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Figure 15-1. Glacial deposits of Pennsylvania (from Pennsylvania Geologi
cal Survey, 1981, and Sevon and Braun, 1997),
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INTRODUCTION
The Quaternary Period includes the last ap
proximately 2.8 million years of geologic time (Beard
and others, 1982). It is divided into the Pleistocene
Epoch, which was marked by several northern- and
southern-hemisphere continental glaciations, and the
Holocene Epoch, which is the current interglacial pe
riod of time that started about 10,000 years ago. Most
of the deposits associated with this interval in Penn
sylvania are related directly or indirectly to glacia
tion. For purposes of discussion, the state is subdi
vided into two areas: (1) the glaciated parts of north
western and northeastern Pennsylvania, and (2) the
nonglaciated remainder of the state (Figure 15-1).

GLACIATED AREA

*Deceased.

Four major periods of glaciation are identified
in northwestern Pennsylvania (Shepps and others,
1959; White and others, 1969), and it is assumed
that the same glaciations occurred in northeastern
Pennsylvania, although evidence for the oldest gla
ciation is lacking. From oldest to youngest, these gla
ciations are pre-Illinoian (two), Illinoian, and late Wis
consinan (Woodfordian). Available data indicate that
the younger pre-Illinoian glaciation was the most ex
tensive, and that all of the glaciations followed similar
patterns of advance and deglaciation (Braun, 1988).
Most generalizations about glaciation in Pennsylvania
are based on data obtained from deposits and erosion
al features of the last glaciation, the Woodfordian.
Continental glaciation in Pennsylvania derived
from the Laurentide ice sheet, which spread south
from its center over Hudson Bay in Canada. The ice
sheet separated into lobes near its southern margin
(Mickelson and others, 1983), and ice flow into Penn
sylvania was via the Erie lobe in the northwest and
the Lake Champlain-Hudson River lobe in the north
east (Figure 15-2). These lobes did not meet in Penn
sylvania, and the unglaciated triangular part of Penn
sylvania and New York between the two lobes is called
the Salamanca Re-entrant. The maximum thickness of
the ice is not known, but it certainly exceeded 1,000
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Figure 15-2. Directions of Laurentide ice flow into Pennsylvania during the late Wisconsinan. Ice-flow direc
tions in northeastern Pennsylvania are derived from the orientation of glacial striae, and in northwestern
Pennsylvania from linear landforms. Flow directions outside Pennsylvania are from Mickelson, D. M., and
others, The late Wisconsin glacial record oflhe Laurentide ice sheet in the United States, in Porter, S. C., ed.,
The late Pleistocene, Volume 1 of Wright, H. E., Jr., ed., Late-Quaternary environments of the United States,
Minneapolis, University of Minnesota Press, Figure 1-3, p. 5, copyright (C) 1983 by the University of Minnesota.

feet within a few miles of the southern margin (Sevon
and others, 1975). Numerous vertical sequences in
the northwest contain repetitions of a till with an in
tact soil zone at the top overlain by a younger till.
These sequences indicate little erosion by ice during
repeated advances. This lack of erosion was proba
bly due to the relatively flat, frozen, and texturally
homogeneous surface over which successive glacia
tions traversed. The preservation of multiple till se
quences has allowed the development of a good gla
cial stratigraphy in the northwest (White and others,
1969).
In northeastern Pennsylvania, where topography
is very irregular and surface materials heterogeneous,
each glaciation eroded most, or all, of any older gla-

cial deposits, as well as some rock. Thus. vertical
sequences of deposits of multiple glaciations are rare
in the northeast, and knowledge of older glaciations
is gained mainly where the deposits have not been
overridden by a younger glaciation.
Till is the primary deposit directly associated
with glaciation in Pennsylvania. The composition and
texture of Woodfordian tills in the northeast very
strongly reflect the character of the underlying bed
rock (Epstein, 1969; Sevon and others, 1989). Local
bedrock influence is considerably less in the north
west (White and others, 1969), presumably because
of the lack of local erosion by successive ice ad
vances. Woodfordian tills in the northwest are sub
divided on the basis of texture, stratigraphic position,
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and areal separation by end moraines. Most· Penn
sylvania tills have a matrix dominated by silt, are
stony, and are variable in surface mOIphology. Wood
fordian till is widespread in the northwest and under
lies relatively flat to undulating surfaces, whereas
till in the northeast occurs primarily along the lower
slopes of larger valleys or as fill in small valleys.
The thickness of Woodfordian-age tills is variable.
Total drift thickness in the northwest is commonly
50 feet or more, whereas the thickness is generally
less than 20 feet in the northeast. Till greater than
3 feet thick covers 75 to 100 percent of the surface
in the northwest but only 25 to 50 percent of the
surface in the northeast.
Limited data on pre-Woodfordian tills suggest
textural and compositional patterns similar to Wood
fordian tills (White and others, 1969; Marchand,
1978; Wells and Bucek, 1980; Inners, 1981). Pre
Woodfordian tills, where not overridden and eroded
by more recent glaciation, have been eroded suffi
ciently to now cover only a small percentage of the
surface: 10 to 25 percent for Illinoian tills and less
than 10 percent for pre-Illinoian tills. These deposits
are rarely more than 10 feet thick.
Table 15-1 shows the stratigraphic terminology
used by the Pennsylvania Geological Survey for gla
cial drift in Pennsylvania prior to 1989. The age as
signments for the tills in northeastern and north-central
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Pennsylvania are based on comparative degrees of soil
development (Sevon, 1974; Sevon and others, 1975),
the amount of erosion of a specific till, and some
radiocarbon dating (Crowl and Sevon, 1980; Cotter,
1983, 1985). Age assignments in the northwest are
based primarily on stratigraphic position and rnid-con
tinent correlation (White and others, 1969). Marchand
(1978) suggested additional tenninology (Penny Hill,
Laurelton, and White Deer) for some pre-Wisconsinan
drift in north-central Pennsylvania, but the terminol
ogy has received limited use. The determination that
there was no early Wisconsinan glaciation in Penn
sylvania (Braun, 1988; Eyles and Westgate, 1987)
required that age assignments shown in Table 15-1
be reevaluated. That reevaluation indicated that ma
terials assigned an early Wisconsinan age are really
Illinoian in age and all older materials are pre-Illi
noian in age. Identification of lake clays having re
versed polarity overlying till in north-central Pennsyl
vania allowed revision of age assignments in that
area and indicated that pre-Illinoian-age materials are
greater than 770,000 years old (Gardner and others,
1994).
Wisconsinan ice-contact sand and gravel deposits
are common along valley sides in both glaciated parts
of Pennsylvania. These deposits are characterized by
extreme variability in bedding attitude and texture
(Figure 15-3). The surface morphology of these de-

Table 15-1. Stratigraphic Terminology Applied to Glacial Deposits in Pennsylvania by the Pennsylvania
Geological Survey Prior to 1989

STAGE
Wisconsinan

NORTHWESTERN
White and others
(1969)

NORTH-CENTRAL
Wells and Bucek
Inners
(1981)
(1980)
UNIT)

SUBSTAGE
Late
(Woodfordian)

NORTHEASTERN
Berg and others
(1977)

Nescopeck Loess
Ashtabula Till
Hiram Till
Lavery Till
Kent Till

Olean drift

Olean drift

Woodfordian drift

Farmdalian

Paleosol

Paleosol

Paleosol

Paleosol

Early
(Altonian)

Titusville Till

Warrensville
drift

Glen Brook
Till

Altonian till

Sangamonian

Thick paleosol

Thick paleosol

Thick paleosol;
pre-Nescopeck
loess

Thick paleosol

Illinoian

Mapledale Till

Muncy drift

Muncy Till

Illinoian till

Pre-Illinoian

Slippery Rock Till

I The

term drift is used here where the name is applied to several different types of deposit (e.g., till. ice-contact sand and gravel.
outwash. and so forth).
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ficult to detect because they have subtle
surfac~ expression or can only be seen in
subsurface vertical exposures. These fea
tures include ice-wedge casts (Figure 157), polygonal patterned ground, involu
tions (Figure 15-5), pingo scars, and soli
fluction lobes (Ciolkosz, Cronce, and
Sevon, 1986).
Woodfordian outwash sand and grav
el deposits occur along the valley bottoms
of some of the major rivers in Pennsyl
vania outside the glaciated area (Figure
15-1) and are locally several tens of feet
thick. The deposits are flat surfaced and
possess less textural variability than ice
contact deposits. Similar deposits occur
along some smaller streams, such as
Loyalsock Creek and Lycoming Creek in
Figure 15-4. Talus composed of blocks of Silurian Tuscarora quartz
Lycoming County. Older outwash occurs
ite on the west slope of Brush Mountain near Altoona, Blair County.
as isolated terrace deposits along the larg
er rivers, such as the Susquehanna (Pel
tier, 1949; Pazzaglia and Gardner, 1993).
These various deposits are sometimes
given a general age identification, but they
have no formal name. Named deposits in
southeastern Pennsylvania along the Dela
ware River include terrace deposits of the
Van Sciver Lake beds and the Spring
Lake beds, both part of the Trenton Grav
el (Owens and Minard, 1979). These
beds are texturally variable and have a
pronounced down-gradient decrease in
grain size. The deposits formed during
different pre-Woodfordian periods of
glacial to interglacial transition.
Fluvial deposits in the valley bottoms
and on terraces of streams not heading
in glaciated areas have received little at
tention
in Pennsylvania, except for the
Figure 15-5. Involutions of periglacial origin formed in shale-chip
work of T. L. Ka1ctins (1986) on the Juni
rubble developed from Ordovician Martinsburg shale near Jack
ata River. Deposits are present along most
sonville, Lehigh County.
of these streams, and their history is
complex .
A significant body of sand occurs in Lake Erie
except in subsurface vertical exposures. Loess has been
mapped and named (Nescopeck Loess and pre-Nesco
in the form of Presque Isle, a migrating, compound,
peck Loess) in Columbia County (lnners, 1981). A
recurved spit (Thomas and others, 1987) that is land
small area of dune sand occurs on the east side of the
tied at Erie. Other sand and gravel deposits in Erie
County comprise onshore lake-parallel, glacioflu
Susquehanna River in Northumberland County (Chase,
vial, glaciodeltaic, and glaciolacustrine sediments
1977), and other areas may exist within the state.
formed during former, higher glacial lake levels
Both the loess and dune sand fonned during the windy
(Thomas and others, 1987), and offshore deposits as
and cold periods associated with tundra climate.
sociated with a cross-lake glacial moraine (Berk
A variety of small periglacial features occurs
heiser, 1987) .
within the state, but these features are generaliy dif-
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Figure 15-6. Hickory Run Boulder
Field, Hickory Run State Park,
Carbon County. The smaller
rounded boulders in the foreground
are about 1 foot in diameter. The
distance from the foreground to the
treeline is about 1,000 feet.

The geological observer should be aware that
the several Quaternary glaciations were separated
by interglacial periods, during which the climate
was warmer than, or comparable to, the present cli
mate, which is presumed to be that of another inter
glacial period. It is difficult to evaluate erosion and
sedimentation events during the past interglacials
because of the lack of datable materials. Processes
occurring at present are probably not a good indica
tor because of the influence of man on erosion. How
ever, descriptions of the precolonial landscape and
streams in eastern North America (Trimble, 1974)
suggest that, without the influence of man, physical
erosion and sedimentation would be minimal under
the present climate.

PROBLEMS AND FUTURE
RESEARCH

Figure 15-7. Ice-wedge cast in Ordovician Reedsville
Shale near Tusseyville, Centre County. Soil material
fills the cast to a depth of 64 inches. The cast is 32
inches wide at the top. Sketch made from a photo
graph taken by Richard Cronce.

The following aspects of Quaternary geology
in Pennsylvania require research:
1. Determination of the ages of pre-Illinoian
drift.
2. Delineation of Illinoian and pre-Illinoian drift
boundaries.
3. Development of a colluvium stratigraphy.
4. Determination of the ages of various fluvial
terraces in both glaciated and nonglaciated
areas.
5. Continued detailed (1 :24,OOO-scale) mapping
of surficial materials.
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