of the-

Franklin Grove Moraine because Ontario Lobe ice had thinned to such an

extent that it could mo longer override Kittatinmy Ridge.

With continued recession, the Paulins Kill sublobe retreated over the

drainage divide and into the Wallkill Valley where it deposited the

Ogdensburg=Culvers Gap Moraine (Figure 4a). Reconnaisance mapping

indicates the presence of at least one site between the Franklin Grove and

the Ogdensburg=Culvers Gap moraines at Newton, New Jersey where till was

deposited. Although detailed morphosequence mapping has not been completed -

between the Franklin Grove and Ogdensburg—Culvers Gap Moraines, evidence of

drainage from the Wallkill Valléy into the Paulins Kill valley has been

recognized,

DEGLACIATION OF THE BELVIDERE AND BEAVER BROOK SUBLOBES

Retreat of the Belvidere sublobe from the maximum Woodfordian position

is marked by the deposition of outwash mapped as Delaware Valley sequence 1

(Qdl, Figure 11). This outwash deposit appears to be correlative with the

Bangor and Gruvertown moraine segments of the "Terminal Moraine" to the

west, and is the highest level of outwash in the Martins Creek valley.

Further retreat was accompanied by deposition of a large kame complex and
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outwash plain (Qd2, Figure 12) at Foul Rift and deltaic deposits (Qd2a,
Figure 12) in ponded water between the parting Belvidere, Beaver Brook, and
Mountain Lake sublobes. The deposition of a series of kame deltas (Qd3,
Figure 13; Qd4, Figure 14) delineate the ice margins of the Beaver Brook
and Belvidere sublobes as they comntinued to recede-and"éplit.

Subsequently, outwash was deposited in the Delaware Valley and it has been
tentatively correlated with deposits of the Paulins Kill sublobe. As the
Belvidere sublobe receded further, it became indistinguishable from the
Paulins Kill sublobe. Ice remaining in gpe Delaware Valley was principally
an extension of the Paulins Kill sublobe, which became completely separated
from the Beaver Brook sublobe.

The region north of Belvidere consists of slate uplands and has one
principal strike valley, the Beaver Brook valley (Figure 2). The Beaver
Brook sublobe (Figure l4) probably retreated rapidly due to relatively thin
ice cover over the slate uplands. Large isolated blocks of ice stagnated
in the Beaver Brook valley during this period. No ice-~marginal deposits
younger than Delaware valley sequence 4 (Qd4, Figure l4) can be designated
f&r the Beaver Brook valley.

DEGLACTIATION OF THE MOUNTAIN LAKE AND PEQUEST SUBLOBES

The Buttzville Moraines (Figure 12) are interlobate segments of the
"Terminal Moraine" deposited between the Belvidere sublobe and the Mountain
Lake sublébe. The Mountain Lake sublobe was a short-lived appendage of the
Pequest sublobe (Figure 15). As southeastward flowing ice overrode Jenny
Jump Mountain and Mount Mohepinoke, a portion of the Mountain Lake sublobe
became isolated in the lee of these highlands. Seven recessional positions

were recognized in the Mountain Lake region, but after the deposition of
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Reconstruction of the Belvidere and Beaver Brook sublobes durin

deposition of the Foul Rift kames (late stage, Qd3).

Figure 13.
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Figure 15. Three stages of development of Lake Oxford which was initially dammed
by the Mountain Lake Sublobe and later dammed by end moraines in the
Pequest Valley.
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the last of these, the thinning ice sheet could no longer over-top the
highland barriers.

The "Terminal Moraine'" ice margin can be traced eastward from the
Pettzville Moraines (Figure 15b) to the Townsbury Moraine, a deposit of the
Pequest sublobe (Figure 15). The Townsbury Morainé complex is a
well-developed moraine and, like the Bangor Moraine, deposits are preserved
from a number of ice-marginal positions., Emplacement qf the moraine
complex began during the initial formation of glacial Lake Oxford and
continued throughvthree‘lake stages (Figure 15 A,B,C). The Townsbury
morainé dammed southwestward flowing meltwater in the Pequest Valley,
forming glacial Lake Pequest (originally recognized and named by Salisbury,
1902). Ridge (1983) has documented three stages of lake developmeﬁt as
evidenced by éeveral Pequest Valley sequences.

Stage I of glacial Lake Pequest had an elevation of approximately
181 m. Four successive Pequest Valley sequences consisting of ice-contact,
lacustrine deposits were deposited during Stage I. The margin of the
Pequest sublobe retreated approximately 6 km during this interval, and the
Mountain Lake sublobe retreated through four ice marginal positions. A
scarcity of ice-marginal deposits in the broad, lacustrine flats of the
Pequest Valley may reflect rapid ice retreat. Striations on Jenny Jump
Mountain and other upland surfaces indicate that ice flow was initially
from the Ontario Lobe to the north., As the ice sheet thinned, the Mountain
Lake sublobe and the southern portion of the Pequest sublobe were isolated
from tributary flow of the Ontario Lobe and southwestlf;ow developed in the
Pequest Valley.

Stage II of Lake Pequest (Figure 16) drained over a spillway at an

elevation of 178 m into Glovers Pond. Pequest Valley sequence 5, deposited
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Figure 16. Reconstruction of sublobe geometry during the deposition of the
Franklin Grove Moraine and the Turtle Pond Delta (stages Qpk5
and Qp5 and Lake Pequest II).
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during this stage, is represented by a kame delta at Turtle Pond in Sussex

County. The sediment volume of this sequence indicates that the Turtle
Pond ice margin represented a stillstand of considerably longer duration
than any‘of the previous sequénces. Deposits of this ice margin position
are correlated with the Franklin Grove Moraine of fhe Paulins Kill sublobe
(Figure 16). |

Stage IIT of Lake Pequest formed as the Pequest sublobe continued to
retreat in Sussex County. During this final stage of deglaciation a new
spillway at ;levation 163 m was cut through older depésits at Great Meadows
(Pequest Valley sequences 1 and 2). Erosional features indicative of high
flow regimes and possible catastrophic drainage south of the Townsbury
Moraine are evidence of the lowering of Stage II to Stage III of Lake
Pequest. Deltaic deposits mapped as Pequest Valley sequence 6 are the only

deposits found in association with stage III of Lake Pequest.

FRANKLIN GROVE MORAINE AND LATER EVENTS

Salisbury (1902) noted the occurrence of morainic deposits near
Blairstown, but the full extent of these deposits was mapped by Ridge
(1983), who named them the Franklin Grove Moraine. This moraine has a
well-developed, arcuate shape and is composed of £111 (Figure 16). It is
located 29 km northeast of the Bangor Moraine in the Paulins Kill valley.
Although no ice-marginal deposits have been found on the slate uplands.
between the Pequest and Paulins Kill Valleys, the Turtle Pond ice margin in
the Pequest Valley may be a continuation of the Franklin Grove Méraine
(Figure 16). These deposits represent a significant stillstand:qf the
retreating Woodfordian ice sheet. Ice flow indicators‘(striations and
provenance) document southwest flow from the Hudson;Champlain Lobe (by the

time the Franklin Grove Moraine was deposited). Therefore, tHe Franklin ﬁ
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Grove Moraine, and its correlative (the Turtle Pond delta) in the®Pequest’
Valley, represent a Hudson-Champlain Lobe ice margin which lies south of
the Ogdensburg-Culvers Gap Moraine which Comnally and Sirkin (1973)
considered the maximum position of the Hudson-Champlain Lobe in the Great
Valley. As ice retreated nortﬂ”from the Franklin Grove Moraine and the
Turtle Pond ice margin, drainage of glacial meltwater was impounded in the
upper reaches of the Paulins Kill and later the Wallkill Valley (Pequest

Lobe).

IMPLICATIONS FOR REGIONAL ICE FLOW

Analyéis of striations by Lewils (1884), Salisbury (1902), Miller and
others (1939), Ward (1939), Epstein (1969), and Ridée (1983) document
southward ice flow during the maximum extent of the Woodfordian Glaciation
across Kittatinny Mountain into the Great Valley (Figure 17a). As the ice
sheet thinned ice flow near its terminus in New Jersey became increasingly
aligned with the southwest-trending regibnal topography. This shift to a
southwestward flow pattern is the result of a gradual decrease in the
contribution’ of ice from the Ontario Lobe. Therefore, the Great Valley
area represents a suture position during the Woodfordian maximum where the
Ontario and Hudson-Champlain Lobes were in contact (Figure 17a).

Provenance investigations by Ridge (1983) document the predominance of
Hudson-Champlain lobe ice in the Great Valley by the time of the deposition
of the Franklin Grove Moraine (Figure 17b). The southwest flow of ice,
controlled by, and parallel to, the trend of the Great Valley accounts for
the distribution of Beemerville Complex erratics in the Great Valley
(Ridge, 1983), and westward migration of the suture to a position in

eastern Pennsylvania (Figure 17b).
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We suggest here, that by the time of the deposition of the
Ogdensburg-Culvers Gap Moraine, the suture had migrated northwestward, into
the southern Catskills (Figure 17¢). Thinning ice over the Catskills
together with the migration of the suture eventually resulted in the first
physical separation of the Hudson-Champlain and Ontario Lobes.

Lobate flow in the Hudson-Champlain Lobe during the deposition of the
Ogdensburg-Culvers Gap Moraine explains the provenance change observed by
Salisbury (1902) and Connally and Sirkin (1973) at the Ogdensburg-Culvers
Gap Moraine. At this time the Hudson-Champlain Lobe would have spread
across the Great Valley with a slightly more westerly trend than the local
topography. This model disagrees with those presented by other workers

(Coates and Kirkland, 1974).

AGE OF THE GREAT VALLEY DRIFT AND THE "TERMINAL MORAINE"

We consider the Great Valley Drift and the "Terminal Moraine" in the
study area to be of Woodfordian age. This age assignment is based on: 1)
pedologic development similar to that of other Woodfordian deposits in the
region, 2) correlation Qith other deposits of Woodfordian age, 3)
radiocarbon dates, and &) palynologic studies.

Nine soil profiles in both stratified and non-stratified glacial
deposits of the Great Valley drift (Ridge, 1983) were studied in detail.
Although variations due to differences in parent material occur, all
pedologic data indicate that the soils are of Woodfordian age. All soil
profiles show weathering to depths of 125 cm or less. According to Sevon
(1974), Marchand (1978), and Levine and Ciolkosz (1983), soils with these
characteristics are of Woodfordian age. In the valley immediately north of

Kittatinny Mountain (the Minisink Lobe of Connally, 1973) the "Terminal
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Moraine' has been assigned a Woodfordian age (Epstein and Epstein, 1969;
Crowl, 1971, 1972, 1975, 1980; Connally and Epstein, 1973; Berg, 1975;
Crowl andbothers, 1975; Crowl and Sevon, 1980) as have deposits north of
the "Terminal Moraine" (Connally and Epstein, 1973; Sevon, 1974; Sevon and
others, 1975; Berg, 1975; Crowl and dthers, 1975 and Sirkin, 1977). 1In the
Great Valley the Ogdeﬁsburg-Culvers Gap Méraine and deposits north of this
moraine have also been mapped as Woodfordiaﬁ by numerous workers (Connally
qu Sirkin, 1967, 1970, 1973; Minard and Rhodehamel, 1969; Sirkin and
Minard, 1972). A comparison of the Great Valley drift to these deposits
suggests that the "Terminal Moraine" in the Great Valley is also of
Woodfordian age.

The reconstruction and documentation of the Delaware Water Gap ice
tongue of the Minisink Lobe provides strong evidence for a Woodfordian age
of the Great Valley drift. Epstein (1969) and Connally and Epstein (1973)
mapped seven sequences of Woodfordian age related to the Minisink Lobe in
the valley north of Kittatinny Mountain. The interaction of the Minisink
Lobe (through its extension - the Delaware Water Gap ice tongue) with the
Paulins Kill sublobe (Figures 8 and 10) has been clearly demonstrated in
the previous discussion. Thus, if the Woodfordian age assigned to depoéits
of the Minisink Lobe (Connally and Epstein, 1973) is correct, then depqsits
of the Bangor sublobe are also of Woodfordian age.

Documentation of the detailed deglaciation history of the Great
Valley, between the Franklin Grove Moraine and the'Ogdénsburg4Cﬁivefé Gap
Moraine, is still incomplete (Ridge, 1983; Witte, ih‘prdgréés).‘ Hoﬁever,
the drift of this area was deposited by sublobéskOftfhe HudSthChamplain

"Lobe and has Woodfordian weathering characteristics. Preliminary data
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indicate systematic retreat from the Pequest to the Wallkill Valléy during

which a number of outwash sequences were deposited (Witte, in progress).

ABSOLUTE_AGE

As previously stated, basal sediments of lakes and peat bogs in the

- studf area were analyzed for pollen content and -radiocarbon dated in an

attempt to determine an accurate minimum age of deglacation. Replicate
basal dates from Francis Lake, located 3 km east of the village of
Johnsonburg, Warren County, New Jersey (Figure 18) provide a minimum age of
approximately 18,500 yr B.fo‘

Francis Lake was formed in a depression between two dolostone bedrock
knobs and a till plain. The glacial deposits which surround and underly
Francis Lake were deposited just prior to Pequest Valley sequence 5, the
sequence which has been correlated with the Franklin Grove Moraine (Ridge,
1983) . The palynology of Francis Lgke and the vegetation history of the
region is fully treated by Cotter (1983) énd Cotter and others (1982 and in
review). A brief discussion is presented here.

The pollen record of Francis Lake is similar to those of other sites
in the region (Sirkin and Minard, 1972; Sirkin, l§77; Watts, 1979). Basal
sediments (9.3 to 7.6 m) contain herb pollen zone spectra characterized by
maximum percentages of nonarboreal pollen (NAP), and high percentages of
jack pine, pine and spruce (Figure 19). During the deposition of the herb
zone the climate was colder than the present. The relatively high
percentages of wetland species, such as sedge and Thalictrum, indicate poor
drainage typical of recently deglaciated regions (Watts, 1979). These
wetland species also show that lake sediments were derived from the local

area rather than subglacially.
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The spruce zone (7.6 to 6.0 m) is characterized by maximum p;rcentages
of spruce and fir pollen and decreasing percentages of NAP. The pollen
spectra of this zome represent the establishment of forest vegetation, the
result of climatic amelioration. During deposition of the spruce zone open
boreal forest, indicative of cold climatic conditions, was replaced first
by closed spruce-fir forest and eventually, by a pine forest marking the
establishment of a slightly cooler climate than that of today. These
changes occurred within abdut.3,000 years and reflect the waning influence
of the Laurentide ice sheet.

The pine pollen zone (6.0 m = 4.8 m) is similar to pine pollen zone
recognized elsewhere. Increased pé%centages of white pine pollen follow
tﬁe rapid decline of spruce percentages. The region, during this period,
was occupied by mixed pine and birch or oak forest. Climatic conditions
were similar to that'of today, although variations in effective moisture
(drier conditions);p:Obably did occur.

Through the oak zone, percentages of oak pollen remain high. The
earliest portion of this‘zones the oak-hemlock subzone, is characterized by
decreasing percentages of pine pollen and relatively high percentages of
hemlock pollen. The base of the oak-mixed hardwood subzone is marked by a
decrease in hemlock pollen and an increase in pollen percentages of most
ha?dwoods. A climate similar to that of today probably existed throughout
the period.

_Five radiocarbon dates were obtained from the sequence of samples from
Francis Lake. After obtaining a basal date of 18,390 * 200 (SI-4,921) the
lake was re-cored for additional radiocarbon samples. The dates obtained
are: 18,570 = 250 (SI-5,273), 16,480 * 430 (SI-5,274), 13,510 % 135

(81-5,300, and 11,220 % 110 yr B.P. (SI-5,301) (Figure 19). The pollen and
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radiocarbon data dempnstrate that the region was deglaciated by 18,500 yr
B.P. and that tundra vegetation, -as documented by the herb pollen zone,
existed from 18,500 to about 14,275 yr B.P, The basal Francis Lake &ates
are the-oldést minimum dates from the area obtained in conjunction with
pollen stratigraphy.‘ The dates document a minimum deglaciation date of
18,500 yr B.P. and provide a record of the timing and durétion of inorganic
and low-organic sedimentation following deglaciatiop.

To verify the validity of the Francis Lake dates, we have correlated
pollen records of sites with similar settings located within a small area
(Figure 18). The classic pollen zones described by Deevey (1949), Davis
(1965), and Sirkin (1977), are used as stratigraphic horizons and as
indicators of prior vegetation.

The sediment, pollen and radiocarbon data of the four sites used are
summarized in Figure 20 and a composite of the local pollen stratigraphy is
présented in Figure 21. Saddle Bog (Sirkin and Minard, 1972), Wigwam Run
(Sirkin, 1977), and Francis Lake are in the Valley and Ridge province;
Tannersviile Bog (Watts, 1979) is located at the eastern edge of the
glaciated low plateau section of the Appalachian Plateau. All four sites
are situated between elevations of 140 and 280 m and Francis Lake is within
38 km of the other three sites. Because of the proximity of these siﬁes,
vegetational changes interpreted in the pollen records of all four
locations are believed to be synchromous. The‘stratigraphy includes the
four principal pollen zones; herb, spruce, pine, and oak, and a total of 12
radiocarbon dates (Figure 21).

Radiocarbon dates from Francis Lake of 18,570, 18,390, and 16,480 yr
B.P. provide an absolute chronology for sedimentation from deglaciation to

the establishment of a boreal forest (spruce pollen zone). This interval
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Pollen C-14 Estimated
Zones  Dates Age
(_W) Wigwam Run
(S) Saddle Bog
Oak 4,610 (T) (F) Francis Lake
(T) Tannersville Bog '
8,390 (T)
9835 (M - ~9,700 yrs. B.P.
Pine
10,860 (T)
11220 ‘S 11,250 yrs. B.P.
11,430 (W)
Spruce | 12,300 (s)
' 13,330 (T)
13510 (FY _ _ 414250 yrs. BP.
16,480 (F)
Herb
18,380 (F)
18,570 (F)
Figure 21. Diagram of composite pollen and‘radiocarbdn;sfratigraphy

of the study area and estimated ages of pollen zone
boundary (depth is not to scale). .
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of tundra vegetation (herb pollen zone) lasted from pfior to 18,560 yr B.P,
to approximately 14,250 yr B.P. (Figures 19, 20 and 21). No radiocarbon
dates were obtained for the herb pollen zone at the other four sites. At
Crider‘'s Pond in south-central Pennsylvania a date of 15,210 yr B.P. was
obtained at the herb pollen zone/spruce pollen zone boundary (Crl/Cr2
boundary), (Watts, 1979).

The vegetation during the deposition of the herb zone is very similar
at all four sites. .High percentages of NAP and spruce and pine indicate
cold climatic conditions. The high ratio of sedge to grass pollen within
the NAP percentages indicate that most of this portion of the Great Valley
was poorly drained and recently deglaciated.

The spruce pollen zone at Francis Lake began approximately 14,250 yr
B.P. Major floristic events during this period include a spruce peak
followed by the gxpansion of . fir into the region. A date of 13,510 yr B.P.
precedes the spruce peak at Francis Lake and a date of 13,330 yr B.P.
predates the fir expansion at Tannersville bog. A date of 12,300 yr B.P.
was obtained from the Saddle Bog immediately above the spruce peak, and
dates of 11,430 and 11,220 yr B.P. were obtained from the spruce zone/plne
zone bouﬁdaries at Wigwam Run and Francis Lake, respectively. Dates of
10,860 and 9,835 yr B.P. at Tannersville provide age control of the
establishment of white pine, and the peak of white pine percentages (Figure
20).

The local pollen stratigraphy described here indicates that dates of
13,510 and 11,220 yr B.P. from Francis Lake are accurate (Figure 19).
Continuous sedimentation, a readily correlated pollen stratigraphy, and
sequential horizon dating all indicate that the older dates (16,480, 18,390

and 18,570 yr B.P.) are both valid and accurate.
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CONCLUSIONS

At the maximum extent of fheAWoodfordian glaciation the Ontario and
Hudson-Champlain Lobes of the Laurentide ice sheet were tributary sources
of ice in the Great Valley. Five sublobes: the Bangor, Belvidere, Beaver
Brook, Mountain Lake, and the Pequest sublobes deposited segments of the
"Perminal Moraine" just north of the Woodfordian limit. As Woodfordian
deglaciation began, thinning of the ice sheet resulted in the depietion of
tributary flow from the Ontario Lobe. With continued ice-margin retreat,
increased influence of the Hudson-Champlain Lobe resulted in different
sublobe deployment and geometry. By the time of the deposition of the
Franklin Grove Moraine, tributary flow to the sublobes in the area: the
Paulins Kill and the Pequest sublobes, was solely from the Hudson-Champlain
Lobe.

Ice retreat in the Great Valley was characterized by both systematic
ice retreat and rapid stagnation by divide cut-off. Ice retreat in the
Delaware, Jacoby and Paulins Kill Qalleys, and portions of the Pequest
Valley was by systematic ice retreat. Ice-marginal stagnation zones near
both heads of outwash and deltas were present in these areas. The ‘
morphosequence concept was utilized to define retreatal positions in these
areas. Lacustrine ice-contact sequences occur in the Jacoby Creek Valley
(glacial Lake Portland), the Paulins Kill valley (glacial Lake Paulins
Kill), the Beaver Brook and lower Pequest Valleys (glacial Léke Oxford) and
the upper Pequest Valley (glacial Lake Pequest). Fluvial ice-contact
sequences are present in the Delaware and upper Paulins Kill valleys. One

major recessional position is marked by the Franklin Grove Moraine and

Turtle Pond ice margin.
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Evidence for rapid stagnation by divide cut-off exists in thé Beaver
Brook valley. This valley ﬁas no discernable retreatal positions or
ice=contact stratified deposits. Rapid stagnation in this valley occurred
when the continental ice sheet thinned and could no longer feed ice over a
slate upland to the Beaver Brook sublobe.

A Woodfordian age is assigned to deposits of the Great Valley drift on
the basis of pedologic analysis and comparison to Woodfordian deposits in
other areas, The most significant éorrelation is based on the interaction
of the Bangor sublobe and Minisink Lobe. At the Woodfordian maximum and
during earliest phases of deglaciation southward flow of Minisink ice
through the Delaware Water Gap was coalescent with the Paulins Kill
sublobe. Following the retreat of the Paulins Kill sublobe into the
Paulins Kill valley, a Delaware Gap "ice tongue” extended southward,
damming meltwater from the Paulins Kill sublobe.

The Woodfordian deglaciation began sometime prior to 18,500 yr B.P. in

the Great Valley. Radiocarbon dates of 18,570, 18,390, 16,480, 13,510, and

11,220 yr B.P., in conjunction with pollen stratigraphy, document the

presence of tundra vegetation in the Great Valley until 14,250 yr B.P. The
validity of the dates from Francis Lake are verified through correlation
with other radiocarbon-dated pollen stratigraphies of the regionm.

The data presented here resolve two critical problems involving.the
glacial stratigraphy of northwestern New Jersey and northeastern
Pennsylvania. First, the "Terminal Moraine" of the Great Valley is of
Woodfordian age and the Ogdensburg-Culvers Gap Moraine is a recessional
moraine»of the Hudson-Champlain Lobe of the Laurentide Ice Sheet. Second,
the deglaciation of both the Ontario and Hudson-Champlain L?bes in the

Great Valley began prior to 18,500 yr B.P.
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LATE WISCONSINAN DEGLACIATION
FROM THE
FRANKLIN GROVE-TURTLE POND MORAINE

TO THE OGDENSBUkG-CULVERS GAP MORAINE

by

Ron Witte, Edward Evenson and Carl Koteff

INTRODUCTION

Detailed mapping of morphosequences from the Franklin
Grove-?urtle Pond Ice Margin (Ridge, 1983) northward to the
Ogdensburg-Culvers Gap Moraine indicate deglaciation by systematic ice
retreat (Koteff and Pessl, 1981). Five successively younger
ice-marginal positions including the Ogdensburg-Culvers Gap Moraine
have been identified north §f the Franklin Grove-Turtle Pond ice
margin. Lacustrine ice-contact morphosequences, described by Koteff
and Pessl (1981), are the dominant depositional landforms present in
the study area. These morphosequences represent deltas and
sub-lacustrine fans built into proglacial lakes which formed as the
ice-margin retreated northward across drainage divides.

Three separate drainage systems (Wallkill, Paulinskill and
Pequest) have their headwaters in the study area (Fig. 1). .Iﬁitiglly,
the Wallkill and the Paulinskill drain northward, however, thg
Paulinskill turns abruptly at Augusta, New Jersey and flows sgﬁthwest
toward the Delaware River, whereas the Wallkill Continues toyflow

northward toward the Hudson River in New York. The Pequest has its
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headwaters near Howell's Pond and Perona Lake and drains southwest
toward the Del#ware River.

vField Trip Stops 4-7 (locations shown in Fig. 1) are in the
Wallkill Valley, with Stop 4 at Sparta, and Stops 5-7 northeast toward
Ogdensburg. Depositional landforms in this valley represent
ice~contact lacustrine morphosequences built into several stages of a
proglacial lake, informally named "glacial Lake Sparta". Figure 2A
shows longitudinal profiles of the four morphosequences guilt into
various stages of glacial Lake Sparta and reflects the lowering of

lake level as lower outlets were uncovered during the systematic

retreat of the Wallkill Valley ice lobe.

DEGLACIATION OF THE FIELD TRIP AREA

Figure 2B illustrates the chronology of events during
deglaciation. Figures 3-6 represent diagramatic reconstructions of
four ice-marginal positions. These are based on the detailed mapping
of morphosequences in the Wallkill Valley, Germany Flats and Newton
Meadows. The unnamed ice margin which lies north of the Franklin
Grove~Turtle Pond ice margin is not included in the deglaciation
diagrams presented in this paper.

The numbering and identification of morphosequences in the .

Germany Flats and Newton Meadows is continued from Ridge (1983),wi§h‘2 R

morphosequences in the Wallkill Valley starting with kal,

Sparta-Lake Iliff Ice Margin (Fig. 3)
Two ice-contact lacustrine morphosequeﬁces have béeﬁ5identi£ied

at Sparta and Sussex Mills., The morphoéequénce at Sparta (Qwkl) ‘is
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lakes.

’

(B) Deglaciation chronology of the field trip area
relating the deposition of morphosequences and the formation of proglacial
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the oldest deposit in the Wallkill Valley that represents a major ice
margin standstill, Qwkl repreéeﬁts an ice-contact delta built into
glacial Lake Sparta, Stage II. The spillway for Stage 1II is 0.25
miles south of Quwkl in a col located on the west side of the lake
(elev. 825 feet). Glacial Lake Sparta, Stage I, is inferred to have
existed, based on ice geometry, south of the 825 foot outlet. The
outlet for Stage I would have existed at an elevation of 840 feet at
the south end of the lake. However, there are no mor%hosequences
built into this stage that represent an ice margin standstill.

An ice-contact deltaic deposit has been identified at Sussex
Mills 1.5 miles west of Qwkl. This feature represents the infilling
of a very small proglacial lake which had its spillway 0.25 miles
south of the deposit (elev. 800 feet). This outlet also served as a
drainage path for waters from glacial Lake Sparta, Stage II.

In the lower Germany Flats, near Lake Iliff, a series of kame
terraces (Qpq8) are interpreted as an ice-contact fluvial
morphosequence. A similar situation existed at Stickle Pond, located

in the Newton Meadows.

Sparta Station-Pinkneyville Ice Margin (Fig. 4)

As the ice margin retreated northward, two ice-contact lacustrine
morphosequences were deposited into the receeding waters of glaéial
Lake Sparta, Stage II. Qwkla represents the uncovering of a SOQMqut
outlet one mile northwest of Sparta. Qwk2, located at Sparta Station
is graded to an outlet 1.5 miles west of Sparta Statién, at gn

elevation of 720 feet. Ice margin retreat from Qwk2 uncovered a third
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outlet (elev. 650 feet), 0.5 miles north of Sparta Station; thus ¢

forming glacial Lake Sparta, Stage IIL.

Associated with the retreat of the ice margin to Sparta Station

is the deposition of an ice-contact lacustrine morphosequence at

Sussex Mills. Elevations of deposits vary from 760 feet at the south
end of the complex to 720 feet at the north end and indicate an
unicovering of lower outlets during ice margin retreat. In the Germany
Flats, Qpq9, an ice-contact lacustrine morphosequence was built into a

small proglacial lake. The spillway was regulated by ice blocks and
drift of Qpq8. In the Newton Meadows, the deposition of Qpq9
coincided with the uncovering of a spillway at 599 feet and the

subsequent formation of glacial Lake Newton.

Mapledale Farm—-Sparta Junction Ice Margin (Fig. 5)

In the Wallkill Valley, 1.5 miles south of Ogdensburg, two
ice-contact lacustrine morphosequences (Qwk3), represent deposition
into glaecial Lake Sparta, Stage III (Fig. 2A). The outlet for Stage
III is located 3000 feet morth of Sparta Station, along the
Susquehanna and Western Railroad. A spillway elevation of 650 feet
was determined by using an altimeter. In tﬁe Germany Flats an
icé-contact lacustrine morphosequence (Qpql0), formed into a small
proglacial lake, dammed by Qpq9 at Howell's Pond. No morphosequences

were recognized in the Newton Meadows corresponding to QpqlO and Quk3.

Ogdensburg-Culvers Gap Moraine (Fig. 6)
In the Wallkill Valley, the position of the Ogdensburg-Culvers

Gap Moraine is delineated by the Ogdensburg Embankment and deposits of
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stratified drift on the west side of the Valley. Both deposits
represent ice-contact lacustrine morphosequences built into glacial
Lake Sparta, Stage III. The profile of the Ogdensburg Embankment
(Qocgm), graded to the spillway of glacial Lake Sparta, Stage III, is
illustrated in Fig. 2A.

In the Germany Flats, a massive kame complex and outwash plain
mark the position of the Ogdensburg-Culvers Gap Moraine. The outwash
plain is a braided stream deposit graded to glacial Lake Newton and
overlies deltaic sediments which completely filled in the Germany
Flats from Lake Grinnel, south to Woodruffs Gap. Several ice blocks
existed within the outwash. The depressions left behind are occupied
by White Lake, Lake Grinnel and several smaller lakes. In the Newton
Meadows, near Lafayette, the Ogdensburg-Culvers Gap Moraine is
represented by a kame complex, bordered to the south by deltas built

into glacial Lake Newton.
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LATE WISCONSINAN DEGLACIATION
FROM THE

OCDENSBURG-CULVERS GAP MORAINE TO THE SUSSEX MORAINE

by
Scott Stanford and Dave Harper

New Jersey Geological Survey

North of the Ogdensburg-Culvers Gap Moraine ice retreat was
across the Paulins Kill-Wallkill divide and into the basin of the
Wallkill River (refer to figure 1). The Wallkill flows norxrth and
empties into the Hudson River at Kingston, New York, approximately
60 miles from the divide., The north-draining valleys of Papakating
Creek, Beaver Run, and the Wallkill River were dammed by the retreating
ice to form a series of proglacial lakes. Deltas and sublacustrine
fans deposited in these lakes mark ice-margin positions and lake
elevations., As ice retreated, water frbm lakes in the Beaver Run
and upper Wallkill valleys drained southward, then westward, across
bedrock interfluves and drift dams to lower levels., Eventually these
lakes lowered to a single large lake draining into the Paulins Kill
basin across the low point on the Paulins Kill-Wallkill divide, near
Augusta, at an elevation of 500 feet (figure 1), The 500-foot lake
persisted until an outlet at an elevation of 400 feet near Goshen,
New York (approximately 35 miles northeast of Auéusta) was uncovered
(Adams, 193l4; Connally and Sirkin, 1967). At this stage drainage

shifted eastward into the Hudson basin,
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‘The following discussion will trace tbe deglaciation in the .
Wallkill and Papakating valleys (refer to figure 1) from the Ogdens-
burg-Culvers Gap ice margin to the the Sussex ice margin of Comnally
and Sirkin (1973), ten miles to the north. This discussion is based on
renornalssance mapping in the Hamburg quadrangle (Stanford and Harpef,
in preparation) and on mapping by Kummel (unpublished) and Spencer and
others (1908) in the Branchville quadrangle.

The first ice margin north of the Ogdensburg-Culvers Gap Moraine,
termed the Augusta Moraine by Connally and Sirkin (1973), is indicated
by deltas deposited in lakes in the upper Wdallkilll and Beaver Run
valleys, and by constructiénal $ill topography and an outwash surface
on the Paulims Kill-Wallkill divide at Augusta (figure 2). In the
upper Wallkill valley glacial Iake North Church (Salisbury, 1902)
drained southward into the Paulins Kill basin across the Germany Flats
outwash surface of the Ogdensburg-Culvers Gap Moraine, Aq ice block
at the outlet probably made for an unstable spillway. It appears that
as the ice block melted the spillway was lowered. Three successively
lower erosional channels cut into the Germany Flats suxface (Witte,
personai communiaation)iindicate that spillway elevations fell from
approximately 620 feet to 600 feet, A large delta at North Church
marks the Augusta margin in this lake.

To the west of glacial Iake Norxth Church a smaller lake in the
Beaver Run valley was dammed on the south by the Ogdensburg-Culvers
Gap Moraine. This lake drained westward to the Paulins Kill over
a bedrock spillway at an elevation of approximately 560 feet, South

of Harmonyvale a broad delta marks the Augusta margin within this lake.
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As the ice withdrew from the Augusta position three new lakes
. [N
formed (figure 3). In the Papakating valley ice retreated north

from the Paulins Kill-Wallkill divide., At the divide, the'previously—

mentioned 500-foot spillway near Augusta became active. As at the
- outlet for glacial iLake Noritn Gnurch, flow was across lce-margin
sediment and ten to twenty feet of erosion may ha%e occurred before
the outlet stabilized at 500 feet,

At the same time in tbe Beaver Run valley a lake at an elevation
of 575 feet spilled southward across the previously—deposited delta
of the Augusta margin. This water drained to the Paulins Kill through
the “560" lake, now not in contact with ice. The elevation of the
topset=foreset contact in a2 small delta at Beéver Run confirms this
outlet elevation,

In the upper Wallkill valley glacial Lake North Church appears
+to have lowered to 590 feet when a low divide over bedrock was un-
covered just north of the North Church delta, Drainage was thus
diverted from the Germany Flats outlet inté-the "575" lake in the
Beaver Run valley. Although there are no topset-foreset exposures mark-
ing the 590 ° level, several sublacustrine fans within the postulated
area of this lake attain but do not éxceed elevations of 580 feet,

A stable ice margin position in the "575" and "590" lakes is
suggested by the locations of the Beaver Run delta and by sizable
_sublacustrine fans in the "500" lake and in the "590" lake, as
shown on figure 3.

Continued retreat of ice uncovered still lower divides across

interfluves, When the ice margin was at the position shown in figure b,
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a divide on bedrock at an elevation of 550 feet north ovaarmonyvale‘
opéned, lowering the "575" lake to 55vaeet. At this time, all
drainage from the Wallkill basin was charmeled through the outlet

at Augusta and into the Pauliﬁs Kiil,

In the upper Wallkill valley the "590" lake dropped to become
conterminous with the "550" lake when a gap in the Beaver Run-upper
Wallkill divide approximately 1.5 miles west of Hamburg was uncovered,
At this time Pochuck Mountain began to cause separation of the ice
into lobes occupying Vernon Valley on the east and the Wallkill valley
on the west, The relative positions of these lobes at the time of
lowering of the "590" lake are indicéfed by the elevations of lacus-
trine gravels deposited by the Vernon Valley lobe in the valley
northeast of Hamburg, Here, sublacustrine fans showing only foxeset
bedding rise to an elevation of 580 feet, indicating deposition in
the "590" lake. A small delta having a topset-foreset contact at
550 feet lies a gquarter mile northeast of the fans, showing uncovering
of the aforementioned gap by the Wallkill lobe and lowering of the
"500" lake to 550 feet during retreat of the Vernon Valley lobe over
that distance,

Deposits in the "550" lake include the small delta northeast of
Hambﬁrg just mentioned and a linear string of sublacustrine fans, '
generally less than 520 feet in altitude, trending northward along
the west side of the Wallkill valley from Hamburg to SusseXx. Thésé‘
latter deposits may mark successive positions of the mouth of ah
englacial or sgbglacial channel, ¢

Further melting back of the ice past the end of the Beaver Run-
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Papakating. Creek divide southeast of Sussex (refer to flgure 1)
permitted the "550“ lake to lower to the "500" level.

After lowering of the "5506 lake, an ice block or, possibly,
the "550" delta northeast o? Hamburg, maintained a short-=lived
lake at 540 feet in the scuthsiu end of Vernon Valley. The existence
of this lake is indicated by a well-developed outiét channel
leading from a low col in a bedrock ridge, cutting through the
550 delta, and terminating at the 500-foot lake level (shown on
figure 5). Gravei terraces banked on the sides of Vernon Valley
north from the outlet to the vicinity of'Sand Hills may have been
deposited in this wehov lake, By the time the ice margin was at
Sand Hills, however, the dam had melted or eroded and the lake had
dropped to 500 feet, At this time the only'operating spillway in the
Wallkill basin was at Augusta. .

The final ice margin in the study area, termed the Sussex Moraine
by Comally and Sirkin (1973), is shown on figure 5. This margin
is marked by a large delta northeast of Sussex in the Wallkill valley
and by a delta at Sand Hills in Vernon Valley, both deposited in the
"500" lake, Lobation around Pochuck Mountain linking the two deltas
is indicated by well-developed ice-lateral meltwater channels on
both sides of the mountain and by a bench of thick till that 1s
especially prominent on the east side.

A topset-foreset contact was tentatively identified in the
Sussex delta at approximately 520 feet, and in the Sand Hills delta
at approximately.510 feet, yielding an average isostatic uplift
of approximately 3 feet/mile to the north from the 500-foot outlet

at Augusta.
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STOP 1: OUTWASH AND COLLUVIUM AT BRAINARDS, N.J. .

The gravel pit at Brainards, NJ exposes a unique cross-valley
section thirough the guts of a Late Wisconsinan (Woodfordian)
valley train terrace which houses several oldér stratigraphic
units (Figure 1). The terrace surface reaches an elevation of 84
m‘(275 ft) and it is the oldest and highest Woodfordian outwash
uniﬁ along the Delaware River which haé an elevation of 56 m (185
ft) at ﬁrainards° Brainards lies about 3 km south of‘the'maximum
extent of Woodfordian ice and lies 6 km south of the Woodfordian
"Terminal Moraine". The uppermost Woodfordian outwash gravels
at Brainards are graded to a morphosequence in the Delawafe
Valley, which was deposited during the early deposition of the
"Terminal Moraine" (see STOP 2). Brainards, NJ lies within the
limits of Pre-Wiséonsinan (Illinoian?) glaciation by at least 15
km. Valley train terraces associated with Pre-Wisconsinan ice
recession may be seen above the Brainards gravel pit to the
southeast at an elevation of 100 m (330 ft).

-Four strétigraphic unité may be seen in the Brainards exposure
which are described and discussed below starting at the éop ofkthe
sequence (Figure 2). An inferred geomorphic and depositional 
histofy of the Brainards pit is given in Table 1.

1) upper Wisconsinan gravel (Woodfordian)

The upper Wisconsinan gravel is a Woodfordian outwash deposit
equivalent in age to the "Terminal Moraine". The unit consists of
0 to 10 m of cobbly to sandy gravel with fluvial current

structures and a Woodfordian soil on its surface. The gravel
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Fiegure 1. The location of STOP 1 at Brainards, NJ in the Bangor,

PA-NJ 7i-minute quadrangle. The map shows terraces at
NJ.
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Table 1.
as inferred from deposits at Brainards, NJ.

‘The geomorphic and depositional history of the Delaware Valley

Elevations are recorded at the

Brainards pit (Figure 1).

HOLOCENE

-- Modern flood terraces, alluvium and channel of the Delaware River
associated with postglacial down-cutting and flooding in the Delaware Valley.

Late Wisconsinan

-- Formation of multiple glaciofluvial valley train terraces during Woodfordian

deglactation.

-- Aggradation by the glacial Delaware River to an elevation of 275 ft and
deposition of the "upper Wisconsinan gravel® unit during deposition of the

"Terminal Moraine" in Woodfordian time.

-- Fluvial erosion of pre-Woodfordian deposits and lag deposit formation
associated with initial increased fluvial activity during Woodfordian

jce advance.

? ? ? ?

WISCONSINAN

farly and Middle Wisconsinan

-~ Colluviation of hillslopes and deposition of the Wisconsinan colluvium unit
possibly triggered by periglacial activity during a time of non-aggradation
by the Delaware River and low terrace levels (less than 230 ft) in the

Delaware Valley.
-- Formation of multiple fluvial terraces associated with waning fluvial a
-- Aggradation by the pre-Hoodfordian Delaware River to an elevation of 230 ft

and deposition of the "lower Wisconsinan gravel" unit. Triggered by increased
glaciofluvial activity or increased sediment discharge from inwash sources

in the Delaware River catchment basin.
-- S1ight fluvial erosion of pre-existing deposits and soils by initial increased
fluvial activity.

-- Possible colluviation triggered by climatic cooling.
(Not represented by deposits_at Brainards)

ctivity.

-- Development of interglacial (Sangamon) soil.

SANGAMON
-- Formation of multiple glaciofluvial terraces associated with I11inoian deglacia-
Z tion.
2 -- The last I1tinoian glaciation in the area. Ice-cover followed by ice recession
ht resulting in the highest elevation (330 ft) of glaciofluvial aggradation and
= deposition of I1linoian outwash deposits.

|
|
|
g,
-
|
|
,,
o
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The upper Wisconsinan gravel truncates the colluvium wWith a -
very sharp contact along whieh is a dolostone lag deposit derived
from fluvial erosion of the colluvium. The colluvium is generally
non-layered but may exhibit indistinect stratification that appears
to dip to the northwest away from the local valley wall. Layering
in the colluvium is the result of sorting during downslope -
mass-movement and not the result of fluvial activity. The
colluvium is distinguished from the overlying and underlying
gravel units by the many non-fluvial clasts found in it and its
deficiency of matrix material.

The exact age of the colluvium is uncertain but it 1is
Wisconsinan because it truncates a soil developed on
Pre-Wisconsinan (Illinoian?) glacial deposits and therefore
probably post-dates the Sangamon Interglacial. The colluvium may
reflect periglacial activity on the hillslope to the southeast and
it may have been deposited during the earliest part of the
Woodfordian or the Middle or Early Wisconsinan under cool climatic
conditions.

3) lower Wisconsinan gravel

The lower Wisconsinan gravel unit is a sandy, pebbly gravel
with fluvial current structures. .It is 0 to more than 12 m thick
(limit of exposure) and it pinches out against the southeast
valley wall. The approximate elevation of the upper contact of
this unit is 69 m (230 ft) which is below the elevation of the

lowest Woodfordian valley train terrace in this part of the
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Delaware Valley, but above the highest flood terrace of the modern
Delaware River. The lower Wisconsinan gravel is finer-grained
than the upper gravel unit suggesting a more distal sediment
source. The lower Wisconsinan gravel has an abrupt contact above
the Wisconsinan colluvium which is the only unit that has been
found overlying the lower gravel. It is not known whether this
contact is a conformable lithologic discontinuity. The lower
gravel very sharply truncates Pre-Wisconsinan soils and deposits
below along an erosional unconformity. Redeposited, pre-weathered
Pre-Wisconsinan soil material is found within the lower
Wisconsinan gravel unit and it therefore post-dates a time of
Pre-Wisconsinan (Sangamon?) interglacial soil development. No
soil development has been found on the upper surface of the lowef
gravel unit. |

The lower Wisconsinan gravel unit is interpreted as a Middle
or Early Wisconsinan unit as indicated by:

A) its position pbelow Woodfordian (L. Wisconsinan) outwash
and colluvium that pre-dates Woodfordian outwash, and

B) truncation of a Pre~Wi$consinan (Sangamon?) soil below the
unit.
There is a temptation to correlate this unit with Altonian
glaciation’in Pennsylvania. Alternatively, the lower Wisconsinan
gravel unit may represent fluvial infilling of the valley from'
inwash sources under changing climatic conditions. It does hot"

necessarily represent increased glacial discharge and sediment

88




*

load in the Delaware Valley. All that can be said at this point
is that the lower Wisconsinan gravel unit represents fluvial

aggradation of the pre-Woodfordian Delaware River proceeding

u) Pre-Wisconsinan deposits and soils

Adjaceﬁt to the southeast valley wall, the Brainards section
exposes up to 4 m of deposits with soil development of probable
Sangamon age trﬁncated by any of the units described above.
Pre-Wisconsinan weathering may be.éécognized bys: 1) very clayey,
oxidized soil material, 2) red (2.5 to 5YR) coloration, 3)
moderately strong argillic B horizon development in soil profiles,

4) B horizon development to depths of 3 m or more in non-eroded or

non-truncated soil profiles, 5) pebble rubification, and 6) many

pebble ghosts. At Brainards, red, clayey pedogenic material also

shows soil pedons or a horizontal fissile structure. Soils of
this type are developed on Illinoian glacial deposits (Sevon,
19743 Sevon and others, 1975; Marchand, 1978) and are probably the
result of weathering during the Sangamon Interglacial. Pre-
Wisconsinan deposits (Illinoian?) are found at Brainards with a
soil profile that has been eroded by Wisconsinan colluvial and
fluvial processes. In addition, highly weathered Pre-Wisconsinan
deposits in the Brainards Section may have undergone mixing by

colluviation and cryoturbation.

89




STOP 2: FOUL RIFT MORAINES

The gravel pit east of Foul Rift, NJ (Figure 3)’e¥poses the
interior of what is here called the "Foul Rift moraines". The
morphologic feature seen aﬁ this locality has posed problems to
several workers in the Delaware Valley. There is an apparent
dichotomy in morphologic and sedimentologic data. On the surface,
the »sediments appear to be from stratified deposits or kames while
their morphologic expression as linear arcuate ridges that cross
the valley floor suggest deposition as moraines at a glacier
terminus.

The initial tracing of the "great Terminal Moraine" by H.
Carvill Lewis included the Foul Rift depoéits as part of the
moraine and he proposed that these features marked "the southern
limit of the great continental glacier" (Lewis, 1884, p. 55).
While morphology suggested end moraine ridges, the deposits in the
Delaware Valley were not "composed of true till" (Lewis, 1884, p.
55). Lewis mapped the limit of Wisconsinan glaciation in the
Delaware Valley as a re-entrant that had its leading edge at Foul
Rift. Subsequent workers (Ward, 1938; Ridge, 1983) place the
Wisconsinan (Woodfordian) limit further down valley becaus§~hills
to the south are covered with Wisconsinén till. Ward (1938) and
Ridge (1983) favored a kame origin for the deposits becausé '
stratification and abundant fluvial clasts were observed in>gﬁave1
pit exposures. Ward (1938) considered the depositsvathéuifRift~

as recessional moraines or kames behind the "Terminal Moraine'.

90




1000 Q 1000 2000 3000 4000 5000 6000 7000 FEET .

SYMBOLS

outwash db

¢ _°  outwash d4

e © o
o ©
o o © outwash d3

(o] Oo outwash d2

Delaware Valley morphosequences

0 1 KILOMETER

¢ colluvium
& end moraine

¢ till

g bedrock exposure

Figure 3. The location of STOP 2 near Foul Rift, NJ in the

Belvidere, NJ-PA Tz-minute
surrounding area. The map
moraines into Pennsylvania
deposited during and after

quadrangle and a surficial map of the
shows the extension of the Foul Rift
and some of the morphosequeénces

the deposition of the moraines.

91




Ridge (1983) considered the deposits recessional kames ("Foul Rift
kames" on Figures 7, 12, 13 and 14 of text) that are equivalent in
age to parts of the "Terminal Moraine" to the east in New Jerséy.
Foul Rift deposits are younger than the "Terminal Moraine" segment
lying on hills underlain by‘slate to the west ("Gruvertown
moraine™ on Figures 7, 11 and 12 of text).

The gravel pit exposure east of Foul Rift shows two horizontal
diamicton units, with thicknesses of 4 m (upper) and 2 m (lower),
separated by 8 m of outwash gravel. The lower diamicton is
overlain by 40 cm of laminated, sandy silts and clays which were
deposited in ponded water. Outwash gravel with a thickness of
more than 10 m (limit of exposure) lies below the lower diamicton.
The diamicton units are interpreted as lodgement tills. They are
consistent in thickness across the exposed section, are gravelly
in their bases, contain many fluvial clasts which were striated
subsequent to rounding, and have a sandy and silty, compact,
fissile matrix. Gravels below the till units show deformation but
this is not a conspicuous characteristic of the gravel units. The
Foul Rift moraines are interpreted as push moraines composed of
bulldozed outwash gravel. The till units seen in the gravel pit
represent till sheets put down during minor oscillations of the
receding Woodfordign ice-front (Figure 4). The Foul Rift moraines
are a part of the "Terminal Moraine" that were deposited during
the final phases of moraine depdsition by at least 5 minor
readvances. They are equivalent in age to a large ice—coﬁtact
glaciofluvial morphosequence in the Delaware Valley (Figure 12 of

text). This is in keeping with the general character of the
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"Terminal Moraine™ which is nqﬁ a single ice-marginal position but
rather.a composite of several end moraines cbnstruoted in anone
that can be as much as 4 km wide. The composite character of the
"Terminal Moraine" may be seen on the flank of Kittatinny Mountain
near Bangor, Pa ("Bangor moréine” on Figure 7 of text) and also
between Buttzville and Hackettstown, NJ (moraines of theiMountain
Lake and Pequest Sublobes on Figure 15 of text). In New Jersey,
ice-front positions within the "Terminal Moraine" may be tied to
as many as foub separate morphosequences.

Deposits of the Foul Rift mora;nes have implications for the
development of ice-marginal deposits and morphosequences in the
Delaware Valley. They testify to the existence of an active ice
margin that had very little stagnant ice. The Foul Rift moraines
served as a barrier to later meltwater drainage in the Delaware
- Valley. The moraine ridges do not continue east to the valley
wall because they were dissected by later meltwater drainage
(Figure 13 of text). Drainage was forced to the east into the
Buckhorn Creek Valley and then to Hutchinson, NJ where it Jjoined
the present Delaware River channel. Later meltwater breeched the

Foul Rift moraines at Foul Rift and allowed flow along the present

Delaware River channel (Figure 14 of text).
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STOP 3 (LUNCH STOP): GREAT MEADOWS DELTA

This sand pit exposes beds of the older of two ice-marginal
.deltaic morphosequences (pi and p2) deposited into Stage’I of
Glacial Lake Pequest in the Pequest River Valley (Figure 5). Lake
Pequest was dammed by and had its spillway across the "Terminal
Moraine" at Townsbury, NJ. In 1979, an exposure of a
topset-foreset contact above the .present sand pit exposure
indicated an elevation of approximately 171 m (560 ft) for Stage I
of Lake Pequest and its nearby spillway. The spillway probébly
occupied an area now cut by the present Pequest River or was
across a small divide in the "Terminal Moraine"” as shown on.Figure
5, The course of Rt. 46 adjacent to the sand pit heads north
through a spillway channel occupied by drainage from Stage III of
Lake Pequest when ice in the Pequest Valley had receded into
Sussex County, NJ.

Several deltaic sediment facies may be seen in the sand pit
which include ice-proximal gravels, bottomset beds, and toeset or
lower foreset beds. Ice-proximal gravels occur in the base of the
section and were deposited prior to the progradation of
finer-grained deltaic facies seen in the overlying units. A
coarsening-upward deltaic assemblage overlies the gravels
beginning with bottomset beds. Laminated, silty fine sands with
fewer ripples than units above mark bottomset sediment which was
mostly a suspended load. Many silt drapes may be seen in the

bottomset beds. The overlying toeset or lower foreset strata
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Ti-minute quadrangle. The first deltaic morphosequences (p1 and
p2) deposited in glacial Lake Pequest which was dammed by the
"Terminal Moraine" at Townsbury are shown.
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consist of fine to coarse sand dominated by climbing ripples.
Other features seen in the exposure are ball and pillow sfructures
and stagnant ice hollows and collapse features. The stagnant ice

hollows contain very angular clasts dropped from melting ice

blocks.
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STOP 4: SPARTA ICE MARGIN, SPARTA, N.J.

This stop is located within the Nicole Heights housing
development, Sparta (Fig. l)f The section exposed represents the
proximal facies of an ice-contact delta built_into glacial Lake
Sparta, Stage II. The units exposed in the northeast section of the
housing development, shown in Fig. 2, represent an ice-contact
depositional environment. Units exposed are deltaic foresets, some of
which are collapsed and faulted and debris flows which are generated
from the ice-contact slope. The many large striated boulders ﬁiled

next to the exposure also indicate close proximity to the ice margin.

Descriptions of Units Exposed in Section A-A' in Figure 2

Deltaic Foresets: alternating beds of fine to coarse sand and
gravel, interbedded with coarse clast supported gravels. Individual
beds range from 0.25 inches to 36 inches thick and commonly display
grading and inverse grading. Silty clay beds less than 0.25 inches
thick are occasionally found draped over an individual foreset bed.
Foresets, where not collapsed, dip toward the south,

Debris Flow: matrix supported diamicton containing lens and
stringers of sand and gravel. The matrix material is composéd‘of fine
to medium, poorly sorted sand and is loosely consolidated. The |
boundary between the debris flow and underlying sediment is erosional
and represents a zone of shear produced by the debris flow as it moves
down the foreseﬁ slope. This erosional contact is very evident in the

section where the debris flow overlies a fine sand unit (colored black

in the cross—=section).
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Figure 1. Surficial map of morphosequences near Sparta showing
location of stop 4. Qwkl, Qwkla and Qwk2 represent
ice-contact lacustrine morphosequences. Qt represents
till deposits in which bedrock outcrop is less than 5%
of the surface area., Spillways with elevations are
also shown (Newton east 7% minute topographic Quadrangle).
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STOP 5: OVERVIEW OF MAPLEDALE FARM-SPARTA JUNCTION ICE MARGIN €

Stop 5 is located on the western slope of the Wallkiil Valley at
the base of the Pimple Hills (Fig. 3). The Wallkill Valley is
underlain by Cambro-Ordovician carbonates of the Leithsville‘and
Allentown‘formations. The Sparta Mountains which form the ridge and
hills to the east and the Pimple Hills to the west are underlain by
pre-Cambrian gneiss., Interbedded within the gneiss, in the Pimple .
Hills, is the Franklin Marble, also pre-Cambrian in age.

Qwk3 represents two ice-contact deltas built into glacial Lake
Sparta, Stage III. The housing development near the overview stop is
built partially on Qwk3, as is the farm across the valley. Exposures
"throughout the deposit reveal deltaic sedimentation with an
ice-contact facies similar to that seen at Sparta, Stop 4, exposed in
a gravel pit at the Mapledale Farm.

Pebble lithologies (Fig. 4) reveal that each delta is composed of
sediment derived from §ifferent source areas. Samples 149 and 150
reflect the lithologf of the till found in the Pimple Hills (sample
22). Sample 136, found at the Mapledale Farm, reflects the lithology
of the till embankment (samples 2 and 147), bordering Qwk3 on the east
side of the Wallkill Véllgy. Deltaic foresets measured also indicate

that sediment has been derived from lateral sources.
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Figure 3.

Surficial map of morphosequences in the Wallkill Valley
showing location of stops 5, 6, and 7. Qwk3 and Qocgmd
represent ice-contact lacustrine morphosequences. Qocgm
represents the Ogdensburg moraine (Franklin 7% minute
topographic Quadrangle, reduced by 25%).
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STOP 6: WOODFORDIAN LODGEMENT TILL: 1 mile south of Ogdensburg, Route

517

The section of till exposed is a lodgement till and is part of a
very thick till ramp deposited on the eastern slope of the Wallkill
Valley (Fig. 3). Maximum thickness of the till determined from well
reéords is 100 feet. There are'some,étratified sands and gravels at'
the southern end of the exposure. However, information by owner has
indicated that only till was removed from the pit.

Till description - The color of the till ranges from 2.5-5 Y 5/3.
The matrix is composed of very fine sand with some silt. Rock.
fragments are common within the matrix. Calecium carbonate content
ranges from moderate to extreme, which results in cementation of the
till. Consolidation where not affected by cementation is moderate.
Striated dolostones and sandstones are found throughout the exposure.

Provenance of the till, samples 2 and 147 in figure 4, strongly
reflects the carbonate lithology of the Wallkill Valley as well as the
Franklin Marble of the Pimple Hills. The above provenance data
suggests that ice flow was oblique to the strike of the Wallkill
Valley (S35°W) in a more southernly direction. The occurrence of a
magnetite boulder found on the Mapledale Farm, has been traced from a
mine near Franklin and indicates an ice flow direction of S10°W. The
distribution of till on the east slope of the Wallkill valley (Qt in
figure 3) also seems to indicate ice flow across the Wallkill and not
along its strike, Till fabric (figure 5) and striations (S528°W) found
one mile northeast of Ogdensburg indicate that ice flow was parallel

to the strike of the Wallkill Valley. The above data and observations
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Figure 5. Fabric of lodgement till, stop 6.
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indicate that (1) ice flowing into the Wallkill Valley was moving in a
direction almost due south, and (2) ice in the Wallkill Valley was
constrained by the small valley width and flowed parallel to the
strike of the valley. The above model accounts for the provenance of
the till and its distribution as ice flow was across bedrock
formations northwest of the Wallkill and accounts for ice flow wifhinn
the valley as ice became channeled within the narrow confines of the

Wallkill Valley. d
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STOP 7: OGDENSBURG-CULVERS GAP MORAINE, OGDENSBURG N

Stop 7 is located in a gravel pit at A&M Auto, Ogdensburg, Figure
3. The exposure is a three-dimensional view of an ice-contact delta.
Figure 6 represents the floor plan of the pit as well as several
measured cross-sections and stratigraphic sections. The general
stratigraphy of the pit is that of lower deltaic foresets overlain by
middle and upper deléaic foresets. Topset gravels ;re also gxposed in
several sections. Interbedded within the foreset uni;s are debris
flows. :

The following is a description of units found in the exposure
(Fig. 6).

Lower Delta Foresets: rhythmically bedded, planar to.ripple
laminated, very fine sand, interbedded with clayey silt laminae.
Convolutions, faulting and injection features are found throughout
these units which indicate overloading by the coarser gravel foresets
above., Drop stones are commonly found throughout the unit.

ﬂiddle‘and Upper Delta Foresets: Alternating beds of fine to
coarse sand and gravel interbedded with coarse open-framework gravels.
Individual beds range from 0.5 to 36 inches thick. Upper deltaic
foresets are composed of sand to gravel-sized material and have an
average dip of 25°. Middle deltaic foresets are composed of fine sand
and dip less than 10°. Commonly, the middle deltaic foresets exhibit
climbing ripple sequences.

Topset Gravels: poorly sorted cobble gravel, bedding is

indistinct.
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Debris Flows: matrix supported diamicton containing lens and
stringers of sand and gravel. Matrix material is contposed of fine to
medium, poorly sorted sand and is loosely consolidated. Foreset units

underlying the debris flow exhibit faulting and folding produced by

Jéﬁéaring of the over-riding debris flow. Rip~up clasts are commonly

found within the debris flows. An exception to the above description
is the debris flow in cross—section X-X'. It is clast supported and
contains very little matrix. The matrix seems to have been washed out
of”the deposit during its emplacement.

Deltaic foresets measured throughout the exposure (Fig. 6)
indicate two fans buillding intc the lake and a sediment source from
the Pimple Hills. Foreset directions in the Ogdensburg Embankment dip
south to southwest and represent a sediment source from the east side
of the valley. Pebble lithologies (Fig. 4) also reflect different
sediment source areas. Samples 138 and 139 represent a Pimple Hills
source; sample 137 represenfs sediment derived from the erosion of

till on the east valley slope.
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STOP 8: DISTAL SIDE - NORTH CHURCH‘DELTA/AUGUSTA ICE MARGIN .

The North Church delta is a segment of the Augusta ice nargin,
It was deposited in a proglacial lake that.drained over the Germany
~ Flats outwash surface near White Lake and into the Paulins Xill -
basin (refer to figure 2 in Stanford and Harper, this volume)
This was an unstable outlet around an ice block, and three erosional
channels at Successively lower elevations from approximately 620
feet to 600 feet have been idenmifiéd here by Witte (personal
communication). |

‘The North Church delta (refer to figupe 1) may be a composite
delta reflecting the lowering spillway elevation, The broad,.
southernmost portion of the delta (marked by the 640 contour on the
map) is a separated from a lower, more northerly surface on the flanks
of the delta by a distinct fifteen- to twenty-foot scarp on both the
east and west sides, This difference in elevation may indicate an
earlier, higher segment of the delta deposited at a more southerly
ice front and graded to an earlier, higher outlet; and a later, lower
segment of the delta deposited at a more northerly ice front and
graded to a 1ater, lower outlet,

Pebble counts in the delta (figure 2) show an interesting
pat{ern. Pebbles in the topset and foreset beds (termed "ice-
marginal sediment" in figures 1 and 2) show much more carbonate than

"those in the Poorly-sorted gravel and sediment-flow deposits on the
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Figure 2: Pebble ILithologies in the North Church Delta

112




tce-contact side of the delta (termed "ice-contact sediment in
figures 1 and 2). One interpretation of tﬁis pattern is that the
topset and foreset beds were fed by subglacilal chaﬁnels that eroded
+he local carbonate bedrock and caxbénéte=richvlocal v1ii. The
ice-contact sediment, on the other hand, contains a much greater
percéntage of material sliding from ﬁhe surface and upper portion
of the ice and thus reflects a more regional pebble lithology.

The North Qhurch sand and gravel pit (indicated by "1" on figure
1) is dug through almost the entire length of the earller, higher
portion of the delta. From the south (distal) end of the pit fine
sand bottomsets lead upward and northward into sand and pebble gravel
foresets with minor beds of cobble gravel. The foresets may be
overlain by sand énd pebble gravel topsets, but topsets are nof clearly
exposed, At the north (proximsl) end of the pit a fifteen-foot thick
clast-supported pebble and cobble diamicton overlies sand foresets
and seems to be the surface unit on the jce-contact slope to the north.
In the pit, this unit rises and ?inches out within a short distance to
the south, It may be collapsed or colluviated topset and foreset material,
sediment-flow deposits from the ice surface, or a coarse, massive,

closed-work gravel deposited by meltwater feeding the delta,
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STOP 9: PROXIMAL (ice-—contact) SIDE ~ NORTH CHURCH DELTA/AUGUSTA ICE

MARGIN

fThis Pit ("2" on figure 1) is excavated in the.ice—contégt.éiope
of the delta, Dipping packages of interlayered sand, pebble gravel,
and matrix-supported fine sand diamicton containing pebbles and
cobbles are expesed. Dips and s%rikes of these packages are variable,
but some small-scale reversé faulting is visible, suggesting that
collapse has disrupted the original structure, The sénd units show
recumbent folds and load structures in places, perhaps due to dragging
and loading from sediment flows represented by the diamicton units, or
from dragging and loading by ice, Nofe also the decreased percentage
of carbonate 1ithologie§ as compared to the lithologies in the
foresets at the last étoP.

The deposits exposed may represent interlayering ofAsediment
flows fxom the ice front and sand and gravel delivered by subglacial
or englacial channels as the ice retreated northward from the delta.
Alternatively, the sediments may represent subglacial stacking of till
and meltwater—depositéd sand and gravel while the delta was forming.

The layering and structure of the units, however, seems to rule out

colluviation or collapse of the ice-contact face as possible oxrigins

for these sediments,
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STOP 10: STRIATED, POLISHED DOLOMITE

Dolomite bedrock of the Allentown Formation of Cambrian age is
exposed in a former gravel pit (¥3" on figure 1), Before excavation
the bedrock was overlain by cobble and pebble gra%el foresets of a
large sublacustrine fan deposited in the "590" lake (refer to figure
3 in Stanford and Harper, this volume). Till atop the bedrock is
absent here, but is present just to the east and south where the bedrock
surface drops off 40 to 80 feet. |

The bedrock surface is polished and striated. Roches moutoneeé,
crag-and-tail features, and crescentic marks are all well-displayed.
Ice flow directions range from S20W to S30W and averagé approximately
S25W. .The attitude of the bedrock here is NUSE;47NW, indicating that
ice flow at this location is not strictly controlled by bedrock structure.
The ice flow direction here and at numerous other locations in the
valley bottoms indicates channeling of ice within valleys during formation’

of striations.
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