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PREFACE 

This report and accompanying maps describe the nature and delineate the 
position of the late Wisconsinan glacial border in a I8S-mile, northwest­
southeast zone from northwest of Shinglehouse, Pennsylvania, to the Dela­
ware River near Belvidere, New Jersey. Attention is devoted to the trace of 
the former ice border, as well as to associated economic deposits and en­
vironmental characteristics of deposits on both sides of the border. 

This report provides new information on the most recent glacial history 
of Pennsylvania and also provides basic geologic and resource data for 
those charged with protecting our environment and planning proper land 
utilization. 
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GLACIAL BORDER DEPOSITS OF 
LATE WISCONSINAN AGE IN 

NORTHEASTERN PENNSYLVANIA 

bv 
1 • 

G . H. Crowl and W. D. Sevon 

ABSTRACT 
This report describes the trace and characteristics of the Olean glacial 

border of Woodfordian (late Wisconsinan) age from northwest of Shingle­
house , Pennsylvania (near the state border southeast of Olean, New 
York), for 185 miles (300 km) southeast to the Delaware River near Belvi­
dere, New Jersey. The border is marked by large and small lobes and 
indentations that follow the bedrock topography. East of the Lehigh River, 
drift is nearly continuous and the border is marked by extensive areas of 
distinct and indistinct end moraine. West of the Lehigh River, drift is less 
abundant and end moraine is associated mainly with topographic 
barriers . 
{ Measurements of striae indicate that ice flowed mainly from the north 
~'nd north -northeast, but was deflected in some areas by local topog­
raphy') Calculations of ice-surface gradients indicate a "best" gradient of 
225 f~etlmile (43 m/km). 

Olean deposits comprise till, whose varying facies depend upon the 
underlying bedrock, and sands and gravels in various kames and kame 
terraces. Grain-size analyses of 70 till samples indicate that Olean tills 
cannot be differentiated from older tills by grain-size analysis. Pebble­
lithology analyses show a close corr.§l?p()ndence of p~b!>'es to under.'ying 
bedrock. '---- ----:--:-:::~ -.-

- ( Periglacial activity in areas marginal to ice positions produced a variety 
of collateral slope deposits, which include shale-chip rubble, boulder 
colluvium, and boulder fields . Smaller deposits such as stone stripes also 
occur . ) 

Radiocarbon dates of organic materials from bog and lake bottoms indi­
cate that deglaciation in eastern Pennsylvania started about 15,000 years 
ago. 

Some of the sand and gravel, peat, and clay deposits associated with 
the Woodfordian glaciation in Pennsylvania have significant economic 
potential. 

Deposits on either side of the glacial border defined in this report re­
quire different environmental considerations . 

... . _-_ .. -.".- .. " .~""""~--.. ------- - _. - -- - - -- .---~---~ 

I Department of Geology and Geography, Ohio Wesleyan University. Delaware. OH 43015. 
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drift is nearly continuous and the border is marked by extensive areas of 
distinct and indistinct end moraine. West of the Lehigh River, drift is less 
abundant and end moraine is associated mainly with topographic 
barriers . 
{ Measurements of striae indicate that ice flowed mainly from the north 
~'nd north -northeast, but was deflected in some areas by local topog­
raphy') Calculations of ice-surface gradients indicate a "best" gradient of 
225 f~etlmile (43 m/km). 

Olean deposits comprise till, whose varying facies depend upon the 
underlying bedrock, and sands and gravels in various kames and kame 
terraces. Grain-size analyses of 70 till samples indicate that Olean tills 
cannot be differentiated from older tills by grain-size analysis. Pebble­
lithology analyses show a close corr.~?'p'()ndence of p~bEles to under.lying 
bedrock. '.. -"': .. :-:::~ ' .. 

- ( Periglacial activity in areas marginal to ice positions produced a variety 
of collateral slope deposits , which include shale-chip rubble, boulder 
colluvium, and boulder fields . Smaller deposits such as stone stripes also 
occur . ) 

Radiocarbon dates of organic materials from bog and lake bottoms indi­
cate that deglaciation in eastern Pennsylvania started about 15,000 years 
ago. 

Some of the sand and gravel, peat, and clay deposits associated with 
the Woodfordian glaciation in Pennsylvania have significant economic 
potential. 

Deposits on either side of the glacial border defined in this report re­
quire different environmental considerations . 

... . _-_ .. -.".- .. " .~""""~--.. ------- - _. - -- - - -- .------.~ 
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2 GLACIA L BORDER DEPOSITS 

Details of the deposits along the border are given for small topographic 
regions such as the Oswayo Creek basin , North Mountain sector , Pocono 
Plateau , Delaware Valley , and others. 

INTRODUCTION 

The investigation reported here, the remapping of the border deposits of 
the last glacial advance across northern Pennsylvania, was undertaken to 
solve the problem that differing ages had been assigned to the east and west 
portions of the border at the junctions with the adjacent states of New Jer­
sey and New York. 

This report describes about 185 miles (300 km) of the Woodfordian drift 
border of late Wisconsinan age from northwest of Shinglehouse, Pennsyl­
vania (near the state border southeast of Olean, New York), to the Dela­
ware River near Belvidere, New Jersey (Figure I). 

The accompanying map (Plate 1) shows the course of the border and its 
various types of deposits in greater detail than has previously been avail­
able. Areas of older drifts south of the Woodfordian border and east of the 
Lehigh River are generalized from recently published maps. West of the Le-

Figure 1. Index map showing areas included on Plate 1, the approxi­
mate position of the late Wisconsinan Kent moraine in 
western Pennsylvania, and the approximate position of the 
Wisconsinan glacial maximum in New York between the 
Kent moraine and the Pennsylvania State line. 
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Figure 1. Index map showing areas included on Plate 1, the approxi­
mate position of the late Wisconsinan Kent moraine in 
western Pennsylvania, and the approximate position of the 

Wisconsinan glacial maximum in New York between the 
Kent moraine and the Pennsylvania State line. 
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high River, known locations of ollder drifts are indicated, but areal distri­
bution is not shown on the map. present on both sides of the 
border, but it has not been mapped. It is much more extensive south of the 
Woodfordian border. 

The glacial-borde area was mapped at 1 :24,000 scale and the accom­
panying map, Plate 1, at I: 100,000 scale, was compiled from these maps. 
Most of the map of the portion east of the Lehigh River was compiled from 
published quadrangle maps or open-file information. These sources are 
acknowledged in the text and on the index on Plate 1. West of the Lehigh 
River, Crowl mapped the border in a belt 2 to 5 miles (3 to 8 km) wide. The 
field maps for this latter area are on open file at the Bureau of Topographic 
and Geologic Survey, Harrisburg, Pennsylvania. 

This report provides the following previously unavailable information on 
the glacial-border zone: (1) the distribution of till as ground moraine and 
end moraine, and of gravel deposits; (2) brief descriptions of the various 
materials; (3) locations of various glacial features; (4) the continuity of the 
border across north-central and northeastern Pennsylvania; and (5) new 
radiocarbon age determinations and consequent correlations which demon­
strate the contemporaneity of the border deposits throughout the mapped 
area, and their Woodfordian age. 

HISTORICAL PERSPECTIVE 

H. Carvill Lewis and G. Frederick Wright (Lewis, ] 884) first traced the 
boundary between glaciated and unglaciated regions, their "Terminal 
Moraine," across northern Pennsylvania (Figure 2) from Belvidere, New 
Jersey, on the Delaware River to Salamanca, New York, and thence south­
westward across northwestern Pennsylvania. They regarded the border as 
being of the same age throughout its length. Their work filled a major gap 
in border mapping from Long Island and New Jersey (Cook, ]877, 1878, 
1880) to Ohio (Wright, 1883, 1884), where detailed descriptions were al­
ready available. Their tracing of the "Terminal Moraine" provided a useful 
boundary across Pennsylvania. It was a remarkably fine achievement and 
has been the basis for all subsequent glacial work in the state. Chamberlin 
(1883) used it in his description of the glacial border across the eastern 
United States. The work attracted the attention of European geologists and 
resulted in a visit to Pennsylvania by Wahnschaffe (1892). However, Lewis 
and Wright were handicapped by inadequate base maps, causing a conse­
quent lack of detail. Furthermore, Lewis (1884) stressed the "terminal 
moraine" character of the border-a low, hilly zone of till marking the 
southern margin of the drift. This is generally true east of the Lehigh River, 
but to the west a well-defined terminal moraine is rare, and the boundary 
lies between ground moraine and colluvium or bedrock residuum and has 

Colluvium is 

r 

INTRODUCTION 3 

high River, known locations oJ-older drif!s are indicated, but areal distri­
bution is not shown on the map. (-2!!u\li_tl~ is present on both sides of the 
border, but it has not been mapped. It is much more extensive south of the 
Woodfordian border. ---------

The glacial-borde-; area was mapped at 1 :24,000 scale and the accom­
panying map, Plate 1, at I: 100,000 scale, was compiled from these maps. 
Most of the map of the portion east of the Lehigh River was compiled from 
published quadrangle maps or open-file information. These sources are 
acknowledged in the text and on the index on Plate 1. West of the Lehigh 
River, Crowl mapped the border in a belt 2 to 5 miles (3 to 8 km) wide. The 
field maps for this latter area are on open file at the Bureau of Topographic 
and Geologic Survey, Harrisburg, Pennsylvania. 

This report provides the following previously unavailable information on 
the glacial-border zone: (1) the distribution of till as ground moraine and 
end moraine, and of gravel deposits; (2) brief descriptions of the various 
materials; (3) locations of various glacial features; (4) the continuity of the 
border across north-central and northeastern Pennsylvania; and (5) new 
radiocarbon age determinations and consequent correlations which demon­
strate the contemporaneity of the border deposits throughout the mapped 
area, and their Woodfordian age. 

HISTORICAL PERSPECTIVE 

H. Carvill Lewis and G. Frederick Wright (Lewis, ] 884) fir st traced the 
boundary between glaciated and unglaciated regions, their "Terminal 
Moraine," across northern Pennsylvania (Figure 2) from Belvidere, New 
Jersey, on the Delaware River to Salamanca, New York, and thence south­
westward across northwestern Pennsylvania. They regarded the border as 
being of the same age throughout its length. Their work filled a major gap 
in border mapping from Long Island and New Jersey (Cook, ]877, 1878, 
1880) to Ohio (Wright, 1883, 1884), where detailed descriptions were al­
ready available. Their tracing of the "Terminal Moraine" provided a useful 
boundary across Pennsylvania. It was a remarkably fine achievement and 
has been the basis for all subsequent glacial work in the state. Chamberlin 
(1883) used it in his description of the glacial border across the eastern 
United States. The work attracted the attention of European geologists and 
resulted in a visit to Pennsylvania by Wahnschaffe (1892). However, Lewis 
and Wright were handicapped by inadequate base maps, causing a conse­
quent lack of detail. Furthermore, Lewis (I884) stressed the "terminal 
moraine" character of the border- a low, hilly zone of till marking the 
southern margin of the drift. This is generally true east of the Lehigh River, 
but to the west a well-defined terminal moraine is rare, and the boundary 
lies between ground moraine and colluvium or bedrock residuum and has 



4 GLACIAL BORDER DEPOSITS 

Figure 2. The late Wisconsinan glacial boundary in Pennsylvania and 
New York and sites of radiocarbon dates to the nearest 0.1 
thousand years (13.2 = 13,200 years ago) . The New York 
boundary is drawn after Muller (1977) and the northwestern 
Pennsylvania boundary is drown after White and others 
(1969). The boundary throughout is approximately that 
mapped by Lewis and Wright (Lewis , 1884) . 

little or no topographic expression. At first, Lewis and Wright did not 
clearly recognize the "fringe" of older glacial deposits in eastern Pennsyl­
vania as they did later in the western part of the state (Lewis, 1884; Wright, 
1893), and they sometimes included older drifts within their glacial border. 
By 1901, Alden (Fuller and Alden, 1903) had compiled a map of the glacial 
deposits of Pennsylvania and New York showing the Wisconsinan border, 

Leverett (1934) recognized two older drifts beyond the Wisconsinan bor­
der , and termed them Illinoian and pre-Illinoian ("Jerseyan," that is, Kan­
san). He included drift here recognized as Altonian with his Illinoian drift. 
He made some minor revisions in the Wisconsinan border, but his map, at a 
scale of 1: I ,000,000, is suitable for only very general use. His text descrip­
tions of the border are vague in most cases; he noted the border in certain 
places, particularly in valleys, but did not trace it over the intervening hills. 
He gives a useful review of earlier literature as background for his discus­
sion of older drifts in Pennsylvania. 
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Shepps and others (1959) remapped the glacial border in northwestern 
Pennsylvania and distinguished three drifts: Wisconsinan, and early and 
late Illinoian. Later, White and Totten (1965) demonstrated that this "late 
Illinoian" was really late Altonian in age, that is, middle Wisconsinan. 
Thus, the sequence in northwestern Pennsylvania, as now recognized, is 
Woodfordian, Altonian, and Illinoian (White and others, 1969). The re­
cently recognized stratigraphy in northeastern Pennsylvania is comparable 
to that in northwestern Pennsylvania, as discussed below. 

MacClintock and Apfel (1944) mapped the Salamanca reentrant in south­
western New York; it joins the east and west parts of the glacial border in 
Pennsylvania (Figure 2). They distinguished an Illinoian and two Wiscon­
sinan drifts; the younger Wisconsinan drift was designated the Binghamton, 
and the older, the Olean. The Binghamton drift on the west side of the re­
entrant is now correlated with the Kent till in northwestern Pennsylvania 
and Ohio (Muller, 1965) and is early \Voodfordian in age. The Olean drift 
on the east side of the reentrant marks the latest Wisconsinan drift border 
and was tentatively assigned to a Tazewell (early \Visconsinan) age 
(MacClintock and Apfel, 1944). 

MacClintock and Apfel (1944) distinguished the western, Kent ("Bing­
hamton") drift from the eastern, Olean drift by the higher content of 
"bright" pebbles (limestone and crystalline) in the Kent drift in addition to 
the usual shale, siltstone, and sandstone pebbles. They admitted that the 
distinction was not always clear-cut, but ascribed "bright" pebbles in Olean 
till to reworking of older drifts. Moss and Ritter (1962) pointed out that the 
"Binghamton" drift occurs in through-valleys where concentrated ice flow 
carried the "bright" pebbles farther south. The Binghamton drift is inter­
mediate in composition between the Valley Heads drift to the north and the 
Olean on the neighboring hills, and does not represent a separate ice ad­
vance. Consequently, the name Binghamton has been abandoned . La Fleur 
(1979) describes interfingering of Kent- and Olean-type tills in the Snake 
Run section near West Valley, New York, 2 miles (3 km) within the Kent 
border at the apex of the Salamanca reentrant. Thus, the lithologic distinc­
tion between Kent and Olean tills is not clear-cut. 

Denny (1956) traced the Olean drift border into north-central Pennsyl­
vania and assigned to it an Iowan (earliest Woodfordian) age. Denny and 
Lyford (1963) reconnoitered the Wisconsinan glacial border in the Wil­
liamsport region to the east. They assigned an "early Wisconsin" (AI­
tonian) age to the drift border. Muller (1965) and others agreed with this age 
assignment. Denny and Lyford's regional map east of the Williamsport area 
is redrawn from older sources, and they carry the same Altonian(?) border 
into central and eastern Pennsylvania. This conflicts with the authors' inter­
pretation of a Woodfordian age for the latest drift border in northeastern 
Pennsylvania. 
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Muller (1977a) has recently compiled a map of the Pleistocene geology of 
southwestern New York. His Altonian age of the Olean boundary is based 
on the overlap in the Salamanca reentrant cited by MacClintock and Apfel 
(1944). The authors discussed the problem with Muller in the field in 1976 
and 1978, but did not resolve the problem. Degree of soil development and 
radiocarbon information (see below) support the authors' conclusion that 
the border is Woodfordian in age. 

Epstein (1969) began the modern study of Woodfordian deposits in 
northeastern Pennsylvania, and Connally (unpublished) was the first to rec­
ognize deposits intermediate in age between Woodfordian and Illinoian. 
These deposits are now referred to the Altonian. Crowl (1971) established 
the Woodfordian age of the drift in the Delaware Valley. The authors do 
not accept Connally and Sirkin's (1973) interpretation that the "Terminal 
Moraine" at Belvidere, New Jersey, is older than the Woodfordian bound­
ary. Crowl and others (I975) and Sevon and others (1975) present sum­
maries of the glacial geology of the area between the Delaware and Lehigh 
Rivers. Marchand (1978) presents information on old drifts in the Lewis­
burg area. 

STRATIGRAPHY 

Early investigations of glacial deposits in the United States provided evi­
dence for more than one glaciation, and a concept of four major glaciations 
separated by long interglacial epochs was gradually developed. The Wiscon­
sinan was the last major glaciation. Almost concurrently it was discovered 
that the Wisconsinan Stage could be subdivided into substages (White, 
1973), and subsequent work indicated that older glaciations were also mul­
tiple. 

The authors have found no exposures of superposed tills of different 
ages, although Connally (personal communication, 1975) reports a local 
stratigraphic succession in the Bangor district. The authors' age differentia­
tion of tills, young to old, is based on a north-to-south geographic distri­
bution within the state. The boundary between young and old drifts is the 
most continuous drift border within the state. North of this border, drift is 
extensive. South of the border, older drifts have been eroded from large 
areas and generally occur as remnants. 

The Wisconsinan drift in southern New York has generally been termed 
the Olean drift, extending MacClintock and Apfel's (1944) term for drift on 
the east side of the Salamanca reentrant to the whole region. MacClintock 
and Apfel did not define type localities for either the Binghamton (Kent) or 
Olean drifts. The term Olean has not generally been applied to the drift in 
Pennsylvania; it is used in this report for all young drift in Pennsylvania 
southeast of Salamanca, New York. Olean drift is considered to be of 
Woodfordian age . 

6 GLACIAL BORDER DEPOSITS 

Muller (1977a) has recently compiled a map of the Pleistocene geology of 
southwestern New York. His Altonian age of the Olean boundary is based 
on the overlap in the Salamanca reentrant cited by MacClintock and Apfel 
(1944). The authors discussed the problem with Muller in the field in 1976 
and 1978, but did not resolve the problem. Degree of soil development and 
radiocarbon information (see below) support the authors' conclusion that 
the border is Woodfordian in age. 

Epstein (1969) began the modern study of Woodfordian deposits in 
northeastern Pennsylvania, and Connally (unpublished) was the first to rec­
ognize deposits intermediate in age between Woodfordian and Illinoian. 
These deposits are now referred to the Altonian. Crowl (1971) established 
the Woodfordian age of the drift in the Delaware Valley. The authors do 
not accept Connally and Sirkin's (1973) interpretation that the "Terminal 
Moraine" at Belvidere, New Jersey, is older than the Woodfordian bound­
ary. Crowl and others (1975) and Sevon and others (1975) present sum­
maries of the glacial geology of the area between the Delaware and Lehigh 
Rivers. Marchand (1978) presents information on old drifts in the Lewis­
burg area. 

STRATIGRAPHY 

Early investigations of glacial deposits in the United States provided evi­
dence for more than one glaciation, and a concept of four major glaciations 
separated by long interglacial epochs was gradually developed. The Wiscon­
sinan was the last major glaciation. Almost concurrently it was discovered 
that the Wisconsinan Stage could be subdivided into substages (White, 
1973), and subsequent work indicated that older glaciations were also mul­
tiple. 

The authors have found no exposures of superposed til1s of different 
ages, although Connally (personal communication, 1975) reports a local 
stratigraphic succession in the Bangor district. The authors' age differentia­
tion of tills, young to old, is based on a north-to-south geographic distri ­
bution within the state. The boundary between young and old drifts is the 
most continuous drift border within the state. North of this border, drift is 
extensive. South of the border, older drifts have been eroded from large 
areas and generally occur as remnants. 

The Wisconsinan drift in southern New York has generally been termed 
the Olean drift, extending MacClintock and Apfel's (1944) term for drift on 
the east side of the Salamanca reentrant to the whole region. MacClintock 
and Apfel did not define type localities for either the Binghamton (Kent) or 
Olean drifts. The term Olean has not generally been applied to the drift in 
Pennsylvania; it is used in this report for all young drift in Pennsylvania 
southeast of Salamanca, New York. Olean drift is considered to be of 
Woodfordian age. 



INTRODUCTION 7 

The terms \Varrensvil1e and Muncy (Wells and Bucek, in press) are used 
here for all Altonian and Illinoian drifts , respectively, in Pennsylvania east 
of the Salamanca reentrant. After more detailed work has been done in the 
region, all of these drifts should be subdivided into local drifts based upon 
distinctive lithologies, and should be given local names. 

The authors follow the time-stratigraphic terminology of Willman and 
Frye (1970) for the Lake Michigan lobe (Figure 3), because stratigraphic evi­
dence to subdivide the Altonian into early and middle Wisconsinan, as has 
been done in the Erie lobe (Dreimanis and Goldthwait, 1973), is lacking 
here. The authors suspect that the \VarrensvilIe Till is middle Wisconsinan 
in age, and base this suspicion on the general similarity of soil development 
on this till to that on the Titusville Till of northwestern Pennsylvania, which 
is assigned a middle Wisconsinan age (White and others, ] 969; Dreimanis 
and Goldthwait, 1973). Marchand (1978) raises some questions about the 
correctness of the Altonian and Illinoian age designations, but that is not 
the subject of this paper, and the age assignments currently in use are ac­
cepted. 

METHODS OF INVESTIGATION 

Most of the mapping was accomplished by road traverses to examine nu­
merous roadcuts; these were supplemented by other traverses off the roads 
in critical areas. All of this was enhanced by the use of aerial photographs at 
1 :20,000 scale. 

Identification of material in plowed fields and along roads is relatively 
straightforward. Forested areas are more difficul t to decipher, but some 
end moraines, usually identified first from morphology seen on aerial 
photographs and later confirmed on the ground, give good control. Where 
the border lies on mountain slopes it is impossible to locate the original 
depositional border accurately because some drift has been removed by col­
luviation. The boundary is drawn on slopes from till exposures on the hills 
and in the valleys. Some hills barren of drift within the drift border are re­
garded as nunataks; others, on the basis of calculated ice-surface gradients, 
are interpreted as having been covered with ice. 

Materials are here described on the basis of composition, fabric, and 
color, and are then classified as tills, gravel, colluvium, or ~edrock residu­
um. The criterion of form then completes the classification of glacial de­
posits-end moraine, ground moraine, and the various types of glacioflu­
vial deposits. 

Grain-size analyses of the sand, silt, and clay portions of the tills were 
carried out to define more precisely their character. Tests of magnetic sus­
ceptibilities of the matrix were the basis for a further attempt at correlation 
of the tills. The results of these studies are discussed later. 
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um. The criterion of form then completes the classification of glacial de­
posits-end moraine, ground moraine, and the various types of glacioflu­
vial deposits. 

Grain-size analyses of the sand, silt, and clay portions of the tills were 
carried out to define more precisely their character. Tests of magnetic sus­
ceptibilities of the matrix were the basis for a further attempt at correlation 
of the tills. The results of these studies are discussed later. 
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Figure 3. The relationship of Quaternary lithostratigraphic and time­
stratigraphic terminology used in Pennsylvania to that used 
elsewhere. 
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ported by NSF COSlP Grant GY673 to Ohio Wesleyan University, Dela­
ware, Ohio. Thomas Zeiner, Judson Ahern, Ronald Staufer, and Diane 
Nicholson assisted in the field and laboratory. The Bodines and Montours­
ville North quadrangles were mapped by Bucek (1975) and Wells and Bucek 
(i n press); the Ellisburg, Sweden Valley , and Brookland quadrangles were 
mapped by Denny (1956); and the Berwick quadrangle was mapped by rn­
ners (1978) . 

The map of th e area east of the Lehigh River is com piled from quad­
rangle maps by Sevon (l975a , 1975b), Berg (1975), Berg and others (1977), 
Epstein (1969), Epstein and Connally (in preparation) , and border mapping 
by Crowl to supplement unpublished mapping by Connally. 

The authors are indebted to Edward Ciolkosz and Clifford Kohler for 
many fruitful discussions of soi ls problems. E. H. Muller, R. K. Fahne­
stock, and E. B. Evenson participated in a field trip along the New York 
border. R. Stuckenrath and J. G. Ogden kindly provided radiocarbon dat­
ing of basal organic sediments from bogs and lakes close to the border. 

THE STYLE OF THE GLACIAL BORDER 

The late Wisconsinan glacial boundary trends N60W from Belvidere, 
New Jersey, on the Delaware River , to the vicinity of Salamanca, New 
York , where its direction changes so that it trends southwestward in to 
Pennsylvania and Ohio (Figure 2; Plate I) . Large- and small-scale lobes a nd 
indentations along its course are due to the influence of the bedrock topog­
raphy. Major lobes occur in the Delaware Valley, in the Stroudsburg low­
land northwest of Kittatinny Mountain, and in the Muncy Creek lowland at 
Picture Rocks. The principal reentrants are at Camelback Mountain north­
west of Stroudsburg and at North Mountain and Huckleberry Mountain on 
the margin of the Appalachian Plateau northwest of Benton. The border 
trends almost west from Camelback Mountain to the Susquehanna River in 
the only notable departure from the northwest trend. Apparently the posi­
tion of the Pocono Plateau between Camelback Mountain and the Susque­
hanna River, where altitudes are above 2,000 feet (608 m), and local high a l­
titudes at the margin of the Plateau account for the east-'Nest trend of this 
portion of the border. 

Glacial st riae indicate that th e ice advanced so uth wes t from the Hudson­
Champlain lobe in northeastern Pennsylvania an d south from the Ontario 
lobe in north-central Pennsylvania. 

Drift is thick and nearly continuous in the east and there is an extensive 
end moraine at the border; west of the Lehigh Ri ver, end moraine is local 
and sporadic, drift in general is thin, and areas of colluvium and residual 
soi ls within the border become steadi ly more extensive toward the west. 
This varying thickness of drift apparently reflects more intensive glacial ac-
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tivity in the Hudson-Champlain lobe than in the Ontario lobe to the west. 
The movement of the latter was impeded by high altitudes on the Appala­
chian Plateau in southwestern New York. Nunataks are absent as far west 
as Red Rock Mountain at the edge of the Appalachian Plateau north of 
Benton. Some mountains, such as Mount Yeager, west of White Haven, are 
judged to have been covered by ice; but from Red Rock Mountain west, sev­
eral mountains appear to have been surrounded, but not covered, by ice. 
These judgments are based on nearby firmly established heights of glacial­
border materials, and calculated gradients of the ice surface (see page 14). 
No geomorphic features, such as end moraines on mountain flanks or deep 
residual soils on summits, remain to confirm this conclusion. Presumably 
they have been removed by intense frost action. 

The glacial border is marked by segments of end moraine and ground mo­
raine on the uplands and by kames in the valleys that cross the border . The 
authors have distinguished distinct end moraine from indistinct end mo­
raine on the basis of local relief. Where local relief is on the order of 10 feet 
(3 m) or more and distinct knobs and swales are readily apparent on the 
ground and on aerial photographs (Figure 4), the term distinct end moraine 
is used. Where local relief is less than 10 feet (3 m) and not so readily appar­
ent, yet the area contains recognizable knobs and swales (Figure 5) that dis­
tinguish it morphologically from neighboring ground moraine, the term in­
distinct end moraine is used. The authors avoid any implication that the in­
distinct end moraine has been reduced from a formerly more rugged condi­
tion . Areas of hummocky ground moraine occur behind the border, are 
topographically similar to indistinct end moraine, and some are mapped as 
indistinct end moraine on Plate 1. 

Both distinct and indistinct end moraine mark much of the Olean border 
between the Delaware and Lehigh Rivers; ground moraine is subord inate. A 
1- to 2-mile-wide (1.()- to 3.2-km-wide) distinct end moraine lies between 
Camelback Mountain and the Lehigh River, and is fronted by ground mo­
raine south of Lake Harmony (Plate I C), where ice flowed through the 
mountain gap (Blakeslee quadrangle). Either this ground moraine was de­
posited just prior to building of the end moraine or th e gap so hindered ice 
flow that no end moraine was built at the drift margin. Indistinct end mo­
raine lies between Camelback Mountain and Brodheadsville, and ground 
moraine forms much of the border east of Bangor. 

West of the Lehigh River, ground moraine predominates at the border. 
Presumably thin ice melted quickly at the margin and the, ice front retreated 
rapidly. Ground moraine marks much of the border east of Fishing Creek 
from the Appalachian Plateau south to Huntington Mountain. The till thins 
to a feather edge and is in contact with older tills and residual soils. There is 
no topographic break between till of the ground moraine and the older ma­
terials (Figure 6). Generally the older tills and residual soils are colluviated. 
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Figure 4. Olean distinct end moraine south of the village of Pocono 
Lake (see Plate 1 C, Pocono Pines quadrangle; the approxi ­
mate center of the stereogram is at 41 °05 ' OO"N/-
75°28 'OO"W). Aerial photographs were token for the U. S. 
Geological Survey in April 1963, from 13,500 feet (4,115 m) 
above mean ground; the scale is approximately 1 :25,680. 
Note the irregular, very hummocky terrain and the numer­
ous undrained depressions; also note the probable ice-push 
ridges just west of the small lake (Halfmoon Lake) near the 
right margin of the stereogram. The outer border of the 
moraine is marked "0"; the inner border is marked "I." 
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Figure 5. Hummocks and swales in Olean indistinct end moraine on 
the north side of a road about 0 .6 mile (1 km) south-south­
east of Franklin Church (Plate 1 B, Sonestown quadrangle, 
41 0 16'52''N i76°32 '1 4''W). North Mountain is in background 
on the right . 

End moraine occurs on some north-facing mountain slopes where ice flow 
was blocked (Figure 7) . It also occurs on some south-facing lee slopes (Fig­
ure 7) where ice flowed over or around the mountain in sufficient volume to 
form an end moraine. Distinct end moraine lies on the Allegheny Front at 
North Mountain and Central Mountain (Plate 1 B); indistinct end moraine 
lies on the north face o f Nescopeck Mountain (Plate 1 B) and Green Moun­
tain (Plate 1 C) west of W hite Haven . 

North of the Woodfordian border, ground moraine lies on gentle slopes, 
and colluvium, composed of till or bedrock fragments, is present on 
moderately steep slopes . T ill has been removed from the upper parts of 
steep slopes in the plateau and has accumulated at the base of the slopes. 
Broad hilltops and gentle slopes retain thei r till cover. 

West of Lycoming Creek, till is even more restricted in dist ribution, and 
is generally abundant only in valley bottoms and on adjacent gentle side 
slopes. Its former presence on hilltops can readily be inferred from the pres­
ence of glacially rounded sedimentary erratics and a few crystalline erratics. 
This restricted distribution of till is ascribed to intense colluviation and re­
moval of thin ti ll from hilltops and hillslopes in an area where altitudes are 
generally higher than those to the east , and where a colder climate prevailed 
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Figure 6. The Olean drift border marked by a change from yellow­
brown till in the ground moraine in the foreground to red 
bedrock residuum in the background. The border is not topo­
graphically evident; it is marked on the photograph by the 
dashed line. The view is to the southeast from the south side 
of a road 0.3 mile (0.5 km ) southwest of Asbury (Plate 1 B, 
M ifflinville quadrangle , 41°07'27"N/76°20'30"W). North 
Mountain forms the skyl ine on the right. 

during deglaciation . Results of intense frost action are more apparent here 
than in the east. The glacial border is based upon the altitude and position 
of outcrops of till or occurrences of erratics. The influence of the topog­
raphy on the ice margin in the plateau is readily apparent. 

Kames or kame moraines and associated outwash deposits are usually 
present where the border crosses the larger stream valleys from the Dela­
ware River to Lycoming Creek. Many small streams also have kames at the 
border. The only exception in the east is the Lehigh River gorge below 
White Haven. Here, apparently because of the constriction of the valley, 
most glacial deposits have been removed by erosion, although some kames 
are present on the adjacent uplands. 

From Loyalsock Creek west to Shinglehouse on Oswayo Creek near the 
New York border , only small kames occur in valleys draining the glaciated 
area. Kames east of Galeton a nd lake deposits west of the town appear to be 
related to a proglaciallake in the valleys of Pine Creek and its West Branch, 
which drain toward the glacial border . The paucity of glaciofluvial deposits 
is probably related to thin ice. 
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Figure 7. Olean indistinct end moraine southwest of White Haven 
{Plate 1(, White Hoven quadrangle; the approximate center 
of the stereogram is at 41 °02 'OO"N / 75°49 '06"W}. Aerial 
photographs were taken for the U. S. Deportment of Agricul­
ture in May 1959; the scale is approximately 1: 19,200. Bound­
aries of indistinct end moraine (Qoie) are indicated by the 
dashed lines. Note the moraine ribs parallel to the ice­
movement direction in the lower left corner. 

THE GRADIENT OF THE ICE SURFACE 

Calculations of the gradient of the marginal surface of the continental 
glacier in eastern North America are rare. In northeastern Pennsylvania, 
both the edge of ground moraine and stretches of end moraine along moun­
tain fronts nearly parallel to the direction of ice flow provide an opportuni­
ty to estimate the gradient of the margin of the ice sheet. 

Ice-slope measurements, as indicated by the contact of Olean drift with 
colluvium on mountain slopes, are necessarily approximate, for errors oc-
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cur in plotting contacts and in deriving distances and elevations from these 
plotted contacts. Some of the points have necessarily been chosen arbitrari­
ly . For these reasons measurements are given to the nearest 5 feet per mile 
(0 .9 m/km ) ; they are probably accurate to 25 feet per mile (5 m/km). They 
may be compared with those of Denny and Lyford (1963) in the Appala­
chian Plateau and those of Mathews (1972) in the Canadian Cordillera. 

The data are summarized in Table 1, which shows the gradients, their lo­
cations, and their north- or south-facing aspects. They are tabulated in geo­
graph ical order from southeast to northwest. The gradient is almost never 
so high as 300 feet per m ile (57 m/km), cited by Denny and Lyford (l963) as 
a general fig ure, and seldom as high as 225 feet per mile (43 m/km) on the 
sout h-facing side of Allegheny Ridge (Picture Rocks quadrangle). The latter 
is probably the best measure of ice-margin gradient, for ice flow, as indi­
cated by nearby striae, was approximately parallel to the plateau front. 

STRIAE 

Numerous striae are recorded in northeastern Pennsylvania in the area of 
detailed mapping. The smaller number of striae recorded in north-central 
Pennsylvania reflects less extensive field work and fewer suitable bedrock 
exposures. However, only striae in the border zone are shown on Plate I. 

Most of the striae range from N-S to S20W; a few have more westerly 
orientations and probably reflect the influence of local topography. Ice, 
then, moved south from the Lake Ontario basin and slightly southwest 
from the Catski ll Mountains over northern Pennsylvania, and was diverted 
by major topographic features (Denny and Lyford, 1963, Plate 3; Sevon 
and others, 1975, p. 51). 

In the Muncy Creek lowland, two striae reflect the influence of local 
topography in the development of a border lobe. Here, because of the wide 
break in the Allegheny Front, the ice poured through the gap and spread as 
a lobe in the lowland to the south. The western striation is nearly paralie! to 
the Allegheny Front, and thus the moraine on that part of the escarpment, 
as has been noted, may provide the best estimate of the gradient of the ice 
sur face at its margin. On the eastern side, the striation reflects the lobation 
just southwest of Huckleberry Mountain. 

DEPOSITS 

TillS 

The Olean till sheet of northeastern Pennsylvania is generally thin, on the 
order of 10 feet (3 m) or less, but may range to 170 feet (52 m). Locally de­
rived pebbles, more-or-Iess rounded by glacial abrasion (Figure 8)y are 
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DEPOSITS 

TillS 

The Olean till sheet of northeastern Pennsylvania is generally thin, on the 
order of 10 feet (3 m) or less, but may range to 170 feet (52 m). Locally de­
rived pebbles, more-or-Iess rounded by glacial abrasion (Figure 8), are 
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Figure 8. Suite of mixed rounded and angular pebbles typical of till. 
The scale is 1 foot (30 em) long. The site is a plowed field on 
the east side of a road 0.8 mile {1.3 km} north of Pond Creek 
(Plate 1C, White Haven quadrangle, 41 °03 '21 "N / -
75°50 '52"W). 

abundant in most till, but crystalline erratics are generally absent. Some 
striated pebbles are present. The authors recognize lateral differences in tills 
on the basis of color, matrix composition, and pebbles; all of these are de­
pendent upon, and closely related to, the underlying bedrock . Detailed 
sampling followed by analyses of size and composition over the area of Ole­
an Till may establish the widespread distribution of mappable till facies. 

The till sheet may be subdivided into four general facies: (1) a red-brown 
clay or clay-sand till on, or close to, red beds of the Catskill or Mauch 
Chunk Formations, (2) a yellow-brown sandy-silt till on drab siltstones and 
shales such as the Trimmers Rock, Mahantango, and Marcellus Forma-
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tions , (3) a yellow-brown sand till on gray sandstones of the Pocono For­
mation and younger rocks in the Pocono Plateau, and (4) a red till on red 
beds of the Catskill Formation in Potter County , which is similar to (1), but 
which has a small number of crystalline erratics. These erratics are absent 
from other tills in northern Pennsylvania . The fine-grained fraction-fine 
sand, silt, and clay-gives the colors to the tills, and the colors are enhanced 
by the pebble content of the tills. These results are clearly indicated in Table 
2 and are corroborated by similar investigations in northeastern Pennsyl­
vania (Epstein, 1969; Sevon and others, 1975). The yellow-brown tills have 
a reddish hue where they are in close proximity to red bedrock. 

Seventy samples of Olean and older till s were collected in the border zone 
between White Haven and Benton. Size analyses were perform ed on the 
sand, silt, and clay matrix of the till by a modified Bouyoucos (1928) meth­
od . Pebbles in the 2- to IO-mm range were examined under a binocular 
microscope and lithology percentages were estimated as shown in Table 2. 

Olean Till on red beds of the Catskill and Mauch Chunk Formations is 
reddish brown, usually SYR41 4 1

, and ranges from 2.SYR4/4 to SYR3 / 3. 
Figure 9a shows sand-silt-clay ratios for tills on these red beds. The red col­
or and the close grouping of the two sets of samples indicate a high degree 
of uniformity of tills derived from these formations. Table 2 shows that red 
fragments from the Catskill and Mauch Chunk Formations predominate in 
these tills. 

Olean Till on the gray Mahantango and Marcellus Formations is general­
ly yellowish brown (l OYRSI 6), but ranges to reddish brown (SYR4/4) in 
some cases, apparently from incorporation of nearby red-bed material. This 
till, as shown in Figure 9b, is more silty and clayey than those on the Cats­
kill and Mauch Chunk Formations. Estimates of pebble lithologies in the 
till (Table 2) indicate derivation of the till from the underlying bedrock. Fig­
ure 9c shows that tills on these different bedrock formations are somewhat 
different in grain size, but they differ more obviously in color. 

Grain-size analyses of Olean, Warrensville (Altonian), and Muncy (Il­
linoian) till s overlying the Catskill Formation northwest of Berwick in the 
Mifflinville quadrangle failed to show any differences in grain size of tills of 
different ages. Differentiation is not obvious in Figure 9d, which shows till 
composition on Iy. The use of outcrop location and weathering-profile in­
formation permits the differentiation shown in Figure 9~. Comparison of 
Olean Till on gray Devonian shales, Figure 9b , with AItonian tills on Cats­
kill rocks, Figure 9f, shows a corresponding lack of age distinction based on 
grain size of the matrix. 

Grain-size analysis of the till matri x was performed on 39 samples of 
Olean and older tills collected on the Pocono Plateau east of White Haven. 
The data are presented elsewhere (Sevon and others, 1975). These data also 

I Color designations arc from Munsell Color Company (1971). 
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indicate that the various tills cannot be differentiated by grain-size analysis 
of the till matrix because of the wide range of values. 

An attempt to distinguish ages of tills on the basis of their magnetic sus­
ceptibilities (Vonder Haar and Johnson, 1973), an indirect measure of the 
amount of iron-rich minerals in till, was not successful. Susceptibilities of 
tills range so widely that no valid conclusions could be drawn. 

The most satisfactory criteria for distinguishing different ages of tills in 
northeastern Pennsylvania are differences in soil-profile development and 
the extent of colluviation. Olean tills are often stony; the A and B soil zones 
are thin, ranging up to 2 feet (0.6 m) in thickness, and generally have about 
the same reddish-brown (5YR4/4) or yellowish-brown (lOYR5 / 6) colors as 
the unweathered tiU. Warrensville Till has a solum about 5 feet (1.5 m) 
thick. Its colors range from pinkish gray (5YR6 / 2) to light reddish brown 
(2.5YR6 / 4), a higher chroma than in the B horizon of Olean tills. Warrens­
ville tills are often colluviated, and the flat stones are parallel to the slope, a 
characteristic not generally associated with Olean Till on low slopes. Muncy 
tills are characteristically red (2.5YR4/6) streaked with yellow. They have 
relatively few pebbles and abundant clay, apparently because of greater 
weathering. Siltstone and shale pebbles are often heavily coated with red 
clay or iron oxide (rubified), and many sandstone pebbles are weathered red 
throughout. The tills are strongly colluviated, even on low slopes. 

GRAVELS 
As noted earlier (p. 13), kames or kame terraces occur most often at the 

Olean border in south-draining valleys. With the exception of the kame mo­
raine on the Susquehanna River (p. 56), all of the kame gravels are com­
posed of local bedrock fragments. The pebbles and cobbles are generally 
rounded to subrounded (Figure 10). Sorting is usually poor, but there are 
local segregations of sand and gravel. Only in the gravel pits along the Sus­
quehanna River at Nescopeck, and in a borrow pit along Interstate Route 
380 north of Camelback Mountain, are crystalline erratics at all noticeable. 

DRIFT SOUTH OF THE OLEAN BORDER 
Colluvium mantles most of the slopes south of the Olean drift border, 

and remnants of the older drift sheets are present in many places. Many of 
these older drift remnants have been mixed with bedrock colluvium by 
downslope movement, thus increasing the difficulty of identifying the drift. 

Close to the Olean border, and east of the Lehigh River where quadrangle 
mapping is extensive, outcrops of older drifts are generalized on Plate 1 
from published information. West of the Lehigh River and south of the 
Olean border ,no attempt was made to map either deposits of Warrensville 
and Muncy drifts or the extent of the colluvium. The location of drift 
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Figure 9. Grain-size analyses of tills in northeastern Pennsylvania 
between White Haven and Benton. sd-sand; st- silt; 
cI - ciay. 

materials has been plotted on the map wherever observed, but the extent of 
the materials is unknown. Mapping of the older drifts remains to be done in 
most of the area east of the Salamanca reentrant and west of the Lehigh 
River, for Leverett's map (1934) is now inadequate. Marchand (1978) has 
greatly expanded the known area of pre-Wisconsinan drifts in the Sus­
quehanna River basin south of Williamsport. 
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materials has been plotted on the map wherever observed, but the extent of 
the materials is unknown. Mapping of the older drifts remains to be done in 
most of the area east of the Salamanca reentrant and west of the Lehigh 
River, for Leverett's map (1934) is now inadequate. Marchand (1978) has 
greatly expanded the known area of pre-Wisconsinan drifts in the Sus­
quehanna River basin south of Williamsport. 



DEPOSITS 23 

Figure 10. Sand and gravel in variably sorted beds typical of kame and 
kame-terrace deposits. The scale is divided into feet (30-em 
intervals), The site is in a quarry of A. Barletta and Sons, 
Honeyhole Sand and Gravel Company, on the south bank of 
the Susquehanna River, 2 miles (3.2 km) east of Nescopeck 
(Plate lB, Berwick quadrangle. 41°03'40"N/76°10'42"W). 

The following comments summarize what is now known about the scat~ 
tered outcrops of older drifts west of the Lehigh River. 

The southeastern part of Blessing Ivlountain north of Williamsport and 
the adjacent part of Jacoby Mountain, east of Wallis Run, have a remnant 
cover of WarrensviHe TilL Warrensville drift is widespread in the hilly area 
south of Allegheny Ridge, north of Montoursville. and west of the Olean 
border near Huntersville. Muncy drift occurs east of Williamsport along the 
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Susquehanna River and Muncy Creek (Bucek, 1975; Wells and Bucek, in 
press). Olean and Muncy terraces flank Loyalsock and Muncy Creeks south 
of the border. 

Outcrops of Muncy and Warrensville drifts are widely scattered in front 
of the border from Muncy Creek east to the Lehigh River. There may be a 
till older than the Muncy Till in the hilly region southwest of Lairdsville, 
where one exposure (41 °13 '22"N/76°35 '55/1W) shows a deeply weathered 
gray till completely unlike other exposures of Muncy Till in the district. In 
the vicinity of Drums and St. Johns (Sybertsville quadrangle), large erratic 
boulders are scattered widely over a 2- to 3-square-mile (3- to 5-km2) area in 
front of the Olean border. No drift was found, and these erratics are pre­
sumably the only remnants of an older drift. 

North and east of \Veatherly, Warrensville drift occurs discontinuous ly 
over several square miles (Sevon and others, 1975). Unweathered kame 
sands are beneath the Warrensville Till at the Drumbor gravel pit 1.5 miles 
(2.4 km) east of Weatherly. Unweathered Muncy till and sands were ex­
posed in 1975 in deep highway excavations east of Montoursville (Bucek, 
1975; Wells and Bucek, in press) . 

SLOPE DEPOSITS 

Most of northern Pennsylvania is hilly or mountainous, and downslope 
movement of surficial debri s has been widespread in the past , presumably 
during late glacial episodes when freeze-thaw activity was more intense. 
Current mass movements seem to be related either to catastrophic events 
such as Hurricane Agnes in 1972, which caused numerous landslips and 
mud flows, or to local disturbances such as roadcuts in the toes of slopes. 
Within the area of Olean drift , slope movement is important only on steep 
slopes. Older drifts are more strongly colluviated, even on gentle slopes. 

The colluvial mantle is most easily recognized in outcrop by the alignment 
of flat bedrock fragments nearly parallel to the slope (Figure II ), and some 
exposures show crude stratification . The amount of coarse fragmental 
material in the colluvium is a function of its avai labil ity in the bedrock. 
\Vell-jointed siltstones and thin-bedded well-jointed sandstones provide the 
most abundant and easily recognized colluvium. 

In many cases it is difficult to distinguish colluviated residual soi ls from 
colluviated old tills. In plowed fields , an abundance of angu lar fragments 
(Figure 12) and the absence of partially rounded stones or erratics is ev i­
dence for colluvium rather than till. 1 n roadcuts, fabric is the best criteri­
on-an irregular arrangement of stones indicates till; an arrangement paral­
lel to the slope indicates colluvium. 

An abundance of colluvium, termed shale-chip rubble, has formed from 
the thin-bedded and well-cleaved Mahantango shale because it is highly sus­
ceptible to frost action (Figure 13) . Characteristically, the fragments are] 12 
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Figure 11. Flat fragments of siltstone and sandstone aligned parallel to 
the slope in colluvial deposits ' 1.7 miles (2.7 km) south of 
Salladasburg along a small road on the east side of larrys 
Creek (41°15 ' 1l"N/ 77°13' 30"W). The pick is 17 inches (43 
em) long. 

x 1 x ] inch (1 x 2.5 x 2.5 em) in size, and may range to 6 inches (15 em) in 
the largest dimension. Shale-chip rubble is rarely interbedded with glacio­
fluvial gravels, as at the base of shale cliffs in the Delaware Valley (Crowl, 
1971). This colluvium is easily susceptible to frost churning, so that whorls 
and plumes are often visible in artificial cuts in debris older than Woodfor­
dian. 

Boulder colluvium (Figure 14) is a thin surface deposit of boulders set in a 
soil matrix. The boulders are principally of sandstone or conglomerate. 
range up to a few feet (1 meter) in diameter. and mayor may not have point 
contact with adjacent boulders. The deposits occur mainly on moderate 
slopes. Boulder colluvium is abundant on most slopes within 2 miles (3 to 4 
km) beyond the Olean border in areas underlain by sandstone. 

Many boulder-colluvium deposits are transitional downslope into 
boulder fields, which are flat surfaced, unvegetated boulder accumulations 
at moderate to low gradients, lacking matrix except at depths of several 
feet. Hickory Run Boulder Field (Figure 15) in Hickory Run State Park 
(Plate IC) displays many typical features such as distinct surface morpholo­
gy, fabric, polished boulders ; fitted surfaces, stone rings, and lithology 
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Figure 12. Angular fragments typical of bedrock residuum derived from 
shales of the Mahantango Formation. The scale is 1 foot (30 
em) long. The site is a plowed field on the north side of a 
road 1 mile (1.6 km) southwest of Brodheadsville (Plate 1 C, 
Brodheadsville quadrangle, 40 0 54'39"N / 75°24 '26"W). 

streams. This field has been described in detail elsewhere (Smith , 1953; Se­
von, 1969; Sevon and others, 1975). 

Colluvium is more abundant at the base of hiIlslopes than on the almost 
bare upper slopes because it has moved downslope by surface wash, creep, 
and periglacial frost action. This is particularly true at the higher elevations 
of the Appalachian Plateau or at lower elevations close to the Olean bound­
ary. Sometimes small valleys are floored with a pebbly mixture of alluvium 
and colluvium derived from bedrock and old till. These valley floors are 
nearly flat (Figure 16), and drainage is either subsurface or by small ephem­
eral streams. The depth of fill is unknown, but is probably less than 35 feet 
(lO m). 

Earthflows are fairly common in the hills southeast of Lairdsville (Plate 
1 B). Here Muncy till and residual soils on Devonian shales apparently 
moved downslope during the Wisconsinan episodes of rigorous climate, for 
there is no indication of present-day movement. 

Direct evidence of periglacial frost action is sparse. In addition to frost 
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Figure 13. Shale-chip rubble (colluvium) composed of fragments 
derived from shales of the Mahantango Formation. The site 
is in a borrow pit on the west side of U. S. Route 209, 3 miles 
(4.8 km) southwest of Dingmans Falls in the Delaware River 
valley (Lake Maskenozha quadrangle, 41°10'54f1N /-
74°53 ' 35"W). Note the al ignment of flat fragments parallel 
to bedding. Bedding paraHels the slope of the surface of the 
deposit. The scale is 6 inches {15 cm) long. 

whorls in Mahantango debris described above, rare stone polygons and 
stone stripes occur (Figure 17), Connally (Crowl and others, 1975) has 
found frost wedges in Muncy till and residual soil at the border of Olean 
Till in the Bangor quadrangle. These various features have been identified 
at a number of places at high altitudes far beyond the glacial border in 
Pennsylvania (Edmunds and Berg, 1971, p. 61), and they occur to the 
southwest in Virginia and West Virginia (Clark, 1968; Ciolkosz and others, 
1971; Clark and Ciolkosz, unpublished data). These features are probably 
more common than realized, but are seldom seen because their discovery is 
dependent upon chance exposures, generally in temporary excavations. 

THE WOODFORDIAN AGE OF THE BORDER 

As noted earlier, the age of the border deposits is in dispute. On the east 
side of the Salamanca reentrant in New York, the Olean drift is regarded as 
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Figure 14. A slope covered with boulder colluv ium composed of angular 
plates and blocks of sandstone derived from outcrops up­
slope. Boulder colluvium overlies till deposited near the 
Olean drift border. Colluvium was developed after deg lacia ­
tion while climatic conditions were severe. The site is on the 
north side of a rood 1.9 miles (3 km) northwest of Emmons in 
on unnamed tributary to Pointer Run (Plate 1 B, El k Grove 
quadrangle, 4 ]019 I 43"N/76°27 I 43"W). 

Altonian (middle Wisconsinan) in age (Muller, 1977a). \Vhere the border 
crosses the Delaware River near Belvidere, New Jersey, it is regarded as 
Woodfordian (late \Visconsinan) in age. The Altonian age assignment im­
plies deglaciation prior to 28,000 y a (years ago) (Figure 3); the \Voodfordi ­
an age assignment implies deglaciation about 15,000 y a. The border 
changes character from the Delaware Valley to Salamanca, New York , 
gradually losing its morainal attributes, and becoming less dist inct toward 
the west. The authors found no place where a young drift border departs 
from the Olean boundary and trends more directly north into New York. 
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plies deglaciation prior to 28,000 y a (years ago) (Figure 3); the \Voodford i­
an age assignment implies deglaciation about 15,000 y a. The border 
changes character from the Delaware Valley to Salamanca, New York, 
gradually losing its morainal attributes, and becoming less distinct toward 
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Figure 15. Hickory Run Bou lder Field , a registered natural landmark, in 
Hickory Run State Park (Plate 1 C, Hickory Run quadrangle, 
41 °03 '00"N / 75°38' 40"W). The surface is relatively flat, 
having relief generally less than 2 feet (0.6 m), and slopes 
about 1 degree toward the viewer. The view is toward the 
east up the field. The most distant trees to the left of center 
are about 2,000 feet (610 m) from the viewer. 

Therefore, the Olean border is regarded as being of the same age through­
out. As already noted, end moraines and thin weathering profiles on the 
Olean drift support the interpretation that it is of Woodfordian age. These 
soil profiles are less well developed than those on older \Varrensville and 
Muncy drifts south of the Olean border . 

RADIOCARBON AGES 

The above interpretation of a Woodfordian age for the Olean drift is en­
hanced by 12 radiocarbon dates from the lowest and oldest organ ic-rich 
sediments in glaciofluvial deposits and in kettles in end moraine and ground 
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Figure 16. A small colluviated dry valley on the south side of a road 2.4 
miles (3.8 km) west-southwest of Brookland (Plate 1 A, 
Brookland quadrangle, 41 °49 '02"N / 77°50'32"W). Fill in the 
broad, flat part of the valley resulted mainly from movement 
of material off the side slopes. The valley is 1 mile (1.6 km) 
from the Olean drift border and thus is in an area where the 
periglacial climate would have been severe during the 
Woodfordian ice maximum. All material in the treeless area 
probably is colluvium. 

moraine near t he border. These all give minimum dates for time of deglacia­
tion within the border zone . Three samples from bogs formed by periglacial 
frost action in southeastern Pennsylvania furnish additional information. 
Their locations, and others (all identified to the nearest O.t thousand years), 
are plotted in Figure 2 and the data are tabulated in Table 3. 

Four of the dates in the lowland northeast of Brodheadsville range from 
12,520 y a to 13,330 y a and average 13,000 y a. These dated samples are 
from basal organic sediments in shallow kettles in the open country north of 
Kittatinny Mountain, and the surfaces of these lakes and bogs are only a 
few meters below the general land surface. The fifth dated sample, at Wig­
wam Run (11.4 on Figure 2), is in a much deeper kettle, 48 feet (15 m) from 
the rim to the bog surface, and the relatively young date there may be as­
cribed to late melting of an unusually thick body of ice in the deep kettle. 
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Figure 17. A cross section of 0 stone stripe on the north side of Po. 
Route 93 on the south slope of Nescopeck Mountain about 0.6 
mile (1 km) northwest of the interchange with Interstate 
Route 80 (Plate lS, Sybertsville quadrangle, 41°01 
76°05 '22"W). The scale is divided into feet (30-cm intervals). 

Saddle Bog (12.3) at 1,361 feet (415 m) on Kittatinny Mountain, New 
Jersey, is about 853 feet (260 m) above the sites in the adjacent lowland, yet 
organic sediment began to accumulate in the mountaintop bog slightly later 
than in the lowland bogs to the southwest, perhaps because of severity of 
climate and/ or poor nutrient status of the water. 

Northwest along the border, at Sausser Bog (12.7), the date of basal 
organic sediments is in the same time range as those to the southeast. The 
ages of samples from Rose Lake (14.2) and Corry (14.0), on either side of 
the Salamanca reentrant, are somewhat older. 

All of these dates, except that for the sample from Brodheadsville (dis­
cussed below), record the beginning of organic sedimentation at their sites, 
and thus give a minimum date for deglaciation of the border. Estimates of 
the time interval between melting of the ice in a kettle and the beginning of 
organic sedimentation vary widely. Studies indicate that the interval may 
range from a few hundred years (Dreimanis, personal communication, 
1978), to about 2,000 years (Mickelson, 1968; Florin and Wright, 1969), to 
about 4,000 years (Spear and Miller, 1976), and to about 6,000 years 
(Sirkin, 1977; Sirkin and Minard, 1972). This last figure is based on cal­
culated rates of sedimentation by Davis (1969) and Davis and Deevey 
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Table 3. Radiocarbon Dotes from Organic Material Associated with 
the Olean Boundary and Other Relevant Locations 

(Locations are shown on Figure 2 and dates there are given to the nearest 0.1 thousand years.) 

Map number 
(Figure 2) and 

laboratory sample 
number 

12.3 
(W- 2562) 

13.2 
(OWU- 430) 

12.5 a 
(OWU- 415) 

12.9 
(W- 3374) 

13.3 
(WIS-781 ) 

1l.4 
(W- 2893) 

Name, location, and description 

Saddle Bog, 41 ° 14 '08 " N /7 4 °42' 10"W. 
Kittatinny Mountain, New Jersey, Branch­
ville quadrangle. 
In a spruce zone having 2 m of clay be­
neath, containing tundra herb pollen (Sir­
kin and Minard, 1972). 
Echo Lake, 41 °04 '09"N/75°03 '42"W. 
5.4 km southwest of Bushkill, Pennsyl­
vania, Bushkill quadrangle. 
Silty clay gyttja at the base of an organic 
section overlying lake clay. 
Leaps Bog, 41 °02 ' 50 "N/75 °06' 42 "W. 
A small pond at Oak Grove 10.6 km SOli! h­
west of Bushkill, Pennsylvania, Bushkill 
quadrangle. 
Decomposed woody peat (detrital gyttja) at 
a basal clay contact. The sample was small, 
and the date may not be entirely reliable, 
but it fits with others. 
Franklin Hill Bog, 41 0 01 'OO"N / -
75 °09 'OO"W. 
2.5 km northeast of East Stroudsburg, 
Pennsylvania, East Stroudsburg quad­
rangle. 
Base of gel mud (Vic Carbone. personal 
communication, 1977). 
Cranberry Bog, 41 °02 '30"N/75 °16 'OO"W. 
3.5 km east of Tannersville, Pennsylvania, 
Mount Pocono quadrangle. 
Silty gyttja at 1,240-1,245 cm. Over lIS cm 
of silt and sandy silt that contains tundra 
pollen (H. E. Wright, personal com­
munication,1975) . 
Wigwam Run (WC#1 Delaware Valley), 
40 0 S9 '03"N/ 75 ° 15 ' 15"W. 
5 km west of Stroudsburg, Pennsylvania, 
Saylorsburg quadrangle. 
Peat, base of organic-rich sediments at 
515-525 cm in A3 (spruce park tundra) 
zone 1 m above a herb zone (L. E. Sirkin, 
personal communication, 1975; Connally 
and others. 1979). 

Years ago 

12,300 ± 300 

13,235 ± 1,620 

12,520 ± 825 

12,900 ± 300 

13,330 ± 120 

Il.430 ± 300 
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Table 3. Radiocarbon Dotes from Organic Material Associated with 
the Olean Boundary and Other Relevant Locations 

(Locations are shown on Figure 2 and dates there are given to the nearest 0.1 thousand years.) 

Map number 
(Figure 2) and 

laboratory sample 
number 

12.3 
(W- 2562) 

13.2 
(OWU- 430) 

12.5 a 
(OWU- 415) 

12.9 
(W- 3374) 

13.3 
(WIS-781) 

1l.4 
(W- 2893) 

Name, location, and description 

Saddle Bog, 41 °14 '08 "N / 74 °42' 10"W. 
Kittatinny Mountain, New Jersey, Branch­
ville quadrangle. 
In a spruce zone having 2 m of clay be­
neath, containing tundra herb pollen (Sir­
kin and Minard, 1972). 
Echo Lake, 41 °04'09"N175 °03 '42"W. 
5.4 km southwest of Bushkill, Pennsyl­
vania, Bushkill quadrangle. 
Silty clay gyttja at the base of an organic 
section overlying lake clay . 
Leaps Bog, 41 °02 '50 "N175 °06' 42 "W. 
A small pond at Oak Grove 10.6 km south­
west of Bushkill, Pennsylvania, Bushkill 
quadrangle. 
Decomposed woody peat (detrital gyttja) at 
a basal clay contact. The sample was small, 
and the date may not be entirely reliable, 
but it fits with others. 
Franklin Hill Bog, 41 °01'OO"N / -
75 °09 'OO"W. 
2.5 km northeast of East Stroudsburg, 
Pennsylvania, East Stroudsburg quad­
rangle. 
Base of gel mud (Vic Carbone. personal 
communication, 1977). 
Cranberry Bog, 41 °02 '30"N!75 °16'OO"W. 
3.5 km east of Tannersville, Pennsylvania, 
Mount Pocono quadrangle. 
Silty gyttja at 1,240-1,245 em. Over 115 cm 
of silt and sandy silt that contains tundra 
pollen (H. E. Wright, personal com­
munication,1975) . 
Wigwam Run (WC#1 Delaware Valley), 
40 °59 '03"N / 75 ° IS ! IS"W. 
S km west of Stroudsburg, Pennsylvania, 
Saylorsburg quadrangle. 
Peat, base of organic-rich sediments at 
515-525 em in A3 (spruce park tundra) 
zone 1 m above a herb zone (L. E. Sirkin, 
personal communication, 1975; Connally 
and others, 1979). 

Years ago 

12,300 ± 300 

13,235 ± 1,620 

12,S20 ± 825 

12,900 ± 300 

13,330 ± 120 

11.430 ± 300 



Map number 
(Figure 2) and 

laboratory sample 
number 

12.8 
(SI- 134l) 

12.7 
(SI - 1559) 

14.2 
(Sl - 3098) 

12.6 
(WIS-727) 

14.0 
(W- 365) 

13.6 
(Y - 478) 
(Y - 479) 

12.5 b 
(WIS-780) 
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Table 3. (Continued) 

Name, location, and description 

Brodheadsville , 
75 "24 '25 "W . 
Pipeline excavation, 1. 1 km southwest of 
Brodheadsville, Pennsylvania, Brodheads­
ville quadrangle. 
Fragmental organic material in lake clay 
overlain by silts and meltwater-washed 
shale-chip gravel in the front of the end 
moraine (Berg, 1975). 
Sausser Bog, 41 °23 '09"NI76 °50 '54"W. 
In Loyalsock Creek Valley 3 km west of 
Barbours, Pennsylvania, Barbours quad­
rangle. 
Clay gyttja at the bottom of a bog in kame 
moraine. 
Rose Lake, 41 °53 '50"N/ 77 °55 ' 15 "W. 
1.4 km west of Andrews Settlement, Penn­
sylvania, ElIisburg quadrangle. 
Green clayey gyttja, 1,273- 1,298 em, at the 
base of the core. Pine, spruce, and birch 
pollen, and a fragment of spruce. 
Belmont Bog, 42 "15 'N177 °55 'W. 
6.1 km east of Belmont, in Phillips Creek 
Valley, New York, West Almond quad­
rangle. 
Base of the spruee maximum in gyttja and 
clayey gyttja above 2.2 m of clay (Spear and 
Miller, 1976). 
Corry Pond. 41 °55 ' 30"N179°40 'OO"W. 
I km west of Corry, Pennsylvania, Corry 
quadrangle. 
Bottom of a I-m layer of marl below 3 m of 
peat. Abundant fossils. Clay and gravel be­
neath (Droste and others, 1959). 
The Marsh, 40 °07 '30"N175°45 '28"W. 
2 km southeast of Marsh, Pennsylvania, 
Elverson quadrangle. 
Full glacial herb zone, taiga-tundra 
(Martin, 1958). 
Longswamp, 40 °29 'N175 °40'W. 
Just north of Longsdale, Pennsylvania, 
Manatawny quadrangle. 
In a small pond, at the base of the spruce 
zone and the top of the tundra zone at I m; 
there is a I.S-m tundra zone in clay beneath 
dated mud (H. E. Wright, personal com-
munieation, 1977). 

Years ago 

12,760± 135 

12.750 ± 100 

14, I70 ± 240 

12,565 ± 115 

14,000 ± 350 

13,540 ± 270 
13,630 ± 230 

12,540 ± 120 
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Table 3. (Continued) 

Name, location, and description 

Brodheadsville , 
75 °24 ' 25 "W . 
Pipeline excavation, 1.1 km southwest of 
Brodheadsville, Pennsylvania, Brodheads­
ville quadrangle. 
Fragmental organic material in lake clay 
overlain by silts and meltwater-washed 
shale-chip gravel in the front of the end 
moraine (Berg, 1975). 
Sausser Bog, 41 °23 '09"NI76 °50 '54"W. 
In Loyalsock Creek Valley 3 km west of 
Barbours, Pennsylvania, Barbours quad­
rangle. 
Clay gyttja at the bottom of a bog in kame 
moraine. 
Rose Lake, 41 °53 '50"N/ 77 °55 ' 15 "W. 
1.4 km west of Andrews Settlement, Penn­
sylvania, Ellisburg quadrangle. 
Green clayey gyttja, 1,273- 1,298 em, at the 
base of the core. Pine, spruce, and birch 
pollen, and a fragment of spruce. 
Belmont Bog, 42 "15 'NI77 °55'W. 
6.1 km east of Belmont, in Phillips Creek 
Valley, New York, West Almond quad­
rangle. 
Base of the spruce maximum in gyttja and 
clayey gyttja above 2.2 m of clay (Spear and 
Miller, 1976). 
Corry Pond. 41 °55 ' 30"NI79°40 'OO"W. 
I km west of Corry, Pennsylvania, Corry 
quadrangle. 
Bottom of a I-m layer of marl below 3 m of 
peat. Abundant fossils. Clay and gravel be­
neath (Droste and others, 1959). 
The Marsh, 40 °07 '30"NI75°45 '28'·W. 
2 km southeast of Marsh, Pennsylvania, 
Elverson quadrangle. 
Full glacial herb zone, taiga-tundra 
(Martin, 1958). 
Longswamp, 40 °29 'N175 °40'W. 
Just north of Longsdale, Pennsylvania, 
Manatawny quadrangle. 
In a small pond, at the base of {he spruce 
zone and the top of the tundra zone at I m; 
there is a 1.8-m tundra zone in clay beneath 
dated mud (H. E. Wright, personal com-
munication, 1977). 

Years ago 

12,760± 135 

12.750 ± 100 

14, I70 ± 240 

12,565 ± 115 

14,000 ± 350 

13,540 ± 270 
13,630 ± 230 

12,540 ± 120 
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Map number 
(Figure 2) and 

laboratory sample 
number 

15 .2 
(WIS-903) 

15.3 
(1-5713) 
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Table 3. (Continued) 

Name, location, and description 

Criders Pond, 39°58 'NI7S °40 'W . 
About 3 km east of Scotland, Pennsyl­
vania, Scotland quadrangle . 
Base of the principal spruce zone (H. E. 
Wright, personal communication, 1977). 
South Dansville, 42 ° 29'44"N /-
77°38'39"W. 
2.9 km north-northeast of South Dansville , 
New York, Arkport quadrangle. 
At base of 40 em of sphagnum peat overlain 
by 220 em of clay and marly clay (Rynders, 
197 1). 

Years ago 

J5,210 ± 150 

15,300 ± 190 

(1964). Sirkin (1977) and Connally and others (1979) , using a basal organic 
sediment date of 11,430 y a and 2.15 m (7 ft) of inorganic sedimen t below 
the dated horizon, est imated an age of 17,430 y a for the beginning of inor­
ganic sedimentation at the Wigwam Run site (11.4). The est imate is based 
on a sediment accumulation rate of 0.036 cm/ yr (0.014 in .lyr) (Davis and 
Deevey, 1964). Sirkin and Minard (1972) , using the same figure, estimated a 
maximum age of 18,000 y a for disappearance of ice at Saddle Bog on Kitta­
tinny Mountain. Using another sedimentation rate (0.08 cm / yr, or 0.032 
in.lyr) developed by Davis (1969), they estimated that ice could have dis­
appeared from Saddle Bog as late as 15,000 y a. 

The above sedimentation rates are derived from Rogers Lake, Connecti­
cut, a lake having two basins, each about 1,640 feet (500 m) in diameter and 
about 115 feet (35 m) deep. The lake lies in open, rolling country compara­
ble to that north of Kittatinny Mountain . Because the area of each Rogers 
Lake basin is about 25 times the areas of Wigwam Run and Saddle Bog 
kettles, sedimentation rates in Rogers Lake can hardly be comparable to 
those in these small depressions. Thus the age estimates of 17,000 and 
18,000 y a for ice disappearance based on data from these small kettles is 
questionable. 

The age at Brodheadsvi lle (12.8) is from gymnosperm wood fragments, 
probably spruce (G. W. Burns, personal communication, 1972), in lake 
clays overlain by silts and shale-chip gravel immediately in front of the end 
moraine . Berg (1975, Plate 2, cross section) shows this shale-chip gravel as 
colluvium. However , reexamination of the original field notes indicates 
clearly that the material is meltwater-washed shale-chip gravel and that a 
mistake was made in editing the drawing. The anastomosing drainage 
pattern on the outwash plain is shown in Figure 18. The stratigraphy indi-

34 

Map number 
(Figure 2) and 

laboratory sample 
number 

15.2 
(WIS-903) 

15.3 
(1-5713) 

GLACIAL BORDER DEPOSITS 
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Name, location, and descript ion 

Criders Pond, 39°58 'N175 °40 'W . 
About 3 km east of Scotland, Pennsyl­
vania, Scotland quadrangle . 
Base of the principal spruce zone (H. E. 
Wright, personal communication, 1977). 
South Dansville, 42 ° 29'44"N /-
77°38'39"W. 
2.9 km north-northeast of South Dansville , 
New York, Arkport quadrangle. 
At base of 40 em of sphagnum peat overlain 
by 220 em of clay and marly clay (Rynders, 
197 1). 

Years ago 

lS,210 ± 150 

15,300 ± 190 

(1964). Sirkin (1977) and Connally and others (1979) , using a basal organic 
sediment date of 11,430 y a and 2.15 m (7 ft) of inorganic sediment below 
the dated horizon, estimated an age of 17,430 y a for the beginning of inor­
ganic sedimentation at the \Vigwam Run site (11.4). The estimate is based 
on a sediment accumulation rate of 0.036 cm/yr (0.014 in .lyr) (Davis and 
Deevey, 1964). Sirkin and Minard (1972), using the same figure, estimated a 
maximum age of 18,000 y a for disappearance of ice at Saddle Bog on Kitta­
tinny Mountain. Using another sedimentation rate (0.08 cm / yr, or 0.032 
in.lyr) developed by Davis (1969), they estimated that ice could have dis­
appeared from Saddle Bog as late as 15,000 y a. 

The above sedimentation rates are derived from Rogers Lake, Connecti­
cut, a lake having two basins, each about 1,640 feet (500 m) in diameter and 
about 115 feet (35 m) deep. The lake lies in open, rolling country compara­
ble to that north of Kittatinny Mountain . Because the area of each Rogers 
Lake basin is about 25 times the areas of Wigwam Run and Saddle Bog 
kettles, sedimentation rates in Rogers Lake can hardly be comparable to 
those in these small depressions. Thus the age estimates of 17 ,000 and 
18,000 y a for ice disappearance based on data from these small kettles is 
questionable . 

The age at Brodheadsville (12.8) is from gymnosperm wood fragments, 
probably spruce (G. W. Burns, personal communication, 1972), in lake 
clays overlain by silts and shale-chip gravel immediately in front of the end 
moraine. Berg (1975, Plate 2, cross section) shows this shale-chip gravel as 
colluvium. However , reexamination of the original field notes indicates 
clearly that the material is meltwater-washed shale-chip gravel and that a 
mistake was made in editing the drawing. The anastomosing drainage 
pattern on the outwash plain is shown in Figure 18. The stratigraphy indi-
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Figure 18. Olean indistinct end moraine and outwash plain at 
Brodheadsville (Plate 1 C, Brodheadsville quadrangle; the 
approximate center of the stereogram is at 40°55 '02"N / -
75°24 '30"W). The boundary between indistinct end moraine 
(Ooie) and the outwash plain (000) is marked by the dashed 
line . The arrow indicates the site of a radiocarbon date of 
12.8 thousand y a. The anastomosing drainage pattern on the 
ol!twash plain is well shown in the dark field immediately 
west of the end-moraine boundary. 

cates deposition of abundant meltwater sediments just in front of the end 
moraine while spruce trees became established in the region. The spruce 
fragments in proglacial-lake sediments have nearly the same age as au-
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(Ooie) and the outwash plain (000) is marked by the dashed 
line . The arrow indicates the site of a radiocarbon date of 
12.8 thousand y a. The anastomosing drainage pattern on the 
ol!twash plain is well shown in the dark field immediately 
west of the end-moraine boundary. 

cates deposition of abundant meltwater sediments just in front of the end 
moraine while spruce trees became established in the region. The spruce 
fragments in proglacial-lake sediments have nearly the same age as au-
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tochthonous organic sediments in kettle holes within the border. This close 
age relationship indicates that organic sedimentation probably began very 
shortly after disappearance of ice from kettles and that deposition of basal 
clay is more rapid than has been supposed by some authors (Sirkin, 1977; 
Sirkin and Minard, 1972). 

Neglecting the clearly young age of organic sediment at Wigwam Run 
(11.4) in a very deep kettle hole, all the dates along the border range from 
12,520 y a to 14,170 y a and have a time span of 1,650 years. This time span 
seems reasonable for nine dates along a ISS-mile (300-km) length of the bor­
der, for the melting rate and volume of ice along the glacier front need not 
be uniform over its entire length. The scatter of ages of organic sediments in 
lowland sites, whose altitudes range from 492 feet (150 m) to 2,132 feet (650 
m), indicates the possibility of stagnation and downmelting along the 
border as well as retreat of an active ice margin. 

The dates in the Stroudsburg lowland, and those to the northwest, are 
younger than two dates from basal organic materials from bogs in New 
Jersey south of Kittatinny Mountain. One, 14,720 ± 260 y a (I-4162), is 
located at Glovers Pond, and the other, 19,340 y a (Gx-4279), on Jenny 
Jump Mountain (D. H. Cadwell, personal communication, 1979). The 
annual temperature at Stroudsburg is now about 1°C cooler than in the 
Allentown-Bethlehem area south of Kittatinny Mountain (U. S. Depart­
ment of Commerce, 1964). A comparable difference in climate during the 
late Wisconsinan may have led to earlier melting south of the mountain 
barrier. 

The ages of two bog-bottom organic samples in New York (Figure 2), 
from sites IS miles (30 km) and more within the border, warrant comment. 
The date at Belmont (12.6) was obtained from basal organic material above 
2.7 m (S.9 ft) of clay in a kettle in a kame terrace in the Olean drift. Spear 
and Miller (1976), using a calculated sedimentation rate of 0.062 cm / yr 
(0.02 in.lyr) determined from the lower part of the core, estimated that 
sedimentation began about 16,400 y a. They recognized the discrepancy be­
tween the age assigned to the Olean drift and the age of the core, but did not 
deal with the problem that Olean drift may be Woodfordian, and not 
Altonian, in age. 

Although the South Dansville, New York, site (IS .3), which has a date of 
15,300 ± 190 y a, is possibly the most serious evidence against a 15,000 y a 
age for the Wisconsinan border in Pennsylvania, it is not compelling. The 
site lies within the Arkport moraine a few miles south of the Valley Heads 
moraine. A stratigraphic section, adapted from Rynders (1971), follows: 

0- 68 inches (0- 170 cm) 
68- 88 inches (170-220 cm) 

88-104 inches (220-260 cm) 
100-104 inches (250-260 em) 
104-124 inches (260- 310 cm) 

Clay, loam, in part marly. 
Gray clay mixed with sedge peat (above) and 
sphagnum peat (below). 
Sphagnum peat. 
14CdateI5,300 ± 190ya(f-5713). 
Blue-gray clay, marly, peaty in upper part. 

36 GLACIAL BORDER DEPOSITS 

tochthonous organic sediments in kettle holes within the border. This close 
age relationship indicates that organic sedimentation probably began very 
shortly after disappearance of ice from kettles and that deposition of basal 
clay is more rapid than has been supposed by some authors (Sirkin, 1977; 
Sirkin and Minard, 1972). 

Neglecting the clearly young age of organic sediment at Wigwam Run 
(11.4) in a very deep kettle hole, all the dates along the border range from 
12,520 y a to 14,170 y a and have a time span of 1,650 years. This time span 
seems reasonable for nine dates along a I 85-mile (300-km) length of the bor­
der, for the melting rate and volume of ice along the glacier front need not 
be uniform over its entire length. The scatter of ages of organic sediments in 
lowland sites, whose altitudes range from 492 feet (150 m) to 2,132 feet (650 
m), indicates the possibility of stagnation and downmelting along the 
border as well as retreat of an active ice margin. 

The dates in the Stroudsburg lowland, and those to the northwest, are 
younger than two dates from basal organic materials from bogs in New 
Jersey south of Kittatinny Mountain. One, 14,720 ± 260 y a (1-4162), is 
located at Glovers Pond, and the other, 19,340 y a (Gx-4279), on Jenny 
Jump Mountain (D. H. Cadwell, personal communication, 1979). The 
annual temperature at Stroudsburg is now about 1°C cooler than in the 
Allentown-Bethlehem area south of Kittatinny Mountain (U. S. Depart­
ment of Commerce, 1964). A comparable difference in climate during the 
late Wisconsinan may have led to earlier melting south of the mountain 
barrier. 

The ages of two bog-bottom organic samples in New York (Figure 2), 
from sites 18 miles (30 km) and more within the border, warrant comment. 
The date at Belmont (12.6) was obtained from basal organic material above 
2.7 m (8.9 ft) of clay in a kettle in a kame terrace in the Olean drift. Spear 
and Miller (1976), using a calculated sedimentation rate of 0.062 cm/yr 
(0.02 in.lyr) determined from the lower part of the core, estimated that 
sedimentation began about 16,400 y a. They recognized the discrepancy be­
tween the age assigned to the Olean drift and the age of the core, but did not 
deal with the problem that Olean drift may be Woodfordian, and not 
Altonian, in age. 

Although the South Dansville, New York, site (IS .3), which has a date of 
15,300 ± 190 y a, is possibly the most serious evidence against a 15,000 y a 
age for the Wisconsinan border in Pennsylvania, it is not compelling. The 
site lies within the Arkport moraine a few miles south of the Valley Heads 
moraine. A stratigraphic section, adapted from Rynders (1971), follows: 

0- 68 inches (0- J 70 cm) 
68- 88 inches (170-220 cm) 

88-104 inches (220-260 cm) 
100-104 inches (250-260 cm) 
104-124 inches (260- 3 J 0 cm) 

Clay, loam, in part marly. 
Gray clay mixed with sedge peat (above) and 
sphagnum peat (below). 
Sphagnum peat. 
14CdateJ5,300 ± 190ya(f-57J3). 
Blue-gray clay, marly, peaty in upper part. 
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The occurrence of dated peat between marly layers raises the possibility that 
the peat is contaminated by carbon derived from old carbonates rather than 
mainly from atmospheric C02, and thus gives a "too old" date. Ogden 
(l966) subtracted 980 years from radiocarbon dates at Silver Lake, Ohio, to 
arrive at true dates from a marly environment, and demonstrated "marl 
effects" of 1,200 years (J. G. Ogden, personal communication, 1979). 

The ages of three samples from southeastern Pennsylvania, well beyond 
the glacial border, supply additional information. At Longswamp (12.5b), 
near Allentown, peat overlies 1.7 m (5.6 ft) of inorganic sediment on lime­
stone of the Conococheague Group. The spruce zone is dated 12,540 ± 120 
y a (H. E. Wright, personal communication, 1977). The Marsh (13.6) lies 
on Precambrian gneiss and quartzite, and the herb zone, representing taiga­
tundra, is dated 13,540 ± 270 y a, and has an older, less reliable date 
(13,630 y a) below it (Martin, 1958). At Criders Pond (15.2) on the west 
flank of South Mountain, peat lies on 1 m (3.3 ft) of inorganic sediment 
containing spruce and tundra pollen. The principal spruce zone in the peat 
is dated 15,210 ± 150 y a (H. E. Wright, personal communication, 1977). 
The time span for these three dates beyond the border is 2,670 years, and 
the 1,650-year span of dates along the border is within that time. Bricker 
and Moss (1958) ascribe the origin of The Marsh to blockage by mass 
wasting and alluviation. Inspection of aerial photographs shows sinkholes 
in the vicinity of Longswamp and also clearly indicates abundant mass 
wasting on the flank of South Mountain at Criders Pond. The most logical 
time for abundant mass wasting in this region, and the consequent plugging 
of sinkholes and formation of other surface depressions, is during the 
height of the last glaciation. Presumably this mass wasting ceased as the 
climate warmed and forest vegetation became established. Because there 
were no ice blocks in those depressions, organic accumulation began as 
soon as mass movement ceased and the ground became stable. 

In Ohio, three late Wisconsinan tills, and at least twelve end moraines de­
posited between 18,000 and 14,000 y a, indicate a complex Woodfordian 
history (Goldthwait and others, 1965). The Kent (Navarre) drift is overlain 
successively by the Lavery and Hiram drifts. At Fairlawn, northwest of 
Akron, Ohio, wood from a depression at the margin of the Hiram ice 
(G. W. White, personal communication, 1977) is dated 12,695 ± 600 y a 
(M 1971) (Teeter, 1970). Near Lodi, Ohio, at the Quillin site, basal organic 
material on Navarre (Kent) sand is dated 14,500 ± 150 y a (ISGS-402). 
According to Totten (1976; personal communication, 1978), the ice block 
did not melt until after the Hiram till was deposited over the sand. How­
ever, Hiram ice may have reoccupied this Navarre kettle as did the Lavery 
ice at Corry. 

At Corry (14.0), on the west side of the Salamanca reentrant, an age of 
14,300 ± 350 y a was obtained from organic sediments in a kettle in thin 
Lavery till on Kent till where Lavery ice reoccupied a kettle in Kent drift 
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y a (H. E. Wright, personal communication, 1977). The Marsh (13.6) lies 
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(White and others, 1969; White, personal communication, 1977). The age 
corresponds closely to the age at Rose Lake (14.2), a kettle lake on the east 
side of the reentrant, and may indicate contemporaneous melting on both 
sides of the reentrant. The Ohio dates are minimum dates for widespread 
melting there, and they span the dates on either side of the Salamanca re­
entrant. 

In the northeastern United States, Wisconsinan ice retreated from the 
Maine coast about 13,500 y a (Borns and Calkin, 1977) and was present on 
Martha's Vineyard probably 13,000 to 14,000 y a (Kaye, 1964). This latter 
estimate is based on two dates: (1) 15,300 y a in clays probably overlain by 
till (Kaye, 1964), and (2) 12,700 y a in postglacial peat (Ogden, 1963). These 
dates imply a glacial retreat prior to 15,300 Y a and a readvance prior to 
12,700 y a. The localities are part of the Nantucket, Martha's Vineyard, and 
Ronkonkoma, Long Island, moraine line (Flint, 1971). Sirkin (Sirkin, ]971; 
Sirkin and others, 1970), on the basis of a date of 16,700 y a in an extra­
glacial bog close to the Delaware River, New Jersey, inferred that the 
Ronkonkoma and Harbor Hill moraines were emplaced prior to 17 ,000 y a, 
but did not comment on the retreat of ice from the moraine. Newman 
(1977) reported till in the Elmhurst moraine, north of the Harbor HilI 
moraine, overlying peat dated 13,470 Y a. This may indicate a last advance 
of ice just prior to the main retreat. 

Preponderant evidence indicates that the Olean border in northern 
Pennsylvania is Woodfordian in age as indicated by the drifts, the soils, and 
the radiocarbon dates . 

The marginal ice began to downmelt and retreat about 15,000 Y a during 
the Erie Interstade (Figure 3). The proposed date of melting is much 
younger than the date of 17,000 to 18,000 y a (Sirkin, 1977; Sirkin and 
Minard, 1972) that is usually given. The proposed date of deglaciation does 
not accord well with some dates in the Ontario basin (Calkin and Miller, 
1977; Muller , 1977b) nor with dates of Valley Heads deglaciation about 
14,000 y a; for example, Valley Heads outwash on the Chemung River at 
the New York-Pennsylvania line is dated 13,320 ± 200 y a (Coates and 
others, 1971). Bog- and lake-bottom organic-sediment dates along the 
\Voodfordian border range from 12,520 to 14,170 y a and are minimum 
ages for deglaciation. They lie within the time span of dates from sites 
affected by frost action in southeastern Pennsylvania. Stagnant ice 
probably survived as late as 12,760 y a and supplied outwash materials at 
Brodheadsville. The dates within and beyond the border favor a short time 
span between melting of ice and the beginning of organic sedimentation. 

These dates for ice retreat accord well with those from Long Island and 
New England on the east and with those from northwestern Pennsylvania 
and Ohio. 
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ECONOMIC GEOLOGY 

INTRODUCTION 

This report has economic significance in two specific areas. First, the map 
(Plate I) delineates glacial deposits associated with the border, some of 
which have economic importance. These deposits are briefly discussed be­
low. Second, the border shown on the map defines regions where explora­
tion for glacially associated economic deposits should occur. With the 
exception of outwash, economic deposits associated with Woodfordian 
glaciation-sand and gravel, peat, clay, and till for random fill-occur only 
north of (behind) the glacial border. The various products are discussed in 
order of their current economic importance. 

SAND AND GRAVEL 

Sand and gravel is the most important economic material deposited by 
the Woodfordian glaciation. In 1978, 19,000,000 short tons of sand and 
gravel valued at $54,000,000 was produced in Pennsylvania in 42 counties 
(U. S. Department of Interior, 1979). It is not known how much sand and 
gravel is produced from Woodfordian glacial deposits in northern Pennsyl­
vania, but the presence of several large quarrying operations suggests a sig­
nificant amount. Any attempt to utilize deposits discussed in this report 
should be preceded by a careful evaluation of the quality and quantity of 
the specific depusit. Such information is not provided here, but may be 
critical to a successful quarrying operation. 

Sand and gravel deposits occur in three locations: (I) south of the glacial 
border, (2) associated with the border, and (3) north of the border. Deposits 
south of the glacial border comprise outwash sands and gravels restricted to 
the bottoms of numerous valleys through which meltwater drained from the 
glacier. Such deposits occur in the valleys of Lycoming Creek, Loyalsock 
Creek, Mill Creek, Little Muncy Creek, Fishing Creek, and the Susque­
hanna River (Piate 1 B), and Pohopoco Creek and the Delaware River (Plate . 
IC). 

The thickness, size distribution, and quality of materials within these 
deposits have not been investigated for this report. Most of the deposits 
probably exceed 13 feet (4 m) in thickness. Coarse gravel dominates near the 
glacial border and the average clast size decreases away from the border. 
Quality is dependent on soundness of constituent clasts, and dominant com­
ponents will basically reflect the bedrock within 5 miles (8 km) north-north­
east of the border in that area. The clasts are generally well rounded. Large 
clast size necessitates crushing. 
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Deposits associated with the border are either outwash or ice-contact 
sands and gravels. The outwash deposits are identical in character with 
those described above and include deposits in the valleys of Oswayo Creek 
and Pine Creek (Plate 1 A), the Susquehanna River (Plate 1 B), and the 
Delaware River (Plate 1 C). 

The ice-contact deposits comprise kame and kame-terrace deposits 
(Figure 19) at numerous places along the border (Plate 1). The kame-terrace 
deposits occur mainly along the sides of valleys. Ice-contact deposits also 
occur as part of end moraine on the Pocono Plateau shown in Plate 1 C, but 
have not been differentiated there (Sevon, 1975b). 

These deposits are generally extremely variable in grain size, persistence 
of individual beds, and bed attitudes. The dominant clasts generally reflect 
the bedrock of the local area and are variably rounded . Some deposits 
might be utilized by sizing alone, but crushing and sizing are required for 
most deposits. These deposits are variable in volume, and reserves should be 
carefully investigated before a mining operation is started. 

Deposits north of the border comprise both outwash and ice-contact 
sands and gravels. These deposi ts are essentially the same as those described 
above. Outwash deposits occur in the valleys of the Genesee River and Pine 
Creek (Plate lA); Lycoming Creek, Loya!sock Creek, and Muncy Creek 
(Plate 1 B); and Pocono Creek (Plate 1 C). lee-contact deposits north of the 
border have not been mapped for this report, but occur mainly in the valley­
bottom and valley-side positions previously described. 

PEAT 

Peat occurs in numerous poorly drained to undrained depressions in the 
glaciated area north of (behind) the border in northeastern Pennsylvania, 
particularly in Luzerne, Lackawanna, Monroe, and Pike Counties. The 
only known peat bog of moderate size occurring within the area mapped for 
this report is shown and described in Figure 20. In 1978 Pennsylvania pro­
duced 15,000 short tons of peat valued at $350,000 (U. S. Department of 
Interior, 1979) . Most of the production was in northeastern Pennsylvania . 
The nature and occurrence of these peat deposits are well described by Ed­
gerton (1969) and Cameron (1970), and the interested reader is referred to 
those publications for more information. 

CLAY 

Clay deposits of unknown size and value occur in several valleys once 
dammed by Woodfordian ice. These clays are plastic and relatively im­
permeable. Little is known about their composition, physical properties, 
and potential use. Small clay deposits are known to occur in Pine Creek val-
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Figure 19. The working face of a quarry opened into a large kame-ter­
race deposit along the south bank of the Susquehanna River 
2 miles (3.2 km) east of Nescopeck (Plate 1 B, Berwick quad­
rangle, 41 °03' 40"N / 76°1 0' 42"W). The quarry is operated by 
A. Barletta and Sons, Honeyhole Sand and Gravel Company. 

ley at Galeton (exposed on the north side of U. S. Route 6 just west of the 
center of town)(Plate I A); larger deposits occur in the Cowanesque River 
valley in Tioga County and adjacent southernmost New York, and beneath 
Shohola Lake in Pike County_ Other small clay deposits probably occur 
elsewhere north of the border. 
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Figure 20. A small peat bog that was once drained and mined for peat. 
Wood fragments on the surface result from deforestation. 
The bog occurs at the end of a small road about 0.6 mile (1 
km) north of the Pocono International Raceway {Plate 1 (, 
Blakeslee quadrangle, 41 °04' 14 "N / 75°30' 47"W). 

RANDOM FILL 

Glacial till is used extensively throughout the area north of the border as 
fill material because of its availability, ease of extraction, generally good 
compaction characteristics, and stability following compaction. Most of the 
till has a sufficient clay content to assure good compactibility, but till in 
areas underlain mainly by sandstone (for example, Pocono Plateau, Plate 
1 C) is relatively clay deficient and is somewhat less compactible. Large 
boulders are sometimes a nuisance during extraction. 

ENVIRONMENT AL GEOLOGY 

This report provides an accurate delineation of the boundary of the area 
that was covered by Woodfordian ice. This boundary is environmentally 
important partially because some di fferences exist in the character of 
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weathered bedrock on either side of the boundary, but mainly because of 
the various surficial materials resulting from the last glaciation. 

South of the glacial border, bedrock is generally more deeply weathered 
than it is north of the border, but depth to sound rock is variable. Residual 
material on flat uplands is a few feet thick. Residual material on the upper, 
steeper parts of slopes may be very thin because of the movement of materi­
al from the upper to lower slopes to form colluvium (see previous section). 
These colluvial deposits may be many feet thick at the base of a hill. Such 
deposits are susceptible to slump if the toe of the deposit is removed. Good 
examples of these deposits occur in the Salladasburg and Cogan Station 
quadrangles (Faill and others, 1977). 

Rock outcrops south of the border are frequently severely broken along 
various parting planes, such as bedding planes and joints, and sound rock 
may not occur near the surface. Extensive breakup and downslope trans­
port of some of these rocks during the severe climatic conditions associated 
with the Woodfordian glaciation produced the large talus, boulder-col­
luvium, and boulder-field deposits previously described. Some rock that is 
fresh at the surface in areas north of the border is very deeply weathered 
south of the border; for example, the Lower and Middle Devonian lime­
stones in Monroe County (Epstein and Epstein, 1967, p. 57-60). Sandstones 
weathered to saprolite occur locally near Brodheadsville (Berg, 1975) and 
White Haven (41 °01'48"/75 °50 ' 30"). 

North of the glacial border, bedrock is relatively sound where exposed at 
the surface, but a thin veneer of broken fragments may cover the surface 
and small accumulations of fragments may occur below ledges. Rock be­
neath various glacial deposits is generally fresh and sound where exposed by 
excavation. 

Unconsolidated deposits of glacial origin are abundant north of the bor­
der. All of these deposits are susceptible to slump if the toe of a deposit is 
removed (Figure 21). Excavation of these materials may be accomplished 
with light equipment, but care must be exercised if steep slopes are created. 
Slope failure is very possible in sand and gravel deposits. Foundation sup­
port strength is usually adequate for small structures except on moderate to 
steep slopes. 

In some areas north of the border, such as Pike County, surface drainage 
is poorly developed and many undrained or poorly drained areas exist. 
Some of these areas contain peat deposits, but many are only swampy and 
thus create a variety of wetland problems that must be considered in any de­
velopment plan and generally require drainage and excavation to solid ma­
terial. Internal drainage is dependent upon (he material and varies consider­
ably in the glacial deposits. Sands and gravels drain rapidly. Drainage in 
tills is slow, but varies considerably depending on the sand-silt-clay ratio. 
The rate of internal drainage determines the suitability of material for 
septic-system waste disposal. 

ENVIRONMENTAL GEOLOGY 43 

weathered bedrock on either side of the boundary, but mainly because of 
the various surficial materials resulting from the last glaciation. 

South of the glacial border, bedrock is generally more deeply weathered 
than it is north of the border, but depth to sound rock is variable. Residual 
material on flat uplands is a few feet thick. Residual material on the upper, 
steeper parts of slopes may be very thin because of the movement of materi­
al from the upper to lower slopes to form colluvium (see previous section). 
These colluvial deposits may be many feet thick at the base of a hill. Such 
deposits are susceptible to slump if the toe of the deposit is removed. Good 
examples of these deposits occur in the Salladasburg and Cogan Station 
quadrangles (Faill and others, 1977). 

Rock outcrops south of the border are frequently severely broken along 
various parting planes, such as bedding planes and joints, and sound rock 
may not occur near the surface. Extensive breakup and downslope trans­
port of some of these rocks during the severe climatic conditions associated 
with the Woodfordian glaciation produced the large talus, boulder-col­
luvium, and boulder-field deposits previously described. Some rock that is 
fresh at the surface in areas north of the border is very deeply weathered 
south of the border; for example, the Lower and Middle Devonian lime­
stones in Monroe County (Epstein and Epstein, 1967, p. 57-60). Sandstones 
weathered to saprolite occur locally near Brodheadsville (Berg, 1975) and 
White Haven (41 °01'48"/ 75 °50 ' 30"). 

North of the glacial border, bedrock is relatively sound where exposed at 
the surface, but a thin veneer of broken fragments may cover the surface 
and small accumulations of fragments may occur below ledges. Rock be­
neath various glacial deposits is generally fresh and sound where exposed by 
excavation. 

Unconsolidated deposits of glacial origin are abundant north of the bor­
der. All of these deposits are susceptible to slump if the toe of a deposit is 
removed (Figure 21). Excavation of these materials may be accomplished 
with light equipment, but care must be exercised if steep slopes are created. 
Slope failure is very possible in sand and gravel deposits. Foundation sup­
port strength is usually adequate for small structures except on moderate to 
steep slopes. 

In some areas north of the border, such as Pike County, surface drainage 
is poorly developed and many undrained or poorly drained areas exist. 
Some of these areas contain peat deposit s, but many are only swampy and 
thus create a variety of wetland problems that must be considered in any de­
velopment plan and generally require drainage and excavation to solid ma­
terial. Internal drainage is dependent upon ( he material and varies consider­
ably in the glacial deposits. Sands and gravels drain rapidly. Drainage in 
tills is slow, but varies considerably depending on the sand-silt-clay ratio. 
The rate of internal drainage determines the suitability of material for 
septic-system waste disposal. 



44 GLACIAL BORDER DEPOSITS 

Figure 21. A zone of continuing slope failure resulting from cutting the 
toe of the slope in till. The most recent failure (adjacent to 
the automobile) was derived from the upper part of the slope 
and flowed onto the road before it was cleared. The roadcut 
is on the north side of Bear Creek about 2 miles (3.2 km) east 
of Barbours (Plate lB, Barbours quadrangle , 41°22'S7"N / -
76°46 'OO"W). 

GROUNDWATER 

The potential groundwater supply from deposits associated with Wood­
fordian glaciation is variable. Significant groundwater potential exists in the 
sand and gravel outwash deposits filling many valleys sllch as Oswayo 
Creek and Pine Creek (Plate lA); Lycoming Creek, Loyalsock Creek, 
Muncy Creek, Little Muncy Creek, and Fishing Creek (Plate I B); and 
Pocono Creek, Pohopoco Creek, Cherry Creek, and the Delaware River 
(Plate I C). The thickness of fill in these valleys is variable, but is significant 
in some, slIch as the thickness of 241 feet (74 m) in Pocono Creek near Tan­
nersville (Berg and others, 1977, p. 42), and 150 feet (46 m) in the Delaware 
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River at Tocks Island (Crowl , 1971 , p . 17). Most, if not all, of these valley 
fills are saturated \vith waier and the groundwater table is ncar the surface . 

Carswell and Lloyd (1979) report for Monroe County that , assuming a 
storage capacity of 15 percent and an average saturated thickness of 65 feet 
(20 m), the river-valley deposits store some 70 billion gallons of water. They 
say (p. 11) that "Specific-capacity da ta indicate that one of every four wells 
located, d ri lled, and developed for high yield will probably produce 400 
gpm [25 lis ] or more, with 2S feet [8 111] of drawdo wn after 24 hours of 
pumping." Such a we ll would be considered success ful for municipal pur­
poses . Similar water production may be anticipated in other valley-fill de­
pos it s . 

The permeability and the thickness of till deposits are gcnera ll y too sma ll 
to make these deposits a source for even low-quantity domest ic wells , and 
g roundwater supplies must be derived from bedrock. Wells drilled through 
ti ll into bedrock require casing th ro ugh the IO tal thickncss of till. 

Upland and valley-side ice-contact strat ified-drift deposits have good per­
meab il ity, but their position above the wat er table and their generall y small 
thickness prevent them from being po tentia l water resources . Wells drilled 
into bedrock require casing through t hese deposits. 

AREAL DESCRIPTIONS 

Thc follo wing sect ions conta in deta il ed description s of the O lea n border 
from the New York-Pennsylvania State line southeast to the Delaware 
River. T he named subd ivisions are based upon drainage basins and moun­
tain fronts w ithin the Appalachian Plateaus province and on local geomor­
phic boundaries in the Valley and Ridge province to the southeast. 

The Olean border crosses t \vo geomorphic provinces in northern Pennsy l­
vania (Figure 1). The Appalachian P lateau is an upland underlain by nearl y 
horizontal rocks. Streams have carved narrow valleys into the upland, leav ­
ing broad surfaces of gentle relief a t high a ltitudes . The Allegheny Front , 
which hears various local na mes, sllch as Allegheny Ridge and Huc kleberry 
MOllntain , is a steep escarpment that forms the boundary between the 
Plateau and the Valley and Ridge province to the south . 

The Valley and Ridge province is characterized by linear ridges and val­
leys developed on folded rock s. The ridges are underlain by steeply inclined 
hard rock s, and the valleys have been incised into similarly incl ined soft 
rocks. 

In general terms , icc rIow extended down valleys and was impeded by hill s 
to form an irregular border. 

The following a rea l descr iptions can be best unders tood by re ference to 
P late 1. 
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OSWAYO CREEK BASIN 

(Bullis Mills, Shinglehouse, Oswayo, Ellisburg, 
Ulysses, and Sweden Valley quadrangles, Plate 1 A) 

The Olean glacial border enters Pennsylvania from New York in the val­
ley of Oswayo Creek, a principal tributary of the Allegheny River south of 
Olean, New York. It extends southeast towards Cobb Hill in the southwest 
corner of the Ulysses quadrangle. Cobb Hill is the divide between Allegheny 
(Mississippi), Genesee (St. Lawrence), and Pine Creek (Susquehanna) 
drainages. 

Exposures of only slightly weathered till, sand, and gravel demonstrate 
the presence of Woodfordian ice on the south side of Oswayo Creek be­
tween the New York border and Shinglehouse. There are no deposits of 
drift farther east on the south side of Oswayo Creek. Till crops out in Bell 

Figure 22. An outcrop of till in a ditch along the road on the north side 
of Elevenmile Creek about 2 miles (3.2 km) northeast of Mill­
port (Plate lA. Oswayo quadrangle. 41°56'28"N/-
78°05 '04 "W). The scale is divided into feet (30#cm intervals). 
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Figure 23. The view looking west down Oswayo Creek valley about 2 
miles (3.2 km) east of Oswayo {Plate lA, Ellisburg quad­
rangle, 4io55'22"N/77°59'08"W}. The floor of the valley is 
underlain by outwash. The Olean border occurs on the valley 
wall to the left (south) and is marked by till deposits about 
one third of the way up the slope . 

Run vaHey for about a mile south of Oswayo Creek, and thus ice would 
have lain on the north-facing slope of Oswayo valley_ Clays in Bell Run val­
ley beyond the southernmost exposures of till indicate the temporary exist­
ence of a proglaciallake in this valley. 

Similar till in tributary valleys on the north side of Oswayo Creek east to 
Millport (Figure 22), till and pebbles on the upland to the north, and till and 
end moraine in the valley of Elevenmile Creek indicate that ice extended on­
to the sOllth slope of Elevenmile Creek valley. Across the hilltop to the east, 
the boundary was drawn down Grover Hollow to Oswayo because no till 
was found west of this line . The tributary valleys west of Oswayo are 
strongly colluviated and have alluvial fans at their mouths . 

East of Oswayo, the border in Ellisburg and Brookland quadrangles is 
modified from Denny (1956). The border is placed on the north-racing slope 
or Oswayo valley (Figure 23), rising to the areas of ground moraine and end 
moraine on Cobb Hill. Most of these areas of end moraine lie behind the 
mapped border, and t heir deposit ion apparently was cont rolled more by 
topography than by the ice edge. One of the kames in end moraine on Cobb 
Hill shows a young soil profile (E. J. Ciolkosz, personal communication, 
1977), which the authors believe to be indicative of Woodfordian age. A 
core from Rose Lake, in end moraine northwest of Cobb Hill, gives a basal 
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date of 14,170 y a, and confirms the Woodfordian age. From Cobb Hill the 
border trends sharply south to the headwaters of the Allegheny River near 
Raymond. There is no outwash in the Allegheny River headwaters. 

UPPER PINE CREEK BASIN 

(Brookland, West Pike, Sabinsville, Galeton, 
and Marshlands quadrangles, Plate 1 A) 

The border extends across the Allegheny Valley west of the preglacial col 
at Raymond, crosses the hill to the east, and follows the south slopes of an 
unnamed tributary east into the valley of Pine Creek; it extends down the 
valley almost 2 miles south of Brookland and then crosses the ridge south of 
Jones Run to leave a reentrant in the border between Pine Creek and 
Genesee Forks to the east. Denny (1956), on the basis of an erratic pebble 
found within this reentrant, places the boundary farther south. Considering 
the height of the hill to the north (1,500 feet, or 457 m) and usual ice gradi ­
ents, it seems unlikely that ice overtopped the ridge. The ice may have 
crested the hill, and meltwater carried the pebble downstream, or it may be 
a remnant of an earlier glaciation. 

Ice flowed down the valley of Genesee Forks. It also occupied the two 
small valleys to the southeast, leaving the south ends of the intervening 
ridges as nunataks. Ice tongues flowed about a mile (1.6 km) northwest and 
southeast in Pine Creek valley from the Genesee Forks. Lakes within the ice 
border are indicated by clay deposits on either side of West Pike along U. S. 
Route 6. No evidence has been found in this part of Pine Creek valley for 
the presence of lakes beyond the limits of this ice tongue, although they 
probably were present. 

A marked reentrant in the glacial boundary lies north of Galeton where 
ice flow was impeded by a north-facing escarpment, leaving the high 
plateau segment covered with residuum. The position of the boundary on 
the north side of the plateau is indicated by an end moraine in a small valley 
and, 2 miles (3 km) to the east, by till in the vicinity of a swamp (now an ar­
tificial lake) at the foot of the escarpment. The border descends into 
Phoenix Run valley, and its position is indicated by the highest elevation of 
glacial cobbles in Dodge Run, a tributary to Phoenix Run. 

Ice entered the valley of Pine Creek east of Galeton and advanced west 
and south into the valleys that center upon the town. The position of the ice 
border is well indicated by exposures of till in the vicinity of the town, par­
ticularlyat 1,600 feet (488 m) on the steep hillslope to the south. Lake clays 
in Pine Creek valley, within and beyond the ice border, indicate the pres­
ence of a proglaciallake west of Galeton. Similar lakes occupied the valleys 
o f West Branch and South Branch, and Denny (1956) noted overflow chan-
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nels at The Notch (altitude 1,970 feet, or 600 m), 7 miles (11 km) southwest 
of Galeton, and at the head of Acid Factory Hollow (altitude 2,010 feet, or 
613 m) 2 miles (3 km) southeast. Both of these altitudes are above that of 
the mapped ice border, so lake waters must have overlapped the edge of the 
ice, or the lakes developed after considerable retreat. 

As noted earlier, till in the headwater areas of Pine Creek basin (Brook­
land and Ellisburg quadrangles) is unlike till s to the southeast , for it con­
tains moderate numbers of crystalline erraties (Denny, 1956) . The authors 
suggest that these are relics of Warrensville drift incorporated into the 
Olean drift, for they are not found elsewhere in the Olean Till. 

A unique exposure of till , interpreted as Warrensville Till , lies in a sag in 
the divide abou t a mile (1.6 km) southeast of Gold (Brookland quadrangle). 
This till appears more weathered, contains more clay than nearby Olean 
Till, and contains rare crystalline pebbles. It also resembles other Warrens­
ville Till beyond the Olean border. Its relatively sheltered posit ion in a sag in 
the upland may be the reason for its preservation. It is not overlain by Olean 
Till, but outcrops of Olean are nearby. 

MIDDLE PINE CREEK BASIN 

(Marshlands, Tiadaghton , Lee Firetower , 
and Cedar Run quadrangles, Plate 1 A) 

The course of the border west of Pine Creek gorge, in this dissected 
plateau area, is highly irregular. Its position is based upon the presence of 
drift in the valleys and on the slopes, and upon the absence of drift on the 
uplands to the west. Till lies in the valleys tribut a ry to Elk Run (Marsh ­
lands) and in the short tributaries to Pine Creek (Tiadaghton) . Altitude con­
trol is provided by till near Galeton at 1,600 feet (488 m), the area of end 
moraine near Lick Run Hill, and small end moraines in cols south of Lick 
Run Hill. Till exposures indicat e that ice tongues extended down Slide Is­
land Draft to the vicinity of Leetonia and only part of the way down Fahne­
stock Run. In this latter area abundant colluvium mantles the slopes beyond 
the border (Figure 24). 

Southeast of Fahnestock Run , the border is drawn along the west wall of 
Pine Creek gorge south and west to the last exposures of Olean drift near 
Cedar Run Village. The plateau east of the gorge is widely covered with 
drift, but, on the west, the plateau is mantled with residual soi ls and col­
luvium , and no deposits o f Woodfordian age can be identified . 

Gravels are exposed in the valley of Cedar Run well above stream level, 
and till is exposed at one place near stream level. Denny and Lyford (1963) 
mapped these deposits as part of the last drift sheet in the area. The authors 
disagree with this interpretation and regard them as older drift, that is, 
Warrensville. The till, on a steep slope, is red brown and has not developed 
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Figure 24. A slope covered w ith boulder colluvium on the east side of 
Fahnestock Run about 0.6 mile (1 km) north of its junct ion 
wi th Cedar Run (Plate 1 A , Cedar Run quadrangle, 
41°35 ' 08"N/ 77°28'04"W). Boulder colluvium is made up 
mainly of plates of gray sandstone, including some large 
blocks. The view is looking up a slope of about 28 degrees. 

a distinctive soil profile because of erosion and slope movement, so its age is 
indeterminate. Most of the gravel deposits are 30 feet (10 m) or more above 
stream level and isolated from the stream by downcutting subsequent to 
deposition. The plateau surface between Cedar Run and Pine Creek is un­
glaciated, and the authors could find no evidence of an ice tongue down 
Mine Hole Run nor all the way down Fahnestock Run (Denny and Lyford, 
1963, Plate I). Colluvium in the lower part of Fahnestock Run valley 
(Figure 24) and in all of Mine Hole Run valley is thicker and more extensive 
than in areas of Woodfordian glaciation. Thus the drift in Cedar Run valley 
must be older than Woodfordian. It is presumably Altonian in age, for it is 
unlike the Muncy drift in the area. 

Denny (1956) has located two glacial spillways in this area whose presence 
seems doubtful. They are: (1) at altitude 1,908 feet (581 m) between Thom p-
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son Hollow and Left Branch Four Mile Run, a nd (2) at 1,670 feet (509 m) 
between Slide Island Draft and a tr ibutary to Ice Break Run. At 1,908 feet 
(5 81 111) , end moraine li es on the eas t side, just below the level of the spill­
way ; at 1,670 feet (509 m), end moraine is in the col. Glacial drainage 
through these cols wou ld surely have removed the morainal deposits. 

TEXAS MOUNTAIN-LAU REL MOUNTAIN SECTOR 

(Cedar Run , Morris , Engl ish Center , White Pine, 
Nauvoo, and liberty quadrangles, Plate 1 A) 

This sector comprises the drainage basin of the Trout Run tributary to 
Pi ne Creek, the broad divide area between Trout Run and Texas Creek to 
the eas t, and Blockhouse Creek basin . 

From Pine Creek at Cedar Run the Olean border is traced cast and then 
south around the headwaters of Trout Run and east a long the escarpment 
marked by Texas Mountain. Texas Mountain was overridden by ice, but the 
escarpment to the wes t, nearer the ice margin , was an effective barrier to ice 
flow. The position of the border is well defined by exposures of till, col­
luvium on the slopes, and bedrock residuum on the plateau . 

lee flowed down Texas Creek to its junction with Blockhouse Creek. Ex­
posures of Warrensvill e Till to the southwest, down Little Pine Creek valley 
a nd in a pit (open in 1977) at the base of the hill just west of the j unction of 
Texas and Block house Creeks, establish the posit ion of the border. 

The altitude of the border ri ses eastward up Block house Creek valley and 
its position is delineated by the altitudes of the till exposed in F licks Run 
and Steam Valley Run valleys. A long, narrow lobe of ice occupied the val­
ley of Steam Valley Run. Collu vium lies on the upper slopes of Flicks Run 
valley, and Warrensville Till lies on the divide at the head of the valley of 
Steam Valley Run. 

North and cas t of the valley of Steam Valley Run, the border rises onto 
Laurel Mountain. Its course is marked by exposures of till in the valley of 
Steam Valley Run and on the crest of Laurel Mountain, where exposures of 
till, colluvium, a nd residual soils closely delimit the border. 

A nunatak lies on the north side of Blockhouse Creek opposite Flicks 
Run , where bedrock and residual soils are exposed on the ridge top. The 
position of the nunatak boundary is based upon the border gradient on 
neighboring slopes . 

LYCOMING CREEK BASIN 

(Trout Run and Cogan Station quadrangles , Plate 1 A) 

The Lycoming Creek basin is a deeply dissected portion of the plateau 
that has valley slopes so steep that most surficial material has been re-
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moved . Drift is found at the base of the valley slopes and on low plateau 
spurs west of Grays Run, a tributary to Lycoming Creek. 

The south portion of Laurel Mountain is clear of drift, but till is present 
to the southeast in valley heads and on spurs at decreasing altitudes. Thus 
the boundary is drawn around the edge of the plateau. Drift is present in 
Hagerman Run valley but not on Narrow Mountain to the west, so the bor­
der is drawn on the east slope of Narrow Mountain. The top of Sugarcamp 
Mountain to the east is free of drift; it was a nunatak, as was the south spur 
of Bodine Mountain east of Grays Run. 

The boundary on the west side of Lycoming Creek descends in altitude 
steadily to the kame moraine blocking the tributary valley north of Quiggle­
ville (Cogan Station quadrangle), in the direct line of flow of the ice . Pre­
sumably a small lobe of ice extended down Lycoming Creek valley just 
north of the terminus. 

Residual soils and colluvium on the east side of Lycoming Creek near the 
terminus indicate that ice was confined to the creek valley . The boundary is 
drawn northeast along the mountain front east of the stream to Shoemaker 
Run at Fields Station, where Olean Till is present in the valley head and in 
the basin to the east. 

BLESSING RIDGE SECTOR 

(Bodines, Barbours , Hillsgrove, Montoursville North, 
Huntersville, Picture Rocks, and Sonestown quadrangles, Plate 1 B) 

The Olean glacial border extends into the Bodines quadrangle from Fields 
Station in Lycoming Creek valley via Shoemaker Run, and exposures of till 
and colluvium closely delimit the border. Rose Valley Lake is an artificial 
lake on the site of a postglacial swamp, and lies in an ice-block depression 
marking the ice border. The western margin of the lake buries the Olean 
drift border . Drift exposures here indicate that ice extended south, just into 
the Montoursville North quadrangle. A wide, flat-floored colon the east 
side of Mill Creek Mountain extends south into a tributary of Mill Creek 
and is interpreted as a former meltwater spillway. There is no similar fea­
ture on the headwaters of Mill Creek where drainage leaves Rose Valley 
Lake on the west side of Mill Creek Mountain, so apparently the former ice 
block diverted glacial drainage through the col to the south. It is also pos­
sible that subglacial drainage flowed east to Wallis Run valley and Loyal­
sock Creek. 

The Olean boundary lies on the north slope of Blessing Mountain-Alle­
gheny Ridge from Rose Valley Lake east to Crystal Lake (Picture Rocks 
quadrangle). Drift south and east of Rose Valley Lake along the base of the 
mountain, and local end moraines at Jacoby Mountain (Bodines quadran­
gle), near Smiths Knob and Hill 1825 (Huntersville quadrangle), and at 
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Crystal Lake (Picture Rocks quadrangle), give the major cOlHrol for draw­
ing the boundary. Additional control is provided by an outwash fan fed by 
meltwater in Jacoby Hollow, a tributary to \Vallis Run; by kames in Loyal­
sock Creek valley ncar Butternut Grove (Montoursville North quadrangle); 
and by a kame on Hessler Branch of Bear Creek (Picture Rocks quadran­
gle). On these bases, and using an icc-surface gradient of 225 ft/mi (43 
m/km), the glacial boundary has been dnnvn along the north-facing mOlln­
tain slopes. More accurate locations arc very difficult to give because of for­
est cover and colluviation on these slopes. 

Extensive outwash terraces occur south of the Olean kame moraine in 
Loyalsock Creck valley. Numerous kames arc present in t hc valley non h of 
thc boundary (Figure 25). A kettle hole in the kame at the sharp bend in 
Loyalsock Creek \vest of Barbours is the site of a peat bog that yielded a 
date, on basal organic material, of 12,750 y a Crable 3). 

Figure 25. Sand and gravel in a kame on the south side of Pa. Route 87 
in loyalsock Creek valley about 2.5 miles (4 km) west of Bar­
bours (Plate lB, Barbours quadrangle, 4l 0 23'12"N/-
76°50' 48"W). The scale is divided into feet (30-cm intervals). 
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Bear Creek has built a large postglacial alluvial fan in Loyalsock Creek 
valley at Barbours, containing material eroded from the Olean drift. 

MUNCY CREEK LOWLAND 

(Picture Rocks, Sonestown, and lairdsville quadrangles, Plate 1 B) 

The nearly linear Appalachian Front is broken between Crystal Lake and 
North Mountain by Muncy Creek and its tributaries. The Olean ice ex­
tended in a broad lobe from this reentrant in the plateau front about 5 miles 
(8 km) farther south than on Allegheny Ridge on the west and North Moun­
tain on the east. 

Alternating segments of end moraine and ground moraine mark the 
border on the south face of Allegheny Ridge. As noted earlier (p. 15), this 
drift edge probably gives the best estimate of the slope of the ice front, 225 
ft/mi (43 m/km). 

Ground moraine marks the border from the base of Allegheny Ridge 
across the low hills to the base of Huckleberry Mountain at Lungerville. 
Kames mark the margin in the valleys of Muncy Creek, Gregs Run, and 
Beaver Run. Scattered areas of indistinct end moraine or hummocky 
ground moraine occur within the lobe border, usually in topographic de­
pressions. 

The ground-moraine border trends northwest up the slope of Huckle­
berry Mountain at Lungerville. The till-colluvium boundary is indefinite on 
the steep slope. A distinct end moraine lies within the ground-moraine 
border on the slope of the mountain. Its altitude increases steadily toward 
the northwest, parallel to the drift border. This clearly indicates flow of ice 
around the end of North Mountain toward the southeast. 

Two dry valleys occur within this area: one, southeast of Hessler Branch 
(Picture Rocks quadrangle) in the border reentrant around Allegheny 
Ridge, is the site of a spillway where meltwaters cut down the col to drain 
south down the front of the plateau to Laurel Run. A dry valley south of 
Tivoli north of Picture Rocks is part of the preglacial valley of Big Run. 
Presumably glacial drainage waters in Big Run valley flowed east across a 
col, cutting a gorge into Muncy Creek while a long-lasting ice block occu­
pied the lowest part of the original valley. 

NORTH MOUNTAIN SECTOR 

(Sonestown, Elk Grove, and Red Rock quadrangles , Plate 1 B) 

The North Mountain sector comprises the area of North, Huckleberry, 
and Red Rock Mountains. This high part of the Appalachian Plateau 
formed a barrier to the last ice advance so that the ice swept over the plateau 
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front east of Red Rock Mountain and around North Mountain on the west 
to leave the southernmost part of the plateau free of ice and an area of 
colluvium and Warrensville drift in the lowland between Lungerville and 
Fishing Creek. 

A very small end moraine in the valley of Hemlock Run, tributary to 
West Branch Fishing Creek, gives good control for the border, and the 
border is drawn around the west end of the plateau on the basi s of a few 
additional exposures of till. 

Numerous outcrops of till east of Hemlock Run demonstrate glaciation 
on the north part of the plateau in this area. Ground moraine on the plateau 
surface can be traced by use of aerial photography south to Painter Run and 
to the mid-portion of ridges to the east. The southern portions of these 
ridges, Huckleberry Mountain, and most of North Mountain appear to be 
unglaciated. Outcrops of colluvium and bedrock and lack of till on the pla­
teau of North Mountain confirm this interpretation. 

The crests of Central Mountain and Red Rock Mountain are likewise 
clear of young drift, although older drift may be present. A small end mo­
raine lies on the north side of the col between the two mountains, and an ex­
tensive and dist inct end moraine lies on their south slopes. 

Within the plateau, and on its margins, drift has been removed from the 
steep upper slopes of the valleys, but colluviated drift is abundant on the 
lower slopes. Thin colluvium mantles the upper slopes . Alluvial fans lie at 
the mouths of steep tributaries to East Branch Fishing Creek. 

FISHING CREEK LOWLAND 

(Elk Grove , Red Rock, Benton, Stillwater, 
Shickshinny , and Mifflinville quadrangles, Plate 1 B) 

The Fishing Creek lowland comprises th e drainage basin of Fish ing Creek 
between the Allegheny Front and Huntington Mountain to the south, the 
northernmost mountain ridge of the Valley and Ridge province in the dis­
trict. 

The Olean border crosses the Fishing Creek lowland between the Alle­
gheny Front and Huntington Mountain on the south. The border is delin­
eated almost entirely by ground moraine , and the "feather edge" of Olean 
Till is usually in contact with colluvium or residuum (Figure 6). Near 
Benton, the Olean Till is in contact with Muncy Till. A kame moraine 
marks the boundary on Fishing Creek north of Benton, as described by 
Lewis (1884). Olean Till lies on the upland at the top of the steep valley wall 
east of Benton, but has been removed from the slope by colluviation. Hum­
mocky ground moraine lies in valleys in the upland to the east. The border 
crosses the gentle valley slopes south of Benton. 

Another kame moraine marks the boundary in Huntington Creek valley. 
This kame moraine is fronted to the southwest, downstream, by an outwash 
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terrace. The kame complex extends upstream in Huntington Creek and Pine 
Creek valleys for more than a mile above their junction. 

The ground-moraine border trends up Huntington Mountain eastward, 
crosses it just beyond the limits of Stillwater quadrangle, and extends down 
the steep slope into Little Shickshinny Creek vaHey. Several kames occur in 
the valley to the east behind the drift border. The position of the ground­
moraine border loops back, trends up Lee Mountain on a gentle gradient, 
and crosses the mountain in the Berwick quadrangle, 

SUSQUEHANNA RIVER LOWLAND 

(Berwick and Sybertsville quadrangles, Plate 1 B) 

The Susquehanna River lowland extends from Lee Mountain south 
across the river to Nescopeck Mountain. It may be conveniently divided 
into two parts: low hills close to the mountain ridges north and south of the 
river, and a nearly flat outwash terrace bordering the river. 

A large area of indistinct end moraine lies on the south flank of Lee 
Mountain. South of this, towards the river, some of the bedrock hills are 
also covered with indistinct end moraine, others with thin ground moraine. 

A large kame moraine lies on the south bank of the Susquehanna River 
(Figure 26), and was recognized by Lewis and \Vright (Lewis, 1884) as 
marking the edge of young glacial deposits. Indistinct end moraine con­
tinues southeast across the low hills to the base of Nescopeck Mountain and 
trends eastward with a l.ow gradient along the mountain. 

The outwash terraces along the Susquehanna River (Figure 26) are well 
displayed east and west of Nescopeck and Berwick. but they have net been 
studied for this report. Bedrock is exposed at low water in the channel of the 
flver. 

NESCOPECK MOUNTAIN-lEHiGH RIVER SECTOR 

(Freeland. White Haven, and Weatherly quadrangles, Plate lC) 

Near the crest of Nescopeck Mountain, the border is ground moraine; on 
the south flank is an extensive area .of distinct end moraine. 

At its margin east of S1. Johns (Plate! B), part of the indistinct end mo­
raine has a gravelly composition and approximates a kame moraine in com­
position as well as in topographic expression. Kames are abundant up­
stream in Nescopeck Creek valley, and the downstream portion of the valley 
is fleored with outwash. 

From St. Johns eastward, the Olean border extends across the north slope 
of Green Mountain on a low gradient into the gap between Green Mountain 
and Mt. Yeager, the route follewed by Interstate Reute 80. The border 
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Figure 26. An Olean kame moraine and outwash terrace on the south 
bank of the Susquehanna River east of Nescopeck (Plate 1 B, 
Berwick quadrangle; the approximate center of the stereo­
gram is at 41°03'27/fN/76°11'06"W). Aerial photographs 
were taken for the U. S. Geological Survey in April 1969; the 
scale is approximately 1: 16,800. The quarry is that of A. 
Barletta and Sons, Honeyhole Sand and Gravel Company. 
The boundary between the kame moraine (Qokm) and the 
outwash (Qoo) is marked by the dashed line. 

trends south to Buck Mountain in the Lehigh River valley and crosses the 
river at Hickory Run. Patches of distinct end moraine occur in the moun­
tain -front reentrants, and indistinct end moraine and ground moraine 
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(Figure 27) form the border in areas of low relief eastward to the Lehigh 
River. 

The crest of Mt. Yeager and the low eastern end of Green Mountain are 
bare of drift, but are surrounded by drift on their lower slopes. However, 
northward projection of the average ice-surface gradient from the glacial 
limits on Green Mountain suggests that the last ice advance overrode the 
mountain crests. Absence of drift on the mountaintops may be readily ex­
plained by either of two mechanisms: 1) the mountain ridges were high 
above the drift-laden basal zone of the ice, and were overridden by rela­
tively clean ice, or 2) whatever drift was deposited there has been removed 
by subsequent colluviation. 

Kames lie on either side of the Lehigh River at Tannery. These are the 
counterparts of kame moraines in other, wider stream valleys and are pre­
sumably remnants of larger deposits eroded fron;t this constricted part of 
the valley. 

Figure 27. The surface of ground moraine, characterized by slightly 
hummocky topography. The distinction between ground 
moraine and hummocky ground moraine in this area is 
somewhat subjective. The view is to the west from the road 
immediately north of the Luzerne-Carbon County tine about 4 
miles (6 km) south of White Haven (Plate 1 C, Weatherly 
quadrangle, 40°59' 55"N / 75°45'39"W). 
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POCONO PLATEAU SECTOR 

(Hickory Run, Blakeslee, Pocono Pines, and Mount Pocono 
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The Olean border in the Pocono Plateau sector consists of an unbroken 
belt of distinct end morai ne which extends eastward from the Lehigh River 
for over 20 miles (32 km) across the relatively flat Pocono Plateau upland to 
the eastern end of Camelback Mountain (Mount Pocono quadrangle). The 
end moraine has abundant small hills and undrained depressions (Figure 4), 
averages over a mile (1.6 km) in width, and usually has an abrupt slope 
bounding the south margin. It is best developed in the Pocono Pines quad­
rangle. End moraine terminates along the north side of Camelback Moun­
tain, where ground moraine extends around the end of the mountain and 
down the escarpment. A few erratics and small deposits of washed till along 
the state park road at the top of Camelback Mountain indicate that Wood­
fordian ice flowed over the mountain crest. 

A large area of thin Olean ground moraine occurs beyond the end-mo­
raine border in the southwestern part of the Blakeslee quadrangle, as al­
ready noted (p. 10). 

Glaciofluvial deposits are minimal in this sector except for ice-contact 
sand and gravel within the end moraine, and are not distinguished on the 
map. 

Beyond the Olean border are extensive areas of boulder colluvium (Figure 
28), boulder fields (Figure 15), and Muncy Till (Sevon, 1975b; Berg and 
others, 1977). 

BRODHEADSVILLE LOWLAND SECTOR 

(Pocono Pines, Mount Pocono, Brodheadsville, Saylorsburg, 
and Stroudsburg quadrangles, plate 1 C) 

The Brodheadsville lowland extends across a variety of folded rocks be­
tween the Pocono Plateau escarpment on the north and Kittatinny Moun­
tain on the south. The Olean border has a distinctly lobate form within this 
lowland. 

The border is marked by ground moraine along the lower slopes of the 
nose of Camelback Mountain. About 2 miles (3 km) west of the eastern end 
of Camelback Mountain a narrow belt of indistinct end moraine extends 
southwestward along the slope of the mountain; it then takes on a south­
ward trend. This belt of indistinct end moraine is continuous to Brodheads­
ville and has a moderately well defined front margin developed on the crests 
of low hills immediately west of McMichael Creek. 
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Figure 28. The surface of boulder colluvium developed on a low to 
moderate slope on the north side of Pa. Route 534 in Hickory 
Run State Park about 0.8 mile (1.3 km) northwest of the 
Pennsylvania Turnpike Northeast Extension overpass (Plate 
1C, Hickory Run quadrangle, 41°00'54/fN / 75°39'Ol"W). 
Scale is divided into feet (30-cm intervals). 

The Olean border in Pohopoco Creek valley at Brodheadsville is a mixed 
kame and till moraine of low relief made up of irregular masses of gravels 
and till, and grades almost imperceptibly into the valley train to the south­
west (Figure 18). The moraine forms the divide between Pohopoco Creek 
drainage to the southwest and McMichael Creek to the east. This outwash 
plain is the site of a radiocarbon date, 12,760 y a, discussed on p. 34. 

A ground-moraine border occurs eastward from Pohopoco Creek valley 
at Brodheadsville and trends south to a large kame-moraine complex which 
marks the end moraine at Saylorsburg north of Cherry Ridge. Distinct and 
indistinct end moraines lie between Cherry Ridge and Kittatinny Mountain 
to the south, and ground moraine marks the border on the north slope of 
the mountain. 
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DELAWARE VALLEY 

(Stroudsburg, Bangor, and Belvidere quadrangles, Plate 1 C) 

Two areas of distinct end morainc occur on the south slope of Kittatinny 
Mountain. The \vestern area of end moraine marks the border; it extends 
downslope to the vicinity of Bangor and changes to a kame moraine south­
\ves t of the city along Walll and Clrecnwalk Creeks. From Martins Creek 
eastward over the hills, I he border is principally ground moraine, but in­
cl udes an area of end morainc to the north. An unusual concentration of 
boulders (Figure 29) 1.5 miles (2.4 km) southeast of Bangor may represent 

Figure 29. A fence-line accumulation of boulders collected from 
adjacent f ields . The large number of boulders is not common 
in ground moraine in this area, and their presence in a re­
stricted area is thought to indicate an ice-border position 
that did not develop end-moraine topography. The site is on 
the north side of a road about 1.5 miles (2.4 km) east of 
Bangor (Plate lC, Bangor quadrangle 40oS1'27"N/-
75°10' 48"W). 
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Figure 30. The view looking north across the surface of an outwash ter­
race along the Delaware River. The site is on the north side 
of a road 1.3 miles (2.1 km) west of Foul Rift, New Jersey, 
near Belvidere (Plate 1 C, Belvidere quadrangle, 
40°48 '20"N / 75°07 '20"W). 

an end moraine, and may correlate with the eastern end moraine on Kitta­
tinny Mountain. 

The valley floor of the Delaware River (Figure 30) is essentially a valley 
train 70 to 100 feet (20 to 30 m) above the river surface. Southwest of Belvi­
dere, at Foul Rift, the surface of the outwash is broken by a kame complex 
which marks the former position of the ice front. Similar kames are found 
on the New Jersey shore. 
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GLOSSARY 

Clast. An individual grain or fragment of a soil, till, or sediment. 
Col. A pronounced saddle-like divide between two valleys, or a marked 

saddle-like depression in the crest of a mountain ridge. 
Colluvium. A loose, incoherent mass of soil material or rock fragments de­

posited by mass wasting or sheet erosion, usually at the base of a steep 
slope or cliff. 

Drift. All rock material transported and deposited by a glacier or by run­
ning water derived from a glacier. 

End moraine. Glacial debris left stranded at the front of a glacier as melting 
proceeds. 

Erratic. A rock fragment, different from underlying bedrock, carried and 
deposited by a glacier. 

Glaciofluvial. Deposits formed by meltwater streams from glaciers. See 
kame, kame moraine, and kame terrace. 

Ground moraine. A thin layer of till deposited over a land surface from a 
melting glacier. 

Ice-contact stratified drift. Stratified drift deposited in contact with melting 
ice by meltwater. 

fnterstade. A warm substage of a glacial stage marked by a temporary re­
treat of ice. 

Kame. Poorly sorted sand and gravel deposited by a meltwater stream from 
a glacier, and now forming a hillock or low, steep-sided ridge. 

Kame moraine. A group of kames formed along the front of a stagnant 
glacier. 

Kame terrace. A more-or-Iess fiat-topped bench at the base of a hill formed 
of sand and gravel deposited by a meltwater stream in the hollow 
between the valley slope and an ice tongue in the valley. 

Kettle. A bowl-shaped depression in drift, often containing a lake or 
swamp, formed by the late melting of a large detached block of glacier 
ice. 

Nunatak. An isolated hill of bedrock that projects above the surrounding 
glacier surface. 

Outwash. Sand and gravel washed out of a glacier by meltwater streams and 
deposited in front of the ice. See valley train. 

Periglacial. Extreme and variable cold climatic conditions at the margin of a 
continental glacier which promote frost action and accelerated mass­
wasting processes. 

Saprolite. A soft, thoroughly decomposed rock formed by in situ chemical 
weathering. 

Solum. The upper layers of the soil resulting from weathering processes. 
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Clast. An individual grain or fragment of a soil, till, or sediment. 
Col. A pronounced saddle-like divide between two valleys, or a marked 

saddle-like depression in the crest of a mountain ridge. 
Colluvium. A loose, incoherent mass of soil material or rock fragments de­

posited by mass wasting or sheet erosion, usually at the base of a steep 
slope or cliff. 

Drift. All rock material transported and deposited by a glacier or by run­
ning water derived from a glacier. 

End moraine. Glacial debris left stranded at the front of a glacier as melting 
proceeds. 

Erratic. A rock fragment, different from underlying bedrock, carried and 
deposited by a glacier. 

Glaciofluvial. Deposits formed by meltwater streams from glaciers. See 
kame, kame moraine, and kame terrace. 

Ground moraine. A thin layer of till deposited over a land surface from a 
melting glacier. 

Ice-contact stratified drift. Stratified drift deposited in contact with melting 
ice by meltwater. 

Interstade. A warm substage of a glacial stage marked by a temporary re­
treat of ice. 

Kame. Poorly sorted sand and gravel deposited by a meltwater stream from 
a glacier, and now forming a hillock or low, steep-sided ridge. 

Kame moraine. A group of kames formed along the front of a stagnant 
glacier. 

Kame terrace. A more-or-Iess fiat-topped bench at the base of a hill formed 
of sand and gravel deposited by a meltwater stream in the hollow 
between the valley slope and an ice tongue in the valley. 

Kettle. A bowl-shaped depression in drift, often containing a lake or 
swamp, formed by the late melting of a large detached block of glacier 
ice. 

Nunatak . An isolated hill of bedrock that projects above the surrounding 
glacier surface. 

Outwash. Sand and gravel washed out of a glacier by meltwater streams and 
deposited in front of the ice. See valley train. 

Periglacial. Extreme and variable cold climatic conditions at the margin of a 
continental glacier which promote frost action and accelerated mass­
wasting processes. 

Saprolite. A soft, thoroughly decomposed rock formed by in situ chemical 
weathering. 

Solum. The upper layers of the soil resulting from weathering processes. 



68 GLACIAL BORDER DEPOSITS 

Stone stripe. A linear concentration of coarse stones flanked by fine 
material and oriented downslope. 

Striae. Fine scratches or furrows on a rock surface made when glacier ice 
dragged another rock fragment across that surface. 

Taiga-tundra. The subarctic transitional zone between the coniferous forest 
(taiga) and the treeless, swampy, herbivorous zone (tundra) to the 
north. 

Terminal moraine. An end moraine that marks the farthest advance of a 
glacier. 

Till. Unsorted, unstratified drift, ranging from clay to boulders in size, de­
posited directly by melting ice. 

Valley train. Outwash deposited by meltwater streams beyond the ice front 
and confined to a single valley. See outwash. 
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