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FOREWORD

The Friends have visited New Jersey on three previous occasions. In 1939 the Friends, led by Paul MacClintock,
Meredith Johnson, and Henry Herpers, examined the Wisconsinan and “Jerseyan” drifts (see the announcement
on the following page). In 1949 the Friends, again led by Paul MacClintock (with John Lucke), examined the
Pensauken Formation (copies of the assembled notes from this trip are available on request; the first page is
reproduced on page iii). In 1985, Ed Evenson, Jack Ridge, Ron Witte, and Scott Stanford examined the late
Wisconsinan deglaciation of the Kittatinny Valley. We will revisit many of these issues on this trip, and perhaps
engage some new ones. Over the more than 60 years that the Friends have been meeting much has changed in
Pleistocene geology. Marine and ice-core records now document ice-velume and climate history in great detail.
Isotopic and magnetic dating techniques provide a chronology. Sedimentologic, geomorphic and glaciologic
smdies yield an understanding of process not available 60 years ago. Buot good fieldwork is still the foundation for
the appropriate application and interpretation of these advances, and the basic character of good fieldwork hasn't
changed much since the 19th century. So the insights and methods of the original Friends, and of their
predecessors (extending back to the 1870s in New Jersey, and including G. H. Cook, R. D, Salisbury, H. B.
Kummel, G. N. Knapp, C. E. Peet, W. M. Davis, and D. W. Johnson} are much the same as those now, even if
some of the vocabulary and data have changed.

One of the persistent issues in the Pleistocene geology of northern New Jersey is long-term tandscape evolution.
Northern New Jersey is a classic locale for studies of this topic, and was the subject of defining works by William
Morris Davis and Douglas Johnson. The Schooley and Somerville "peneplains” have type areas in New Jersey.
The combination of these surfaces with muitiple glacial, fluvial, and marine deposits provides an opportunity to
link traditional geomorphology, with its emphasis on geography and physiography, to surficial geology, with its
grounding in process, materials, and stratigraphy. Over the past several decades a greater appreciation for the
effects of climate, eustasy, and tectonics on landforms, and a greater understanding of the complexity of
geomorphic processes, has led to the abandonment of much of this early geomorphologic work. But with
improved chronology of the surficial deposits, and a more detailed reconstruction of global eustasy and climate
change, the origin of these erosion surfaces can be reexamined. One of the points we hope to illustrate on this
fieldtrip is that the present landscape of northern New Jersey is a mosaic of pieces of different age (possibly
extending back to the late Miocene), and that some of the surfaces and events described by Davis and Johnson can
be reinterpreted in light of new information on local stratigraphy and global climate and eustasy.
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Sedimentary Bodiee Present

‘Tour Fleistocene (?) sedimentary bodies have been recognized in eastern New
Jersey - {1) the Beacon Hfll gravel, (2) the Bridgeton formation, (3) the Feneauwkren
formation, and {(4) the Cape May formation. OFf thsse, (1), (3), and (4) are distinotive
in internal character, but (2) ie much like (3), differing from its chiefly in altitude
of ocearrence. As all occurrences of all four are in erosion remnants, eltitude meens
11ttle; hence Maradith Johnson's sugrestion that (2) and (3) are a single sedimentery
body is provisionally acrepted.

The 3eacnn Hill graval 18 coarcer gralned and more deerly composed than the Pon~
gauicn formation. The Cape May formatisn ie finer greined than the Fenssuken, and io
i1tis Jecomposed. Furthermore the Cape May accupiee lovwlande aprarently cut into tho
Fenpnuken, Hence, in oxder of decreaaing age, the sedimentary bodies apvear to be
Bazcon Hill, Feneauken, Cape May. ‘

The Capo May 18 correlated by H, 0, Richards with the Famlicoe formation, vhich
is (1) interglzcial, (2) not younger than Sengamon because of-the improbabdility of
g0 high a ez23level in Wiecconzin time, {3) not older then Sangemon because of its
frech topography and selight weathering,

Fensauken formation

Internsl ghareoter - Tha Feneauken fermation (together with itc Bridgeton
equivalent(?f) coneists of about 90 persent sand, with some pebdle gravel anid s few
bouldere. The gravel is notadbly slliceous = cherts, gquartsites, guartzes, sugresting
long-tem revorking of mgterial previouely selectod by stream action and deep westher-
inz. However, it includes a few frech gnoigsic rock types. It generally {though
not universally) ezhidita cut-and-fill siratificatioh, with preferred directione of
foreeptting towvnrd the south snd southwast, Averuce greinsize diminisghes in the same
directions, o clesr-cut unconformities that night be more important than dlasteme
have been noted; yet warlations in greineize and stratification are so abrupt that
significant glternntions between fillinz and cuiting are suzrested, However, none
bhas been proved, The formation 1s at least 100 feet thick, ©Similarity to the Beach
Hfll gravel and the presence of pebbles of farruginous Beacon Hill conglomerate, sug-
geet extensive revoricing of Beepcon Hill materinl.

The boulders are moetly guartzites and moetly small, dDut they are numerons (on
the surfasc2: rarely are they secn actuzlly imbedded in Fenesulten sediments, Hany
extitit percuesica fractures and a few are gald to exhibld eirimtions, Hothing is
Enoun atort their vertical dietridution within the sedimante.

The Pengoaulien eontains foseil plante endd to~imply e warm clim:te,

\
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CHAPTER 1
Pliocene-Quaternary Geology of Northern New Jersey: An Overview

Scott D. Stanford
New Jersey Geological Survey
CN 427
Trenton, NJ 08625

INTRODUCTION

Northern New Jersey includes the terminal positions of pre-Illinoian, Illinoian, and late Wisconsinan glaciations,
multiple fluvial and coiluvial deposits outside the glacial border, and extensive rock-cut erosion surfaces, includ-
ing the type areas of the Schooley and Somerville peneplains. It also includes the northernmost exposed portion of
the unglaciated Atlantic Coastal Plain, with a marine stratigraphy extending into the middle Miocene. The con-
junction of glacial termini and unglaciated terrain subject to continuous stream and slope erosion with proximity to
the Atlantic offers a unique opportunity to evaluate and date the competing effects of eustatic baselevel change,
glaciation, and climate cycling on a passive-margin landscape. The following overview will briefly describe the
history of surficial geologic investigations in northern New Jersey, the general lithologic, stratigraphic, and
weathering characteristics of the surficial deposits; and their associated erosional landforms.

HISTORY OF INVESTIGATIONS

The earliest work on the surficial geology of northern New Jersey was by Cook (1880) who traced the late
Wisconsinan terminal moraine and identified many glacial-lake features. This was soon followed by the systematic
mapping and stratigraphic studies of R. D. Salisbury, H. B. Kummel, C. E. Peet, and G. N. Knapp. This work
was partially published in map form in various USGS folios (Merrill et al., 1902; Darton et al., 1908; Spencer et
al., 1908; Bascom et al., 1909; Bayley et al., 1914) and described narratively in Salisbury (1902) and Salisbury
and Knapp (1917). Concurrent with, and following, the mapping work, were the geomorphic studies of Davis and
Wood (1889), Davis (1890), Salisbury (1898), Johnson (1931), and Campbell and Bascom (1933). Topical studies
building on this framework were conducted sporadically for the next several decades. MacClintock (1940, 1954)
studied weathering characteristics of the glacial deposits and MacClintock and Richards (1936) continued strati-
graphic studies of glacial and interglacial deposits. Ward (1938), Peltier (1959), and Crowl] (1971) mapped and
correlated Delaware River terrace deposits. Bowman (1966), Owens and Minard (1979) and Martino (1981)
studied the petrography, sedimentology, and stratigraphic correlation of the Pensauken Formation. Minard (1961)
and Minard and Rhodehamel (1969) describe some additional glacial features, including moraines on Kittatinny
Mountain, and Coastal Plain terrace deposits. Herpers (1961} traced the Ogdensburg-Culvers Gap moraine.
Connally and Sirkin (1973} reconstructed late Wisconsinan recessional ice margins as part of a regional study of
the Hudson-Champlain lobe. Reimer (1984) and Von Schondorf (1987) studied sedimentologic aspects of the late
Wisconsinan meltwater deposits. Wolfe (1953) and Walters (1978) describe periglacial features in the Coastal
Plain and in the New Brunswick area. Tedrow (1986) describes the soils of the state.

The late Pleistocene and Holocene pollen record has been studied in a number of cored lakes and swamps at and
norih of the terminal moraine (Heusser, 1963; Harmon, 1968; Nicholas, 1968; Meyerson, 1971; Sirkin and
Minard, 19672; Russell, 1980; Cotter et al., 1986; Peteet et al., 1990), and at a few sites south of the glacial
border, including thermokarst ponds and Coastal Plain swamps (Sirkin et al., 1970; Watts, 1979) and an upland
swamp dammed by colluvium (Russell, in progress).

A renewed round of detailed mapping in the 1980s used the morphosequence approach of Koteff and Pess] (1981)
to interpret the late Wisconsinan meltwater deposits. This led to the delineation of previously unknown recessional
ice-margin positions, glacial 1ake basins and stages, valley-fill stratigraphies, and fluvial and lake drainage histo-
ries. Harper (1982) initiated this approach at 1:250,000 scale. Ridge (1983) and Witie (1988) used this approach
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at 1:24,000 scale to establish the late Wisconsinan deglaciation history from the terminal moraine to the Ogdens-
burg-Culvers Gap moraine in the Delaware and Kittatinny valleys. Stone et al. {1989), Stanford and Harper
(1991), and Stanford (1993a) do the same for the Highlands and Newark Basin to the east. Mapping of colluvial
and fluvial deposiis south of the late Wisconsinan glacial limit has also led to some conclusions about preglacial
and periglacial geomorphology (Ridge et al., 1992; Stanford, 1993b). A cooperative geologic mapping effort by
the NJGS and USGS from 1984-1990, initiated by the State of New Jersey to provide new statewide surficial and
bedrock geologic maps for groundwater management, has produced nearly complete 1:24,000-scale surficial
geologic map coverage for the northern half of the state. These maps include rock-surface contours and subsurface
stratigraphy inferred from logs of water wells and test borings. The 1:24,000 work was compiled at 1:100,000 for
a formal stratigraphic map (Stone et al., in press), which uses formation nomenclature for tills and meltwater
sediments, and for a simplified glacial-sediment map emphasizing hydrogeologic properties and valley-fill aquifer
structure (Stanford et al., 1990). Twenty-six out of 79 mapped quadrangles are currently published.

BEDROCK GEOLOGY AND PHYSIOGRAPHY

Northern New Jersey includes parts of four physiographic provinces (fig. 1-1): the Valley and Ridge, formed on
tightly folded and faulted Paleozoic sedimentary rocks; the New Jersey Highlands, formed on iseclinally folded
Proterozoic granite, gneiss, and marble, with downfaulted inliers of Paleozoic sedimentary rock; the Newark
Basin, formed on gently folded and normally faulted Triassic and Jurassic sedimentary and igneous rocks; and the
Coastal Plain, formed on very gently dipping unconsolidated sediments of Cretaceous through Miocene age. The
Valley and Ridge includes Cambrian and Ordovician dolomite and limestone of the Kittatinny Supergroup and
Jacksonburg Formation, which floor valley bottoms within Kiuatinny Valley (fig. 1-2); shale, slate, siltstone, and
sandstone of the Ordovician Martinsburg Formation, which underlies an intermediate upland within Kittatinny
Valley, and quartzite of the Silurian Shawangunk Formation, which, along with siltstone and sandstone of the
Bloomsburg Redbeds, underlies the prominent Kittatinny Ridge. Thin, interbedded carbonate, shale, and siltstone
of Silurian and Devonian age floor the Delaware Valley (locally termed the Minisink Valley) northwest of Kitta-
tinny Mountain,

The Highlands include plateau-like uplands and ridges underlain by gneiss and granite separated by long, north-
cast-southwest trending valleys floored by marble and downfaulted Paleozoic carbonate rock and shale equivalent
1o the rocks of the Valley and Ridge. In the Green Pond Qutlier, a belt of Paleozoic rock that nearly bisects the
Highlands (fig. 1-2), the sedimentary rocks also include Silurian and Devonian quartzites that form long promi-
nent ridges. Narrow, ravine-like valleys form where streams cut through the gneiss uplands.

The Newark Basin includes shale, siltstone, sandstone, and some conglomerate of the Stockton, Lockatong, Pas-
saic, Feltville, Towaco, and Boonton Formations of Triassic and Jurassic age, with some interbedded Jurassic
diabase sills and dikes and basalt flows. The rocks generally dip 5 to 15 degrees to the northwest, although they
are locally deformed into broad open folds. Shale and arkosic sandstone underlie broad lowlands, including the
Raritan, Hackensack, and Passaic lowlands; mudstones and quartz sandstones underlie uptands, including the
Hunterdon Plateau; and diabase, basalt, and adjoining hornfels underlie the prominent ridges of the Watchung
Mountains, Palisades, Rocky Hill, and Sourland Mountain (fig. 1-2).

The Newark Basin is onlapped to the southeast by unconsolidated sand, silt, and clay marginal marine and shelf
deposits of Cretaceous through Miocene age that are divided into 17 formations. These sediments dip very gently
(5-50 feet/mile) to the southeast. Most of the Coastal Plain is an area of low relief with broad valleys and subdued
interfluves. Locally, residual hills and uplands such as the Mount Pleasant and Clarksburg Hills, capped by quartz
gravel and iron-cemented glauconitic sand, rise 100-200 feet above the lowlands (fig. 1-2).

SURFICIAL GEOLOGY AND LANDFORMS
Figure 1-3 is a schematic southeast-northwest section from the Coastal Plain inland across the Newark Basin and

Highlands to a glacial valley fill along the terminal moraine. Age controls on the deposits are indicated. The
following sections will describe these deposits and landforms, and associated events, from oldest to youngest.
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Figure 1-1. Bedrock lithologies of northern New Jersey. Abbreviations are: b=Dbasalt, c=carbonate rock,
cg=conglomerate, CP=Coastal Plain sediments, d=diabase, g=gneiss, g=quartzite, s=sandstone and mudstone,
sh=shale, sc=schist. Valley and Ridge rocks are Cambrian through Devonian in age; the Highlands include
Proterozoic gneiss and marble and Cambrian through Devonian sedimentary rocks, Newark Basin rocks are of
Triassic and Jurassic age. Coastal Plain sediments are Cretaceous through Miocene in age.
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Figure 1-2. Major physiographic features of northern New Jersey, with glacial limits and flowlines of the late
Wisconsinan glacial advance. Flowlines are based on drumlin axes, erratic dispersion in till, and several hundred
ridgetop and upland striations (Stone et al., in press).

1-4



‘SUQISAWI} PUB AIWOOP URINAOPIO PUR UBLIQUZD =S5O ‘SSI0US 210Z012j0Id=F & °J[eseq JISSEIn[=qf ‘3SeqrIp JISSeIn[=Ppf ‘SUOISpUeS pUe 3[eys JISSLIN(-dISSELL] = SL[
‘SUOTJRIELIO UFR]q [EISTOD) U200 Y3NOJI) SNOA0RIAID = [ ) ‘SUONEULIO) UIRLd [RISE0)) SUSOOIA = A 2T SIUN Y20IPaq I0J SUOLILIAAIGQY "Iul| YdIew 1¢ a3ueyd

a[eas 210N "patjdun apeds peuozuoy ou ‘ajeunxoxdde st opeds Eoruap uonisod oydesSnens sienrdoldde sty Ul UMOYS ST |ONUOD 95y "SUIEIOW [EUTLLIS) URLISUOISIA
ale] 2 Suoje [[y Ao[ea [e1oe(d € 0) spueySiy pue uiseg JIemoN 941 YInOIy) IRl [EISE0)) JAUUT 3Y) WOL) SUI[ ISIMYLIOU-ISEIYINOS € UO UONIIS INLWIIS “¢-| 3Ind1yg

L 00
oy e —————————_ /e LTI
2 3
5 - 009 m.
5 00 3
= >
- 008
0081 Twny :
LI | yoyisuoosy y | MO MO12q A2 Suedio //
[PURAUA "o | (g961 "uouseH “Sp8Z-D 0TL FOL8'TT soepns purrdn
] ] Ut uenAUOI no q I,{\\\\\l\ L oot
0001 (6361 “'IE 39 SUAIS ‘POEI-DD) 005 FOBT'0T oL
) 9A0QE POOM 11 uRLloul]f $31ME9) UONEQIMOAIY —A A
(uoireaummnos [puossad *|3MPED "6LTH-XD) C69F 0FE 61
140 aaoqe £e)3 swedio UOUE[ALIO? —--=e
{9861 “"|B 39 J300D) "£LTS-IS) OSTFOLS'ST 3423 3% v
T T - R e e
/ \ / \ s /a .tso.\lnj; di N\~ ]
1 / 0.\ wd i t \ [L7s] LEFD |
/ L 4 / . 4 b8 10 / o~
EE <2 qr L ..,-_l--||.|||||1/ bl |||l|||.|.mmw_n.-,_|_.{_--- |m||mm.l.| — -
00 1 |..ln||ﬂlﬁma|| \ 4 % , 0L \\ 20TUNS I[IAIIWOS teyd et L 002
, el i-/ \ L . dupas usynesuzg "
d d —
v A \\ e DL S werounyyr-21d 2pB18 o W fod tpes .
B U A N e et ",
00b- 0L 0L éca 1ead (OL6Y *'IE 33 UDLNS *1S11-M) OZPF 00L'91 waL. $ ooy
soepns puedn D) 1o dot uo sead (qE661 "PIOJURS ‘$55°91-1) 09I FOLP 01
l\\\ P 3o 35BQ 18 SORAIO (OL6T I8 19 UNIS "E6TT-M) 0001 F008'9T I
[PABID) (JUH UOIBIH YA u. U0y susodap 20eLs) JeAny )y | 1D Jo doi uo 1sd (6961 “TBUI "LyST-M) 0SPFOST'H1
i 10 Tady 81 1e3d (661 “PaoJUBIS *99T"p1-XD) 000'9€ < 7.
0097 uopsuuog uaynesuag d } auwvoyq sisodap awasndejoons 1O [ ueroury 009
. sisodap 9ovUAL [RIATO19eT JiD) {1661 ‘UIESUNWWOS usilim uuasg T 9 *uajjod)
LIUT0Nd ; 20N Iqeqoad "HFI0ISIN-2Ud UOLRULIO] UINTESUI
wnAmio? DL | susacistarg susodap s2eu [EIANY PO
) npwmd | veutsuossig u1seq IsiejouLsay uf soluedio (qE65] PIOJUNS ‘BSEL1-XD) TOTFE08'6
imn uelowy)|[-azd snsodap suuisnaejo1o S ae[ m
4oL ”_. _._!a_.”_: sysodap 0RUR ESho_oa__m .ﬁw ] (£661 *'[8 35 veuwedng *sadolost JG) B Z1 51 2quA 15ITUNOA UCHEBULIO POOMYILY
WIADY [0 3¢) * _._u_.__w—.__.o.um_ M wintange {ed) _. WII0I0H (8861 **1e 12 suamQ ‘uajiod) auaz0jpy FIPPIU B 15P[O OU UONBULIOY AISUBYOD
S.LINM TVIDIZENS

1-5

(33} uoneAl|2



Beacon Hill Gravel and the Upland Erosion Surface

The Beacon Hill Gravel (Salisbury and Knapp, 1917) is the oldest surficial deposit in New Jersey. It is a quartz-
quartzite-chert pebble gravel with a quartz sand matrix, generally less than 20 feet thick, that forms mesa-like
residual caps on all of the highest hills of the Coastal Plain. Quartz and quartzite clasts are nondecomposed but
generally have thin weathering rinds and are easily broken with a hammer due to incipient weathering along crys-
tal boundaries. Many of the chert clasts are fully or partially decomposed to clay. Where soils are preserved, they
show evidence of laterization and rubification, suggesting both a long period of soil development and formation in
a warm paleoclimate (Trela, 1984},

The base of the Beacon Hill is at 320-340 feet in the Mount Pleasant Hills, and at about 330-340 feet in the
Clarksburg Hills. Pebbles and cobbles of quartzite and chert like those in the Beacon Hill sit on an upland flat cut
into diabase bedrock at an elevation of 310-330 feet on Rocky Hill near Princeton (fig. 1-4}, which is separated
from the Clarksburg Hills by the Pensauken Valley of Pliocene age (see next section). The similar elevations of
these widely separated locations, the mesa-like rather than fan- or channel-like form of the remnants, and the
absence of any intervening or adjoining uplands exceeding these elevations, suggest that they are remnants of a
broad, continuous, low-relief plain rather than local inverted fan or channel gravels or let-down lags.

The youngest formation cut by the Beacon Hill is the Cohansey Sand, a marginal marine quartz sand, which is of
probable middle Miocene age based on pollen (Owens et al., 1988) and strontium stable isotope ages of the under-
lying Kirkwood Formation (Sugarman et al., 1993). The Pensauken Formation, of probable Pliocene age (see next
section), forms a broad plain inset 200 feet below the Beacon Hill. The unconformable relationship to the middle
Miocene Cohansey, and the depth and extent of dissection between the Beacon Hill and the Pensauken, suggests a
late Miocene age for the Beacon Hill.

The elevation of the Beacon Hill corresponds approximately to the level defined by the upland erosion surface that
truncates the rocks of northern New Jersey. This surface, the Schooley peneplain of Davis and Wood (1889), as
revised by Johnson (1931), rises unevenly from about 320 feet on Rocky Hill, where it is capped by the previous-
ly-mentioned Beacon Hill-like lag, to about 1000-1100 feet in its type area on Schooleys Mountain (fig. 1-4).
Although locally it is quite fiat, especially on mudstone on the Hunterdon Plateau, on diabase and gneiss the
surface shows up 1o 100 or 150 feet of gentle relief, with resistant rock holding up low knolls and ridges. If this is
indeed a single relict erosion surface then its present elevation may reflect both an original topographic rise and
increase in relief 1o the northwest, and later isostatic warping caused by continental margin sedimentation. If it is
contemporaneous with the Beacon Hill Gravel, then it reached its final, pre-dissected form in the late Miocene.

Two sets of aligned wind gaps across Kittatinny Mountain and the Highlands, one from the Delaware Water Gap
through wind gaps at Oxford and Glen Gardner, the other from Culvers Gap through a gap from Andover to
Ledgewood, may mark southeasterly drainage on this surface (fig. 1-4; see also chapter on Culvers Gap later in
guidebook). These gaps are inset several hundred feet below the Kittatinny ridgecrest and the upland level of the
Highiands, but are approximately on grade with the upland surface in the Newark Basin. If contemporaneous,
these features suggest that gneiss and quartzite stood out with several hundred feet of relief inland from a low-
relief plain across the Piedmont and Coastal Plain.

The supermature quartzite-chert lithology of the Beacon Hill Gravel may support the idea of a low-relief inland
source area. It indicaies derivation from the polycyclic quartz gravel common in the Cohansey Formation, which
likely extended further inland before dissection, and from outcropping Shawangunk Formation quartzite and
residual chert weathered from Paleozoic carbonate rocks. The complete absence of less-resistant rock types sug-
gests that these units either were not exposed (perhaps they were covered by the Cohansey or inland fluvial corre-
lates of the Cohansey) or were deeply weathered to fine-grained regolith during Beacon Hill time.

The upland erosion surface is best preserved on the Hunterdon Plateau, which, unlike the type area on Schooleys
Mountain, was never glaciated. The Plateau (fig. 1-5) is a flat to very gently sloping surface covering about 70
square miles. It is cut into shale, mudstone, and argillite of the Passaic and Lockatong Formations, which dip
westward at 5 to 10 degrees. The Passaic rocks include alluvial plain and lacustrine beds composed of quartz (10
to 30%), illite, chlorite, Na and K feldspar (less than 15%}), and hematite (Van Houten, 1969). The Lockatong is
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lacustrine and includes detrital beds composed of abundant Na feldspar with some K feldspar, illite, muscovite,
chlorite, and calcite, and a little quartz; alternating with evaporite beds composed of as much as 35-40% analcime
(a hydrated Na silicate), with albite, dolomite, calcite, illite, and chlorite (Van Houten, 1969). These rocks
weather to a yellow to reddish brown clayey silt with varying amounts of weathered chips, flagstones, and blocks
of shale and argillite. Erratic clasts are absent, except for occasional archeologic chert. Soils in this weathered-
rock regolith include the Croton soil, a Typic Fragiaqualf consisting of quartz, albite, and muscovite (but no
analcime) in the silt fraction and kaolinite, ilite, and montmorillonite in the clay fraction, that forms chiefly on
poorly-drained argillite and shale regolith; and the Quakertown soil, a Typic Hapludult consisting of altered mica
clays, kaolinite, vermiculite, and gibbsite in the clay fraction, that forms on better-drained siltstone regolith
{Tedrow, 1986).

Exposures and well logs (fig. 1-5) indicate that this material is generally less than 15 feet thick, and rarely ex-
ceeds 20 feet. The surface is therefore a true low-relief rock-cut surface, not a flat formed by colluvial filling of
valleys or by volume loss and compaction of a thick saprolite. The Plateau today, because of the shallow, clayey
soil and low-permeability bedrock, is poorly-drained. Drainage density is low and standing water is common after
heavy rains. Planation mechanisms in this current upland setting are obscure. Certainly solifluction, sheetwash,
and creep were active on all slopes under periglacial conditions but the absence of colluvial fills indicates that
these processes did not redistribute more than a few feet of material, not the tens of feet required to produce the
observed planation. It is possible that the gross form of this surface is relict and was largely planed during an
extended period of stable baselevel in the middle to late Miocene. Baselevel stability is likely before the sustained
middle Miocene eustatic drawdown. With the Coastal Plain undissected at this time, shorter-term or lesser-magni-
tude drawdowns may not have been sufficient to allow for nickpoint migration through the Coastal Plain, thus
maintaining stable baselevel in the Piedmont.

The absence of fluvial clasts suggests that stream erosion was not the primary planation mechanism on the Pla-
teau. Given the low permeability of the rock and regolith perhaps groundwater-related hillslope processes like
piping, spring-sapping, and rilling or sheetwash were important after slope angles had declined below the
threshold for mass transport.

Given the fragmentary record, projection of the upland surface inland to the narrow quartzite ridges of the Valley
and Ridge is speculative, especially given the likely intensity of periglacial erosion on these ridges (Braun, 1989),
However, the regional extent of the surface and of the Beacon Hill Gravel, and the global nature of the eustatic
event it records, does suggest the possibility of regional correlation, at least in areas bordering the Coastal Plain.

Pensauken Formation and the Somerville Erosion Surface

An extended period of dissection followed deposition of the Beacon Hill Gravel. This dissection was likely initiat-
ed by the middle Miocene growth of Antarctic ice (fig. 1-6). It led to the development of a major river system
draining southwestward along the Coastal Plain-Newark Basin onlap zone, separated from the Atlantic by a
Coastal Plain upland to the southeast. This river system incised broad valleys and lowlands as much as 200 feet
below the Beacon Hill level and deposited the Pensauken Formation. The Pensauken is a yellow arkosic sand and
pebbly sand, with a basal cobble gravel in places, dominated by tabular, planar cross beds suggesting a shallow,
braided channel network (Martino, 1981). It is as much as 140 feet thick in the narrow thalweg of the paleovalley
but is more cornmonly less than 40 feet thick. Gravel composition js, like the Beacon Hill, dominantly quartz,
quarizite, and chert; with some mudstone, sandstone, gneiss, diabase, and basalt in the basal gravel. The quartz
and chert clasts are iron-stained but generally unweathered, except for some decomposition of chett in poorly-
drained locations, but the other clasts are generally fully decomposed as is the feldspar in the sand fraction. Glau-
conite occurs in the sand fraction along the southeastern edge of the deposit, reflecting contribution from tributa-
ries eroding glauconite-bearing Coastal Plain formations to the southeast. Truncated red Bt horizons as much as 6
feet thick are preserved on scattered erosional remnants of the original aggradation surface of the deposit, general-
ly at altitudes of 150-160 feet in the northern Coastal Plain.

Paleocurrent measurements in the Pensauken show a consistent and strong southwest paleoflow (fig. 1-7). The

deposit extends down the Delaware Valley south of Trenton and is the surface deposit over most of the northern
Delmarva Peninsula (Owens and Minard, 1979), where it is referred to as the Columbia Formation in Delaware
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(Jordan, 1964). North of the late Wisconsinan limit it is glacially eroded but Pensauken gravel clasts are common
in till in the Newark Basin north to the New York state line, and remnants of the Pensauken locally underlie the
till for several miles north of the limit. The base-of-Pensauken contours, when projected north of the late Wiscon-
sinan limit, intersect the floors of paired wind gaps through the double Watchung basalt ridges at Millburn and
Paterson, and the wind gap at Sparkill, New York, through the Palisades diabase ridge (Fig. 1-7) (Stanford,
1993b). The main axis of the Pensauken valley projects across a broad low in the Palisades between Jersey City
and uplands on Staten Istand. Johnson (1931) interpreted the gaps at Sparkill, Paterson, and Millburn as marking
a superposed course of the Hudson River established on the Schooley surface, but he did not tie the gaps into a
depositional stratigraphy. The accordance of the gaps with the Pensauken suggests that they mark the route of the
Hudson, perhaps superposed from the Beacon Hill fluvial plain, as a tributary to the Pensauken, with the trunk
Pensauken river flowing southwesterly through the broad gap in the Palisades from the area of the Long Island
Sound lowland. This trunk stream likely included drainage from much of southern New England. The dominance
of polycyclic quartz and chert gravel in the Pensauken indicates that it was derived chiefly from earlier Coastal
Plain formations that likely extended further inland in southern New England prior to glaciation. These deposits
may have included correlates to the quartzose sand and gravel of the Cohansey and Beacon Hill.

Another site showing evidence of superposition is the Rocky Hill Gap (fig. 1-7), where a south-flowing tributary
to the Pensauken cut a gap through a diabase ridge. The floor of this gap has a lag of quartz pebbles and falls on
the base-of-Pensauken contours. An inner gorge has been cut below the wind gap level by the north-flowing Mill-
stone River, which established its course afier diversion of the Pensauken. The upland surface on the diabase
ridge above the wind gap has a quartz-chert pebble-to-cobble lag, providing direct evidence of a former Beacon
Hill cover over the site of the gap.

The base-of-Pensauken contours also indicate tributaries entering the main valley at Somerville and J amesburg
(fig. 1-7). The deposit around Jamesburg is glauconitic, indicating a local Coastal Plain tributary, and the deposits
near Somerville are somewhat enriched in chert, suggesting supply from the chert-bearing carbonate rocks of the
Kittatinny Valley or, possibly, the Green Pond Outlier. The wind gap alignments of Culvers Gap-Andover-
Ledgewood and Delaware Water Gap-Oxford-Glen Gardner, which may mark former superposed drainages across
the Highlands during or slightly after Beacon Hill time, may have brought this material into the Raritan lowland,
1o be reworked later by the Pensauken tributaries. Alternatively, the chert may have come via southwesterly
drainage from carbonate rocks in the Green Pond Outlier.

In the Newark Basin the Pensauken was deposited on a broad strath cut into shale of the Passaic Formation. The
northwestern edge of the Pensauken in the basin is marked by a 40- to 60-foot high scarp cut into the shale west of
the Somerville area and between Princeton and Trenton (fig. 1-7). Today, erosional remnants of the Pensauken in
the Basin occur as smail isolated mesaform caps at elevations between 140 and 160 feet, which correspond rough-
Iy to the top of the rock-cut scarp to the northwest. These remnants are on low hills rising 20 to 40 feet above a
broad flat surface that is cut into shale bedrock and veneered with quartz and chert pebbles from the Pensauken.
This broad surface is the type area of the Somerville peneplain of Davis and Wood (1889) but the close associa-
tion of the surface with the Pensauken Formation, as evidenced by the pebble lags, termination against the border-
ing scarp, and remnants of Pensauken on all hills rising above the surface, indicate that it is likely the exhumed
strath beneath the Pensauken. Once valleys incised below the Pensauken/shale contact, spring sapping by ground-
water moving laterally along the contact could have gradually stripped away the sand and gravel, exposing the
shale surface and leaving a gravel lag. Correlations from this local strath to regional erosion surfaces are therefore

suspect.

A broad lowland cut in shale, now incised 60 to 100 feet by modern streams, also extends up the Raritan lowland
north and west of the Pensauken plain. In the narrow Delaware Valley, cut through diabase, mudstone, and argill-
ite north of Trenton, there is a discontinuous set of rock-cut terraces, some with quartzite and chert cobbles, that
grade to the Pensauken plain at Trenton. These terraces also grade upvalley to the flat interfluves on carbonate
rock and, locally, shale, in the Musconeicong and Pohatcong valleys, which are incised 8C to 200 feet by modern
streams. These surfaces may be straths and, locally along the junction with bordering uplands, colluvial pediments
formed during the extended period of stable baselevel represented by the Pensauken Formation. They were corre-
lated to the Harrisburg peneplain by Johnson (1931) but, again, regional correlation of surfaces that may instead
reflect local baselevel stability is suspect.
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The age of the Pensauken is not firmly established. Owens and Minard (1979) assigned it 2 late Miocene age
based on correlation to subsurface units in the Delmarva Peninsula. Salisbury and Knapp (1917) and Jordan
(1964) considered it to be of Quaternary age. Berry and Hawkins (1935) describe warm-temperate plant fossils,
including magnotia, sassafras, chestnut, willow, and viburnum leaves from the base of the Pensauken near New
Brunswick, that they consider to be early Pleistocene. Pollen from several samples of a black clay bed within the
upper part of the Pensauken recovered at two locations near Princeton was analyzed by G. Brenner (written
communication, 1991). Pine, oak, and hickory dominate; with hemlock, spruce, fir, and birch dominant in several
samples, and the pre-Pleistocene exotics Engelhardia and Pterocarya present in several samples. The combination
of cool temperate climate indicators and exotic pollen suggests a Pliocene age. A Pliocene age is also consistent
with the deeply-inset geomorphic relation of the Pensauken with the late Miocene Beacon Hill, and its relation to
the pre-lllinoian till, which overlies and erodes the Pensauken north of Somerville. The size and stability of the
Pensauken river system, which was likely in place until diversion by valley blockage or capture during the pre-
Illinoian glaciation, indicates that the Pensauken may represent a long period of deposition between the late
Miocene and late Pliocene or early Pleistocene. The deposit south of Trenton, where the Delaware enters the
valley, may have remained active, after the main trunk stream was dislocated from the valley north of there.

Although the Pensauken is largely a braided stream deposit it is probably not of glacial origin, given the temperate
flora and pollen it contains, and the abundance of gibbsite and limonite indicative of lateritic weathering (Bow-
man, 1966; Bowman and Lodding, 1969). Also, the quartz-chert gravel lithology and arkosic quartz sand litholo-
gy is distinctly unlike the gneiss-quartzite-sandstone-mudstone gravel and lithic sand dominant in the pre-Illinoian
deposits. It may have been deposited primarily during the period of high sea level and warm climate in the early
Pliocene, just before major northern hemisphere cooling starting about 2.5 Ma, that is documented by marginal
marine deposits such as the Yorktown and Duplin Formations of Virginia and the Carolinas and the Beaverdam
Formation of Delaware and southernmost New Jersey (Pazzaglia and Gardner, 1994).

Pre-1llinoian Glaciation and Abandonment of the Pensauken Valley

Pre-lllinoian till, and a few stratified deposits (collectively designated as the Port Murray Formation in Stone et
al. [in press]) are preserved in thin (generally less than 20 feet thick), patchy, deeply-weathered remnants on flat-
tish interfluve areas, chiefly on carbonate rock in the valleys of the Highlands and on shale in the lowlands of the
Newark Basin. There are also a few patches of till on flats or saddles on gneiss and basalt uplands. The distribu-
tion of the remnants, which are absent on flat surfaces below the interfluve level within valleys, suggest that the
modern valleys were incised anywhere from 80 to as much as 200 feet below the pre-Illinoian valley surface, a
feature noted by Salisbury (1902). This is in marked contrast to the Illinoian deposits, which form subdued but
recognizable landforms within modern valley bottoms. Carbonate clasts in the tiil are completely decomposed to
depths in excess of 15 feet; gneiss, sandstone, mudstone, and shale clasts are either completely decomposed or, if
cobble-sized, have weathering rinds greater than 0.5 inches thick surrounding a partially weathered core; quartzite
and chert typically have thin orange oxidation rinds and may be easily broken with a hammer but are not decom-
posed. In a few very well-drained locations, typically high-standing stratified deposits, clast weathering is less
intense, and overlaps the degree of weathering observed in some poorly-drained Illinoian deposits. Soils are
truncated but some remnants show red clayey Bt horizons as much as 6-8 feet thick.

Although no morainic landforms remain, the remnant till patches, and scattered erratic clasts, define a sharp outer
margin for this drifi. The margin is lobate and fitted to the location of ridges and lowlands, especially in the
Newark Basin, where the margin wraps around Cushetunk Mountain and around the west ends of the Watchung
ridges, and extends southward about 8 miles in the bread intervening lowland (fig. 1-2). To the east it is over-
printed by the late Wisconsinan moraine near Summit and has not been identified in the subsurface beneath late
Wisconsinan deposits. One possible glacial-lake basin can be inferred from the surviving deposits. A high-stand-
ing knoll of sand and gravel with a maximum elevation of about 460 feet near Bernardsville may be the remnant
of a fan-delta deposited in a lake ("Lake Watchung” on fig. 1-9) dammed between the pre-Illinoian ice margin and
Second Watchung Mountain in the Passaic lowland, with a possible spillway 4 miles to the south at an elevation of
about 430-440 feet across a gap in the ridgetop.

The age of this drift is uncertain but it likely correlates to the magnetically reversed drift in central and eastern
Pennsylvania (Gardner et al., 1994; Sasowsky, 1994), indicating a pre-788 ka age. Given the similarity of its
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weathering characteristics, topographic position, and erosional preservation to that of the Pensauken Formation,

and the possible association of the pre-Illinoian glaciation to the diversion of the Pensauken River, it may be

correlative to the ash-dated ate Pliocene pre-Illinoian K till of the midcontinent (fig. 1-8) (Richmond and Fuller-

ton, 1986). The potential for a late Pliocene age is also suggested by the marine oxygen isotope record. The

sawtooth 100 ka periadicity in the record that is thought to reflect the climate inertia imposed by the Laurentide

ice sheet occurs only in the last 800 ka (fig. 1-8), with 40 ka periodicity, which may not be sufficient for extreme

Laurentide glaciation, dominant before then back to the initiation of northern hemisphere glaciation at about 2.4

Ma. The exception is a 100 ka periodicity leading up to stages 82 and 78 at 2.03 and 1.94 Ma respectively

(Raymo et al., 1989), which corresponds to the 2.01-2.14 Ma range for the age of K till in the midcontinent. If '
the pre-Illinoian till in New Jersey is magnetically reversed like those in Pennsylvania, then it correlates either '
with the pre-Illinoian F or G Laurentide glaciations between 900 and 790 ka or to the K glaciation at just after 2.0

Ma. Given the much closer ties of the pre-llinoian till to the Pliocene Pensauken Formation than to the Illinoian

drift, perhaps the 2.0 Ma age is more likely.

Another, more direct, bit of evidence suggesting a Pliocene age is pollen from a depth of 46-60 feet in a 60-foot
core recovered by Harmon (1968) from Budd Lake, which occupies the headwater area of a small north-draining
preglacial valley on gneiss bedrock in the central Highlands (fig. 1-9). The lake is dammed on its north end by the
late Wisconsinan terminal moraine, which overlies late Wisconsinan and Illinoian? lacustrine deposits that com-
pletely fill the preglacial valley. Out of a total of 480 grains counted at 7 depths in the 46-60 foot interval, 64
were pre-Pleistocene exotic taxa including Ephedra, Platycarya, Pterocarya, Podocarpus, Dissacites, and Phyllo-
cladus, and others not identified, in addition to a dominantly pine (32%), spruce (6%), birch (3-4%), alder (3 %),
and oak (10%) assemblage. These samples are from a finely laminated gray clay which, below 57 feet, is sandy
and includes a few pebbles. Above 45 feet the core shows the typical glacial to post glacial pollen sequence, with a
date of 22,870 +/-720 (I-2845) (see late Wisconsinan section below) at a depth of 35 feet. If the exotic pollen are
in place, then they would imply a Pliocene glacial event because lake clays at the core location require glacial
damming of the valley. Even if they are reworked from earlier deposits, as suggested by Harmon (1968), their
abundance and preservation indicates storage in a non-oxidizing environment over a long period on this uptand
surface, which is most easily accomplished in a glacial lake or bog.

The Pensauken valley north of Trenton no longer has a southwesterly flowing stream, but is instead traversed by
small westerly to northeasterly-draining tributaries to the Raritan. These streams are inset as much as 100 feet
below the Pensauken surface, and they contain Nlinoian and late Wisconsinan terrace deposits. This drainage
change occurred after the main Pensauken river, including the Hudson and southern New England drainages, was
diverted from the valley in the vicinity of New York City. The Illinoian and late Wisconsinan glaciations have
eroded and overprinted any deposits or landforms in this area that would record this diversion, but the breach in
the Coastal Plain upland between Long Island and New Jersey in the New York Bay-Narrows area, and the refo-
cusing of continental shelf deposition from the Baltimore Canyon area 1o the Hudson Canyon area between the
Pliocene and Pleistocene (Poag and Sevon, 1989) suggest that this was the diversion point. The diversion may
have been caused by direct glacial blockage and erosion of the valley, because the pre-Illinoian glacier almost
surely covered the area; or by headwater erosion of steepened Atlantic-slope streams through the Coastal Plain
upland.

Pleistocene Valley Incision

Following diversion of the Pensauken, local streams established new courses on the now-abandoned Pensauken
plain. These include the lower Raritan, which flowed northeasterly across the plain to the New York City area,
and the Millstone, which flowed northerly through Rocky Hill Gap to join the lower Raritan. These routes are
opposite to the southwesterly paleoflow of the Pensauken. If the Pensauken diversion occurred during the pre-
Illinoian glacial maximum then glacioisostatic depression (o the north could have levelled or reversed the gradient
of the Pensauken plain, which was estimated at .00042 by Martino (1981) on the basis of sedimentologic analysis.
Isostatic depressions of .0004 to .0007, sufficient to level or reverse the Pensauken slope, are known from late
Wisconsinan glacial lakes (Ridge, 1983; Witte, 1988; Stone et al., 1989; Stanford and Harper, 1991), and similar
values are likely for the pre-Tllinocian glaciation.

The Delaware entered the Pensauken valley at Trenton and turned southwest to follow that valley to the Delmarva
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Figure 1-8. Oxygen-isotope record from benthic forams at DSDP site 607 in the North Atlantic and Laurentide
glaciations. Ruling indicates 100 ka periodicity possibly marking Laurentide glaciation. Oxygen-isotope curve
from Plinth et al. (1992), compiled from Chappell and Shackleton (1986), Ruddiman et al. (1986) and Raymo et
al. (1989). Laurentide glaciations and ash stratigraphy from Richmond and Fullerton {1986).
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Peninsula. However, abandoned valieys on the Delaware-Millstone divide on the former Pensauken plain south-
west of Princeton suggest that the Delaware, too, may have flowed northeasiward from Trenton for a time under
the influence of pre-Illinoian isostatic depression. This significant added flow would have helped set the lower
Raritan and Millstone into their valleys. That such diversion is possible is documented by the late Wisconsinan
glaciofluvial terrace deposit in the Delaware Valley, which overtopped this divide and descended the Millstone
Valley under the influence of isostatic depression (Stanford, 1993b).

With the new drainage pattern established, streams incised their valleys anywhere from 80 to 200 feet below the
Pensauken plain and, northwest of the plain in the Raritan and Delaware basins, below the straths and pediments
graded to the plain. Terrace deposits of late Wisconsinan and Illinoian age occur within these valleys, so the inci-
sion was accomplished in the early to middle Pleistocene. The Pensauken and pre-lilinoian drift were extensively
stripped and dissected, particutarly in the Newark Basin, where the Somerville strath surface was exhumed. This
incision may reflect, in part, local baselevel lowering due to diversion of the Pensauken on a shorter route to the
Atlantic, and sustained eustatic lowering related to the growth of northern hemisphere ice sheets (fig. 1-6).

Illinoian Glaciation

Tllinoian till and stratified deposits crop out in a belt in western New Jersey extending about 5 miles south of the
late Wisconsinan limit (fig. 1-9). They also occur in the subsurface in valley fills beneath late Wisconsinan depos-
its south of, beneath, and for short distances north of the late Wisconsinan terminal moraine. Illincian till also
occurs in the cores of some drumlins north to the New York state line. East of the Denville area late Wisconsinan
deposits overprint the Illinoian deposits, which continue beneath the late Wisconsinan deposits eastward across the
Passaic Jowland to the Summit area. Illinoian deposits have not been identified in the subsurface east of the
Summit area, although probable Illinoian till (the Bergen Till of Stone et al. {in press]) cores some drumlins in
northeastern New Jersey near the New York state line.

In the outerop belt, Illinoian till derived largely from gaeiss (the "Budd Lake Till™ of MacClintock [1940]; formal-
ly designated as the Flanders Till in Stone et al. [in press]) mantles gentle upland slopes but is stripped off of
moderate to steep slopes, where the surficial mantle is chiefly fractured bedrock rubble and colluvium. In valleys,
however, Illinoian fluvial, lacustrine, and moraine deposits form fills up to 150 feet thick, with recognizable

delta, moraine, and fluvial-plain landforms. The fluvial and lacustrine deposits are collectively termed the La-
mington Formation (Stone et al., in press).

Old soils are stripped or truncated; red Bt horizons are rare unless preserved by burial under colluvium. Clast
weathering varies considerably with site drainage. Poorly drained sites show nearly complete decomposition of
gneiss, mudstone, and sandstone pebbles, and thick rinds on cobbles and boulders, which may have weathered and
fractured cores. Moderately drained sites show rinds generally less than 0.25 inches thick on the same rock types,
although some pebbles may be completely decomposed. Well-drained sites, typically on stratified deposits, show
rinds only a few mm thick. At all sites, carbonate clasts are fully decomposed to depths of 10 feet or more, and
quartzite and chert clasts are unweathered. Although clast weathering is variable, Nllinoian deposits can always be
distinguished from late Wisconsinan deposits by the presence of some unweathered gneiss, mudstone, and sand-
stone clasts in the late Wisconsinan deposits, even at their southernmost extent, where they incorporate much
weathered material. In Illinoian deposits these clasts always have at least a thin weathering rind. Distinguishing
deeply weathered Illinoian deposits from pre-Illinoian deposits is not always possible on the basis of weathering
intensity. Map-pattern criteria such as distribution and continuity on slopes are often more decisive,

The Illinoian age is assigned based on comparison to the marine oxygen-isotope record, by the local presence of
red Sangamon-like soil on the drift, and by correlation to the lower drumlin till of New England, which, in turn,
is correlated to the lower till at Sankaty Head on Nantucket, which is everlain by a Sangamon marine sand dated
by U-Th and AA on shells (Stone and Borns, 1986). However, there is no direct dating of this drift. An early
Wisconsinan age is considered untenable based on assumed relations of ice volume and amplitude of the oxygen-
isotope record (Ridge et al., 1990). Salisbury (1902} and Ridge (1983} also suggested that this drift was partly
formed during late Wisconsinan advance beyond the terminal moraine by incorporation of previously weathered
surficial materials, but the sharp geomorphic boundary between the terminal moraine and patchy till-colluvium-
rock rubble to the south, the distinet difference in weathering of the freshest clasts between the late Wisconsinan
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and Illinoian drifts, and the stacked tills and lacustrine sediment packages in the valleys beneath the terminal
moraine all indicate separate glaciations. Non-morainic late Wisconsinan till does extend slightly beyond the
southern margin of the moraine in a few places, but this till is uncolluviated, contains fresh gneiss clasts, and is
readily distinguished from the Illinoian till.

Outside the Illinoian limit in the Raritan Valley and in the valleys of the northern Coastal Plain there are stream
terraces that are higher than the dated late Wisconsinan terraces. These upper terraces are roughly on grade with
Illinoian glaciofluvial terraces in the Delaware Valley, show clast weathering similar to the Illinoian drift, support
cryoturbation structures (indicating that the terraces were in place and inactive during the last periglacial period)
and have yielded dead carbon (fig. 1-3). These features suggest that the terraces are of Illinoian age, and record
periglacial alluviation similar to that observed in the late Wisconsinan. On Coastal Plain streams that drain to the
Atlantic these terraces seem to grade to the Cape May marine terrace deposits at about 30 feet in elevation, which
are of presumed Sangamon age (Ashley et al., 1991; Newell et al., 1995), suggesting that at least the lower,
coast-proximal reaches of some of the terraces may be highstand backfills. Such backfilling alluvial plains,
however, are not observed today along the coast. Instead, narrow floodplains merge into salt marshes that fill the
drowned valleys.

Late Wisconsinan Glaciation

Striations, drumlin axes, and till clast and matrix provenance, indicate that late Wisconsinan ice advanced across
northern New Jersey in two main lobes (fig. 1-2): a southerly to scutheasterly flowing lobe that advanced across
the Valley and Ridge and Highlands Provinces and deposited the segment of the terminal moraine west of Den-
ville; and a southerly to scuthwesterly flowing lobe in the Newark Basin. The Watchung Mountains divide this
lobe into two sublobes: one in the Passaic lowland west of the Watchungs, which deposited the segment of the
terminal moraine between Denville and Summit, and a larger sublobe centered in the Hackensack lowland bet-
ween the Watchungs and the Palisades Ridge, which deposited the large looping moraine east of Summit, The
southernmost point of this moraine segment, at 40°30" at Perth Amboy, is the southernmost glaciated point east of
the Ohio Valley. The absence of cross-cutting moraines, overlapping till sheets, and crossing striations along the
lobe boundaries indicate that they advanced nearly simultanecusly.

During advance, nonresistant rocks, including carbonate rocks in the Valley and Ridge and Highlands and certain
sandsione and shale units in the Newark Basin, were locally scoured to depths of as much as 350 feet below
preglacial valley bottoms. Resistant rocks, chiefly quartzite, gneissic granite, basalt, and diabase, were abraded on
slopes facing advancing ice and quarried on lee slopes, although little overall ridgetop lowering is evident, given
the similar summit elevations within and outside the glacial limit. Outcrop is extensive on these uplands, in many
places comprising 50% of the surface area in the Valley and Ridge and Highlands. Carbonate rock in the Valley
and Ridge also have extensive outcrop where they rise above valley-fill deposits. Locally, however, preglacially
weathered gneiss and carbonate rock as much as 200 feet thick are preserved beneath till, and weathered marble
extends to a depth of 1900 feet at the Sterling Hill zinc mine at Ogdensburg.

Till was deposited in ramps on slopes facing advancing ice, where it may be as much as 150 feet thick; in drum-
lins, where it may overlie cores of weathered gneiss (in some drumlins in the Highlands), Hlinoian till (statewide),
and stratified drift (in some drumlins in the northernmost Newark Basin), and may be as much as 150 feet thick;
and as a sheet on the rock surface, which is regionally continuous in the Newark Basin, where it is generally 20 to
40 feet thick, but is thin and patchy elsewhere. In valleys just back from and beneath the terminal moraine, till is
stacked atop Illinoian deposits and proglacial late Wisconsinan lacustrine deposits, indicating overramping rather
than erosion in this marginal zone.

The late Wisconsinan till is divided into three lithically-distinct units. Light gray to yellowish brown sandy till
derived chiefly from gneiss (the Netcong Till) covers most of the Highlands and part of the northwesternmost
Newark Basin. Reddish brown sandy-silty till derived chiefly from red shale and sandstone in the Newark Basin
(the Rahway Till) covers most of the Newark Basin. It includes deformed blocks and lenses of Cretaceous clay
and sand where it covers the feather edge of the Coastal Plain near Perth Amboy. Olive brown to grayish brown
sandy-silty till derived from Paleozoic sedimentary rock (the Kittatinny Mountain Till) covers the Valley and
Ridge and small parts of the westernmost Highlands.
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The Budd Lake core provides a possible maximum date for the arrival of late Wisconsinan ice at the terminal
moraine. Harmon (1968) obtained a date of 22,870 +/-720 yrs BP (I-2845) from clay at 37 feet in the core, within
an interval of dominantly pine (50-60%) and spruce (10-20%) with some oak (5-10%) and Ambrosieae dominant
in the non-arboreal pollen. This date is below the apparent peak cold at 30-32 feet, where spruce peaks at about
70%, oak is absent, and sedge and grass show peaks in the non-arboreal count. A second date of 12,290+ /-570
yrs BP (GXO-330) at 27 feet was obtained on gytta at the top of the spruce zone. Harmon rejected the dates as too
old based on correlation of the upper date to zones elsewhere in the northeast, and attributed the excess age to
contamination by old carbon from Paleozoic carbonate rock, although the drift around Budd Lake contains only
trace amounts (less than 1% in the gravel fraction) of carbonate rock. The valley fill at the north end of Budd
Lake, as inferred from water-well records, shows Iilinoian deposits to an elevation of about 900 feet, sufficient to
maintain a lake in the Budd Lake basin at the elevation of the lower sample (about 890 feet) from the Ilinoian
deglaciation to the arrival of late Wisconsinan ice. Thus it is possible that the lower date is uncontaminated and
precedes arrival of late Wisconsinan ice. A date of 20,180+ /-500 (OC- 1304) (Stone et al., 1989) on a concretion
from glaciolacustrine sediments south of the moraine in the Lake Passaic basin date ice at or shortly after retreat
from the terminal moraine there. Minimum dates for deglaciation include basal postglacial dates of 19,3404 /-695
(GX-4279) (Cadwell, personal communication) from a bog on Jenny Jump Mountain just notth of the terminal
moraine in the Kittatinny Valley, and 18,570+/-250 (SI-5273) (Cotter et al., 1986) from Francis Lake, about 10
miles north of the moraine in the Kittatinny Valley; and a date of 17,950 +/-620 (1-4935) (Weiss, 1971, cited in
Stone and Borns, 1986) from glacial Lake Hudson sediment in the Tappan Zee area just north of the New York
state line. This date, in combination with recessional ice-margin positions (fig. 1-9), indicate the late Wisconsinan
ice margin had retreated north of New Jersey by about 18 ka.

Recessional ice margins (fig. 1-9) are marked by four till moraines and by stratified drift forming fluvial and
lacustrine morphosequences. The stratified drift is collectively classed as the Rockaway Formation in Stone et al.
(in press). The moraines are well developed on Kittatinny Mountain and are discontinuous but readily traceable in
the Kittatinny and Minisink Valleys and the western Highlands, but are only locally developed east of there. The
fluvial and lacustrine deposits, which are divided into about 100 informat allostratigraphic units in Stone et al. (in
press) that express the lake basin (or group of basins) and fluvial system in which they were laid down, fill most
valleys and are as much as 250 feet thick. Lakes formed in valleys that drained toward the ice margin, or in val-
leys where drainage was blocked by previously-deposited drift. Fluvial deposits occur in valleys where drainage
was not blocked and also cover lacustrine deposits in some valleys where meltwater continued to discharge after
lakes drained or filled completely with sediment. The history of lake levels and drainage, determined from the
elevations of deltas and lacustrine fans and the locations of spillways and meltwater channels, indicates stepwise
northward retreat of a single ice margin and, in combination with the moraines, constrains the position of that
margin. Details of the deglaciation are provided by Ridge (1983), Witte (1988), Stone et al. (1989), Stanford and
Harper (1991), Stanford (1993a), and Stone et al. (in press), and on quadrangle maps available from the New
Jersey Geological Survey.

Deposition of the valley-fill deposits, and of the terminal moraine, caused a number of drainage dislocations.
Among the most prominent are the lower Raritan, which was diverted southeastward into Raritan Bay when its
northeast-trending preglacial valley was filled. The diverted river cut a narrow gorge through shale at New
Brunswick, in contrast to the much broader valiey upstream from the point of diversion. In the upper Lamington
valley the present southward drainage is reversed from the north-draining preglacial valley, which was filled with
lacustrine and moraine deposits. Similar reversals in north-draining valleys filled with lacustrine deposits also
occurred at Budd Lake, Green Pond, and possibly in the upper part of the Paulins Kill basin.

Periglacial Colluvial and Fluvial Deposits

Colluvium is widespread south of the terminal moraine and forms continuous aprons along the base of long, steep
slopes. The aprons are best developed along the escarpment slopes separating main valleys and lowlands from

uplands, generally at the contacts of gneiss with carbonate rock or shale, or diabase and basalt with shale. Colluy-
ium in these aprons may be as much as 50 feet thick. It is not well developed north of the moraine, except as talus
at the base of cliffs, and as a few small aprons at the base of steep till-covered slopes. Some of these latter aprons

-have ice-contact scarps at their distal margins, indicating that they were deposited just after melting ice uncovered
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the sourcing slopes. These observations suggest that colluviation occurred primarily before or during the glacial
maximum rather than during deglaciation.

In some exposures the colluvium consists of a lower layered white, yellow, and red clayey to sandy material that

can be traced to saprolite in places, which passes upward to a blocky brown diamicton with a strong slope-parallel

clast fabric. Water-washed or current-bedded material is rarely observed, and lobate landforms are not observed

on the apron surface. These features suggest that creep was the dominant celluvial process, at least on blocky- i
weathering rocks like gneiss, diabase, and basalt, and that there has been a gradual inversion of the saprolite-over-

weathered rock stratigraphy on the feeder slope. In several exposures a lower, weathered colluvium of presumed

Illinpian age, in places including a truncated red Bt horizon, was exposed below several feet of brown fresh-clast

colluvium of presumed Wisconsinan age. This stratigraphy indicates episodic colluviation and stacking of slope

debris in the aprons.

In valleys south of the terminal moraine that contain late Wisconsinan outwash plains, the distal ends of the aprons
grade 1o the plains and locally interfinger with the outwash, indicating that the surface colluvium is, in part, of
late Wisconsinan age. Currently the aprons are being slowly eroded by bank cutting at the toe, and by spring-
sapping and gullying on the apron surface. Thus, slopes appear to be mobile during periods of maximum cold
(although permafrost may not be necessary) and the resulting debris is stored along the slope base until slowly
removed by stream erosion during interglacials. Flat to gentle stopes, however, hold old surficial deposits and
locally suppert cryoturbation features, especially on the Pensauken plain and Semerville strath, where substrate
material is more deformable and drainage poor. These observations suggest that gentle slopes are not extensively
eroded under periglacial conditions but rather are stable or are deformed in-situ.

Valleys south of the terminal moraine that are not connected to glacial meltwater sources contain local stream
terraces that are on grade with the colluvial aprons and with late Wisconsinan glaciofluvial terraces downvalley
along either the Delaware, Millstone, or Raritan rivers. These relationships, and radiocarbon dates in the Coastal
Plain that bracket the lower terrace deposits there to between about 27 and 14 ka (fig. 1-3), indicate that valleys
alluviated under periglacial conditions and, like the colluvial aprons, entrenched during interglacials.

Postglacial Events

Following deglaciation, streams adjusted to declining loads and to changes in valley gradient due to rebound.
Fluvial and shallow-water delta sand terraces were deposited on parts of the drained lake-bottoms of glacial lakes
Wallkill, Pequest, Passaic, Paramus, and Hackensack. In the northern Lake Hackensack basin reversed gradients
of two such terraces, and a radiocarbon date of 12,870+/-200 yrs BP (QC-297, Averill et al., 1980) on a basal
peat on top of the pre-rebound terrace, suggest that the onset of rebound was delayed until about that time (Stan-
ford and Harper, 1991). A date of 10,430+/-160 (I-16554, Stanford, 1993b) on basal peat on top of the late
Wisconsinan glaciofluvial deposit on the Delaware-Millstone divide indicates rebound-induced swamping and
abandonment of this drainage at or somewhat before that date. After entrenchment into glacial terraces, marked in
places by sand-capped straths cut into the glacial deposits, streams established generally narrow floodplains.
North-draining streams such as the Millstone, upper Passaic, lower Raritan, and Walikill have wide floodplains,
in part because rebound has reduced their gradients, allowing lateral channel migration.

The rising sea level entered the Hudson Valley, which may have been deeply-scoured of its glacial sediment fill
by meltwater floods sourced from Great Lake drainages during periods when the Mohawk Valley was ice-free,
before 12 ka (Newman et al., 1969). Estuarine silt in the Hudson Valley is as much as 250 feet thick. The rising
sea had also entered the Raritan Valley, where estuarine deposits are as much as 100 feet thick, by about 11.5 ka,
based on a date of 11,420+/-560 (GX-21687, Stanford, unpublished) frem basal esiuarine deposits at Perth
Amboy.

Postglacial polien records show dominamtly pine and spruce, with elevated sedge and grass, extending from before
the glacial maximum to about 10 ka. This mix of arboreal and nonarboreal pollen suggests a mixed boreal wood-
land-tundra vegetation. Pine dominates from about 10 to 9 ka, with sedge and grass declining, and oak dominates
after 9 ka (Harmon, 1968; Nicholas, 1968; Sirkin and Minard, 1972; Watts, 1979; Cotter et al, 1986; Peieet et
-al., 1990). Peteet et al. (1990) detected a increase in spruce, fir, larch, birch, and alder between 11 and 10 kain a
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core from a bog on the Palisades Ridge that they interpret as indicating a Younger Dryas cooling,
CONCLUSIONS

The landscape and surficial deposits of northern New Jersey are a mosaic of relict features dating to the Pliocene
and, possibly, the late Miocene, and more recent features reflecting the glacial-interglaciat climate cycles of the
late Pleistocene. The gross topographic elements such as erosion surfaces, wind gaps, straths, pediments, and
incised valleys record dissection episodes driven by sustained baselevel lowerings, particularly the eustatic de-
clines due to middle Miocene growth of the Antarctic ice sheet, and the late Pliocene growth of northern hemi-
sphere ice sheets, and the glacially induced diversion of the Pensauken river system in the late Pliocene or carly
Pleistocene. The large-scale landscape features thus take shape over periods of several hundred thousand to
scveral million years, while the climate-driven processes of periglacial colluviation and alluviation, and intergla-
cial channel incision, that form landscape details within the large-scale forms, cycle over periods of several thou-
sand to several tens-of-thousands of years,

The type areas of the Schooley and Somervilte peneplains are true rock-cut erosion surfaces, and their close asso-
ciation with the Beacon Hill and Pensauken fluvial deposits provide tentative age control and suggest a relict oti-
gin. The Schooley surface, at least in the Newark Basin proximal to the Coastal Plain, may represent a planation
surface, perhaps cut largely by colluvial processes, formed during an extended period of stable baselevel prior to
the middle Miocene eustatic decline and resulting dissection of the Coastal Plain. Inland correlations are specula-
tive, given the degree of glacial and periglacial modification of Appalachian ridgetops. The Somerville surface,
and the supposed correlate to the Harrisburg surface, however, are valley straths tied spatially and temporally to
the relatively long period of stable local baselevel represented by the Pensauken Formation, and thus their identi-
fication and extension as regional planation surfaces is suspect.

Three drift sheets, with distinctive weathering characteristics and erosional preservation, are present in northern
New Jersey. The oldest, based on its intense weathering, deep erosion, close association to the Pensauken Forma-
tion, and correlation to till in central Pennsylvania and the midcontinent, is either late Pliocene {pre-Hlinoian K)
or early Pleistocene (pre-Illinoian F or G) in age. Moderate weathering, shallow erosion, and correlation to till in
New England and o the marine oxygen-isotope record, suggest an Illinoian age for the intermediate drift. The late
Wisconsinan drift is dated by radiocarbon; these dates indicate that late Wisconsinan ice reached its southernmost
position no earlier than about 22 ka and retreated north of New Jersey by about 18 ka. Fluvial and lacustrine
morphosequences and recessional moraines indicate that this retreat was stepwise, without significant readvance.

Remaining questions include the age and correlation of the pre-Illinoian and Hlinoian? drifts, and of the Pensauken
Formation; the age, origin, and degree of modification of the upland surfaces; and the processes involved in
colluviation, planation, and moraine and morphosequence deposition. A broader question is: to what extent are
glacial advances, retreats, and recessional stillstands responses to global climate change, to regional climate fac-
tors, and to non-climatic glaciologic factors? How does the terrestrial record of the timing and extent of the
Laurentide ice sheet compare to the marine record of ice volume and ocean circulation, and to the outputs of
global climate models? Deeper, older pollen records that may be preserved beneath late Wisconsinan clastic layers
in Nllinoian lake basins south of the terminal moraine (such as lakes Succasunna, Budd, Oxford, Shongum, Ox-
ford, and Passaic on fig. 1-9) could provide some data that bear on these questions. Improved chronology for the
pre-late Wisconsinan deposits would also be of significant value in comparing the terrestrial record of glaciation
and climate to the marine record.
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CHAPTER 6
ROAD LOG AND DESCRIPTION OF FIELD STOPS
SATURDAY MAY 31, 1997

Scott D. Stanford
New Jersey Geological Survey
CN 427
Trenton, NJ 08625

0.0 Tumn right from hotel parking lot onto US 46 west. This small valley is floored by a patch of non-
morainic late Wisconsinan till extending about 0.25 mile beyond the front of the terminal moraine.
Distal edge of the till, marking the terminus of late Wisconsinan ice, runs along the base of the
hillslope to the south (L), where it feathers out onto weathered gneiss.

0.5 Cross under [-80,

0.7 Enter terminal moraine. Ridge, knoll, and swale moraine topography shows up to 60 feet of relief but
is obscured by urbanization. Till is 80 to 120 feet thick in this area.

1.7 Turn lefi onto US 206 south.
2.1 Cross under I-80,
26 Netcong wellfield on right. Several wells between 80 and 120 feet deep pump from sandy ill of the

terminal moraine or, possibly, sandy gneiss saprolite, just above gneiss bedrock. Yields of wells are as
much as 250 gpm.

2.8 Turn right on Gold Mine Road. Industrial park here is built in a former gravel pit, which removed a
40-foot-tall ridge of flowtill marking the front of the terminal moraine.

34 Make U turn at Morris County trash transfer station.
3.7 Park along road at end of fence.
STOP 1. Late Wisconsinan and Pre-late Wisconsinan Till (Scott Stanford)

Setting: This exposure is in a small fringe of late Wisconsinan till extending just beyond the front of the terminal
moraine (here a part of the "Budd Lake Moraine” of Stone et al. [in press]). A former gravel-pit operation
removed the upper 20 to 40 feet of the moraine between here and US 206, and later became a quarry operation
after the gravel was exhausted. The original topography is shown on the base map (fig. 6-1). The front edge of
the moraine was sharply defined by an asymmetric till ridge with a steep, ice-contact north slope and gentler south
slope. A similar ridge is preserved just to the west of here (fig. 6-1), and at several other places in the vicinity.
The morphology and composition of these ridges suggest that they are colluvial ramparts formed by deposition of
flowtill from the ice front. Based on radiocarbon dates from Budd Lake (2 miles west of here), late Wisconsinan
ice arrived no earlier than about 22 ka (see Chapter 1) and, based on top-of-till dates north of the moraine, was in
retreat by about 20 ka. The southern edge of the moraine, and of the few small fringes of nonmorainic till that
extend beyond the moraine, is a sharp contact with blocky-weathering gneiss or gneiss colluvium on steep to
moderate slopes, and patches of older weathered till on flat to gentle slopes where it has been protected from
colluviation (fig. 1-4). Gneiss clasts in this older till consistently show at least a thin weathering rind, in contrast
to the late Wisconsinan till, where there are always some fresh gneiss clasts. This older il is probably Illinoian,
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Figure 6-1. Surficial geologic map of area around Stop 1. Units are: af=anrtificial fill, afi=trash fill, Qs =swamp
deposits, Qcal=colluvium and alluvium, undivided; Qcg=gneiss colluviom; Qgw=weathered gneiss and thin,
patchy colluvium; Qwm=till of the late Wisconsinan terminal moraine; Qwt=late Wisconsinan till, without
morainic landforms; Qit=Illinoian till; r=bedrock outcrop. Symbols are: s, =striation; ~%-a. =asymmetric
moraine ridge, barbs on gentle slopes (includes flowtill aprons where barbs point south and push ridges where
barbs point north); ~ =crest of symmetric moraine ridge; {®3 =moraine hill, dashed line around base,
symbol on summit; €& =moraine plateau; " =edge of excavation, contacts within excavation are dotted.
From Stanford et al. (1997b). Base is U. 8. Geological Survey Stanhope 7.5 minute quadrangle.
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Figure 6-2. Block diagram of Stop 1. Perspective view to south. Dashed lines show edges of pit faces, solid lines
show unit contacts. Scale is approximate,
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in contrast to the more deeply weathered and eroded pre-Hlinoian till further south (refer to Chapter 1).

Materials: Both tills, and some gneiss coliuvium, are exposed in this cut (fig. 6-2). Diamicton 1 (fig. 6-2) is
interpreted as late Wisconsinan till. It is a yellowish brown (10YRS/6) matrix-supported silty sand containing a
mix of fresh, weathered, and fully decomposed gneiss pebbles and cobbles, of subangular to subrounded shape,
and a few generally unweathered, subrounded gray and brown mudstone and sandstone pebbles, and a trace of
decomposed carbonate rock (as yellow silty ghosts, ofien smeared or flattened), that were transported southward
from Paleozoic rock of the Kittatinny Valley. This mix of clast weathering is typical of late Wisconsinan till in
and near the terminal moraine, where a significant amount of weathered material from Illinoian drift and saprolite
is incorporated into the younger deposits.The contact with diamicton 2 is sharp and marked visually by a rather
sparse boulder line, in part reflecting the decomposition of boulders in the lower unit. Diamicton 2 is interpreted
as Illinoian till. It is a brownish yellow (10YR6/6 to 6/8, slightly more yellow than diamicton 1) to light olive
brown (2.5Y5/6) where gleyed, silty sand to sandy silt. It is matrix supported, but pebbles and cobbles are much
more abundant than in unit 1. Greiss clasts, including some up to smalt boulder size, are entirely saprolitized or
have thick (2-3 cm) weathering rinds surrounding a partly weathered core. Gneiss boulders are fractured in-situ
and also have thick weathering rinds. Yellow to olive silty ghosts of carbonate rock (in places replaced by biack
MnO) are more abundant than in unit 1, and gray mudstone pebbles are also weathered here, in contrast to unit 1.
White to gray quartzite and chert are generally unweathered. Black MnQ staining is common and coats clast and
parting surfaces. There are a few wavy lenses of clayey sand within the diamicton that likely reflect subglacial,
englacial or superglacial water-sorting, although some near the contact with unit 1 may be related to later
sheetwash or solifluction. There is little to no indication of a buried B horizon, indicating that the surface of this
unit was truncated (probably by Wisconsinan slope erosion) before deposition of unit 1. Diamicton 3 overlies,
with sharp, wavy contact, the outcropping part of unit 2 adjacent to the gneiss ridge. It is interpreted as late
Wisconsinan colluvium. It is a yellowish brown (10YR5/6) silty sand containing mostly fresh angular gneiss
clasts, with a-b planes of tabular clasts generally lying parallel to the slope. Clast abundance increases toward the
surface, suggesiing sequential stripping of soil followed by rock rubble on the feeder slope. Weathered gneiss,
including a mix of intact outcrop, angular-clast rubble, and yellowish brown silty sand saprolite, is exposed on the
east wall of the pit.

Discussion: The intensity of weathering in unit 2 is greater than usually observed in Illinoian till, and is similar
to that usually seen in pre-lllinoian 1ill. However, this is a poorly drained site where the time of contact of the till
with groundwater is likely significantly longer than at better-drained sites, producing faster weathering. This type
of variation in site conditions produces some overlap in the weathering features of Illinoian and pre-Illinoian drift.
In the absence of a well-defined soil chronosequence, where drainage, topographic position, and parent material
are held constant, the topographic position and extent of erosional preservation of the deposits are often more
effective than weathering characteristics in distinguishing the two drifts. The continuity of the till on gentle
slopes, and the regional association of the till with subdued construction landforms in valleys, both features that
are not observed for pre-lllinoian till, indicate an Illinoian age for unit 2. The greater clast content of unit 2, and
the abundance of grit and granule-sized gneissic fragments in the matrix, may reflect the greater extent and
thickness of weathered gneiss on the landscape during Illinoian advance than during late Wisconsinan advance,
preducing a more pebbly, gritty till. The greater carbonate content of unit 2 perhaps reflects exposure of
carbonate rocks in the Musconetcong Valley several miles to the north {known from borings but not now exposed)
during Illinoian advance that were buried by Illinoian lacustrine deposits during late Wisconsinan advance, and so
not readily available to the late Wisconsinan glacier. Also, the sharp contact and abrupt outer border of the late
Wisconsinan till argue against a "diffuse” margin beyond the moraine over which late Wisconsinan ice reworked
earlier materials.

3.7 Proceed east on Gold Mine Road back to 206.

4.0 Turn right onto US 206 south. Cross southern edge of terminal moraine {removed by gravel-pit
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operations) and a small moraine-dammed wetland.

4.2 Cross gently sloping upland surface on gneiss bedrock. Gentlest slopes are mantled with Illinoian till;
moderate and steep slopes are underlain by weathered gneiss and gneiss colluvium. Weathered gneiss,
including saprolite and mixed saprolite and rock rubble, is as much as 100 feet thick throughout the
Highlands (even north of the terminal moraine in places) but thickness is sharply variable, depending
on mineralogic and structural properties of the gneiss. Metasedimentary units generally show thicker
saprolites than gneissic granites,

5.0 Begin descent into Long Valley, which is underlain by downfaulted Cambrian and Ordovician
carbonate rock (Allentown and Leithsville Formations) of the Green Pond Qutlier,

6.4 Approximate location of fault contact of Proterozoic gneiss and Paleozoic carbonate rock. Travel along
apron of gneiss colluvium at base of escarpment. Colluvium covers contact.

6.9 Turn right into driveway for Flanders Office and Research Park (230 Route 206). Proceed to cul-de-sac
at end.
7.1 Park at cul-de-sac.

STOP 2. Wisconsinan and Pre-Wisconsinan Colluvium (Scott Stanford)

Setting: This exposure is cut into the upper part of an apron of goeiss colluvium (fig. 6-3). This apron is
continuous {(except where replaced by alluvial fans at the mouths of drainages) along the base of the escarpment
separating Schooleys Mountain to the west, underlain by gneiss, and Long Valley to the east, floored by carbonate
rock. This site is just outside the Illinoian limit, which is marked by a till moraine and outwash plain in Long
Valley (fig. 6-3), and till patches atop Schooleys Mountain. The colluvial aprons typically have a distinct break-
in-slope at their tops to a steeper feeder slope in blocky-weathering gneiss, and feather valleyward onto weathered
carbonate or shale, locally capped with pre-Iltinoian till. Modern streams typically are incised 10-15 feet into the
apron surface. Distal parts of the aprons are also gullied and spring-sapped in areas of groundwater discharge.
Exposures and well data snggest that the rock surface beneath the aprons slopes less steeply than do the feeder
slopes, and is of the same lithology, indicating that the colluviation process can produce a pediment and flatten
slopes.

Materials: Five units are exposed here (fig. 6-4). Unit 1 is exposed on the north end of the cut, where the outcrop
plane cuts behind the colluvium. It is a white, yellow, and yellowish brown silty sand gneiss saprolite grading to
angular pebble-to-cobble gneiss rubble. Intact gneiss crops out in several spots. Unit 2 is a yellowish brown
{10YRS5/6 to 5/8) clayey silt rottenstone diamicton with saprolitized pebbles and cobbles of gneiss, gray
mudstone, and yellow to olive ghosts of carbonate rock. This unit may be either pre-Illinoian till or colluvivm
derived from stripping of pre-illincian till. Unit 3 overlies unit 2 with sharp, wavy contact. It is a dark brown to
dark yellowish brown (10YR3/3 to 3/6) silty sand diamicton with clast lithology and weathering as in unit 2,
although with more gneiss. MnO coats clasts and imparts the dark matrix color. The similarity in clast weathering
and composition to unit 2 suggests that unit 3 is an upper facies of the same colluvial event, representing
uncovering of gneiss saprolite underlying the pre-Illineian till on the feeder slope. However, the sharp contact and
distinct texture imply a hiatus between the two units, perhaps indicating that 2 is till and 3 is a later colluvium,
Unit 4 overlies unit 3 with a distinct, wavy contact with several feet of relief. It is a yellowish brown (10YR5/6 to
5/8) silty sand diamicton with a mix of saprolitized clasts as in units 2 and 3 and less weathered, larger caliber
gneiss clasts and a few unweathered reddish quantzite erratics. The increased size of the gneiss clasts, and the
less-intense weathering, suggest that unit 4 represents a later colluvial event that began to mine the fractured-rock
rubble beneath the saprolite. The thickness of the weathering rinds on the gneiss cobbles is similar to that in
Illinoian till, suggesting that unit 4 is Illincian colluvium. Unit 5, which is poorly exposed, is the surface
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Figure 6-3. Surficial geologic map of area around Stop 2. Units are: af=artificial fill; Qal=alluvium;
Qaf=alluvial- fan deposits; Qcal=colluvium and alluvium, undivided; Qcg=gneiss colluvium; Qgw =weathered
gneiss and thin, patchy colluvium; Qqw=weathered quartzite and thin, patchy colluvium; Qim=till of the
Ilinoian terminal moraine; Qif=Illinoian glaciofluvial deposits (suffixes 1 and 2 denote upper and lower
sequences, respectively, east of Flanders); Qpt=pre-Illinoian till; Qpf=pre-Illinoian alluvial-fan deposits;
r=bedrock ouicrop areas. Surficial deposits on the valley bottorn are underlain by carbonate-rock residuum. Base
is U. 8. Geological Survey Chester 7.5 minute quadrangle.
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Figure 6-4. Block diagram of Stop 2. Perspective view to west. Dashed lines show bottoms of exposure faces,
heavy solid lines show unit contacts. Unit § is exposed only in the stripped-back area above the main cut. Scale is
approximate.



colluvium. It is a yellowish brown (10YR5/6) silty sand diamicton with many angular, fresh gnetss pebbles and

cobbles, similar to unit 3 at stop 1. It is the Wisconsinan colluvium, mined from fractured-rock rubble on the
feeder slope.

Discussion: The most siraightforward interpretation of these units is: Wisconsinan colluvium over Hlinoian
colluvium over pre-Iilinoian colluvium, possibly over pre-Iilinoian till, over gneiss saprolite. Multiple colluviation
events separated by hiatuses is indicated by the sharp contacts between the units, and their distinct weathering
characteristics. The increase in both size and abundance of gneiss clasts, and decrease in erratic material, upward
through the section represents inversion of the till-over-saprolite-over-bedrock stratigraphy on the feeder slope.
The stacking of colluvium in these aprons, which, based on available exposure, seems to be common, indicates
that much of the slope regolith mobilized under periglacial conditions stays on the slope. Thus, periglacial erosion
on steep slopes essentially redistributes regolith on the slope, perhaps forming a pediment in the process. The
colluvium is slowly removed by gullying, sapping, and bank erosion under interglacial conditions but the stacking
indicates that this removal does not keep pace with the addition of material under periglacial conditions,

7.1 Return to US 206.

7.3 Turn right onto US 206 south. Subdued Illinoian terminal moraine (not visible) traverses valley from
east 2o west ahead across 206 before looping northward about 1 mile to ascend Schooleys Mountain.

7.9 Contact of gneiss colluvium with pre-Illinoian till, which overlies carbonate residuum on much of the
valley bottom. Carbonate residuum may be as much as 100 feet thick (or more) but, like weathered
gneiss, thickness is sharply variable.

92 Cross onto apron of gneiss colluvium on east side of valley.

10.0 Crest of Fox Hill, a narrow ridge of Proterozoic gneiss. Descend into Lamington Valley, another
downfaulted sliver of Cambrian and Ordovician carbonate rock within the Green Pond Outlier.

10.4 Cross marsh along the Lamington River, marking the bottom of glacial Lake Succasunna. This lake,
which formed during both the Illinoian and late Wisconsinan glaciations, occupied a north-draining
preglacial valley that is now filled with as much as 300 feet of Illinoian and late Wisconsinan
glaciolacustrine sediment. It was controlled by a spillway across the former drainage divide about 1.5
miles southwest of here. Drainage today is southward, across the former lake spiliway. The divide is
now about 8 miles to the north, on the late Wisconsinan terminal moraine.

10.7 Cross from lake bottom to bordering apron of gneiss colluvium.
11.1 Cross top of apren onto weathered gneiss,
11.6 Cross NJ 24, Town of Chester to left. Continue on remnant of upland surface, here with about 100 feet

of gentle relief and entirely in weathered gneiss.
13.2 Begin descent from upland surface into the Raritan Lowland.

14,7 Fault contact (not exposed) of Proterozoic gneiss and red Jurassic-Triassic conglomerate and sandstone
(Passaic Formation). Cross from Highlands into Newark Basin.

17.3 Dissected topography, with 100-150 feet of relief, hereabouts, cut into sandstone and mudstone of the

Passaic Formation. Flat interfluves are capped, in places, with a thin pre-Hlinoian titl. The till is absent
on similar flats below the interfluve level, suggesting that dissection occurred after deposition of the

6-7



19.9

20.1

20.6

21.2

21.3

21.8

22.4

24.6

25.6

26.2

27.0

21.2

279

281

till.

Cross county route 523. West end of Second Watchung Mountain, held up by basalt, in front. This is a
40-mile-long arcuate ridge that contacts the Hightand escarpment and so encloses a 40 by 10 mile
elliptical lowland in the upper Passaic drainage basin. With preglacial gaps through the ridge at
Paterson and Millburn blocked by ice and, later, by moraine deposits (at Millburn), this lowland was
filled by glacial Lake Passaic during the late Wisconsinan and, possibly, lllinoian, glaciations.

Cross from shate to fine-grained upper stream terrace along the North Branch of the Raritan River.
This upper terrace, which locally shows cryoturbation features, is prominent throughout the Raritan
Basin. It is about 15-20 feet above a lower terrace that grades to late Wisconsinan glaciofluvial
terraces. Clast weathering and terrace height in the upper terrace are similar to Illinoian glacial
deposits, suggesting an Iilinoian age. However, there is little glacial sediment supply to this basin in the
Illinoian so the alluviation may be mostly periglacial.

Drop from upper to lower stream terrace, here a pebble-to-cobble gravel. The lower terrace contains
fresh clasts and is likely of Wisconsinan age. Like the upper terrace, it is nonglacial. The spillway for
the high stage of Lake Passaic is through a gap in Second Watchung Mountain about 1.5 miles east of
here. A dry gorge (Moggy Hollow) about 60 to 80 feet deep, cut in basalt, leads downhill. from the
spillway and empties into the main valley just east of here. However, there is little basalt in these
terrace gravels, so the eroded basalt is either confined to the downstream end of the gorge, or is
beneath the surface gravel, which may have been deposited after the spiliway was abandoned.

Cross North Branch Raritan River.
Exit right to 1-287 south.

Upland to left (E) capped with pre-Illinoian till, overlapped by basalt colluvium to east along mountain
front.

Cross under I-78. Continue through dissected topography cut below the pre-Illinoian surface into
Passaic Formation shale. Pre-Illinoian til! caps the higher ground along the base of First Watchung
Mountain to the left (E).

Move left to exit 13,

Exit left to US 206 south at exit 13.

Approximate position of pre-Illincian terminus, as defined by hilltop remnants of till to the east and
west (not visible). The till remnant to the east {L) overlaps remnants of the Pensauken Formation, a
Pliocene fluvial deposit that is topographically preserved in a similar manner to the pre-Illinoian tilt,
Move right.

Exit right to US 206 south, Stay in left lane on exit ramp. Proceed around traffic circle, take third
spoke (US 206 south). At circle cross from weathered shale onto the upper Raritan terrace deposit, here
mostly a pebbly sand. This upper terrace is the downstream equivalent of that described at mile 20.1.

Cross under NJ Transit tracks (formerly Central Railroad of NI).

Cross onto Raritan River floodplain, here largely filled,
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Cross from floodplain onto a fragment of the lower Raritan terrace, the downstream equivatent of that
described at mile 20.6. Here it is mostly a pebbly sand.

Cross mainstem of the Raritan River.

2000-acre estate of Doris Duke, recently deceased tobacco heiress, to right behind stone fence. Much
of the estate is on the upper terrace. Inheritence litigation ongoing.

Ascend scarp onto upper terrace surface. Cryoturbation structures in pebbly sand terrace deposits were
exposed in foundation excavations for offices to left.

Ascend slightly from the terrace surface (visible in fields to right) onto weathered shale. From here to
mile 41.9 we will be traveiling across the type area of the Somerville erosion surface. This is a flat to
very gently sloping surface cut into shale of the Passaic Formation, below which modern streams are
incised 40 to 60 feet. Shale bedrock is within 1 to 3 feet of the surface over the entire area, so it is a
true rock-cut erosion surface. A few widely separated low hills rise about 40 feet above the surface.
Each of these hills is capped, at altitudes above 140 feet, by a thin mesa-form remnant of yellow
arkosic sand and quartz-chert pebble gravel identical in lithology and altitude to the more extensive
Pensauken deposits just to the southeast, which will be seen at Stop 4. The quartz and chert pebbles
also occur as a lag everywhere on the Somerville surface between the Pensauken remnants. The
Pensauken remnants, pebble lag, and the Somerville surface all terminate against a 40 to 60 foot scarp
cut in shale to the northwest {fig. 1-7), beyond which there are no Pensauken remnants or pebble lags.
These characteristics suggest that the Somerville surface is a fluvial strath exhumed from beneath the
Pensauken Plain rather than a regional erosion surface. Exhumation may have been accomplished by
backsapping along the Pensauken-shale contact after post-Pensauken stream incision. This process is
observed today where more extensive Pensauken remnants overlie shale or Cretaceous clay.

Cross under Conrail tracks (formerly Lehigh Valley, soon to be Norfolk Southern most likely). This is
a mainline freight route from the Port of New York-New Jersey to points west,

View to left across fields illustrates Somerville surface. Shale at 1-3 foor depth throughout,

Keep to left at fork on US 206 south. Cross over Conrail tracks (formerly Reading Railroad, soon to be
CSX most likely). This is another mainline freight route fo points south and west. Double-stack
container trains must use this route to avoid low tumnel clearance through the Pattenburg Tunnel in the
New Jersey Highlands on the former Lehigh Valley line.

Roadcuts to left may expose Pensauken pebble lag on height-of-land rising above Somerville surface.
Here, as at other highs that do not reach the 140-foot altitude, there is a heavy gravel lag that is cryo-
and bioturbated into weathered shale to create a pebbly diamicton rather than a true Pensauken
remnant.

Tumm left at light onto county route 518 east. A Pensauken remnant caps the upland here, above 140
feet in elevation. A cut behind the shopping mall to the left, just downslope from the basal contact of
the Pensauken, exposed a red clayey diamicton with quartz and chert pebbles. This diamicton, like that
at 39.2, was formed by mixing of lag pebbles into underlying weathered shale (which is thicker and
more clayey beneath the Pensauken remnants than elsewhere). However, it was interpreted as till and
named the Rocky Hill Till by Neuman (1980). This unit appears in the Fullerton (1986) compilation but
these relationships, and regional mapping of the Pensauken and pre-lllinoian till, indicate it is not a
glacial diamicton. Proceed through town of Rocky Hill.

Cross Millstone River. Just to the south is the Rocky Hill Gap through the Rocky Hill diabase ridge.
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This gap consists of an upper broad wind gap with a floor between 120 and 140 feet in altitude which is
capped by a lag of Pensauken pebbles on weathered diabase, This upper gap marks the route of a
Pensauken tributary, likely superposed from earlier fluvial deposits that formerly covered the area (see
Stop 3), flowing southward across the diabase from the Raritan Lowland to the main Pensauken trunk
valley to the south. A narrow inner gap is inset about 60 feet into the upper gap and the Millstone River
flows northward through this inner gorge. The Millstone established northerly drainage on the
abandoned Pensauken Plain after the main Pensauken trunk drainage was diverted from the valley by
the pre-Illinoian glacier in the New York City area. The northerly drainage may may have been
established in response to isostatic depression during that glaciation, which would have reversed the
former southwesterly gradient of the Pensauken Plain (see Chapter 1).

41,9 Cross Delaware and Raritan canal. This canal, active from 1833 to 1933, links the Delaware River
north of Trenton to the Raritan River at head-of-tide at New Brunswick. It gravity-feeds from the
Delaware valley across a low divide in an inset abandoned valley on the Pensauken Plain, and then
down the Millsione to the Raritan. The canal parallels and is at the same altitude as a Delaware-sourced
late Wisconsinan glaciofluvial terrace that also crosses the divide and descends the Millstone. Partial
diversion of Delaware drainage across this low divide occurred in response to isostatic depression
during the late Wisconsinan glacial maximum, similar to that proposed for the Millstone in the pre-
Illinoian. The canal today serves as a water supply for New Brunswick.

423 Diabase colluvial apron on left; large quarry in diabase on right which has removed the east half of the
Rocky Hill Gap.

42.9 Raockingham on left. This house served as a headquarters for George Washington from August to
Nevember 1783 while the Continental Congress met in Princeton to draft terms of peace with England.
He drafted his farewell address to his army here.

43.3 Turn left on Carroll Place.
43.5 Tumn right on Old Georgetown Road.
437 Park on left shoulder.
STOP 3. Upland Surface and Beacon Hill Lag (Scott Stanford)

Setting: This flat surface (fig. 6-5), at an elevation of about 320 feet, is cut into diabase of the Rocky Hill diabase
sheet, the southern extension of the Palisades sill where it emerges from beneath the Cretaceous onlap. The siil
here dips about 15 degrees to the northwest (Parker and Houghton, 1990), so this surface is a true rock-cut
surface, not a structural caprock. The surface is mantled with a regolith having a matrix that ranges from a
yellow (10YR7/6) to white (10YRB8/2) to light gray (10YR7/2) silty clay to a yellowish brown (10YRS/6) to dark
yellowish brown (10YR4/4) silty clayey fine sand. The regolith contains a mix of angular weathered to fully
saprolitized diabase pebbles and cobbles and rounded white to gray quartz and quartzite pebbles, and a few black
chert pebbles and, in places, reddish brown ironstone pebbles. Many of the quartz and quartzite clasts at and near
the surface have a reddish brown weathering rind, and are pitted. Well logs (fig. 6-5) indicate that this regolith is
between S and 25 feet thick. The lag gravel is similar to the Beacon Hill Gravel, a quartzite-chert fluvial gravel
(locally iron-cemented) that forms mesa-like caps on the highest hills of the Coastal Plain, with base elevation
ranging from 320-340 feet (see fig. 1-4). We are separated from these uplands by a 15-mile-wide Pliocene fluvial
plain inset 150-200 feet below the Beacon Hill surface (see fig. 1-7 and discussion at Stop 4).  To the northwest
this surface corresponds to the low-relief upland erosion surface (Scheoley peneplain of Davis and Wood {1389]
and Johnson [1931]) that truncates the rocks (including diabase, basalt, mudstone, argillite, sandstone, shale, and
gneiss) of northern New Jersey. This upland surface, which again is a true rock-cut surface (see fig. 1-5), rises
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Figure 6-5. Surficial geologic map of area around Stop 3. Solid lines are contacts of surficial units. Dotted lines
are contacts of bedrock units (from Parker and Houghton, 1990). Long-dashed lines are crests of tow rock-
controlled ridges parallel to the strike of beds in sedimentary bedrock. Short-dashed lines are the approximate
limit of lag gravels. Hachured line is edge of quarry. Numbered dots show thickness of regolith reported in water-
well or test-boring record. Map units are: Qal=alluvium, Qcal=colluvium and alluvium (undivided),

Qcd =diabase colluvium, Qdw=weathered diabase, Qsw =weathered sedimentary rock (shale, siltstone, hornfels),
Qwt=Wisconsinan stream terrace deposits, Tp="Pensauken Formation, Tbhl=Beacon Hill gravel clasts mixed
into weathered diabase, (Tbhl)=scattered gravel clasts mixed into weathered diabase, Jd=diabase,
Js=sedimentary rock. Base is U. S. Geological Survey Monmouth Junction 7.5 minute quadrangle.
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gradually from about 320 feet here te about 1000 feet on Schooleys Mountain (fig. 1-4), and shows about 100 to
150 feet of gentle local relief.

Materials: The regolith on this surface is likely a mix of diabase saprolite, weathered diabase rock, and sandy
matrix material associated with the gravel lag. A pocket of diabase saprolite exposed in the quarry just to the west
was a white and vellow clayey coarse sand, similar to some of the regolith here. The diabase consists mostiy of
plagioclase, pyroxene, and magnetite-ilmenite; with apatite, quartz, alkali feldspar, hornblende, sphene, and
zircon as accessories (Owens et al., 1996). The soil mapped here is Keyport (Kirkham, 1976}, which is developed
on outcropping Cretacecus clay, but is more likely a mix of Neshaminy and Mount Lucas soils in well-drained
and poorly-drained sites, respectively. These soils are developed on diabase residuum {(Tedrow, 1986). Clay
minerals in these soils are predominantly kaolinite, with minor vermiculite and chlorotized intermediate, and a
trace of gibbsite and hydrous mica (Tedrow, 1986). Thin-section study of weathering rinds, sand-fraction
mineralogy of scil horizons, and profile chemistry, indicate that plagioclase alters to sericite, then to clay, and
pyroxene alters to both chlorite and iron oxide, with concentration of quartz and resistant accessory heavy
minerals in the A and B horizons (Tedrow, 1986).

Discussion: Upland rock-cw flats like this have been interpreted either as 1) remnants of relict low-relief erosion
surfaces (Davis and Wood, 1889; Johnson, 1931; Cleaves, 1989), 2} cryoplanation surfaces (Clark and Hedges,
1992), or 3) surfaces formed by volume toss when saprolite is converted to soil (Pavich, 1989). Favoring some
version of hypothesis 1 are the gravel lag, which indicates former fluvial activity; the absence of thick colluvium
(which would be expected if cryoplanation had planed off interfiuves and filled adjoining valleys) on this and
similar, more extensive parts of the upland surface (see fig. 1-5); the regional continuity of the surface over
various rock types with different rates and mechanisms of saprolite development; and the temporal association,
via the link to the Beacon Hill Gravel, to a sustained, global eustatic event that initiated extensive post-middie
Miocene dissection {Chapter 1, fig. 1-6), leading to incision and partial preservation of the surface. Cryoplains
described in modern periglacial environments (Priesnitz, 1988) and in the Appalachian Highlands (Clark and
Hedges, 1992) are developed on blocky-weathering bedrock like quartzite, show tread-riser-tor morphology,
which is not observed here, and are an order of magnitude or more smaller in area than the upland flats in New
Jersey. The saprolite compaction model of Pavich (1989) was described for thick (> 10 m) quartz-framework
saprolites on narrow interfluves in the deeply-dissected Virginia Piedmont. These conditions, which produce
significant groundwater drainage, are very unlike the thin clayey regolith on broad, poorly-drained upland flats
here, where groundwater drainage is minimal (the large quarry to the east, which is dug below the level of the
Millstone River, is dry). While periglacial and rock-weathering processes have no doubt modified these upland
flats, as have pedogenic and biologic activity, is it reasonable to think they created them? The lag gravel here
suggests that this particular surface may be associated with fluvial erosion but the other unglaciated upland
surfaces do not have gravel lags. They may have been formed primarily by slope processes like spring sapping
and piping working in concert with rock weathering over an extended period of stable basetevel. These
groundwater-related processes would be especially effective on the low permeability regolith and bedrock typical
of the upland flats in the Newark Basin. An extended period of stable baselevel might be expected in this part of
the Piedmont before the late Miocene, when the undissected expanse of the Coastal Plain would have buffered
Piedmont streams from shorter-term sea-level-induced baselevel changes.

Continue east on Old Georgetown Road.
44.4 Tumn left onto county route 518 east.

44.9 Turn lefi at light onto NJ 27 north. On weathered shale of the Passaic Fermation here, above the
Pensauken Plain level, :

45.8 Turn right onto New Road at light.
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Rise slightly from weathered shale to an outlier (the Sand Hills outlier) of Cretaceous sand. This js
probably the Farrington Sand member of the Raritan Formation, a fluvial quariz coarse sand to gramile
gravel of Cenomanian age (97-91 Ma).

Turn left into Woodiot Park. Lunich. Farrington Sand exposed in cuts behind ballfield at north end of
park.

Turn left onto New Road from park exit.
Descend slightly from Cretaceous sand onto weathered diabase.

Stay in middle lane. Cross US 1 at light. After US 1, descend slope of weathered diabase (note
corestones in yards and woodlots) that is an exhumed part of the rock surface beneath Cretaceous
deposits. The weathered-rock regolith on diabase, shale, and sandstone beneath or exhumed from
beneath the Cretaceous deposits is significantly thicker (up to 50 feet thick) and more intensely
weathered than that developed on other, younger surfaces. Because this regolith underlies unweathered
Cretaceous clays, it is likely of Cretaceous age. This is the Fall Zone surface of Johnson (1931) and, as
Johnson claimed, in this area it dips more steeply than the upland (or Schooley surface) (see figure 1-
4). In addition to the regional dip of between 50-100 feet/mile there is about 100 feet of gentle relief on
the surface (Sandberg et al., 1996), with diabase forming highs. Cretaceous fluvial sands fill the lows
around the diabase highs; overlying marginal marine clay (the Woodbridge Ciay member of the Raritan
Formation) cover both.

Tumm left at light on county route 522 east.

Cross from weathered diabase onto the Pensauken Formation, which here covers the Cretaceous onlap.
Pleistocene valleys incised below the Pensauken Plain in this arca show barbed drainage patterns and
abandoned valley segments that mark capture of former west-draining Millstone tributaries by
northeast-draining Raritan tributaries. The Raritan tributaries eroded headward in response to lowered
baselevel established when the lower Raritan was relocated to a more southerly valley at New
Brunswick by glacial blockage of its preglacial valley further north during the late Wisconsinan, or,
possibly, Illinoian glaciation,

Cross Amtrak tracks (formerly Pennsylvania Railroad). This is the Northeast Corridor mainline, used
exclusively for passenger service.

Turn right at light onto Ridge Road (still 522 east). We are now on the Pensauken Plain. About 30 to
40 feet of Pensauken have been stripped from the surface here during Pleistocene erosion, based on the
elevation of flat-topped Pensauken remnants supporting deep red soils in the area. The Pensauken is
about 80 feet thick here, in the rather narrow thalweg of the Pensauken Valley, with a basal elevation
between 0-20 feet. The Pensauken includes a basal gravel which is a locally productive domestic
aquifer where it overlies Cretacecus clay or clayey saprolite. It is too shallow for public-supply wells
but was formerly used for irrigation before urbanization,

Proceed straight through light in Dayton (still 522 east). Pensauken about 50 feet thick hereabouts,
Cross under US 130,
Cross NJ Turnpike. Water-filled pit to left before Tumpike mines Cretaceous sand by dragline from the

Magothy Formation (a marginal marine unit of Turonian to Santonian age [about 90-85 Ma]) beneath
about 10 to 15 feet of Pensauken .
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54.1 Cross county route 535 at traffic light.

54.3 View to left and right across Pensauken Plain, here about 20 feet thick over Cretaceous sand of the
Magothy Formation. Thermokarst basin development is poor here compared to the area around stop §
(see below) due to good subsurface drainage through the Magothy.

54.7 Descend into Manalapan Brook valley, another incised tributary eroding headward from the glacially
relocated lower Raritan, capturing former Millstone drainage.

549 Cross contact of Pensauken on the Magothy Formation. Base of Pensauken here at about 85 feet.

55.3 Turn right onto Bordentown Turnpike, the small side street just before stop sign, then immediately turn
right again on Dayton Road.

55.7 Turn left on county road 619 south (Possum Hollow Road). Exposures of Pensauken to left.
56.0 Turn left into entrance to Herbert Sand and Gravel Co. Park,
STOP 4. Pensauken Formation (Scoit Stanford)

Setting: This pit is dug into the basal 20 to 40 feet of the Pensauken Formatien (fig. 6-6).The Pensauken is a
Pliocene fluvial unit deposited by a large river flowing southwesterly from the Long Island Sound lowland area to
the Delmarva Peninsula (see Chapter 1). It likely included Hudson Valley drainage as well as drainage from
southern New England, including, possibly, the Connecticut Valley. The Pensauken drainage was established as
the Beacon Hill Gravel-upland surface was dissected. Possible superposition of the Hudson on the Palisades
diabase and Watchung basalts from the Beacon Hill is indicated by wind gaps at Sparkill {through the Palisades)
and at Paterson and Millburn (through the Watchungs) that are on grade with the Pensauken (see fig. 1-7). A
broad low in the Palisades north of Staten Island may mark the route of the trunk drainage from the Long Island
Sound lowland. In the New York-to-Philadephia segment of the drainage system, the thalweg of the valley, which
locally exends below modern sea level, is keyed into the onlap zene of Cretaceous deposits on Newark Basin or
Piedmont crystalline rocks. After incision of this valley the river system aggraded and deposited a broad
braidplain, which is as much as 140 feet thick over the thalweg between Perth Amboy and Trenton, where it has
not been deeply eroded as it has south of Trenton (by the Delaware River) and north of Perth Amboy (by
glaciation). The plain extends down the present Delaware Valley and broadens to cover much of the northern
Delmarva Peninsula (Owens and Minard, 1979), where it includes the Columbia Formation of Delaware {Jordan,
1964). This period of aggradation may have occured during the early Pliocene eustatic highstand marked by the
marine Yorktown and Beaverdam Formations in Delmarva. The Pensauken River was diverted from its valley in
the New York City area during the pre-Illinoian glaciation, which may have been in the late Pliocene (see Chapter
1). The diversion may have been by direct glacial blockage and erosion of the valley, or by headward erosion of
Atlantic-slope streams through the Coastal Plain upland in the area of the present New York Bight-Hudson Shelf
Valley. At the time of diversion, the segment of the valley between New York and Trenton was abandoned and
local streams established new drainage patterns on the Pensauken Plain, including the northerly flowing lower
Millstone and Raritan rivers. South of Trenton, the Delaware continued to drain southeasterly down the
Pensauken Valley, perhaps keeping the Pensauken deposits active in that segment of the valley later than to the
north. We are now on the southeastern edge of the main Pensauken Valley, at the junction of the main valley
(which we have (raversed since mile 49.2) with a northwesterly flowing tribwtary that drained the Coastal Plain
upland to the southeast. The elevation of remnants of the original Pensauken surface to the north and south of us
indicates that about 30 to 40 feet of Pensanken material has been removed here during Pleistocene eresion, in
addition to another 10 to 20 feet removed by pit excavation above the level of the current working face, so the
current exposure is far below any original weathering zone.
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Figure 6-6. Surficial geologic map of area around Stop 4. Solid lines are contacts of surficial units, hachured lines
are edges of gravel pits. Contacts are drawn to the base-map topography, which has been substantially altered by
excavation in places. Circled arrows show paleoflow directions measured on planar, tabular cross beds in the
Pensauken Formation. Circled dots show thermokarst basins. Map units are: af=artificial fill, Qal=alluvium
(including some colluvium in heads of drainages), Qcs=sand and gravel colluvium, Qt=fluvial terrace deposits,
Tp=Pensauken Formation, K=outcropping Cretaceous sand of the Magothy Formation, overlain by thin, patchy
sand and gravel colluvium. Base is U. S. Geological Survey Jamesburg 7.5 minute quadrangle.
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Materiais: The Pensauken here is a planar-trough to trough-trough cross-bedded reddish yellow glauconitic quartz |
sand (with a trace of feldspar) and pebble gravel. Gravel clasts are predominantly rounded quariz and quartzite

pebbles, with a few dark reddish brown ironstene pebbles and bluish-black cherts. These clasts are iron-stained,

giving the characteristic yellow color of the Pensauken, but are otherwise unweathered. There are also a few _
white decomposed to saprolitized chert, crystalline (probably gneiss and diabase) and sedimentary-rock (sandstone :
and mudstone) pebbles. Depth of exposed channels is as much as 6 feet but more commonly is less than 2 feet,

Scattered channel-bound faults and rotated blocks mark syndepositional deformation, perhaps reflecting bank

erosion and scour undercutting. Paleoflow is variable, but the overall sense is southwesterly, as is the case

throughout the deposit north of the Delmarva Peninsula (Owens and Minard, 1979; Mariino, 1981).

Southwesterly pateoflow is particularly strong in the main valtey. The variable paleoflow and abundant glauconite

in this pit reflect the contribution of the Coastal Plain tributary entering the main valley here. In the base of the

pit, on the lower working face, the Pensauken is in sharp contact with the underlying Magothy Formation, a white

to reddish purple fine micaceous quartz sand. The Magothy is a marginal marine deposit of Late Cretaceous age.

Flager bedding in the Magothy here suggests a tidal flat origin. The contact is usually marked by an iron-cemented

cobble-gravel bed at the base of the Pensauken, with abundant crystalline and sedimentary rock clasts, although

only a scattering of cobbles occur on the contact in the present exposure. The paucity of these northerly derived

rock types here again likely reflects the dominantly Coastal Plain provenance at this location.

Discussien: The principal accessory mineral in the sand fraction of the Pensauken over most the main valley is
feldspar (Bowman and Lodding, 1969; Owens and Minard, 1979), which is commonly weathered to clay; the
glauconite here reflects input from the tributaries draining glauconite-rich Cretaceous and Paleogene units to the
southeast in the Coastal Plain. The dominance of rounded quartz, quarizite and chert, and the presence of
ironstone, in the gravel reflects derivation from polycyclic Coastal Plain gravels, for example, the Beacon Hill
and its northerly equivalents in the Long Island-southern New England area (now removed by Pleistocene fluvial
and glacial erosion) that covered much of the source area during deposition of the Pensauken. Braided streams are
most common today in glacial or arid environments, but the pollen and leaf-fossil data from the Pensauken
(Chapter 1) indicate a temperate climate, perhaps slightly warmer than today (although the pollen suggest some
cooler intervals toward the top), and the pre-Illinoian tilt overlaps and erodes the Pensauken, and has a different
lithology (a much higher gneiss and sedimentary-rock content), indicating that it postdates the Pensavken. Can a
large river system in a temperate, forested sewing deposit a braidplain? Does it require backfilling from a eustatic
highstand (like that in the early Pliocene) or does reworking of older, extensive quartz sand and gravel depesits in
a low-relief landscape lead to a braided channel system? The drowned estuaries that characterize most temperate
coastal rivers today don't provide a clear analog to conditions in the Pliocene, before glacial lowstand-interglacial
highstand cycles in the Pleistocene greatly modified coastal river landscapes.

36.0 Turn right from pit exit onto Possum Hollow Road.
56.5 Turn right onto Dayton Road.

56.8 Turn left onto Bordentown Turnpike, then immediately left again onto county road 522 west (Browns
Comner Road).

57.5 Reascend to Pensauken Plain,

58.0 Turn right onto county road 535 nerth {(Cranbury Road). \
58.5 Tumn left on Deans-Rhode Hall Road.

58.8 Rise onto a higher remnant of the Pensauken. The highest Pensauken remnants, and deepest, reddest

soils, are on subcrop of Cretaceous sand, where there is less surface runoff and spring-sapping than on
clay or shale.
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58.9 Cross NJ Turnpike. Good thermokarst basins in fields to right after Turnpike.
59.4 Large thermokarst basin to right.
59.6 Turn right into gravel pullout along road.

STOP 5. Thermokarst Basins on Pensauken Formation (Scott Stanford)

Setting: Pensauken sand and pebble gravel is between 15-25 feet thick over a subcrop consisting of a thin feather
edge of Mapothy Formation sand on the Woodbridge Clay member of the Raritan Formation, which is about 100
feet thick in this area (fig. 6-7) (Stanford et al., 1997a). The Woodbridge Clay is a significant confining unit and
impedes drainage in the overlying Pensauken. The belt where the Woodbridge underlies thin (<40 feet thick)
Pensauken marks the best-developed thermokarst features in this area. The basins in this belt are numerous, up to
several hundred feet in diameter, with over 15 feet of closure in places, and with distinct gravelly rims. Most are
ellipsoidal in plan, with the long axis oriented northwest-southeast. Basins similar to those here are common in
poorly to moderately drained terrain throughout the Coastal Plain, but are generally more shallow, less numerous,
and without well-marked rims. Small, shallow, generally rimless basins of probable thermokarst origin also occur
north of the terminal moraine where thin stream terrace sand overlies glacial-lake clay (for example, on terraces
deposited on the floors of lakes Hackensack, Passaic, and Pequest, see fig. 1-9),

Materials: The rims and floors of the basins are composed of sand and pebble gravel of the Pensauken
Formation. Some of the larger basins have a fill of peat and organic silt and clay. This fill may be as much as 10
feet thick and has yielded a pollen record extending well back into the spruce zone, with minimum dates of
11,950+ 100 (QL-965) and 11,400+ 150 {QL-964) (Szabo Pond site of Watts, 1979) and, at another basin,

9,805 +62 (GX-17,456) (Stanford et al., 1997a) (fig. 6-7). Although none of the basins has been exposed by
excavation, other excavations throughout the area routinely show cryoturbation structures in the upper 8 feet or so
of the Pensauken Formation, including ice wedges and, most commonly, involutions.

Discussion: The gravelly substrate, and absence of any windblown sediment in the area, indicate that these basins
are not of eolian origin. The radiocarbon dates and pollen record indicate that they predate the Holocene, The
absence of organic sediment as a blanket over the area or in the basin substrate would seem to rule cut a palsa
origin, since palsas (mounds cored by thin ice lenses within permafrost) generally form in bogs (Washburn,
1973). The absence of any wetland or lacustrine sediments in the basin substrate eliminates a closed-system pingo
origin, which requires a lake overlying the pingo site prior to pingo growth (Washburmn, 1973). Also, the ubiquity
of these basins in a variety of landscape positions on interfluves, slopes, and valley bottoms argues against a
closed-system pingo origin, since these type of pingos typically occur singly only on flat surfaces. The gravelly
substrate, poor groundwater drainage, and ubiquity of the basins across the landscape all argue for an open-system
pingo origin (at least for the rimmed basins), where ice cores accrete from freezing of groundwater discharging
to the surface under artesian conditions preduced by the overlying impermeable permafrost (Washburn, 1973),
The northwest-southeast elongation of many of the basins parallels the surface drainage and the expected shallow
groundwater flow direction from the local recharge area on the upland to the southeast to the discharge area along
Lawrence Brook to the northwest. The basin elongation, and the occasional tendency for the basins to string
together in the same direction as the elongation, may therefore reflect ice-lense accretion along groundwater flow

. paths. The elongation may alsc reflect preferential wind-driven eresion of thaw-lake shorelines, as suggested by

Wolfe (1953), although most of the basins seem too small to show this effect. The many rimless basins in the
area, and throughout New Jersey, may reflect differential thawing of permafrost without significant ice-core
growth (Wolfe, 1953).

The preservation of these basins, and of involution structures, on flat to gentle slopes indicates that these slopes

were not severely eroded under periglacial conditions, but instead were deformed in situ. This stability contrasts
with the perigiacial mobility of regolith on steep slopes as evidenced by the extensive cofluvial deposits at their
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Figure 6-7. Surficial geologic map of area around Stop 5. Solid lines are contacts of surficial units, dotted lines
are contacts of Cretaceous units beneath Pensauken Formation. Hachured lines are edges of sand pits. Contacts
within pits are drawn as they were in 1991. Numbered solid circles show depth to underlying Cretaceous unit as
reported in water-well or test-boring record. Circled dois show thermokarst basins visible on air photes that are
not picked up by the base-map topography (10-foot contour interval). Many small basins, particularly in wooded
areas, are not shown, A few of the larger basins contain mappable marsh deposits (unit Qs). Units are:
af=artificial fill, Qal=alluvium, Qs=swamp and marsh deposits, Tp=Pensauken Formation, Kmg=Magothy
Formation (chiefly sand), Krw=Woodbridge Clay member of the Raritan Formation, Krf=Farrington Sand
member of the Raritan Formation. From Stanford et al. (1997a). Base is U. S. Geological Survey New Brunswick
7.5 minute quadrangle.
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bases (Stop 2). These observations suggest that significant periglacial erosion is largely restricted to steep slopes.
On the other hand, the original elevation of the Pensauken surface here, judging from remnants (o the east
supporting old soils, was between 150-160 feet, indicating 50 to 60 feet of surface lowering since abandonment of
the Pensauken Plain in the Pliocene. Did this erosion occur under periglacial conditions or was it accomplished by
stream erosion and spring-sapping under more temperate conditions in the late Pliocene and early Pleistocene?
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Continue east (right) on Deans-Rhode Hall Road.

Crossing Pigeon Swamp. Cretaceous clay (Woodbridge Clay Member of the Raritan Formation) under
15-20 feet of Pensauken here. Pigeon Swamp occupies a former westward drainage network beheaded
by headward erosion of Manalapan Brook, as described at 54.7. Drainage today is impeded by the
underlying Cretaceous clay and by outcropping diabase at the outlet of the swamp 2 miles to the west of
here, where it drains via a barbed patiern into Lawrence Brook, a Raritan tributary.

Recross thalweg of Pensauken Valley. Pensauken about 60 feet thick here; base at an elevation of 30 to
40 feet.

Turmn right onte US 130 north.

Crass Lawrence Brook, which drains north to the Raritan. Weathered diabase exposed beneath
Pensauken hereabouts. Base of Pensauken at an elevation of about 80 feet. From here to mile 70.5 we
will traverse a dissected part of the Pensauken Plain. Pensauken remnants cap interstream flats, with a
basal elevation of about 80 to 90 feet, dropping somewhat sharply to the east to 30-40 feet where the
valley thalwep is keyed into the onlap of Cretaceous sediments on Newark Basin rocks. Lockatong and
Passaic Formation rocks (red and gray shale and homfels in the Lockatong adjacent to the diabase) crop
out in Pleistocene valleys incised below the Pensauken.

Exit right on ramp onte US 1 north.
Rutgers University experimental farm on right. Pensauken 10 to 20 feet thick over Passaic shale.
Exit right under bridge onto NJ 18 north.

View to right of Raritan River, here set in a narrow gorge cut 50 to 100 feet into shale. This gorge,
which exterls from the Bound Brook area (about 8 miles upstream) to about 2 miles downstream from
here (where the valley broadens after crossing onto Cretaceous deposits), was cut when the Raritan was
diverted from its preglacial valley, which ran northeasterly from Bound Brook to the Newark Bay area.
The preglacial valley was filled with moraine and meltwater deposits during the late Wisconsinan and,
possibly, Illinoian, glaciations. The lower Raritan was rerouted across a low shale divide (the divide
was probably about here, judging from the height of the shale upland in this area) and now drains into
Raritan Bay just beyond the southernmost position of the terminal moraine at Perth Amboy. The upland
flats on either side of the gorge are part of the Somerville strath surface, as described at mile 29_8, with
isolated Pensauken remnants present at elevations above 140 feet.

QOutcrop of Passaic Formation on left. This is part of the type section of the Brunswick Formation, now
elevated to group stams.

Cross under Amtrak bridge. City of New Brunswick to left. A deposit of quartz sand and gravel,
derived from Pensauken material, caps a rock-cut terrace at 40 to 50 feet in elevation in downtown
New Brunswick and shows northerly paleoflow. It likely marks local drainage predating the Raritan
diversion.
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Move into left lane. - [
Cross Raritan River.

Enter left lane and tumn left onto NJ 18 north,

Parkland to left is on the Raritan floodplain. The well-developed lower terrace deposits in the Raritan
Valley upstream from Bound Brook are only sparsely present in the rerouted valley downstream from
Bound Brook (in places, as just a patchy lag on a narrow rock-cut terrace above the floodplain). The
upper terrace deposits are absent altogether in this reach.

Lower terrace to left of road, here a siity pebbly sand.

Exit right onto I-287 north after overpass.

Cross Raritan River.

First Watchung Mountain in front, formed on Jurassic basalt {the Orange Mountain Basalt). This marks
the northern limit of the Pensauken Plain and Somerville strath.

Recross Raritan River, here upstream from diversion point. Note the wide floodplain and bordering
lower terrace here, in contrast to the narrow vatley downstream from Bound Brook.

View to right of Chimney Rock Gap cut through First Watchung Mountain. This gap drains the
intermontane valley between First and Second Watchung Mountains and may have conducted lake
drainage from pre-lllinoian glacial Lake Watchung (see figure 1-9). Wide basalt-rich upper and lower
terrace deposits occur downstream from the gap and grade to their counterparts in the main valley,

Cross onto apron of basalt colluvium. Colluvium is continuous and as much as 50 feet thick along the
base of First Mountain.

Cross US 22.

Cross back from colluvium onto the Somerville strath, Several Pensauken remnants to the north of here
have bases at about 150 feet and tops at 160-180 feet. The Pensauken here is overlapped by the
terminal edge of the pre-Illinoian till, and both the till and Pensauken are overlapped by basalt
colluvinm of probable late Pleistocene age.

Exit left onto I-78 west at exit 21B.

Cross onto upper terrace along North Branch of the Raritan River.

Cross North Branch Raritan River.

Roadcut through shale hill capped with thin pre-Illinoian till. All topography below these hilltop caps is
free of till and was presumably cut by dissection after the pre-Illinotan glaciation.

Cross Lamington River.
View to left of Cushetunk Mountain, a circular ridge formed on a combination sill-dike intrusion of
Jurassic diabase. The pre-Illinoian margin, as defined by till patches and erratic distributton, wraps

around the north end of the mountain and extends several miles down the shale lowlands on either side,
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as befits a lobate glacial margin. From here to mile 98.5 pre-Iilinoian til caps shale hilltops and
interfluves. These remnants define a gently sloping surface with about 80 feet of relief that is incised by
the modern drainage, which has up to 150 feet of relief.

View to right of Highland Front, where Proterozoic gneiss is in fault contact with Newark Basin rocks.

View to left of one of the dams for Round Valley Reservoir, which fills the valley enclosed by
Cushetunk Mountain.

Cross fault contact of Passaic Formation and Proterozoic gneiss.
Cross sedimentary contact of Proterozoic gneiss and Paleozoic sedimentary rocks.
Exit right onto NJ 31 north at exit 17.

Outcrops of Cambrian and Ordovician carbonate rock (Allentown Formation) in roadcut on left. Pre-
Hlinoian till continues to cap flat interfluves through here. Musconetcong Mountain in front. The
Pattenburg tunnel on the fomer Lehigh Valley Railroad (mentioned at mile 36.0) bores through this
mountain near the prominent I-78 roadcut visible ahead.

Cross South Branch of the Raritan River.
Dike for Spruce Run Reservoir to left.

Spruce Run Reservoir to left. Cross sedimentary contact from Paleozoic rocks to Proterozoic gneiss.
Pre-lllinoian striations at $33W on Cambrian quartzite were described in this cut by H. B. Kummel
(circa 1900} but are no longer exposed.

Light at intersection with Van Syckels Road, on floodplain gravel of Spruce Run.

Enter Glen Gardner. This is a 3-mile-long gap cut through Musconetcong Mountain, partly occupied
and deepened by Spruce Run, a local drainage. The glen heads at a wind gap at 550 feet in elevation,
which also roughly corresponds to a break in slope to a more open valley within the lower glen, about
150 to 200 feet above Spruce Run. Glen Gardner lines up with wind gaps to the north near Oxford, and
with the Delaware Water Gap (see figure 1-4), suggesting a pre-Pliocene (late Miocene?) river
alignment before strike-valley capture and assembly of the present Delaware drainage, which has likely
been in piace since the late Pliocene (see Chapters 2 and 3).

Summit of wind gap. Cross former Central Railroad of New Jersey tracks (now abandoned). Descend
into Musconeicong Valley, crossing thrust fault contact of Proterozoic gneiss and Paleozoic carbonate
rock about halfway downslope.

Cross Musconetcong River, bordered here by a narrow late Wisconsinan terrace, in part consisting of
glaciofluvial sediment from the terminal moraine upstream at Hackettstown,

Turn right at light onto county rouate 632 north, Travel on valley strath surface cut into carbonate, and,
locally, shale bedrock and capped in places by pre-Hllinoian till. Views to right into Musconetcong
inmer valley show depth of Pleistocene incision below this surface,

View to lefi of Pohaicong Mountain, which forms the west side of the Musconetcong Valley here. The

Illinoian terminus was pinned on the west (far) side of Pohatcong Mountain in this area.
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110.8 Erratic boulders of quartzite and gneiss along road, from pre-Illinoian till. Same at 112.1 and 113.1.
113.7 Turn right at stop sign onto NJ 57 east.

114.0 Turn left at light onto county road 629 west,

114.6 Flat interfluve cut into Ordovician shale (Martinsburg Formation), capped by pre-Illinoian till.

114.8 Turn left onto Brickyard Road.

115.3 Bridge across Conrail track.,

115.4 Park in gravel turnaround,

STOP 6. Pre-Ilinoian Till and Weathered Slate

Ron W, Witte
(N.}. Geological Survey)
and
Richard K. Shaw
{Natural Resources Conservation Service)

Setting: Stop 6 is at an abandoned “clay” pit near Port Murray, Warren County, New Jersey (fig. 6.8). It lies on the
western side of Musconetcong Valley , in the Washington, N.J., 7 % minute quadrangle. The physiography of the
area is largely the result of differential weathering on chiefly southwest-trending fold and thrust belis of dolostone,
slate and siltstone, and gneiss and granite. The uplands rise as much as 700 feet above the floor of the valley, and
they are underlain by gneiss and granite. Topography is rugged and the landscape is deeply dissected. Ridge lines
chiefly follow layering in the country rock, although discordant trends are commen, and in places deep gaps cut across
the southwest-trending topographic grain. North of the late Wisconsinan glacial limit, rock outcrops are very
abundant because in many places the preglacial cover of loose rock and soil has been removed by the erosive action
of the last ice sheet. South of the limit, rock outcrops are fewer and the topography is not as rugged because in many
places the rock surface is covered by saprolite and colluvium. The valley is underlain by slate, siltstone, dolostene,
and minor limestone. The higher areas are held up by slate and siltstone, and the landscape consists of gently to
moderately rolling hills and swales. In places where the bedrock is covered by a thin mantle of Pre-Illinoian glacial
drift, it is weathered to depths exceeding 20 feet (fig.6.9 ). In places where the drift has been stripped by erosion,
the surface is typically vnderlain by thin slate-chip colluvium. Areas underlain by carbonate rock are typically 160
feet lower, have less relief, and in many places are also capped by the older glacial drift. Records of nearby wells
(Witte and Stanford, 1995) show weathered carbonate rock to depths exceeding 50 feet. The modern river valley
is cut down in rock and colluvium and it is very narrow. It chiefly follows the strike of the carbonate rock and it lies
100 to 200 feet below the main valley floor.

The Port Murray pit was formeriy worked by the National Fireproofing Co. ( see unnumbered figure below ) in the
late 19" and first half of the 20" cenrury. Based on notes by Meredith Johnson (1949, on file at the N.J. Geological
Survey, Trenton, New Jersey) common and face brick was made from a screened mixture of weathered slate and older
till. The material was largely dug with a pick and shovel, loaded on a tram car, and taken to the processing plant
where it was ground by a Huntingdon mill. The ground material was mixed with water and fed to a die machine that
compressed the clayey mixture into a large bar. The compressed ingot was cut into 18 bricks by a mechanical cutter
and then loaded on a tram car and sent off to the driers. The average production per day was about 42,000 bricks.
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National Fireprocfing Co. Port
Murray Plant, 1901.

Materials: Surficial geologic materials in the Port Murray area include; weathered bedrock, Pre-Illinoian till,
colluvium, and alluvium (fig. 6-8 ) It was reported by Meredith Johnson (1949, permanent notes on file at the New
Jersey Geological Survey, Trenton, New Jersey) that there was as much as 25 feet of old glacial drift overlying
weathered slate of the Martinsburg Formation at the Port Murray pit. Based on the degree of weathering exhibited
by the clayey drift it was thought to have been laid down during the oldest glaciation. Just northwest of the pit lies
a large colluvial apron that consists of crystalline material shed off Pohatcong Mountain. In Musconetcong Valley
colluvium of Wisconsinan age overlies weathered colluvium of presumably pre-Wisconsinan age, and a truncated red
soil marks the contact between the two (fig. 6.9 ). Bedrock exposed in the pit is the Bushkill Member of the
Martinsburg Formation. Where it is not weathered, it is a dark- to medium-gray, thinly-bedded slate containing thin
beds of graywacke and graywacke siltstone. The attimde of bedding is N 10° E 75° SE (bedrock geology from Drake
and others, 1994).

Section 1. - - Port Murray Formation, approximately .8 km southwest of Port Murray on the west side of the Erie-
Lackawanna railroad in the northwest comer of an abandoned clay pit, Washington 7 1/2 minute quadrangle, SE 1/4.

0.0 to 3.0 meters - Till, 5YR 5/6-8 sandy silt with some clay, high dry strength, high compaction, Contains
approximately 2 to 3 percent gravel clasts by volume. Gravel clasts are highly weathered, consist of a mix of
subangular to subrounded chert, gneiss, shale, sandstone, quartzite, and conglomerate, and all exhibit extensive
rubification. Gneiss and shale clasts are throughly decomposed or have very thick weathering rinds. The more
resistant lithologies exhibit thin weathering rinds, ferro-manganese staining is pervasive on clasts and the surface of
subvertical joints. In places color is variegated and alternates between reddish yellow and yellowish brown (10YR
5/8).

3.0 - 5.9 meters - Till, 10YR 5/6 - 5/8 sandy silt with some clay, high dry strength, high compaction. Contains
approximately 5 percent gravel clasts by volume. Similar characteristics as overlying unit.

5.9 - 6.8 meters - Till, 10YR 5/6 - 5/8 sandy silt with some clay, high dry strength, high compaction. Contains
approxXimately 10 percent gravel clasts by volume (> 60 percent shale). Rubification is minor.

6.8 - 7.9 meters - Weathered shale, 2.5YR 5/8 clayey silt with many highly weathered, and ferro-manganese-stained
clasts of shale.

Below 7.9 meters - Shale, highly cleaved, and fractured regolith. Pervasive reddish-colored (2.5YR 5/8) stain on joint
and cleavage surfaces.
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Figure 6.8. Surficial geologic map of part of the Washington, N.J. 7 1/2 minute quadrangle near Port Murray,
New Jersey. List of map units: af - artificial fill, Qal - alluvium, Qac - undifferentiated alluvivm and
colluvium, Qaf - alluviat fan, Qpt - Pre-Illinoian till, Qcg - granitic and gneissic colluvium, Qgw - weathered
gneiss and granite, Qsw - weathered slate, Qcw - weathered dolostone (weathered bedrock units include thin
colluvium), sr - shallow rock, chiefly rock waste on steep slopes. Shaded areas represent extensive bedrock
outcrop. Section A - A'shown on figure 6.9.
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Figure 6.9. Geologic cross-section A-A' from figure 6.8. List of map units: Qal - alluvium, Qac - undifferentiated
alluvium and colluvium, Qpt - Pre-Illinoian tilt, Qcg - granitic and gneissic colluvium, Qgw - weathered gneiss and
granite, Qsw - weathered slate, Qew - weathered dolostone (weathered bedrock units include thin colluvium), PC -
chiefly gneiss and granite, OCk - dolostone, and Om -slate and graywacke siltstone. Scale 1;24,000.
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Section 2. - - Port Murray Formation, approximately .8 km southwest of Port Murray on the west side of the Erie-
Lackawanna railroad in the northeast corner of an abandoned clay pit, Washington 7 1/2 minute quadrangle, SE 1/4.

0.00 - 0.79 meters - Till, 7.5YR 5/6-8 sandy silt with some clay, high dry strength, high compaction. In places minor
mottling (7.5YR 6/4) noted. Contains approximately 2 to 3 percent gravel clasts by volume. Gravel clasts are highly
weathered, and consist of a mix of subangular to subrounded chert, gneiss, shale, sandstone, quartzite, and
conglomerate, and all exhibit extensive rubification. Gneiss and shate clasts are throughly decomposed or have very
thick weathering rinds. The more resistant lithologies exhibit thin weathering rinds, Ferro-manganese staining is
pervasive on clasis and the surface of subvertical joints. In places there are small clots (< 3cm) of ferro-manganese
oxide.

0.79 - 1.20 meters - Near base of unit, there are thin lenses (< 3 inches thick, and < .6 m wide) of clayey silt with
shale fragments. These beds are moderately deformed and appear to have been sheared.

1.20 - 1.28 meters - Clayey silt with many weathered shale clasts. Shale clasts are chiefly oriented on their sides
in a horizontal position.

1.28 - 5.49 meters - Weathered shale, buff to pink to light yellow clayey silt, high dry strength, high compaction.
Contains many fragments of weathered shale, some quartz, and many small clots of ferro-manganese oxide. Shale
clasts do not appear to have a preferred orientation. Material has a subvertical platy structure with minor clay films
and Fe-Mn staining on plate surfaces. A few large vertical joints extend downward from the overlying till into the
residuum. They are as much as 3 cm wide and contain sandy silt derived from the overlying till, Shale clasts
increase in percentage toward the base of the outcrop.

Miscellaneous comments. Near section 2, a large (15’ x 12' x 10') subrounded, striated boulder of gneiss lies on the
pit floor. The surface of the shale regolith is broadly curvilinear and it appears to rise in a southerly direction.

Description of soil at section 1 (by R.K. Shaw)

0-4 inches A Dark yeliowish brown (10YR 4/4) gravelly loam; fine to medium granular structure;
friable; 12 % (volume) shale channers; 5 % subrounded gneiss gravel; gradual irregular
boundary.

4-18 inches 2Bt Strong brown (7.5YR 4/8) gravelly loam; moderate fine to medium subangular blocky
structure; friable; distinet clay films in pores and on coarse fragments; few black
manganese coatings on coarse fragments and throughout matrix; 15 % shale channers; 4
% subrounded gneiss gravel; clear smooth boundary.

18-46 inches 2Bt2  Yellowish red (SYRS/8) gravelly, sandy clay loam with patches of red (2.5YR 4/8) and
strong brown (7.5YR 4/8); moderate medium to coarse subangular blocky structure; firm;
distinct clay films in pores and on coarse fragments; black manganese coatings common
on coarse fragments and throughout matrix; 18 % subrounded gneiss gravel; clear smooth
boundary.

46-80 inches BC Strong brown (7.5YR 4/8) to reddish yellow (7.5YR 6/8) sandy clay loam; moderate
medium to thick platy structure, parting to medium subangular blocky; firm; clay films in
pores and on coarse fragments and throughout matrix; local areas with mica flakes
common; 8 % subrounded gneiss gravel.
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Particle Size Analysis (hydrometer method) sieve percent
by weight
percent of < 2mm fraction
Herizon sand silt clay texture > 2mm
A 48.8 30.7 20.5 loam 31.6
2Btl 46.9 35.0 18.1 loam 33.6
2Br2 52.7 15.8 31.5 sandy ciay loam | 31.1
2BC 544 20.3 25.3 sandy clay loam | 11.1

Mineralogy (sample collected at section 1, depth = 4.2 meters; analyzes provided by F.L. Muller, New Jersey
Geological Survey)

Texmre - gravel (10 %), sand (36 %), clay/silt (54 %).
Mineralogy (based on visual estimates)
granules - 33 % goethitic ironstone, 33 % white to gray/white shale, 34 % quartz.

sand (light fraction, < 2.89 SD) - 10 % fine-grained sandstone w/ iron (goethitic cement) and/or stained shale, 25
% goethitic ironstone, 1 % hematite, 1 % chert, 35 % feldspar (XRD shows both microcline and orthoclase), 2 %
biotite, 2 % granitic fragments, 1 % white bleached siltstone, 1 % red shale, 20 % quartz, 3 % unidentified.

sand (heavy fraction, >2.89 SD) - 40 % goethitic ironstone, 2 % muscovite, 15 % ilmenite, 3 % biotite, 20 %
magnetite, 2 % aluminosilicates, 1 % pyrite, 1 % zircon, 5§ % quariz, 10 % unidentified, trace: tourmaline, rutile,
monazite, pyroboles {(very rare).

Discussion: The mineralogy, texture, clast shape, and the occurrence of faceted and striated boulders show that the
drift at the Port Murray “clay” pit is till. Furthermore, its position on the landscape and on deeply-weathered bedrock,
and its degree of weathering compared to other till of similar parent material, indicates the drift is Pre-Tllinoian age.
The age of this glaciation is uncertain; it may represent single or multiple glaciations during the early to middle
Pleistocene (2.0 - 0.8 ma). Recent work on glacial lake-bottom deposits in the West Branch Susquehanna River valley
by Gardner and others (1994) showed that these deposits were laid down during a period of reversed magnetic
polarity. This places the age of the deposits at older than 788 ka, and based on the oxygen isotope record and the
position of the deposits they suggested that the deposits were laid down during the Pre-Hlinoian F or G glaciation.

Incision of the “Port Murray surface” is also an indication of the drift’s antiquity. The present position of the older
till (figs. 6.8 and 6.9) lies well above the modern drainage in areas protected from alluvial and hillslope erosion. The
position of Illinoian outwash in the modern Delaware River and Musconetceng River valleys (Witte and Stanford,
1995) suggests that the landscape had been lowered or nearly lowered to modern levels by the Illinoian glaciation.
The difference in the distribution of Illinoian and Port Murrayan glacial drift suggests that uplift and/or a drop in sea
level in post-Port Murrayan time had lowered base level. The Delaware River and its tributaries adjusted by
downcutting as much as 100 feet. Extensive headward erosion by first and second-order streams has also resulted in
the dissection of the older valley floor, and the surrounding Highlands. The narrow, rock-walled valleys through
which the Delaware and Musconetcong Rivers flow seem to support the above hypothesis,

The presence of glacial till of varying ages and similar parent material allows for the examination of the time factor
in soil development. Several reports have detailed the degree of weathering in till in New Jersey (MacClintock, 1940;
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Tedrow, 1954). Tedrow (1986) depicted an idealized depth of weathering for the late Wisconsinan (2.5 feet), Illincian
(7 to 8 feet), and Pre-lllinoian (15 to 16 feet) till. Other soil characteristics correlated with increasing age that may
apply to the Port Murray drift include: 1) an increase in the extent of surface alteration of sand-sized quartz grains
(Douglass and Plant, 1977), 2) a decrease in the amount of clay-sized quartz in till composed of Pocono sandstone
(Tedrow, 1954), 3) an increase in the amount of pedogenic chloritization of 2:1 clays, in till composed of the
Martinsburg Shale (Novak and others, 1971), and 4) an increase in iron oxide formation, increase in total clay and
fine clay to total clay ratio, and an increase in the depth and thickness of the argillic horizon in some Pennsylvania
till soils (Levine and Ciolkosz, 1983).
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Retrace route on Brickyard Road.

Turn right onto county road 629 east.

Turn left at light onto NI 57 east.

Descend to Musconetcong River.,

Shale of the Martinsburg Formation crops cut on left (to §18.5); narrow Musconetcong floodplain to right.
On late Wisconsinan terrace here {to 120.1).

Ascend from incised valley onto carbonate upland.

Illinoian terminus crosses the valley hereabouts but, although there is some Illinoian till along the valley
walls in swales just beyond the colluvial aprons, the bedrock upland in the center of the valley {mostly
shale here) has no mappable till, and, unlike carbonate-floored valleys, there is no Illingian moraine here.
Perhaps lower permeability of the shale has led to extensive surface runoff that stripped the till.
Descend to the late Wisconsinan glaciofluvial terrace.

Turn left at light onte NJ 182. Continue on terrace, here a cobble gravel.

Rise from terrace onto carbenate upland.

Turn right at light onto US 46 east.

Cross Musconetcong River and return to terrace. Terrace gravel about 30-50 feet thick here, over carbonate
rock and carbonate residuum. The terminal moraine, from which the terrace was deposited, is about 1 mile

upstream (to the left) from here,

View over field to right shows gneiss colluvium and an alluvial fan grading to the terrace surface,
suggesting comtemporaneity.

Cross fault contact of Paleozoic carbonate rock and Proterozoic gneiss and begin ascent up Schooleys
Mountain.

Top of Schooleys Mountain. Gently sloping terrain here is veneered with Illinoian till and a few patches
of stratified drift. The Illinoian terminus, as defined by the till patches, is just to the south of US 46. On
the broader, less dissected part of Schooleys Mountain further south, there are patches of pre-lllinoian till
on the flattest areas.

Cross outlet channel for glacial Lake Budd, now the headwater of the South Branch of the Raritan River.
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Budd Lake on left. Budd Lake cccupies the headwater area of a north-draining preglacial valley that was
dammed by the late Wisconsinan terminal moraine, and by underlying late Wisconsinan and Illinoian
lacustrine valley-fill sediments. A 60-foot pollen core taken by Harmon (1968) on the far shore of the lake,
along the edge of a floating bog, vielded a pre-advance date of 22,870+ 720 (I-2845) at 37 feet and vielded
pre-Pleistocene exotic pollen taxa from 46-60 feet, possibly from pre-Illinoian glacial-lake clay (see
Chapter 1). If not reworked, these pollen taxa suggests a Pliocene age for the pre-Illinoian glaciation.

North end of Budd Lake. A small glacial delta fronts the terminal moraine to the left here. Most of the
delta was overrun during ice advance and is covered by till of the moraine.

Cross onte terminal moraine. The filled preglacial valley mentioned at 129.2 parallels US 46 just to the
west, and is about 0.5 mile wide and 2 miles long. It is filled with a top-to-bottom sequence of late
Wisconsinan till of the moraine over late Wisconsinan deltaic sand over late Wisconsinan and Illincian lake-
bottom clay over thick lllinoian and pre-Illinoian? lacustrine-fan? sand and gravel (Stanford et al., 1997b).
Total thickness of fill is as much as 250 feet. The basal sand and gravel here, as in other valley fills along
the terminal moraine, is a productive confined aquifer.

Cross under I-80. Stay in right lane on US 46 east. Continue through terminal moraine, which overlaps
a bedrock ridge to the right.

Junction with US 206. Stay on US 46 east at circle. Still in moraine.
Cross under 1-80.
Tumn left into hotel parking lot. End of Day 1.

REFERENCES

Bowman, J. P. and Lodding, W., 1969, The Pensauken Formation--a Pleistocene fluvial deposit in New Jersey, in
Subitzky, S., ed., Geology of selected areas in New Jersey and eastern Pennsylvania and guidebook of excursions:
New Brunswick, N. J., Rutgers University Press, p. 3-6.

Clark, G. M. and Hedges, J., 1992, Origin of certain high-elevation local broad uplands in the central Appalachians
south of the glacial border, U. 8. A.--a paleoperiglacial hypothesis, in Dixon, }. C., and Abrahams, A. D., eds.,
Periglacial geomorphology: New York, John Wiley, p. 31-61.

Cleaves, E. T., 1989, Appalachian Piedmont landscapes from the Permian to the Holocene: Geomorphology, v. 2,
p- 159-179.

Davis, W. M., and Wood, J. W., 1889, The geographic development of northern New Jersey: Proceedings of the
Boston Society of Natral History, v. 24, p. 365-423.

Douglas, L. A., and Plau, D. W., 1977, Surface morphology of quartz and age of soils. Soil Sci. Soc. Am. J. 41 :

641-645.

Fullerton, D. S., Stratigraphy and correlation of glacial deposits from Indiana to New York and New Jersey:
Quaternary Science Reviews, v. 5, p. 23-37.

Harmon, K. P., 1968, Late Pleistocene forest succession in northern New Jersey: unpublished Ph.D. dissertation,
Rutgers University, New Brunswick, N. ., 203 p.

6-29



Johnson, D. W., 1931, Stream sculpture on the Atlantic stope: New York, Columbia University Press, 142 p,

Jordan, R. R., 1964, Columbia (Pleistocene) sediments of Delaware: Delaware Geological Survey Bulletin t2, 96
-

Kirkham, W. C., 1976, Soil survey of Somerset County, New Jersey: U. S. Government Printing Office, 114 p.

Levine, E. R., and Ciolkosz, E. J., 1983, Soil development in till of varicus ages in northeastern Pennsylvania,
Quaternary Research, 19 : 85 - 99.

MacClintock, Paul, 1940, Weathering of the Jerseyan till. Bull, Geol. Soc. Amer. 51 : 103 - 116,

Martino, R. L., 1981, The sedimentology of the late Tertiary Bridgeton and Pensauken formations in southern New
Jersey: unpublished Ph.D. dissertation, Rutgers University, New Brunswick, N. J., 299 p.

Neuman, R, P., 1980, Evidence for pre-Wisconsinan (Jerseyan?) glacial deposits in the Rocky Hill-Kingston area,
New Jersey: Bulletin of the New Jersey Academy of Sciences, v. 253, no. 1, p. 12-16,

Novak, R. ., Motto, H. L., and Douglas, L. A., 1971. The effect of time and particle size on mineral alteration in
several Quaternary seils in New Jersey and Pennsylvania, /n Paleopedology: Origin, Nature and Dating of Paleosols,
D.H. Yaalon, ed. Hebrew University Press, Jerusalem, pp. 2t1 - 224,

Owens, J. P., and Minard, J. P., 1979, Upper Cenozoic sediments of the lower Delaware Valley and northern
Delmarva Peninsula, New Jersey, Pennsylvania, Delaware, and Maryland: U. 8. Geological Survey Professional
Paper 1484, 39 p.

Owens, J. P., and 7 others, 1995, Geologic map of New Jersey: central sheet: U, 8. Geological Survey Open File
Report 95-253, scale 1:100,000.

Parker, R. A.. and Houghton, H. F., 1990, Bedrock geologic map of the Monmouth Junction quadrangle, New
Jersey: U. 8. Geological Survey Open File Report 90-219, scale 1:24,000,

Pavich, M. J., 1989, Regolith residence time and the concept of surface age of the Piedmont "peneplain™:
Geomorphology, v. 2, p. 181-196.

Priesnitz, K., 1988, Cryoplanation, in Clark, M. ]., ed., Advances in periglacial gecomorphology: New York,
J. W. Wiley, p. 49-67.

Sandberg, S. K., and 4 others, 1996, Geophysical investigation of the Potomac-Raritan-Magothy aquifer system and
underlying bedrock in parts of Middlesex and Mercer counties, New Jersey: N. J. Geological Survey Report GSR
37,33 p.

Stanford, S. D., and 4 others, 1997a, Geologic map of the New Brunswick quadrangle, Middlesex and Somerset
counties, New Jersey: N. J. Geological Survey Open File Map 23, scale 1:24,000.

Stanford, S. D., Stone, B. D., and Witte, R. W_, 1997, Surficial geology of the Stanhope quadrangle, Morris and
Sussex counties, New Jersey: N. J. Geological Survey Open File Map 22, scale 1:24,000.

Stone, B. D., Stanford, 8. D., Witte, R. W., in press, Surficial geologic map of northern New Jersey: U. 8.
Geological Survey Miscellaneous Investigations Series Map, scale 1:100,000.

6-30



Tedrow, J.C.F., 1954, Clay minerals in three podzol profiles, Soil Sci. Soc. Am, Proc. 18 : 479 - 481.
Tedrow, J. F., 1986, Soils of New Jersey: Malabar, Florida, Krieger, 479 p.
Washburn, A. L., 1973, Periglacial processes and environments: London, Edward Amold, 320 p.

Watts, W. A., 1979, Late Quaternary vegetation of central Appalachia and the New Jerey Coastal Plain: Ecological
Monographs, v. 49, p. 427-469.

Wolfe, P. E., 1953, Periglacial freeze-thaw basins in New Jersey: Journal of Geology, v. 61, p. 131-141.

6-31






CHAPTER 7
ROAD LOG AND DESCRIPTION OF FIELD STOPS

SUNDAY- JUNE 1, 1997

Ron W. Witte
New Jersey Geological Survey
CN 427
Trenton, New Jersey

We will assemble in the Days Inn parking lot near the exit onto US Route 46 at 8:00 am.. Travel today will be by
private vehicles, and we aiso have the use of a Rutgers University passenger van. The final stop will be near Milford,
Pennsylvania, approximately 9 miles south of Interstate Route 84, and 28 miles north of Interstate Route 80. If you
plan to travel homeward through the starting area, please use the van or car pool to keep the number of vehiclesto a
minimum. These vehicles will return to the Days Inn at Ledgewood.

Today’s route (fig. 1) will take us along a northwest traverse of the New Jersey Highlands, Kittatinny Valley, Kittatinny
Mountain, and Minisink Valley; an area covered by the late Wisconsinan glaciation. The main topics of the field trip
will include: 1) late Wisconsinan recessional history of the Kittatinny and Minisink Valley ice lobes, 2) origin of the
Ogdensburg-Culvers Gap moraine, 3) late history of the Culvers Gap River and abandonment of Culvers Gap, 4)
postglacial alluvial history of Minisink Valley, and 5) archaeology of Minisink Vatley.

The traveling distance to Stop 2-1 at Culvers Gap is 26 miles. If the caravan is small, ! will try to keep everyone
together. If you become disconnected from the main group stay on Route 206 and head north to Culvers Gap.
Caffeinated beverages and foodstuffs loaded with carbohydrates will be served at stop 2-2 (Park Headquarters, Stokes
State Forest).

Mileage Route Description

0.0 Tumn right onto US 46 west from hotel parking lot (the road log up to mile 8.7 was written by $.D. Stanford)
1.7 Exit right onto US 206 (N} 183) north at circle.

1.8 Cross NJ Transit (formerly Lackawanna Railroad) tracks. 50-feot railroad cut to right is entirely in late
Wisconsinan till. We are on the axis of a filled preglacial valley, here about 150-200 feet thick, Well logs
indicate till as much as 80 feet thick overlies lacustrine deposits that were probably deposited in an ice-dammed
lake during the late Wisconsinan advance, The buried lacustrine deposits are a productive aquifer in places.

2.2 Cross the Musconetcong River and former route of the Morris Canal, now obscured. Lake Musconetcong,
dammed in part by the terminal moraine, to the right. The Morris Canal, built in the 1820s to carry coal from
Pennsylvania to New York City, ran from Phillipsburg on the Delaware River to Jersey City on the Hudson,
using a unique series of inclined planes rather than locks. The level of Lake Musconetcong was artiftcially
raised to provide part of the canal route. After crossing the river, leave the terminal moraine and ascend a
bedrock hill.
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Figure 1. Route for field trip on Sunday, June 1, 1997 and locatin of stops.

Merge into US 206 bypass entering from left.

Cross Lubbers Run, here inset into a low till-over-rock upland but elsewhere bordered by glaciofluvial terrace
deposits.

Quarry in gneiss on right. We are ascending to the Andover-Ledgewood wind gap, here greatly modified by
glacial erosion,

Top out on floor of gap.

QOld pit on right (now overgrown) is dug in gneiss saprolite. Several exposures in this area show late
Wisconsinan till containing fresh gneiss clasts overlying gneiss saprolite, indicating incomplete glacial erosion
of the saprolite. Exposures and well logs elsewhere in the Highlands, up to the New York border, show pockets
of weathered gneiss (generally a grus) as much as 100 feet thick under unweathered till. In places the
weathered gneiss forms drumlin cores. Descend slightly to the surface of a glacial delta.

Cranberry Lake to left. This lake occupies a plucked rock basin, as do many of the small upland lakes and
swamps north of the terminal moraine.

Plucked cliff to left is in a resistant pyroxene granite unit. Striations show ice flow about due south over this
ridge, while the cliff strikes about S40W. This divergence produced "obliquely plucked" erosional rock forms
on this and on other similarky positioned slopes, where plucked faces are at an angle to the slope and alternate
with abraded ledges. Flat terrace on the valley floor is another glacial delta surface.
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Roadeut 1o left in another glacial delta, one of a series of step-down deltas in the north-draining valley from
here to Andover. The ice-dammed lakes discharged westward into the Pequest Valley across local divides.

Abandoned gravel pit to right, in another glacial delta, a step lower than that at mite 7.3.

Tunnel under the Lackawanna Cutoff, a 28-mile-long cut-and-fill built by the Lackawanna Railroad between
19(9-1911 to shorten rail passenger travel time between New York and points west, so as better to compete
with the Erie and New York Central railroads. The fill, as much as 110 feet tall, is the world's largest railroad
embankment. It was abandoned in 1979. A proposal in the late 1980s to mine it for aggregate led to state
acquisition for possible future extension of a commuter rail line,

Intersection of U.S. Route 206 with County Route 517 in Andover New Jersey. Descend into Pequest River
lowland in Kiitatinny Valley. The ridge on your left (west) is a rock-cored drumlin. The low ridge to the right
(east), upen which rests a small cemetery, is part of small upland delta that marks the Franklin Grove ice-
margin. The elevation of the ridge is similar to the delta plain that lies just to the south. Apparently this part
of the deposit was laid down in an ice-crevasse or collapsed tunnel.

Cross Lehigh-Hudson Railroad. The Pequest River lowland is a broad, strike-controlled, carbonate-floored
area that lies between the New Jersey Highlands (to the east) and slate uplands in Kittatinny Valley (to the
west). The landscape here is a topographic mosaic of rock-rimmed depressions, solution valleys, low relief
ridges, and rock pinnacles; all products of glacial erosion in karst. In many places the lowest parts of the
lowland are underlain by glacial outwash; chiefly sediment laid down in small sediment-dammed proglacial
lakes that bordered on the margin of the Kittatinny Valley lobe. The low flat plains on your right (east) are
part of the upper Pequest Valley deposits (Witte, 1988) laid down from ice-retreatal positions one to two miles
upstream.

Whites Pond, on your right (east) side. The pond is a small kettle formed in the upper Pequest Valley deposits.
The name is common 10 this area and is apparently derived from the thin deposits of marl that cover the pond's
floor.

Large outcrop of the Allentown Dolomite on the right (east). The formation is of Upper Cambrian and Lower
Ordovician age and consists of fine- to medium-bedded crystaltine, thin- to medium-bedded, massive to
laminated, thythmically bedded dolomite. Unit is characterized by oolites, and stromatolites, and nodular and
bedded chert and orthoquarizite are common (unit description modified from Drake, 1992).

Cross the Pequest River. The route here crosses through the headwaters of the Pequest River, which largely
flows from the many springs south of the village of Newton, New Jersey. The many outcrops along this part
of the route are Allentown Dolomite. Just to the north lies the remnant of a valley-outwash delta, that at one
time covered the floor of the river valley. The low terraces on your right (east) are meltwater-terrace deposits
that were largely formed by the drainage of Lake Newton (Witte, Chapter 4 in this guidebook).

Cross the Pequest River, near the village of Springdale. The broad terrace just ahead is another valley-fill delta
remnant. This material appears to have been laid down from the Sparta margin (Witte, Chapter 4 in this
guidebook), an ice-retreatal position one mile upstream near Newton. Based on morphesequence mapping,
Ridge (1983) and Witte (1988) have identified 12 ice-retreatal positions in the Pequest lowiand.

Cross meitwater channel cut by drainage from Lake Newton.
Pass 5t. Pauls Abbey on your left (west). Broad outwash plain on your right (east). Several rock pavements

and small ridges of Allentown Dolomite poke through the outwash piain. Striae measured nearby show that
the ice moved S 20° W, a direction the crosscuts the more southwesterly trend of Kittatinny Valley.
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On your left (west) there are several low ridges of Allentown Dolomite, and a few large depressions in the
outwash plain. The irregular shapes of some depressions suggest they are ketttes. However, some are aligned
with the strike of the country rock and have a more elliptical shape. These may be sinkholes. A common
problem in parts of the Pequest and Paulins Kill lowlands in areas of karst is determining the origin of these
landforms. The rolling upland on your left (west) is held up by the Martinsburg Formation (slate and
graywacke siltstone, Upper Ordovician). Here it is capped by thin till. In this area the Martinsburg Fm.
consisis of three members, the Bushkill, Ramseyburg, and High Point. The lower member consists of slate
with minor graywacke siltstone. It is quarried extensively in Pennsylvania where it is largely used as roofing.
In this area there are several small and abandoned quarries,

Enter a small solution valley formed in the Allentown Dolomite. The valley here is underlain by outwash and
it served as a conduit for meltwater emanating from the Kittatinny Valley lobe. The massive, deeply-etched
outcrops here are Allentown Dolomite. In several places small aprons of talus (chiefly joint blocks) line the
base of the outcrops.

Enter the village of Newton.

Ascend out of valley and climb approximately 30 feet onto the edge of the slate upland. At the crest of hill
cross the drainage divide between the Pequest River and Paulins Kill. The gentle hillslope on the north side
of the divide is underlain by thick till, which in many places forms aprons on the north-facing sides of hills and
ridges.

Traffic light, intersection of Route 206 with Park Place, and the town square. Continue straight ahead.

Traffic light, intersection of Route 206 with Spring Street. Make a left-hand tumn and then bear right down hill
following signs for Route 206 (north). At bend in road, Route 206 joins Route 94.

Cross Paulins Kill, which drains beneath Route 206, northward toward a large swamp northeast of Newton.
The swamp, formerly the site of Lake Newton (Witte, Chapter 4 in this guidebook), occupies a broad
carbonate-floored valley. Route 206 here lies approximately 250 feet west of the carbonate - slate contact.

Traffic light, intersection Route 206-94 north and E. Clinton Street.

Pass large outcrop of the Martinsburg Formation (Bushkill Member) on your left (west). Bedding as shown
by a few graywacke siltstone beds dips northwest. The upper five feet of the outcrop has been reworked by
cryoturbation forming a loose mantle of slate chips. Till, if it was present, has been stripped off the hillslope
by mass weathering. The Bushkili is the more slaty member of the formation and it crops out along a narrow
belt that closely follows Rt. 206. The rolling hills that lie further west and at higher elevations are underlain
by the Ramseyburg Member (graywacke, and graywacke siltstone). Bedrock geology from Drake and Volkert
(1993).

Traffic light, intersection Route 206-94 and S. Park Drive.

Pass Sussex Shopping Plaza on the left (west). The plaza sits in a narrow valley that in places is underlain by
laminated silt and clay. These materials were laid down in a small embayment of Lake Newton that projected
into the slate uplands on the west side of the main lake basin, The floor of the valley is approximately 600 feet
above sea level, and the lakes spillway one mile to the southeast, lies at an elevation of 595 feet above sea level
(Witte, 1988). The slate uplands on either side of the valley exhibit a streamlined topographic form, a product
of glacial erosion. Qutcrops here are commeon, although thin till covers most of the rock surface.

The small hill on your left (west) behind the strip mall is a klippe of Allentown Dolomite (Drake and Volkert,
1993).
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Traffic light, intersection of Routes 206 and 94. The small valley on your right (east) is underlain by lake-
bottom deposits, and its setting is similar to the area beneath the shopping plaza (narrow embayment of Lake
Newton). The low rock ridges on the right (east) are held up by the Bushkill Member of the Martinsburg
Formation. The high ridge to the left (west) is a rock-cored drumlin. Borings (unpublished data on file at the
N.J. Geological Survey, Trenton, New Jersey) show the till is as much as 52 feet thick.

. Intersection of Route 206 and County Route 626. From 17.0 to 17.5 miles there is a slight rise in elevation

and you have crossed cnto the outwash plain of a small delta laid down in Lake Newton. The low slightly
hummocky area immediately north is the Ogdensburg-Culvers Gap moraine, and it forms a low relief cross-
valley ridge that terminates against the till-covered bedrock ridge that lies on the right (east) side of the road.
Many shovel holes in the morainal area show that it consists of stony till. Its low relief is because it has nearly
been drowned by deltaic outwash that lies against its outer and inner margins.

Pass over the moraine. If you look closely to your left {(west), faint moraine-parallel ridges lie along the
moraine’s outer margin. Further east well records show that the moraine overlies deltaic outwash, which
suggests it was laid down following a readvance (Witte, Chapter 4 in this guidebook). The segmented nature
of the moraine is more common in this part of Kittatinny Valley. Further west in Kittatinny Valley and en
Kittatinny Mountain, its course becomes more continuous.

Small outcrop of the Martinsburg Formation (Ramseyburg Member). To the left (west) side of the road, there
is a large area of collapsed outwash immediately behind the moraine. These deposits are ice-contact deltas and
lacustrine-fan deposits laid down in a small progilacial lake formed between the moraine and the margin of the
Kittatinny Valley lobe. The spillway for the lake lies 0.5 miles west on the moraine at a similar elevation as
the outwash. Preglacial lake deposits behind the moraine are common in Kittatinny Valley (Witte, Chapter
4 in this guidebook). These features mark minor recessional positions of the ice lobe.

Pass small sand and gravel pit in lacustrine-fan deposit. Descend rapidly (140 feet) to the floor of the Paulins
Kill lowland. The Paulins Kill from its headwaters near Newton drains northward to the village of Augusta
for a distance of approximately four miles. Retreat of the Kittatinny Valley lobe in this part of the basin
resulted in the formation of several proglacial lakes. The largest and highest of these was Lake Newton.
During retreat lower spillways were uncovered across local bedrock-floored drainage divides. Near Augnsta
the river drains southwest toward the Delaware River. Qutwash in the Augusta area is also deltaic, although
it was laid down in sediment-dammed lakes rather than lakes formed by topographic enclosure. Looking
northward will afford an excellent view of the rolling topography formed on the Martinsburg Formation, and
off in the distance to the northwest lies the even skyline of Kittatinny Mountain.

Cross small unnamed tributary of the Paulins Kill. Material in the lowland here consists of alluvium and
meltwater-terrace deposits that overlie lake-bottom deposits. The low hill on your left (west) is a lacustrine-
fan deposit.

Ascend onto the flat surface of a delta plain (ice-contact). Elevation of this deposit is approximately 525 feet
above sea level. A low divide at 515 feet, about one mile west, may have been the spillway for the small
unnamed lake that the delta was laid in.

Area of extensive outcrop on your left (west) is floored by the Ramseyburg Member of the Martinsburg
Formation. The former topography here consisted of several low-relief (20 feet) strike ridges that were
presumably leveled to make room for yet another strip mall!

Cross over Paulins Kill and ascend (20 feet) onto the plain of a large ice-contact delta.
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Traffic light, intersection of US Routes 206 and 15, and County Route 565. A large bedrock ridge
(Martinsburg Fm., Ramseyburg Mbr.) lies straight ahead. Turn left at light and follow Rt.206 north toward
Culvers Gap via Branchville. Route 206 here follows the distal edge of a delta plain (fig. 2). The large delta
here was laid down from the Augusta margin (Witte, Chapter 4 in this guidebook) located about one mile to
the north. Typical of the many small and/or narrow glacial lake basins in this part of Kittatinny Valley,
outwash has filled in the basin from valley wall to valley wall. Well records show that the outwash is as
much as 150 feet thick. On the horizon is Kittatinny Mountain and the low area along its crest is Culvers Gap.
In the midground are strike-controlled ridges held up by the Martinsburg Formation.

Cross Lehigh and New England Railroad (abandoned). The low channel on your right (north) is the outlet for
Lake Wallkill {fig. 2) cut down in a large valley-fill delta that slightly predates the Augusta moraine (Witte,
Chapter 4 in this guidebook). The floor of the spillway {estimated at 495 feet above sea level) probably
stabilized on bedrock given the location of nearby Martinsburg outcrops. However, several probes along the
outlet channel have not revealed the true location of the rock threshold because it is covered by swamp
deposits. On your left (south) the Paulins Kill turns southwest and begins its descent down the Paulins Kill
lowland. 1suspect that prior to the late Wisconsinan glaciation the north-draining part of the Paulins Kill may
have been part of the Wallkill River drainage basin,

Traffic light, intersection of Route 206 and Plains Road.,

Cross over the crest of a small ridge and descend into the Branchville lowland. The road cut on your right
(north) consists of thick till suggesting the ridge may be drumlin. The west side of the ridge is also the
approximate location of the Portland Thrust Fault (Drake and Monteverde, 1992), which lies along the contact
between the Martinsburg Fm. and the older Kittatinny Limestone. The Branchville lowland directly ahead is
marked by the dissected surface of ice-contact and non ice-contact deltas that had formerly coalesced and
filled in the lowland. Later, meltwater drainage accompanied by erosion and lowering of base-level
downvalley, led to incision of the delta plain. Meltwater channels and meltwater terraces mark this event, The
lowest terraces that lie in the valley on your left (south) are postglacial alluvial deposits laid down by the
Paulins Kill and its tributary Dry Brook.

Cross over a small meltwater channel.

On your left (south) is an excellent view of the valley floor with its several glacial outwash and alluvial
terraces.

Cross over Dry Brook.
Traffic light, intersection of County Route 519 and Route 206. Approximately 600 feet past the intersection
is the contact between the Kittatinny Limestone, and the Martinsburg Formation (Drake and Monteverde,

1992).

Martinsburg (Ramseyburg Member) outcrop to the left (south). Ascend through small valley (Culvers Creek)
cut by meltwater and drainage from Lake Owassa (Witte, 1997a).

Pass over the crest of a drumlin (summit - 905 feet), this location affords a good view of Culvers Gap and the
crest of Kittatinny Mountain. Nearby well records {Witte, 1997a) indicate the drift here is as much as 294 feet
thick.

QOutlet of Culvers Lake.
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Figure 2. Surficial geologic map of part of the Branchville 7 1/2 minute topographic quadrangle., The area shown is located
at Augusta, New Jersey in the SW 1/4 of the quadrangle. List of map units: af - artificial fill, Qal - aliuvium, Qst - stream-
terrace deposit, Qs - swamp and bog deposits, Qta - talus, Qac - alluvium and coliuvium, undifferentiated, Qt - thick till, Qtr -
thin till, Qam - Augusta moraine, Qd - ice-contact delta, Qdf - non ice-contact delta, QIf - lacustrine-fan deposit, and Qft -
meltwater-terrace deposit.  Geologic log of the observation well located on the Augusta moraine: 0-23 feet, bouldery till
with minor interbeds of sand and gravel, 23-35 feet, cobble and cobble-pebble gravel with some sand, 35-51 feet, pebble
gravel, pebbly sand, and sand with minor interbeds of cobble-pebble gravel, 51-89 feet, pebble gravel and pebbly sand,
gradational to sand and clayey silt below 75 feet, 89-112 feet, gray laminated clayey silt, and clay, and below 112 feet, dark
gray siltstone (bedrock),
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Pass over the crest of a drumlin (summit - 930 feet). Nearby wells show the drift here is greater than 300 feet
thick. The drumlins near Culvers Lake are part of an anomalously thick belt of drift that extends five miles
southwestward down Kittatinny Valley. Most of the well records in this area show till (presumably all of late
Wisconsinan age) underlain by a varied mix of material interpreted as sand and gravel, fines, and till. In places
this lower material may be as much as 100 feet thick, and because it lies deeply buried its age and genesis are
unknown. In the realm of speculation, some of the stratified sediment and fines may have been laid down in
a proglacial lake formed in front of the advancing Kittatinny Valley lobe. Alternatively, this material may be
Iilinoian age.

Intersection of County Route 521 and Route 206, on the right (north) is McKeown’s (restaurant) and beyond
is Culvers Lake. Just ahead lies the base of Kittatinny Mountain and the entrance to Culvers Gap. The
mountain is held up by the Shawangunk Formation, a extremely resistant quartzite, and quartz-pebble
conglomerate. Its lower slope is covered by till that has been mapped here as the Ogdensburg-Culvers Gap
moraine, and talus. Depending on the size of our caravan, we may pull off the road into the restaurant’s
parking lot and take a few moments to view Culvers Gap, Culvers Lake, and the crest of Kittatinny Mountain,
or as some will argue the glacially scoured surface of the Schooley peneplain. Please note that there will be
no presentation here. The Culvers Gap and Culvers Gap River discussion will be held at stop 2-2 (Park
Headquarters, Stokes State Forest, one mile northwest of the gap).

Culvers Gap, intersection of Lower Shore Road and Route 206 on your right (north), and the Ogdensburg
Culvers Gap moraine.

The parking area for stop 2-1 is on your right (north), just past Lower Shore Road on State property (Stokes
State Forest). Additional parking is available off Lower Shore Road. We’ll assemble near the edge of a small
pit located just northeast of the parking lot (fig. 3). Stop 2-1 will consist of 2 paris. At 1a we’ll examine the
materials that make up the moraine, and discuss debris sources and debris transport at the margin of the
Kittatinny Valtey lobe. Stop lb will consist of a short walk (5 minutes) to the moraine’s outer margin where
we’ll reassembie on the crest of the moraine’s frontal ridge. Here we’ll discuss the moraine’s morphology,
and its construction (push moraine, dump moraine, stagnation moraine ?).

STOP 2-1 (a and b)

Ogdensburg-Culvers Gap Moraine

Ron Witte (N.J. Geological Survey)

Location - Culvers Gap, N.J. - PA. 7 %2 minute topographic quadrangle in Stokes State Forest, Sussex County,
New Jersey (fig.3).

Geologic Setting - Culvers Gap is a preglacial wind gap that lies in the glaciated section of the Valley and
Ridge Physiographic Province. It forms a prominent pass through Kittatinny Mountain and links Kittatinny
Valley (east) with Minisink Valley {west). The mountain is held up by the Shawangunk Formation, a tough
and very resistant quartzite and quartz-pebble conglomerate of Silurian age. The floor of the gap is covered
by the Ogdensburg-Culvers Gap moraine, a recessional moraine of late Wisconsinan age laid down at the
margin of the Kittatinny Valley lobe (Witte, Chapter 4 in this guidebook). Based on nearby well records
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Figure 3. Surficial geology of a portion of the Culvers Gap quadrangle, New Jersey, in the vicinity of Culvers Gap. List of map units: af -
atificial fill, Qs - swamp and bog deposits, Qal - alluvium, Qta - talus, Qkm - thick till, Qkmr - thin till, Qom - Ogdensburg-Culvers Gap
moraine, Qmu - small undifferentiated meltwater deposits, Qft - mektwater-terrace deposits, st - regolith, chiefly rock waste on steep
hillslopes and ridge crests with minor talus, scattered erratics, and a few rock outcrops. Shaded areas represent extensive rock outcrop.
Symbology on Qom: arcuate lines are drawn along the crest of large morainal ridges, and smatl polygons represent kettles.
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{Witte, 1997a), the gap’s bedrock floor lies between 750 and 800 feet above m.s.l. Salisbury (1902, p. 350)
appears to have been the first to use the term Ogdensburg-Culvers Gap moraine in describing a discontinuous
morainal belt that raced a course westward through Kittatinny Valley from Ogdensburg to Culvers Gap.
Salisbury also noted that morainal topography in Minisink Valley near Fisher School House and in Wallpack
Valley near Layton may have been contemporaneous to the feature at Culvers Gap. Minard (1961) traced the
moraine over Kittatinny Mountain and Witte (Chapter 4 in this guidebook) further refined its course and placed
it within the morphostratigraphic framework that he developed for the Kittatinny and Minisink Valley ice
lobes.

Discussion - Recessional moraines in northwestem New Jersey form conspicuous, arcuate, cross-valley ridges
that mark former, stable, ice-marginal positions of the Laurentide ice sheet. These features are late
Wisconsinan age, consist chiefly of till, have a varied morphology, and follow looping courses through the
Kittatinny and Minisink Valleys. They include the Franktin Grove, Dingmans Ferry-Ogdensburg/Culvers Gap,
Montague-Augusta, Fairview Lake, Libertyville, Millville, and Steeny Kill Lake moraines, and they delineate
recessional positions of the Kittatinny and Minisink Valley ice lobes (Witte, Chapter 4 in this guidebook). The
following definition, modified from Flint (1971) adequately describes the character of these features. “An end
moraine is a ridge-like accumulation of drift built along any part of the margin of an active glacier. Its
topography is initiatly constructional, and its initial form results from (1) amount and vertical distribution of
drift in the glacier, (2) rate of ice movement, and (3) rate of ablation.” Flint stresses the role of active ice
transporting drift to the glacier margin, and the amount of drift in the ice sheet. Presumably, the more active
the glacier and the more drift it contains, the larger the end moraine it will make. In addition, syndepositional
and postdepositional modification of the moraine through ice shove, collapse due to melting of buried ice, and
resedimentation of supramorainal materials chiefly by mass wastage, all act to give the recessional moraines
their overall form,

The recessional moraines consist of non compact, stony, silty-sandy till (diamicton) with minor beds and lenses
of water-laid sand, silt, and gravel. This material is distinctly different from the more compact, and less stony
ground moraine or till that lies near the moraine. Additionally, stratified drift is not a major constituent, even
in places where it crosses river valleys (former glacial lake basins). Their course shows the margin of the
Kittatinny and Minisink Valley lobes was distinctly lobate at both a regional and local scale. Topography
varies between ridge-and-swale and knob-and-kettle, with the former more prevalent along the outer morainal
margin (for additional information on the recessional moraines see Witte, Chapter 4 in this guidebook).

At stop 2-1a (fig. 3) we will examine the materials that make up the moraine. The outcrop in the west wall of
the pit exposes about 7 feet of till. Below the B horizon (measured at 42 inches below the top of the A), the
parent material consists of poorly sorted, 10 YR 4/4 (dark yellowish brown), slightly to moderately compact,
silty sand. Gravel content for clasts greater than 1 inch (7-10 percent), and less than 1 inch (25-30 percent).
Matrix has a granular to slightly prismatic structure, and contains indistinct layers and lenses (less than 2 inches
thick} of coarse sand and very fine gravel. Most of the clasts are subrounded, although subangular and
rounded shapes are present. In places, very faint horizontal layering can be observed that is marked by a
concentration of larger clasts at the layer’s base.

The mineralogy of the morainal material (listed below) and the course of the moraine (fig. 3) clearly shows
that the debris here was derived from sources in Kittatinny Valley, Its gravelly and granular texture, indistinct
layering, and sandy lenses suggest that this material may have had a history of sorting; possibly derived from
melting glacial ice, post-meltout serting on the glacier surface, and emplacement as debris flows,

Mineralogy of Ogdensburg-Culvers Gap moraine in Culvers Gap
(sample depth = 77 inches)

Texture - 20 % gravel, 35 % sand, 45% silt and clay.
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Mineralogy { granules and sand mineralogy based on visual estimates provided by F.L. Muller, New Jersey
Geological Survey)

pebbles (1-3 mches) - 3 % dolostone (Kittatinny Super Group), 41 % slate and graywacke (Martinsburg Fm.),
25 % lithic, quartz sandstone (Martinsburg Fm.}, 29 % quartzite and quartz-pebble conglomerate (Shawangunk
Fm.), 2% red sandstone (Bloomsburg Red Beds), | % vein quartz.

granules - 20 % red sandstone, 35 % gray sandstone - quartzite, 45 % gray siltstone and shale,

sand (light fraction) - 5 % red sandstone, 15 % gray siltstone and shale, 10 % medium- to fine-grained yellow-
stained sandstone-quartzite, 15 % light gray to white shale, 40 % quartz, 15 % clay and silt aggregates.

Sand (heavies) - 5 % gocthitic ironstone, 5% muscovite, 1 % ilmenite, 1 % garnet, 2 % magnetite, 5 %
aluminosilicates, 1 % rutile, 7 % zircon, 1 % pyroboles, 60 % quartz, 5% clay and silt aggregates.

Questions - If this material were largely deposited as debris flows, is it really till? What is the source of the
morainal sediment and does there exist a correlation between the thickness of till immediately north (up-ice)
from the moraines and their relative size? What is the role of active ice as to sediment transport to the glacier

margin?

Head to stop 2-1b (fig. 3) by following the trail marked by the blaze-orange ribbons (northwest direction).
This short walk should take about five to ten minutes and we will assemble at the crest of a large morainal
ridge for additional discussion. The traverse will take us from the moraine’s inner margin to its outer margin,
a climb of about 80 feet. The main purpose here is to observe the moraine’s morphotogy and note how it
changes from knob-and-kettle to ridge-and-swale. Unfortunately, due to the time of year foliation will mask
some morainal landforms (you should’ve been here a couple of months ago).

The first part of the traverse will take us through a stand of hemlocks across the inner morainal area. Here
knob-and-kettle topography is well formed and many kettles contain year-round water. The overall appearance
of the topography here is one of collapse. The second part will take us through the outer morainal area (starts
approximately where we begin to climb onto the moraine’s frontal ridge, and the arboreal cover starts to
change to white, red and chestnut oak, hickory, and silver birch. Here knob-and-kettle gives way to ridge-and-
swale topography. Ridge crests in this area follow arcuate traces that parallel the course of the moraine,
Swales here are typically elongated and typically parallel the adjacent ridges. Continue along the trail and
assemble on the crest of a large ridge at stop 2-1b.

The topography observed along the trail is typical of the moraines that lie along the western side of Kittatinny
Valley and on Kittatinny Mountain (see Chapter 4, figure 4 in this guidebook). Elsewhere, it is absent or very
faintly developed. The recessional moraines are also larger, more continuous, and have better formed ridge-
and-swale topography in areas where they lie against thick till.

Questions - How are moraine-parallel ridges formed, are they push ridges or colluvial ramparts, Why are
the moraines larger and more continuous in the uplands? Are the moraines end moraines, and do they
represent places where the glacier margin remained in a stable position for a significant length of time?

At the conclusion of stop 2-1b head back to your vehicles by retracing our route to stop 2-1a, or you may head
down the frontal slope of the moraine to Upper Shore Road, turn left (south) and head back to Rt. 206.

Continue north on Route 206 and cross over the Appalachian Trail, which is at the intersection of Upper Shore
Road and Route 206, and exit Culvers Gap. The topographic divide in the gap marks the drainage divide
between Paulins Kill and Flat Brook.
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Pass Kittatinny Lake on your left (south). Cross over the contact between the Shawangunk Formation and the
Bloomsburg Red Beds (Monteverde, 1992), which is covered here by thick till.

Tum right (north) into entrance to Stokes State Forest,

Tum left into parking lot of Park Headquarters. We will assemble at the south end of the lot following a ten
minute coffee break.

STOP 2-2

Culvers Gap River and Abandonment of Culvers Gap

Ron Witte {N.]. Geological Survey)
and
Jack Epstein (U.8. Geological Survey)

Location - Culvers Gap, N.J. - PA. 7 ¥ minute topographic quadrangle at the Stokes State Forest
Headquarters, Sussex County, New Jersey (fig. 3).

Geologic Setting - Piedmont area of Kittatinny Mountain, 500 feet below the crest of Kittatinny Mountain.
The local bedrock is the Bloomsburg Red Beds (red shale and sandstone of Silurian age), and the overall dip
of the rock is northwest, However, many secondary folds form small strike ridges (bedrock geology from
Monteverde, 1992). In places drumlins, most of which may be rock-cored, lic among the rocky ridges in this
shale and sandstone terrane. Further north is an extensive cover of thick till that covers a large part of the
Kittatinny Mountain piedmont. The drift here is as much as 175 feet thick (Witte, 1997a); the constructional
topography characterized by drumlins, recessional moraine, and ground moraine. The drumlins show that ice
flowed in a southerly direction across Kittatinny Mountain whereas the moraines show that ice flow was
strongly influenced by the southwesterly topographic grain, On the southeast side of the parking lot in wooded
area is a small patch of low-relief hummocky ground. This material is not part of the moraine. It may be
ablation till and due to its scant distribution it has not been mapped separately.

Discussion -The original intent was to assemble on the summit of Kittatinny Mountain {on Sunrise Mountain
in Stokes State Forest). However, given our shortened day for a field trip, and the theelogical overtones
inherent in assembling on Sunrise Mountain Sunday to discuss abandoned water gaps, [ have decided to meet
here, well aware that we can’t see the gap! The discussion will consist of two parts. First, Jack Epstein will
lead a review of the evidence for structural control of wind and water gaps along Kittatinny Mountain.
Secondly, I will discuss the late history of the Culvers Gap River and lay out several scenarios by which the
river was captured by the Delaware River.

Exit parking lot on west side and turn left {south) toward Route 206. Turn right {northwest) on Route 206
{mileage measured at intersection of park road and highway) and descend into the Big Flat Brook valley.

Tuttles Corner. Large meltwater channel on your left (south).
Cross Big Flat Brook. On the west side of the river is the remnant of a valley-train laid down from the Culvers

Gap margin (located about one mile upstream). Most of this material has been eroded by later meltwater (from
the Augusta margin), and the postglacial Big Flat Brook. Ascend out of the Big Flat Brook valley. The upland
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topography is formed by thick to thin till overlying large strike-controlled ridges held up by the Bloomsburg
Red Beds.

Cross Dingmans Ferry moraine and descend into Little Flat Brook valley (mileage measured at the crest of
moraine).

Cross Little Flat Brook. The lowland here is a strike valley that principally follows the very weak Poxono
Island Formation, which is a finely crystalline to aphanitic dolomite (Monteverde, 1992). The valley floor is
covered by collapsed and dissected outwash laid in a small proglacial lake dammed by the Dingmans Ferry
moraine (Witte, 1997a). Some poorly drained areas appear to outline former stagnant ice blocks, an indication
of stagnant ice at the margin of the Minisink Valley lobe. The low upland to your left (west) is Wallpack
Ridge held up by the Esopus, Schoharie and Buttermilk Falls formations. These Middle Devonian units (listed
first to last) consist of arenaceous siltstone, silty to shaly, locally dolomitic limestone, and cherty, clayey to
silty limestone. Bedrock geology from Monteverde (1992).

On your right (east) is the broad alluvial plain of Little Flat Brook. The low terraces that rise above the flood
plain are stream-terrace deposits presumably laid down before and during the early stages of delayed rebound.

Pass Hainesville General Store on the left (west).
Start ascent out of Little Flat Brook valley, and pass a small sand and gravel pit on your right (east).

Cross over a drainage divide between Little Flat Brook and White Brook. The surrounding uplands chiefly
consist of undulating strike-controlied bedrock ridges covered with thin till.

Intersection of Route 206 and Clove Road {bear left at Y intersection) and pass into Delaware Water Gap
National Recreation Area (DWGNRA). The level plain here is underlain by outwash laid down at the margin
of the Minisink Valley lobe (Witte, 1997b). Its position here in a north-draining valley, and similar elevation
with a col through Wallpack Ridge (located 2500 feet to the west, elevation 685 feet) suggests the outwash is
presumably a delta. The low relief ridge directly ahead (north} is the Montague moraine.

Descend into Minisink Valley (upper Delaware River) and cross over the Montague moraine.

Intersection of Route 206 and County Route 521 at bottom of the hill. Tum right onto Kt. 521 and head north
up the Minisink Valley (this is the last exit in New Jersey before the toll bridge).

Cross Shimers Brook. The deep ravine occupied by the brook is a meltwater channel that drained a series of
small ice-contact lakes in the uplands to the east. The large outcrop on your right (east) before the bridge is
the Esopus Formation.

Pass an Esopus outcrop on your right (east). The low cross-valley ridge directly ahead is the Millville moraine,
and the skyline on your right is formed by the Pocono Plateau.

Millville Moraine. At the crest of the moraine turn left onto DWGNRA access road and head west toward
Delaware River. The road is in very good shape, although in places two vehicles cannot pass each other.
Descend into the valley, passing over the moraine,

Stop 2-3. Tumn left (south) into gravel parking lot, and park vehicles. We will assemble on the south side of
the lot.
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STOP 2-3(a & b)
Deglaciation and postglacial fluvial history of Minisink Valley

Ron Witte (New Jersey Geological Survey)

Location - Milford, Pa.- N.J. 7 /4 minute quadrangle, New Jersey side of Minisink Valley (upper Delaware
Valley) in Sussex County, northern part of the DWGNRA (fig. 4 ).

Geologic Setting - Glaciated section of the Valley and Ridge Physiographic Province. Minisink Valley is a
deep glacially scoured river valley underlain by a complex stratigraphy that consists of glaciclacustrine,
glaciofluvial, and alluvial sediment that rests upon northwest dipping Buttermilk Falls Limestone and
Marcelius Shale (Middle Devonian age). The upland to the east is a continuation of Wallpack Ridge, and the
upland to the west is the westem edge of the Valley and Ridge with the Pocono Plateau forming the higher
hills in the distance. The large cliff that forms the west valley wall is held up by the Mahantango Shale (Upper
Devonian age).

The low broad plain that forms the valley floor is an abandoned flood plain of Holocene age (Qst2 on fig.4).
The terrace is underlain by overbank deposits of fine sand and silt {as much as 20 feet thick) that overlie sand
and gravel of a large point bar; presumably deposited by the Delaware River as it migrated west across the
valley floor. The geometry of channel scrolls on the terrace (fig. 4) preserves this history of lateral migration.
To your left (east) is the Millville moraine and just above the parking area is a small bench of sand, and minor
pebbly sand (interpreted as a remnant of an abandoned Pleistocene flood plain, Qst3), The high terrace
downvalley is outwash laid down from the Millville moraine position. Down the valley to our right (west) in
Pennsylvania is a high, conifer-covered terrace that consists of outwash laid down from the Montague moraine
position, It lies about 20 feet higher than the Millville outwash.

Discussion - Stop 2-3 will consist of two parts. At 2-3a (parking lot) we will focus the discussion on the style
of the late Wisconsinan deglaciation in Minisink Valley (reviewed in Witte, Chapter 5 in this guidebook).
Secondly we will take a 15 minute hike out to the Delaware River and look at an ouicrop of the upper
abandoned flood plain (Qst3).

Several investigations on glaciofluvial terraces in Minisink Valley have suggested that the late Wisconsinan
ice sheet disappeared from this area either by regional stagnation or marginal retreat, This controversy is a
recurring argument, and it is not unique to the Minisink Valley area. Earlier research by White (1882) and
Salisbury (1902) favored a marginal retreat model. Their interpretations were largely based on the
identification of recessional moraines, and the ice-contact heads of valley-train deposits that represented
positions where the retreating glacier margin had halted. Later work by Happ (1938) and Crowl (1971)
favored a stagnation model where the uplands were deglaciated first with residual masses of ice left in the
valleys. Large areas of collapsed topography in kames and kame terraces, many kettles, ice-contact slopes,
and unpaired terraces were cited as evidence for stagnation. Epstein (1969) and Epstein and Koteff (in press)
near Stroudsburg, Pennsylvania, and Ridge (1983), Witte, (1988, Chapter 4 and 5 in this guidebook), and
Stone and others (in press) in northwestern New Jersey have returned to the marginal retreat model. Based
largely on the morphosequence model of Koteff and Pessl (1981), these investigations have shown that
deglaciation took place largely by the systematic melting back of the margins of the Kittatinny and Minisink
Valley ice lobes.
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Figure 4. Surficial geologic map of part of the Milford, Pa-N.J. 7 1/2 minute quadrangle near Millville, New
Jersey. Listof mapunits: af - artificial fill, Qal - alluvium, Qaf - alluvial fan, Qs - swamp and bog deposit, Qst2
- abandoned floed plain (Holocene), Qst3 abandoned flood plain (Pleistocene), Qft - meltwater-terrace
deposit, Qov - valley-train deposit, Qod - ice-contact delta, Qof- outwash-fan deposit, Qkt - kame terrace, Qk
-kame, Qmvm - Millville moraine, Qt - thick till, and Qtr - thin till. Shaded areas represent extensive bedrock
outcrep and the curved lines on the stream-terrace deposits represent channel scrolls. Surficial data from
Witte (1997b).
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Directions to stop 2-3b (use fig. 4) - Turn right (east) out of parking lot and follow DWGNRA access road
about 120 feet to a trail on your left (north) marked by the stone walls of an old gate. The high ridge on the
south side of the access road is the Millville moraine. At the base of the moraine is a low, crudely formed
topographic bench underiain by very fine sand and silt with some pebbles. This material may be a remnant
of Qst3 (upper abandoned flood plain). Near the road this material is less than three feet thick and it overlies
the moraine. Pass through gate walls and head north (900 feet) toward the Delaware along an overgrown
road. Along this part of the traverse you will descend onto the T2 terrace and cross several small channels
(< five feet deep) before coming to the left bank of the river. The terrace is about 28 feet above the river
here and it is underlain by very fine sand and silt. The low terraces across the river in Pennsylvania consist
of T2 deposits and the modern flood plain. In places the T2 deposits comprise several levels that represent
flood-scoured areas or lower and younger T2 subsets. These intermediate terraces are found throughout the
valley. However, based on the 20-foot contour interval of the base maps and the lack of extensive outcrops,
I have decided to lump them all as part of the T2 terrace. Turn right and follow the trail along the river bank
upstream. In many places the upper part of the terrace scarp is marked by small slumps. This is the
principal process by which flood plain material is recycled. Further up stream some slumps are larger and
in ptaces gullies have formed ai their heads, introducing a second process of erosion. Cross Tennessee Gas
Pipeline. The height of the T2 surface here is about 4 feet greater above the river than it was downstream.
Along the terrace scarp a very faint levee and its backslope are preserved. Presumably the more proximal
part of the levee has been eroded by the Delaware. Overbank materials are only about 5 feet thick here,
overlying coarse gravel and sand. Wagner (1994) using GPR and auger borings at the Depew Recreation
Site down the vatley showed that abandoned flood plain there was underlain by several, stepping-downwards,
gravel cut terraces. I believe these features underlie many of the abandoned, flood-plain terraces in the
valley, and because they represent the former location of the Delaware River, they preserve its history of
incision. Is this material glacial outwash (meltwater-terrace deposits laid down from distant ice margins) or
is it outwash reworked by postglacial streams? The low narrow terrace across the river is the modern flood
plain, which lies next to the higher T2 terraces. The highest terrace in Pennsylvania (70 feet above the T2
surface) is part of the valley train laid down from the Tristates ice margin, placed about 4.5 miles upstream,
Continue traverse upstream, aleng a narrow foot path. Cross two small gullies. Stop 3b is about 250 feet
further in a stand of hemlock, white pine, and rhododendron. The terrace has narrowed considerably and
is about 48 feet above the river. The hill slope to the east is part of the Tristates valley-train deposit. Note
that the transition from the T2 to T3 terrace is not marked by an erostonal scarp, but a gently inclined slope.

The outcrep at stop 3b is at the top of the escarpment overlooking the Delaware River at the headwall of a
small slump. Measured from the surface: 0-30 inches, very fine sand and silt that contain a few small
pebbles and charcoal fragments, -32 inches, mottled reddish brown horizon that may be a truncated B
horizon. This interval also contains the highest amounts of charcoal in the exposed section, - 35 inches,
light brown mottled very fine sand, - 44 inches , thinly-bedded pebbly sand with pebbles as large as 1.5
inches, -50 inches, small boulder and cobble gravel lag (stepping stone orientation), below 50 inches is an
undetermined thickness of thinly-bedded fine- to coarse-pebbly sand and minor fine gravel, minor cross-
bedding in some of the sand beds.

The T3 terrace represents the highest flood plain in Minisink Valtey. They have been observed as far
downstream as Zion Church (distance of about 25 miles). Above this lies glacial outwash, and below the
extensive T2 terrace and the modern flood plain.

Questions - Were the T3 materials laid down by a postglacial river or might they represent the very late
stages of deposition by glacial meltwater? If the T3 terrace represents the oldest postglacial flood plain in
Minisink Valley, what factors caused the Delaware River to cut down to its present level (rebound, reduction
in the overall amount of sediment eroded in the drainage basin)? If the T3 deposits were laid down by a
postglacial river than how is it possible that the lower gravels beneath T2 terraces and the modern flood plain
have been interpreted as glacial outwash.
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Retrace route back to parking area as quickly as possible so that we may depart to our final stop.

Retrace route to Route 206 and Route 521 intersection (mileage measured at intersection) and turn right (west)
on Rt. 206 toward Pennsylvania.

Milford Toll Bridge. Cross Delaware River and enter Penn’s Woods. The floor of Minisink Valley is covered
by the head-of-outwash of a valley-train deposit laid down from the Augusta margin (Montague moraine).
Except for a few small segments near the edge of the valley walls, the moraine has presumably been eroded
by meltwater here. The Delaware lies about 100 feet below the outwash plain and flows along a deeply incised
straight and narrow channel. These deposits had been previously mapped by Crowl (1971) as kame terraces.

Toll booth ($1.00 for passenger vehicles). Note it only costs money to leave New Jersey.

Intersection of US Routes 206 and 209. Tumn left (south) following signs for Dingmans Ferry, Bushkill, and
Stroudsburg. The highway here follows the Montague valley-train terrace.

Enter the Delaware Water Gap Recreation Area (technically we really haven’t lefi it) and begin descent onto
the eroded surface of the valley train. Meltwater-terrace deposits in the valley generally liec more than 50 feet
above the Delaware. Below this, you will find the postglacial alluvial terraces and the modern flood plain,
In a few places the upper alluvial terrace (T3) has been eroded revealing meltwater-terrace deposits,

Shale pit on your right {west). The cliff face is held up by the Mahantango Formation, which in places rises
more than 400 feet above the valley floor. The base of the cliff is covered by a thick apron of shale-chip (sharp
stone) colluvium. In many places this material has been mined exposing the rock face at road level. Material
chiefly used as subbase,

Another shale pit on your right (west). The valley floor to your left (east) is covered by postglacial alluvial
terraces. The higher terrace is an eroded T3. The lower terraces and channels are part of the main Holocene
terrace (T2) that covers large parts of the valley's floor. The low channel near the road is a common feature
that forms on the landward side of the terrace, pinned against the valley wall and the natural backslope of the
terrace, and further eroded during large floods. Over time the Delaware may erode westward and deposit more
proximal overbank sediment {levee facies) over the back channel sediment. This stratigraphy was recently
revealed in a large excavation for restroom facilities downstream near Bush Kill, where 12 feet of overbank
sand and silt was observed to underly 9 feet of orgainic-rich silt and clay.

Cross Raymonds Kill Creek. Approximately 200 feet past the bridge, turn right (west) onto the driveway of
an old homestead and park vehicles. This is the parking area for stop 2-4, and here ends the road log for this
odyssey. Stop 2-4 consists of two parts. First and the main focus of this part of the trip is a large outcrop in
the T2 terrace on a bluff overlooking Raymondskill Creek (2-4a). Secondly, John Wright of the National Park
Service will discuss the archaeology of this area. Please remember that digging and collecting in the park are
prohibited under Federal law. The second part of stop 2-4b is optional and will consist of climbing to the top
of the Raymonds Kill Creek outwash fan and looking at materials exposed in a recent slump. The site also
affords an excellent view of the alluvial and glacial terraces in the valley. Before proceeding to the
Raymondskill section a short overview on the geology and archaeology will be given in the parking area.
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Stop 2-4 (a & b)

Archaeology and the glacial and postglacial stratigraphy at the
Raymondskill Creek Site, Minisink Valley,
Detaware Water Gap National Recreation Area

Ron Witte (New Jersey Geological Survey)
and
John Wright (National Park Service)

Location - Milford, Pa. N.J. 71/2 minute topographic quadrangle, Minisink Valley, at the mouth of
Raymondskill Creek, upper part of DWGNRA (fig.5). Reportedly a trail, running westward from this area to
the Wyoming Valley, was used by the Delaware Indians and early settlers.

Geologic Setting - We are on the western side of Minisink Valley in a reentrant formed by Raymeondskill
Creek. The T2 terrace forms the low area to the east above the creek. To the south rises a steep bluff (70 feet)
held up by giacial outwash (outwash-fan deposit). Most of this material appears to have been laid down by
a meltwater stream draining the Raymondskill Creek valtey, and at one time it filled the reentrant. Later it was
eroded down to its present level by postglacial Raymondskill Creek. The high cliffs to the west and the falls
are underlain by the Mahantango Shale. The present location of the creek at its mouth is south of its position
shown on the quadrangle map. The creek shifted its course about 600 feet sometime during the last quarter
century, presumably during one of the larger flood events,

Directions to 4a - Please cross Route 209 carefully and follow a fishing-access road across the T2 terrace
toward the river. At large right-hand bend (about 450 feet from Rt. 209) turn left (north) and follow the foot
path through wooded area to the bluff overlooking creek. Piease note that the bluff face is extremely unstable.
Stay back at least five feet from its edge. At stop 4a the T2 terrace consists of about 15 feet of overbank
material, replete with buried A and B soil horizons that preserve a history of episodic alluviation, vertical flood
plain accretion, and prolonged periods of land stability marked by soil formation. Beneath this material is
coarse gravel and sand (interpreted as an alluvial fan). Based on its elevation, Minisink Island (fig. 5) has also
been mapped as a T2 terrace. The lower terraces at the mouth of the creek (modern flood plain) are no higher
than 12 feet above the river, and they consist of massively to thickly-bedded fine sand, very fine sand, and silt.
Soil development here is immature and it appears that depositional rates here are very high, possibly the result
of hydraulic ponding at the mouth of the ¢reek during ficods.

See handout for a detailed description of the outcrop.

Discussion (stop 2-4a) - In Minisink Valley, the late Pleistocene is marked by the transition of the
Delaware River from a braided glacial meltwater stream to a postglacial non meandering stream. The late
glacial Delaware River is assumed to be a braided stream, given the large volume of meliwater that flowed
through the valley and the readily available source of sedirent.

In contrast to the late glacial river, the modern Delaware is a non meandering stream of low sinuosity flanked
by two abandened flood plains (T3 and T2 terraces). The T2 alluvial sequences at the Shawnee-Minisink
(McNett and others, 1985), and Upper Shawnee Island (Stewart, 1989) sites show that the form of the
Delaware River at the end of the Pleistocene was also a non braided one with a well-established flood plain,
The river was also at or slightly above its present elevation.
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Figure 5. Surficial geologic map of part of the Milford, Pa-N.J. 7 1/2 minute quadrangle near Raymondskill
Creck, Pennsylvania. List of map units: af - artificial fill, Qal - alluvium, Qaf - alluvial fan, Qs - swamp and
bog deposit, Qsc - shale-chip colluvium, Qes - sand dunes, Qes - thin sheet of wind-blown sand, Qst2 -
abandoned flood plain {(Holocene), Qst3 abandoned flood plain (Pleistocene), Qft - meltwater-terrace deposit,
Qov - valley-train deposit, Qod - ice-contact delta, Qof - outwash-fan deposit, Qt - thick till, and Qtr - thin till.
Shaded areas represent extensive bedrock outcrop and the curved lines on the stream-terrace deposits
represent channel scrells. Surficial data from Witte (1997b).
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The transition, from a braided glacial stream with a very distant meltwater source to a non meandering
stream, represents significant hydraulic changes during the close of the Pleistocene. Most obvious was a
substantial decrease in discharge due to the retreat of the Laurentide ice sheet from the Delaware River
drainage basin. The minimum date for this event is estimated at 14,000 yrs B.P., based on the mapping
and correlation of ice-marginal positions by Ozvath and Coates (1986) in the Western Catskill Mountains,
and Fleisher (1986) in the upper part of the Susquehanna drainage basin. The dramatic decrease in discharge
was accompanied by a change in channel form from braided to a non meandering channel of low sinuosity.
This transition may have already been underway during the later stages of deglaciation of the drainage basin
when meltwater found new flow paths into the Susquehanna River and to a lesser extent the Hudson River
drainage basins.

At some point in time during the latter part of the late Wisconsinan the Delaware River underwent a period
of incision to a level at or near its present elevation. The timing and possible causes of this event will be
examined. Previous investigations by Crowl (1971) and Dent (1985) suggested the coarse gravel beneath the
T2 terrace is glacial outwash, laid down by meltwater during the latter stages of deglaciation of the Delaware
River drainage basin. Based on the oldest dates at the Shawnee-Minisink and Upper Shawnee Island sites
(Chapter 5, table 2), the basal gravel is older than 11,000 yrs B.P. The period represented by the sequence
of sediments below the older dates and above the coarse gravel is unknown. Because the rate of
sedimentation for the late Pleistocene alluvium has not been constrained by radiocarbon dating and is too
variable throughout the valley, an accurate estimate of its age cannot be determined. However, ancillary
evidence (chiefly stratigraphic) suggests the basal gravel beneath the T2 flood-plain deposits is not glacial
outwash, but outwash reworked and incised by the postglacial Delaware River. The position and stratigraphy
of the T3 terrace (fig. 3) show that it is older than the T2 terrace and it was laid down by a river that was
much higher than the T2 river. The T3 deposits represent the oldest flood-plain deposits in Minisink Valley
that were probably laid down by a non meltwater fed stream that had a non meandering channel form. This
river, apparently operating under a condition of equilibrium, deposited a thin flood plain, and because the
T3 deposits appear to have been laid down by a non meltwater or largely non meltwater-sourced stream, they
may date to a time about 14,000 to 15,000 years ago. Incision to the T2 level appears to have been initiated
by the onset of delayed isostatic rebound, and possibly a reduction in sediment supply due to the transition
form a tundra to a closed boreal forest. The 14,000 yr B.P. maximum date for the start of rebound ( Koteff,
1989) and the 14,250 yr B.P. date marking the transition from herb to spruce polien zones (Cotter, 1983),
may be in accordance with the estimated age of the T3 terrace. The T2 terrace represents episodic periods
of aluviation throughout the Holocene. Leopold and others (1964, p. 326) noted that the progressive lateral
migration of the river channel removes portions of the flood plain and so limits the elevation of its surface.
Due 1o the narrow width of Minisink Valley and low sinuosity of the Delaware River channel, the T2 flood
plain outgrew its fluvial seiting and eventually became abandoned, receiving sediment only during the
greatest of floods.

Retrace steps back to parking area. The trip will officially end here. Please have a safe return trip. Your
participation is greatly appreciated.

Time permitting, I will lead the remaining group up to the top of the bluff at stop 2-4b.

Discussion (stop 2-4b) - A recent slump exposed a 15-foot section at the top of the bluff on the south side of
the parking area. The most direct route to the outcrop is to climb the steep bluff face (60 feet). The top of the
bluff affords an excellent view (up the valiey) of the Montague valley train (high terrace in mid ground) and
the lower meltwater and postglacial terraces in Minisink Valley. The materials exposed here are part of an
outwash-fan deposit (fig. 5) laid down at the mouth of Raymondskill Creek. Postglacial stream erosion has
removed about 60 feet of sediment along the course of the modem creek. The south side of the fan is marked
by an ice-contact slope, although the fan appears to be graded to the surface of the Montague valley train (see
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figure 4¢ in Chapter 5). Presumably the ice was only of local extent.

The outcrop consists of four feet of planar-bedded cobble-pebble gravel overlying, pebble gravel, and pebbly
sand with minor cross-bedded sand. The direction of paleoflow is east to southeast, based on the orientation
of elongated clasts and cross-bedding. This shows that the outwash here was laid down by meltwater draining
the Raymondskill Creek drainage basin, rather than the main trunk valley. The dominant lithologic suite of
siltstone and sandstone clasts also shows that most of the material here was largely derived from local upland
sources. A small exposure dug out about 2/3 of the way down the slope revealed similar sediment.
Prelitinary work in this area shows that the fan is a fluvial deposit, rather than deltaic.

Questions - Docs the distribution of valley-train and outwash-fan deposits in Minisink Valley indicate

deposition against large blocks of stagnant ice, or has most of this material been eroded by meltwater and
posiglacial streams? Did ice-contact lakes exist in Minisink Valley during deglaciation?
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