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INTRODUCTION

by
Marilyn D. Wegweiser, Arthur E. Wegweiser, and Loren E. Babcock

This volume is a guide to field trips associated with the 63rd Annual Field Conference of
Pennsylvania Geologists, held in Erie, Pennsylvania, October 1-3, 1998.  Field stops include sites
that provide a general overview of the stratigraphy, paleontology, and tectonic history of Erie,
Crawford, and Venango Counties.  One field stop will also be devoted to a discussion of the
early history of petroleum drilling in northwestern Pennsylvania.  Most strata that will be exam-
ined and discussed are Paleozoic (principally Upper Devonian), but some Quaternary strata also
will be examined and discussed.  Structural deformation to be examined at field stops ranges in
age from Paleozoic through Holocene.

Northwestern Pennsylvania is a classic area for the study of both Upper Paleozoic and
Quaternary geology. It has attracted interest from geologists dating back to the early days of
geological studies in the United States. Comprehensive surveys of the geology of the region (to-
gether with the remainder of Pennsylvania) were undertaken in the 1870s by the Second Penn-
sylvania Geological Survey, and the early publications resulting from that effort (e.g., Carll,
1875; White, 1881; Lesley, 1885, 1889a, 1889b, 1890) remain a useful source of information
more than a century later.  Notably, northwestern Pennsylvania is the region where the petroleum
industry was born, and many publications of the Second Pennsylvania Geological Survey were
devoted to the origin and occurrence of petroleum (e.g., Carll, 1875, 1880, 1883; Randall, 1875).
Since the 1870s, a voluminous literature has been developed concerning the geology of north-
western Pennsylvania and adjacent areas of Ohio and New York.  Papers that pertain to the geol-
ogy of the region are numerous.  Many of them are cited in previous guidebooks of the Annual
Field Conference of Pennsylvania Geologists (e.g., Thomas and others, 1987; Sevon, 1992a), and
in individual contributions contained in this guidebook. Instructors at numerous colleges and
universities use the natural geological laboratories of what are now Erie, Crawford, and Venango
Counties as places to demonstrate first-hand to their students the geological processes discussed
in lectures.

Work reported in the papers assembled for this guidebook reflect findings that are the re-
sult of continuing geological investigations in northwestern Pennsylvania.  Some interpretations
expressed herein are rather speculative, and in need of testing.  We hope these papers, and the
discussion related to them, will inspire still further work in this part of the state, just as we have
been inspired by the work of those who have preceded us.
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OVERVIEW OF THE GEOLOGY OF ERIE, CRAWFORD, AND
VENANGO COUNTIES, PENNSYLVANIA

by
Arthur E. Wegweiser, Marilyn D. Wegweiser, and Loren E. Babcock

Erie, Crawford, and Venango Counties represent a southeastward-trending slice across
northwestern Pennsylvania from the Lake Erie shore inward.  The region is part of the Central
Lowland Province and the Appalachian Plateaus Province.  Surface exposures through the three
county area include Upper Devonian through Pennsylvanian strata (Figure 1), as well as Pleisto-
cene and Holocene deposits.  The Upper Paleozoic rocks represent a variety of relatively shal-
low-water marine through marginal-marine to fluvial-deltaic environments that existed in the
western part of the Appalachian foreland basin. These rocks tend to be more nearly horizontally
than vertically disposed, yet they show clear structural complications, both at the surface and in
the subsurface.  Tectonic activity, as explained more fully elsewhere in this guidebook (see p.
15), seems to have occurred intermittently during the Paleozoic, and has influenced sedimentary
patterns and biofacies patterns in the western Appalachian basin.  Seismograph records show that
minor adjustment along faults in northwestern Pennsylvania and adjacent areas continues to take
place intermittently.  The origin of faults and minor folds in the region is conjectural, but it is
likely that these structures are related to minor reactivation of basement faults that developed
during the initial rifting of Laurentia from the rest of the supercontinent Rodinia during the late
Neoproterozoic, as is discussed later in this guidebook.   Many Holocene geomorphological fea-
tures in the region, such as stream valleys, tend to align along small faults, and glacial erosion

during the Pleistocene probably enhanced the effects
of these minor but interesting structural features.

Erie County, which borders the southern
shore of Lake Erie, has an area of about 770 mi2

(1,995 km2).  It is bordered to the east by New York
and Warren County, Pennsylvania, to the west by
Ohio, and to the south by Crawford County.  The
lake shore, which trends essentially northeastward,
is relatively straight except for Presque Isle, which is
a large hook-shaped peninsula north of the city of
Erie (see Delano and Thomas, 1988).  Present lake
level is about 573 ft (173.5 m) above sea level, and
forms an important datum for assessing stratigraphic
relationships of Paleozoic units in the vicinity of the
shoreline.  Rising from the lake is a discontinuous
set of bluffs, composed of either Quaternary clays,
sands, and diamicts, or Upper Devonian strata.  The
bluffs are highest in the eastern part of the county,
where they rise approximately 80 to 120 ft (24 to 36
m) above lake level.  Southward from the Lake Erie
bluffs occurs the Portage Escarpment, which is
capped by Upper Devonian strata.  The escarpment
ranges from an elevation of about 1,300 to 1,700 ftFigure 1- Generalized geologic map of

the area of the Field Conference
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(394 to 515 m).  Four terraces, representing separate highstands of ancestral Lake Erie during the
Pleistocene, are evident in Erie County.  In Harbor Creek and Northeast Townships, terraces oc-
cur at 740 to 765 ft (224 to 232 m), 795 to 875 ft (241 to 265 m), 1,070 ft (324 m), and 1,150 ft
(348.5 m) of elevation.  Drainage in the eastern part of Erie County is southward through French
Creek and its tributaries.  Drainage in the western part of Erie County is northward into Lake
Erie through Elk and Conneaut Creeks and their tributaries.  Most surficially exposed rocks in
the county are Upper Devonian.  Trace fossils are present in most of the units, but the Chadakoin
Formation is noteworthy for having a great variety and abundance of body and trace fossils of
marine and marginal-marine origin (Babcock and others, 1995; this guidebook, p.26).

Crawford  County, which is bordered to the north by Erie County, to the east by Warren
County, to the south by Mercer and Venango Counties, and to the west by Ohio, has an area of
about 1,000 mi2 (2,590 km2).  Topography in the county is dominated by creeks flowing between
long, narrow divides mostly composed of Pennsylvanian conglomerates and sandstones. In the
drainage basins, Upper Devonian and Mississippian strata are exposed.  Drainage in the eastern
part of Crawford County is southeastward through French Creek, Sugar Creek, and their tribu-
taries into the Allegheny River.  Drainage in the western part of Crawford County is southward
into the Beaver River through Franklin, Crooked, and Shenango Creeks and their tributaries.
Devonian and Mississippian strata dominate the surface rocks in the northern and western part of
the county, but Pennsylvanian strata are present in the low hills in the southeastern part of the
county. Titusville, where Col. Edwin L. Drake drilled his famous oil well in 1859, is located in
the southeastern corner of the county where the East Branch of Oil Creek and Pine Creek meet to
form Oil Creek.

Venango County, which is bordered to the north by Crawford and Warren Counties, to
the east by Forest and Clarion Counties, to the south by Butler County, and to the west by Mer-
cer County, has an area of about 660 mi2 (1,710 km2).  Topography in the county is rough, with
the surface being deeply dissected by the Allegheny River and its tributaries.  The Allegheny
River flows southwestward into Venango County from Forest County, but near the middle of the
county, the river changes course to the southeast.  Sizable streams that enter the Allegheny River
in Venango County are (from north to south) Pithole Creek, Oil Creek, French Creek, Sandy
Creek, and Scrubgrass Creek.  Paleozoic rocks exposed in Venango County include Upper De-
vonian through Pennsylvanian deposits.
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UPPER DEVONIAN (CHAUTAUQUAN) STRATIGRAPHY,
SOUTHERN LAKE ERIE SHORELINE REGION

by
Loren E. Babcock and Marilyn D. Wegweiser

INTRODUCTION

Most of the rocks that will be examined during this field conference are assigned to the
Upper Devonian Chautauquan Series.  This paper provides a brief introduction to the Upper De-
vonian stratigraphic units present in the vicinity of the Lake Erie shoreline in northwestern Penn-
sylvania (Erie County), and neighboring areas of northeastern Ohio (Ashtabula and Lake Coun-
ties) and southwestern New York (Chautauqua and Cattaraugus Counties) (Figure 2).  Although
field stops will include sections that are a considerable distance from the Lake Erie shore, the
discussion of units here provides a framework for interpreting all of the Upper Devonian units
that will be examined during this field conference.  Some nomenclatural differences currently
exist for Upper Devonian strata exposed in the three states that border the southern margin of
Lake Erie.  While some of these differences are historical in origin (meaning that individual state
geological surveys have used their own nomenclature), mapping along the southern Lake Erie
margin reveals lithofacies differences within some Upper Devonian rocks that in some examples
nearly coincide with the two state boundaries present in the region.  To help provide a frame-
work for the discussion of stratigraphic units exposed along the Upper Devonian outcrop belt
from southwestern New York through northwestern Pennsylvania, to northeastern Ohio, strati-
graphic units are grouped below according to the states in which the units were historically first
recognized.

UPPER DEVONIAN (CHAUTAUQUAN) STRATA IN SOUTHWESTERN NEW YORK

Chautauquan Series

The Chautauquan Series was proposed (Clarke and Schuchert, 1899) for rocks exposed in
Chautauqua County, New York.  In recent usage (e.g., Tesmer, 1975), the Chautauquan Series
includes, in ascending order, the Canadaway, Chadakoin, Cattaraugus, and Oswayo Formations.
Strata of the Chautauquan Series in New York overlie those of the Upper Devonian Seneca Se-
ries (Java Formation in western New York), and underlie those of the Lower Mississippian (Po-
cono Group in western New York).

The Chautauquan Series has been correlated (e.g., Rickard, 1964; Sevon and Woodrow,
1985; Woodrow and others, 1988) with the Famennian Series of Europe.

Canadaway Formation

The Canadaway Formation was proposed by Chadwick (1933) for rocks exposed along
Canadaway Creek, Chautauqua County, New York.  The Canadaway Formation, as recognized
now, comprises, in ascending order, the Dunkirk Shale Member, South Wales Shale Member,
Gowanda Shale Member, Laona Siltstone Member, Westfield Shale Member, Shumla Siltstone
Member, and Northeast Shale Member (Tesmer, 1975).
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In developing an alternate classification of the Chautauquan units of western New York,
Pepper and deWitt (1951) defined a new term, Perrysburg Formation, that embraced the Dun-
kirk, South Wales, and Gowanda Shale Members.  The term Perrysburg is derived from expo-
sures along Big Indian Creek, Perrysburg Township, Cattaraugus County, New York. Following
Pepper and deWitt’s (1951) usage, Rickard (1964) elevated the Laona, Westfield, Shumla, and
Northeast to formation rank.  In this scheme, the Perrysburg, Laona, Westfield, Shumla, and
Northeast Formations comprise the Canadaway Group.  Oliver and others (1969) adopted this
approach, although they did not recognize the Laona and Shumla as mappable units.

The Canadaway Formation corresponds to the Portage Formation or Portage Group rocks
of many early authors (e.g., Hall, 1843; Lesley, 1875, 1876; White, 1878; Clarke, 1903).

Dunkirk Shale Member - The Dunkirk Shale Member was named (Clarke, 1903) for exposures
of thinly laminated black and dark gray shales at Point Gratiot, Dunkirk, Chautauqua County,
New York.  The contact between the Dunkirk Shale Member and the underlying light to medium
gray Hanover Shale Member of the Java Formation (Senecan Series) is sharp and disconform-
able. Body fossils are of low diversity.  Carbonized plant remains, dermal armor of fishes, and
conodonts are the principal body fossils known from this member.  Trace fossils, particularly
simple burrows that are principally horizontal, are locally abundant, especially where black and
dark gray shales are interbedded.  Calcareous (sometimes septarian) concretions, 0.5 to 5 ft (15
to 150 cm) in diameter, occur in several zones.  A petroleum odor is common on freshly broken
surfaces of this unit.  The Dunkirk Shale Member ranges in thickness from 13 to 85 ft (4 to 26
m).

South Wales Shale Member - The South Wales Shale Member was named (Pepper and deWitt,
1951) for exposures of light and medium gray, thinly laminated shales, with interbedded dark
gray shales and medium gray siltstones, along a tributary to the East Branch of Cazenovia Creek,
south of South Wales, Erie County, New York.  The contact between the South Wales Shale
Member and the underlying Dunkirk Shale Member is transitional, and placed at the top of the
last thick, upsection black shale interval of the Dunkirk Shale Member.  Body fossils, mostly
gastropods, are rare in the South Wales Shale Member, but some bedding planes contain numer-
ous Planolites burrows.  Ripple marks occur on some siltstone beds of this member.  The South
Wales Shale Member ranges in thickness from 20 to 60 ft (6 to 18 m).

Gowanda Shale Member - The Gowanda Shale Member was named (Chadwick, 1919) for expo-
sures of interbedded light-medium gray and dark gray thinly laminated shales, silty shales, and
siltstones in Cattaraugus Creek, Gowanda, Cattaraugus County, New York.  The contact between
the Gowanda Shale Member and the underlying South Wales Shale Member is transitional, and
placed at the base of a 5- to 8-ft- (1.5- to 2.4-m-) thick dark gray shale bed overlying medium
gray shales of the South Wales Shale Member.  Body fossils, principally gastropods, bivalves,
ammonoid cephalopods, nautiloid cephalopods, brachiopods, crinoids, worms, fish plates, cono-
donts, and plant remains, are locally common in this member.  Trace fossils include Zoophycos
and Planolites. Ripple marks or hummocky cross stratification occur in some siltstone beds of
this member. The Gowanda Shale Member ranges in thickness from 36 to 280 ft (11 to 85 m).



6

Figure 2- Correlation chart showing nomenclature of Upper Devonian stratigraphic units in the western half of the
Appalachian basin (from Milici, 1996).
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Laona Siltstone Member - The Laona Siltstone Member was named by Beck (1840) for expo-
sures of light gray siltstone with thin interbeds of gray shale and silty shale in Canadaway Creek,
Laona, Chautauqua County, New York.  The contact between the Laona Siltstone Member and
the shales of the underlying Gowanda Shale Member is sharp.  Body fossils, including brachio-
pods, bivalves, bryozoans, and crinoids, are present in some localities.  The Laona Siltstone
Member ranges in thickness from 1 to 20 ft (0.3 to 6 m).

Westfield Shale Member - The Westfield Shale Member was named by Chadwick (1923) for
exposures of medium gray shale with interbedded siltstone beds in Chautauqua Creek, Westfield,
Chautauqua County, New York.  The contact between the Westfield Shale Member and the un-
derlying Laona Siltstone Member is transitional, being placed at the point upsection where shale
beds dominate in number over siltstone beds.  A thin, lenticular layer of cone-in-cone structures
occurs a few centimeters below the contact with the overlying Shumla Sandstone Member.  The
cone-in-cone bed extends westward into Pennsylvania.  Body fossils in this member include
brachiopods and conodonts.  Tesmer (1963) reported that the Westfield Shale Member ranges in
thickness from 30 to 160 ft (9 to 48 m).

Shumla Siltstone Member - Clarke (1903) named the Shumla Siltstone Member for exposures of
light gray siltstones with interbedded gray shales and silty shales in Canadaway Creek, Shumla,
Chautauqua County, New York.  The contact between the Shumla Siltstone Member and the
shales of the underlying Westfield Shale Member is sharp.  Body fossils in this member include
conodonts.  Trace fossils in this member include Spirophyton.  The Shumla Siltstone Member
ranges in thickness from about 1 to 5 ft (30 cm to 1.5 m).

Northeast Shale Member - The Northeast Shale Member was named by Chadwick (1923) for
exposures of medium gray and bluish-gray shales and silty shales with interbedded gray and
bluish-gray siltstones and sandstones ranging up to 2 ft (60 cm) thick in Northeast Township,
Erie County, Pennsylvania.  The contact between the Northeast Shale Member and the underly-
ing Shumla Siltstone Member is transitional, being placed at the point upsection where shale
beds dominate in number over siltstone beds.  Body fossils in this member include a moderately
diverse assemblage of brachiopods, and a few bryozoans and crinoids.  Trace fossils in the
Northeast Shale Member include a variety or horizontal and vertical traces.  Oscillation ripple
marks occur on some of the siltstone beds show.  Natural gas has been reported to occur in some
places within sandstone layers of this unit.  The Northeast Siltstone Member ranges in thickness
from about 145 to 445 ft (44 to 136 m).

Chadakoin Formation

The Chadakoin Formation was proposed by Chadwick (1923) for gray siltstones and
shales exposed along the Chadakoin River, Jamestown, Chautauqua County, New York.  Lo-
cally, the Chadakoin Formation includes thin lenses of conglomeratic sandstone.  The contact
between the Chadakoin Formation and the underlying Northeast Shale Member of the Canad-
away Formation is transitional, being placed at the point upsection where shale beds dominate in
number over siltstone beds.  Body fossils in this formation include locally abundant brachiopods
(including the inarticulate brachiopod Lingula), bivalves, and bryozoans.  Gastropods, nautiloid
cephalopods, sponges, horseshoe crabs, crinoids, ophiuroids, conulariids, fish, plants, and other
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fossils are also known from the unit.  The Chadakoin Formation includes a diverse trace fossil
assemblage.  Occasional shell-rich (principally brachiopod-rich) lenses, inferred to be storm lag
deposits, are present in this member.  Tesmer (1975) estimated that the thickness of the Chada-
koin Formation ranges from 75 to 745 ft (23 to 227 m).

Some authors have left the Chadakoin Formation undivided, at least for certain regions
(e.g., Tesmer, 1975), whereas others (Williams, 1887; Chadwick, 1933; Caster, 1934;
Manspeizer, 1963) have divided the formation into members.  At least six members of the
Chadakoin Formation have been recognized by various authors.  They include:  the Lillibridge
Member (principally siltstone); Dexterville Member (gray micaceous shales and siltstones con-
taining the marine algae Foerstia at the base and the brachiopod “Pugnoides” duplicatus else-
where); Cuba Sandstone Member (gray to tan siltstones and fine sandstones); Hinsdale Member
(siltstones and shales); Ellicott Member (gray shales and siltstones); and Rawson Member (inter-
bedded sandstones, siltstones, and shales).  All the members are arbitrarily defined units, and
with the exception of the Dexterville Member and the Ellicott Member, the recognized members
have relatively little lateral extent.

The Chadakoin Formation corresponds to the Chemung Formation or Chemung Group
rocks of early authors (e.g., Hall, 1843; Lesley, 1875, 1876; White, 1878; Clarke, 1903).

Cattaraugus Formation

The Cattaraugus Formation was proposed by Clarke (1902) for channel-form quartz con-
glomerates and tan sandstone lenses interbedded with gray, thin-bedded micaceous sandstones,
gray siltstones, green sandy shales, and gray to reddish-brown shales exposed in Cattaraugus
County, New York.  The contact between the Cattaraugus Formation and the underlying Chada-
koin Formation is transitional, and is placed at the base of the first persistent conglomerate,
coarse sandstone, or reddish-brown shale of the Cattaraugus Formation.  Body fossils in this
formation include brachiopods, bivalves, gastropods, nautiloid cephalopods, edrioasteroids,
fishes, and plants.  Some of the reddish-brown shales of this formation are inferred to be paleo-
sols.  Tesmer (1975) estimated that the thickness of the Cattaraugus Formation ranges from 425
to 522 ft (129 to 159 m) in Cattaraugus County, New York.

Authors have commonly recognized individual conglomeratic intervals of the Catta-
raugus Formation as members.  However, the stratigraphic relationships of these intervals have
not been fully determined.  Members that have received formal names include the Pope Hollow
Conglomerate Member, Salamanca Conglomerate Member, Tunangwant (or Tuna) Conglomer-
ate Member, and Wolf Creek Conglomerate Member.

The Cattaraugus Formation and the Oswayo Formation, described below, together corre-
spond to the Catskill Formation or Catskill Group rocks of some early authors (e.g., Hall, 1843;
Lesley, 1875, 1876; White, 1878).  Today, the term Catskill is most commonly used for more
eastward-occurring facies that are laterally equivalent to the Cattaraugus and Oswayo Forma-
tions.  Catskill facies, of current usage, are ones that were more proximal to the Catskill delta
plain.  Commonly, the term Conewango Group, named by Butts (1908) for exposures along
Conewango Creek, Warren County, Pennsylvania, is used to embrace the Cattaraugus and
Oswayo Formations (e.g., Tesmer, 1963, 1975).
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Oswayo Formation

The Oswayo Formation was proposed by Glenn (1903) for gray to olive-green silty
shales interbedded with silty shales and sandstones ranging up to 1 ft (30 cm) in thickness ex-
posed in hills near Oswayo Creek, Portville Township, Cattaraugus County, New York.  The
contact between the Oswayo Formation and the underlying Cattaraugus Formation is sharp and
disconformable.  The base of the Oswayo Formation occurs where gray shale overlies reddish-
brown shale of the Cattaraugus Formation.  The contact between the Oswayo Formation and the
overlying Knapp Formation (still considered Mississippian in New York) is sharp and discon-
formable.  Body fossils in this formation include brachiopods (including “Camarotechia” alle-
gania, which is absent from the underlying formation), bivalves, nautiloid cephalopods, bryozo-
ans, and plants.  Trace fossils in this formation include various vermiform traces principally ori-
ented along bedding planes.  Tesmer (1975) estimated that the thickness of the Oswayo Forma-
tion ranges from 150 to 210 ft (46 to 64 m).  Brachiopod-rich beds (coquinites) are present in
some intervals of the Oswayo Formation, particularly in the lower part of the formation.

Authors have occasionally recognized the coquinite-bearing lower part of the Oswayo
Formation as a distinct subunit of the formation.  Caster (1934) introduced the term Roystone
coquinite zone for that interval and Fettke (1938) introduced the term Marvin Creek Limestone
Member for that interval.

The Oswayo Formation and the Cattaraugus Formation, described above, together corre-
spond to the Catskill Formation or Catskill Group rocks of some early authors (e.g., Hall, 1843;
Lesley, 1875, 1876; White, 1878).  Woodrow and others (1988) used the term Riceville Shale in
place of the Oswayo Formation for strata exposed in Cattaraugus County, New York.  The Rice-
ville Shale, as originally recognized from Erie County, Pennsylvania, is more restricted in
meaning.  The Riceville Shale and the Oswayo Formation are laterally equivalent units, and in-
tergradational within Erie County, Pennsylvania, as discussed below.

UPPER DEVONIAN (CHAUTAUQUAN) STRATA IN
NORTHWESTERN PENNSYLVANIA

“Portage” units in northwestern Pennsylvania

In northwestern Pennsylvania, it is common practice (e.g., Berg and others, 1986) to rec-
ognize the Perrysburg Formation, comprising in ascending order, the Dunkirk Shale Member,
South Wales Shale Member, and Gowanda Shale Member, rather than the Canadaway Forma-
tion. In this scheme, overlying units of the “Portage” are assigned formation rank.  Those units
are, in ascending order, the Laona Sandstone, Westfield Shale, Shumla Siltstone, Northeast
Shale, and Girard Shale.

Perrysburg Formation

As discussed above under New York terminology, Canadaway Formation of New York
terminology, the Perrysburg Formation is a term for a restricted part of the lower Canadaway
Formation.  It comprises, in ascending order, the Dunkirk Shale Member, South Wales Shale
Member, and Gowanda Shale Member.  See the section on New York terminology, above, for
discussion of these members.
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Laona Sandstone

See preceding discussion on the Laona Siltstone Member of the Canadaway Formation
(of New York terminology).

Westfield Shale

See preceding discussion on the Westfield Shale Member of the Canadaway Formation
(of New York terminology).

Shumla Siltstone

See preceding discussion on the Shumla Siltstone Member of the Canadaway Formation
(of New York terminology).  In Erie County, Pennsylvania, the Shumla Siltstone tends to be
dominated by a white or tan, fine-grained sandstone, rather than being dominated by siltstone, as
it is in southwestern New York.  Also, in Erie County, this formation maintains a relatively uni-
form thickness of about 1 ft (30 cm), and is an excellent marker unit.  Subtle antiforms and syn-
forms, as well as small faults, in the Upper Devonian rocks of Erie County are easy to distin-
guish, particularly along the Lake Erie shore, by walking out the Shumla Siltstone.  In eastern
Erie County, the Northeast Shale overlies the Shumla Siltstone.  However, in western Erie
County (Elk Creek, for example), the Girard Shale directly overlies the Shumla Siltstone.

Northeast Shale

See preceding discussion on the Northeast Shale Member of the Canadaway Formation
(of New York terminology).  The Northeast Shale of eastern Erie County, Pennsylvania, appears
to grade laterally westward into the Girard Shale.  At Elk Creek, in western Erie County, the
Northeast Shale is absent, and the Girard Shale directly overlies the Shumla Siltstone.

Girard Shale

The Girard Shale was proposed by White (1881) for gray to bluish, thinly laminated
shales and interbedded siltstones and fine sandstones exposed in Elk Creek, Girard, Erie County,
Pennsylvania.  The contact between the Girard Shale and the underlying Northeast Shale (in
eastern Erie County, Pennsylvania) is transitional and laterally gradational, being placed at the
point upsection where gray to bluish shale beds dominate in number over siltstone beds.  In
western Erie County, the contact between the Girard Shale and the underlying Shumla Sandstone
is transitional, being placed at the point upsection where shale beds dominate in number over
sandstone and shale beds.  Body fossils present in this formation include brachiopods, including
the inarticulate brachiopod Lingula, and microinvertebrates.  The Girard Shale includes a small
trace fossil assemblage including Cruziana-like traces and Bifungites.  Sedimentary structures
that are locally present in this formation include oscillation ripple marks and mudcracks.  Small
siderite concretions occur in the lower part of the formation.  Carbonate concretions containing
cone-in-cone structures occur in various localities.  The Girard Shale may range in thickness up
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to 295 ft (90 m); however, the true stratigraphic thickness is difficult to determine from surface
exposures due to apparent repetition of section resulting from faulting.

The Girard Shale is not usually recognized in southwestern New York.  Fine-grained
siliciclastics having a Girard-type lithology have been included (Tesmer, 1963) in the upper part
of the Northeast Shale Member of the Canadaway Formation.

Chadakoin Formation

See the preceding discussion on the Chadakoin Formation of New York terminology.
In Erie County, Pennsylvania, shales and siltstones of the Chadakoin Formation vary lo-

cally from medium gray to reddish-brown in color.  In the subsurface of northwestern Pennsyl-
vania, this reddish-brown color is very recognizable during well drilling; the drillers call it “Pink
Rock” and use it as a stratigraphic marker.  White to reddish-brown sandstone beds are present
near the top of the formation.  The contact between the Chadakoin Formation and the underlying
Girard Shale is transitional.  In parts of Erie County, the Chadakoin Formation includes a diverse
trace fossil assemblage including Planolites, Bifungites, Spirophyton, Protolimulus, and
Cruziana-like traces.  Sedimentary structures include shell-rich beds (inferred storm lag beds),
beds of flat intraclasts derived from within the Chadakoin Formation, and rare soft sediment de-
formation structures.  Other sedimentary structures present in reddish-brown (inferred marginal-
marine) lithofacies include mudcracks, flaser bedding, and reactivation surfaces (Babcock and
others, 1995).

Venango Formation

The Venango Formation (or Venango Group), although formally named by Lesley
(1875), was originally proposed by Carll (1880) for white to tan, oil-bearing, quartz sandstones
(locally conglomeratic sandstones) with interbedded gray to reddish-brown shales and silty
shales exposed in Venango County, Pennsylvania.  The contact between the Venango Formation
and the underlying Chadakoin Formation is transitional, being placed at the base of the first thick
sandstone layer (the Venango Third oil sand of informal usage).  To the northeast (in New York),
the Venango Formation appears to grade into the more conglomeratic Cattaraugus Formation.
Body fossils in this formation include locally abundant brachiopods, and less common bivalves,
gastropods, and nautiloid cephalopods.  The Venango Formation includes a variety of trace fos-
sils, including Planolites, Protolimulus, and Cruziana-like traces. Trace fossils are most numer-
ous on the bases of some sandstone beds. Occasional shell-rich (principally brachiopod-rich)
lenses are present. The Venango Formation ranges in thickness from about 80 to 100 ft (24 to 30
m).

The Venango Formation has been divided into a large number of members or informal
units. Commonly, three major petroleum-producing sandstone intervals are recognized (in de-
scending order they are the Venango First oil sand, Venango Second oil sand, and Venango
Third oil sand), although locally as many as seven petroleum-producing sandstone intervals have
been reported (White, 1881).  Some of the members that have been recognized, locally in most
examples, are the Amity Shale Member, Saegerstown Shale Member, Pope Hollow Conglomer-
ate, North Warren Shale Member, and Bimber Run Conglomerate Member.
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Oswayo Formation

See preceding discussion on the Oswayo Formation of New York.  The Oswayo Forma-
tion is usually recognized in eastern Erie County, Pennsylvania, and the formation grades later-
ally to the west into the Riceville Shale, discussed below.

Riceville Shale

The Riceville Shale was proposed by White (1881) for gray to bluish-gray silty or sandy
shales and shaly sandstones exposed in Oil Creek, west of Riceville, Venango County, Pennsyl-
vania.  The contact between the Riceville Shale and the underlying Venango Formation is sharp
and disconformable.  The contact between the Riceville Shale and the overlying Cussewago
Sandstone in western Erie and Crawford Counties is sharp and disconformable.  To the east (in
eastern Erie County, Pennsylvania), the Riceville Shale grades into the Oswayo Formation.
Body fossils in this formation include brachiopods and nautiloid cephalopods. The Riceville
Shale ranges in thickness from about 26 to 52 ft (8 to 16 m).

Ohio Shale

In westernmost Pennsylvania, close to the Pennsylvania-Ohio state line, the Perrysburg,
Laona, Westfield, Shumla, Northeast, Girard, Chadakoin, and Venango Formations appear to
grade laterally into the Ohio Shale.  The Dunkirk Member of the Perrysburg Formation is
equivalent to the lowermost part of the Huron Shale Member of the Ohio Shale (alternatively,
Huron Shale in northwestern Pennsylvania) (see Harper and Abel, 1981).  The remaining forma-
tions grade into the Chagrin Member of the Ohio Shale (alternatively, Chagrin Shale or Chagrin
Group in northwestern Pennsylvania).  For discussion of the Ohio Shale and its members as rec-
ognized in northeastern Ohio, see the section on Ohio stratigraphic nomenclature, below.

UPPER DEVONIAN (CHAUTAUQUAN) STRATA IN NORTHEASTERN OHIO

Ohio Shale

The Ohio Shale was proposed by Andrews (1870) for black, bituminous, thinly laminated
shales exposed in hills adjacent to the Ohio River in southern Ohio. In northeastern Ohio, the
Ohio Shale comprises, in ascending order, the Huron Shale Member, Chagrin Shale Member,
and Cleveland Shale Member.

Huron Shale Member - The Huron Shale Member was named by Newberry (1870) for black,
thinly laminated shales exposed in the Huron River valley, Huron and Erie Counties, Ohio. Lo-
cally, the member contains thin interbedded black and gray shale layers.  The contact between
the Ohio Shale and the gray shales of the underlying Olentangy Shale (in Ohio) or the Hanover
Member of the Java Formation (in Pennsylvania) is sharp and disconformable.  Body fossils in
this formation include fish, nautiloid cephalopods, and plants.  Trace fossils are few, and mostly
restricted to Planolites-like burrows.  Trace fossils tend to occur in intervals containing interbed-
ded black and gray shales.  The Huron Shale Member contains several zones of large calcareous
concretions, ranging up to 6 ft (2 m) in diameter, and thin calcareous lenses containing cone-in-
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cone structures.  A petroleum odor is common on freshly broken surfaces of this unit.  The
Huron Shale Member ranges in thickness from about 13 to 198 ft (4 to 60 m).

The Huron Shale Member is commonly divided into lower and upper tongues.  The lower
tongue seems to be equivalent to the Dunkirk Shale Member of the Canadaway or Perrysburg
Formation.

Chagrin Shale Member - The Chagrin Shale Member was named by Prosser (1903) for gray
shales interbedded with thin sandstones and siltstones exposed in the Chagrin River valley,
Cuyahoga County, Ohio. The contact between the Chagrin Shale Member and the underlying to
laterally adjacent Huron Shale Member is transitional, being placed at the point upsection where
gray shale beds dominate in number over black shale beds.  Body fossils in this member include
brachiopods, bivalves, gastropods, nautiloid cephalopods, conulariids, phyllocarid crustaceans,
decapod crustaceans, fish, and plants.  The Chagrin Shale Member includes a diverse assemblage
of trace fossils including Planolites, Palaeophycus, Skolithos, Thalassinoides, Lingulichnus,
Chondrites, Gordia, Cochlichnus, Rusophycus, Cruziana, Zoophycos, and Chagrinichnites
(Hannibal, 1997).  Thin bands of siderite concretions, many of which contain body fossils, are
present in several locations.  The Chagrin Shale Member ranges in thickness from about 100 to
360 ft (30 to 110 m).

Cleveland Shale Member - The Cleveland Shale Member was named by Newberry (1870) for
black, thinly laminated shales exposed in Cleveland, Cuyahoga County, Ohio.  The contact be-
tween the Cleveland Shale Member and the gray shales of the underlying Chagrin Shale Member
is sharp and possibly disconformable.  The contact between the Cleveland Shale Member and the
gray shales and siltstones of the overlying (and possibly laterally equivalent) Bedford Formation
is transitional, being placed at the point upsection where gray shale beds dominate in number
over black shale beds.  Body fossils in this member include fish, nautiloid cephalopods, and
plants. Trace fossils are few, and mostly restricted to Planolites-like burrows.  Trace fossils tend
to occur in intervals containing interbedded black and gray shales. A petroleum odor is common
on freshly broken surfaces of this unit.  The Cleveland Shale Member ranges in thickness up to
40 ft (12 m).

REGIONAL STRATIGRAPHIC TRENDS

In general, stratigraphic units recognized in both southwestern New York and northwest-
ern Pennsylvania, particularly the “Portage” units, show dramatic thinning southward and west-
ward through New York and Pennsylvania.  Most thicknesses for the units described in the sec-
tion on New York nomenclature are greatest in Cattaraugus County, New York, of intermediate
value in Chautauqua County, New York, and thinnest in Erie County, Pennsylvania.

Black shale units tend to be thickest to the west, in Ohio, thinning eastward through
northwestern Pennsylvania and into New York.  The bases of the black shales (Dunkirk/Huron
and Cleveland) indicate significant flooding events. Eustatic (global) sea level changes seem to
be mostly responsible for these flooding events (Johnson and others, 1985; Woodrow and others,
1988).  Other factors, such as tectonic subsidence resulting from collisional events in the
Acadian orogenic region, seem to have played minor roles in the development of these black
shales.  As discussed on p. 16, though, local flexure on small lithospheric blocks associated with
cross-strike structural discontinuities has exerted some influence on stratigraphic patterns
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through the study area.  These local influences do not appear to have substantially obscured the
larger eustatic signature from these strata.

Except for the coarse, usually conglomerate-bearing, units, most of the Chautauquan
strata in the southern Lake Erie shore area are generally assumed to have been deposited in sub-
tidal marine environments.  The strongest evidence for this interpretation is the presence of body
fossils characteristic of marine environments.  Study of sedimentary characteristics, some body
fossils, and trace fossils in certain lithofacies, however, has changed our perception of the depo-
sitional environments of some units, at least in certain locations.  Parts of the Chadakoin Forma-
tion and the Girard Shale, for example, show strong evidence of deposition in marginal-marine
settings where intermittent subaerial exposure occurred. In intervals of the Chadakoin Formation
at Union City Dam, Erie County, Pennsylvania, redbeds, mudcracks, oscillation ripple marks,
and reactivation structures all suggest deposition on intermittently exposed tidal flats (Babcock
and others, 1995; also, see p. 31).  Many of the marine body fossils present are inferred to repre-
sent euryhaline organisms (e.g., the inarticulate brachiopod Lingula and horseshoe crabs), or or-
ganisms that lived in shallow subtidal areas and that were washed onto the tidal flat after death.
Large accumulations of brachiopod shells in places appear to represent storm lags.  Traces in soft
sediment left by horseshoe crabs, together with Bifungites and Spirophyton, all are characteristic
of environments of fluctuating salinity and intermittent water cover.  The Girard Shale in places
also contains mudcracks, oscillation ripple marks, and trace fossils (such as Bifungites) suggest-
ing tidal flat depositional conditions.  The Venango Formation, which is a series of alternating
shales, sandstone lenses and conglomeratic sandstone lenses, is inferred to represent deposition
as barrier bars, and bar finger sands in a relatively nearshore coastal setting (see Dickey and oth-
ers, 1943).

Overall, Chautauquan strata in Erie County, Pennsylvania, and adjacent Chautauqua
County, New York, seem to represent a variety of relatively “deep” subtidal depositional envi-
ronments (e.g., Dunkirk Shale Member and Huron Shale Member) through “shallower” subtidal
environments (e.g., Gowanda Shale Member, Northeast Shale) and coastal or marginal-marine
environments (e.g., Chadakoin Formation, Girard Shale, and Venango Formation) to partly flu-
vial environments (conglomerate and some sandstone facies of the Cattaraugus Formation).  The
general trend is that, within the large eustatic cycles defined by the black shales, there occurs a
series of smaller-scale, shoaling-upward successions punctuated by relatively small flooding
events.  Named stratigraphic units to a large extent reflect this smaller-scale pattern of cyclicity.
Within the named units, still smaller cycles are represented; so far, few of them have been cor-
related over long distances.

The inconsistency of certain key beds near the Pennsylvania-New York boundary, and
the dramatic thinning of many stratigraphic units in the vicinity of the state boundary, together
suggest the presence of autocyclic controls on deposition in this area.  Such autocyclic factors
may have included minor movement along faults associated with CSDs (cross-strike structural
discontinuities) (p. 15). For example, rotation of small lithospheric blocks along the trend of the
Tyrone-Mt. Union CSD (see Rodgers and Anderson, 1984; Harper, 1989) may have elevated
parts of the depositional environments of the Chadakoin Formation and the Girard Shale close to
sea level during the Late Devonian, while laterally adjacent areas were covered by considerably
deeper epicontinental marine waters.



15

MORPHOTECTONIC FEATURES ASSOCIATED WITH
CROSS-STRIKE STRUCTURAL DISCONTINUITIES IN UPPER DEVONIAN ROCKS

OF NORTHWESTERN PENNSYLVANIA

by
Marilyn D. Wegweiser, Arthur E. Wegweiser, Loren E. Babcock, and John A. Harper

INTRODUCTION

Historically, the surface stratigraphy of northwestern Pennsylvania has been considered
to be dominated by flat lying siliciclastic rock units. Initial reconnaissance mapping of Erie and
Crawford Counties was completed during the Pennsylvania oil-boom days (White, 1881) and the
regional geological interpretations published about that time have for many years tended to
dominate stratigraphic interpretations of the northwestern part of Pennsylvania.

In recent years, technological improvements have allowed for the accumulation of a vari-
ety of data that indicate a moderately complex tectonic history for the southern Lake Erie region.
Geophysical evidence, Landsat satellite photos, and subsurface mapping reveal the presence of
wrench faults or wrench fault assemblages, extending to Precambrian basement rocks, through
much of Pennsylvania, eastern Ohio, and western New York (Canich and Gold, 1977; Lavin and
others, 1982; Beinkafner, 1984; Palmquist and Pees, 1984; Harper, 1989; Coogan, 1991; Pees,
1997).  These faults are called cross-strike structural discontinuities (CSDs) (Wheeler, 1980) be-
cause they cross the structural grain of the Appalachian Mountains.  Initial development of the
fault systems probably occurred during the Neoproterozoic, but reactivation along the fault sys-
tems is inferred to have occurred through the Phanerozoic.  Components of motion on the CSDs
and their associated faults was at various times horizontal, oblique, and vertical.

Recent surficial mapping in northwestern Pennsylvania and adjacent areas of Ohio and
New York, has revealed the presence of a surprising number of small structural features (anti-
forms, synforms, and faults [Figure 3]).  Most such features crop out in stream channels that are
evidently structurally controlled (Wegweiser and Babcock, 1996, 1998), although such features
are also evident along the Lake Erie shoreline.  The occurrence of these surface features appears
to be related to structural trends of CSDs.

Measurements of lineaments, joints, folds, and faults in stream channels and along the
Lake Erie shoreline, when integrated with other types of data (such as subsurface information,
satellite imagery, earthquake occurrence data, geomorphology, and lithofacies patterns) help to
provide a new perspective on the tectonic constraints that have affected stratigraphic patterns
through the Paleozoic, and that continue to affect regional surficial geology in northwestern
Pennsylvania and surrounding areas.  As synthesized, the data suggest that reactivation of Pre-
cambrian basement faults has exerted some allocyclic control on Upper Devonian deposition
within the western Appalachian basin.  During this field conference, we will examine some of
the results of that within-the-basin control on sedimentary patterns.

GEOLOGICAL EFFECTS OF CROSS-STRIKE STRUCTURAL DISCONTINUITIES IN
NORTHWESTERN PENNSYLVANIA

As a result of regional studies, a series of major, northwest-trending, CSDs has been rec-
ognized as extending across much of Pennsylvania, and adjacent areas of western New York and
eastern Ohio (Canich and Gold, 1977; Lavin and others, 1982; Beinkafner, 1984; Palmquist and
Pees, 1984; Harper, 1989; Coogan, 1991; Wegweiser and Babcock, 1996, 1998; Pees, 1997).
These large faults extend to Precambrian basement and have been interpreted as Precambrian
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wrench faults (Harper, 1989).  These faults probably developed during initial stages of the rifting
of the ancestral North American-Greenland continent (Laurentia) from the rest of the superconti-
nent Rodinia during the late Neoproterozoic-Early Cambrian (see Dalziel and others, 1994).
Lineaments expressed on a gravity anomaly map (Lavin and other, 1982) indicate that CSDs
recognized in Pennsylvania and adjacent states continue northwestward into Ontario, Canada.

Harper (1989), through subsurface mapping in Pennsylvania, recognized ten CSDs.  One
of these, the Tyrone-Mt. Union lineament, extends northwestward through western Erie County.

The trend of the CSDs through Pennsylvania, Ohio, and New York is northwestward, but
concomitantly associated, nearly orthogonal, oblique strike-slip faults trend northeastward. To-
gether, these faults have created assemblages of small blocks having an orthogonal fracture sys-
tem.  The sense of motion on an individual block at any given time can be semi-independent of
the motion on an adjacent block.  The CSDs, together with their associated faults, evidently were
intermittently active during the Paleozoic, as judged from strong local thickness differences in
strata deposited in the vicinity of these fault zones (Harper, 1989; Coogan, 1991).  Minor folds
are associated with both northwestward- and northeastward-trending faults. Paleozoic strata have
been affected both by draping over deep-seated structures (thick-skinned tectonics) and by de-
tachment (thin-skinned tectonics, much of which is related to basement structures).  The CSDs
may have played a role in the structural development of the western Appalachia basin, and they
seem to have influenced regional patterns of coastal onlap and basin-fill history in that area.

The distribution of sedimentary facies, hydrocarbon sources, reservoirs, and traps, bears a
strong relationship to the orthogonal fracture systems associated with CSDs (Harper, 1989; Coo-
gan, 1991; Palmquist and Pees, 1984; O’Neil and Anderson, 1984).  The timing of fluid migra-
tion, diagenetic processes, and post-emplacement phenomena such as oil degradation, are proba-
bly related to the timing of motion along individual fractures.

Anticlinal and synclinal structural features exposed at the surface in southwestern Erie
County, Pennsylvania, follow the general trend of the Tyrone-Mt. Union Lineament (Wegweiser
and Babcock, 1996).  Most folds are evident in the Girard Shale, but some folding is also evident
in the Chadakoin Formation. Folds are often broken along their hinges, resulting in impressive
(though small-scale) faults.  The surface pattern of lineaments in Erie County (Wegweiser and
Babcock, 1996) mimics the orthogonal fracture pattern that has been inferred from subsurface
studies (Harper and Laughrey, 1987; Harper, 1989; Palmquist and Pees, 1984).

The Tyrone-Mt. Union CSD, which extends through the area of Elk Creek in Erie
County, Pennsylvania, is interpreted as a zone of principle displacement in the subsurface.  It is
represented at the surface by various types of faults and folds (Wegweiser and Babcock, 1996),
some of which will be examined during the field conference.  Principle zones of displacement
along the Tyrone-Mt. Union fracture system are characteristically associated with flower struc-
tures, blind thrusts, subparallel strike-slip faults, en echelon folds, and synthetic and antithetic
faults (see Christie-Blick and Biddle, 1985).  Some of the tectonic activity that resulted in these
structures was probably related to reactivation of down-to-the-basement faults during the time of
Acadian tectonic events and development of the Appalachian foreland basin.  Evidence of syn-
depositional movement is provided in part by regional Late Devonian sedimentologic-
stratigraphic patterns. The anomalous local occurrence of marginal-marine lithofacies in the
Chadakoin Formation of northwestern Pennsylvania (Babcock and other, 1995), for example, is
inferred to be the result of local rotation and incomplete subaerial exposure of small, tectonically
active blocks during the Late Devonian.

Geomorphological patterns in the southern Lake Erie region appear to have been in part
influenced by structures associated with CSDs.  The northwestward or northeastward trends of
some stream channels (e.g., aligned stream valleys in Erie County, Pennsylvania) and lakes (e.g.,
Chautauqua Lake in Chautauqua County, New York) are interpreted as being related to CSD-
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related fault systems, although some of these channels were no doubt enhanced by erosion due to
Pleistocene glaciation.  Stewart and MaClintock (1969) showed that Pleistocene ice flowed along
the trends of lineaments.  Stratified drift deposits filling buried glacial valleys coincide with the
positions of CSDs cutting across the structural grain of the western Appalachian area.  For addi-
tional information, see p.18.

Some activity along CSDs in northwestern Pennsylvania is neotectonic in origin.  Data on
the recent occurrences of earthquakes in the southern Lake Erie region (e.g., Hansen, 1994) indi-
cate a close correspondence between the inferred positions of CSDs and associated faults, and
earthquake epicenters.  Earthquakes in the area extending from Cleveland, Ohio to western New
York are thought to be related to the release of stress along CSDs or their associated faults.
Faults have been observed to cross-cut Quaternary deposits in places within the Swanville 7.5’
quadrangle, Pennsylvania, which indicates that neotectonic movement has occurred along the
Tyrone-Mt. Union fracture system.

Figure 3- Small fault in the
Girard Shale along Elk
Creek.  A -- view from a dis-
tance showing lower beds of
Girard Shale thrust over up-
per beds. Total vertical dis-
placement is about 13 ft (4 m).
B -- detailed view showing
fault gouge and drag folds.
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POSSIBLE BASEMENT INVOLVEMENT IN GLACIAL DEPOSITION,
NORTHWESTERN PENNSYLVANIA

by
John A. Harper

INTRODUCTION

This paper stems from earlier work (Harper, 1989) documenting the effect of recurrent
basement movement and inherited fracturing on the emplacement of petroleum resources in
western Pennsylvania. The Paleozoic strata of western Pennsylvania have been affected both by
draping over deep-seated structures (thick-skinned tectonics) and by detachment (thin-skinned
tectonics), much of which is directly related to basement structures. This has created an orthogo-
nal fracture system in the Paleozoic rock column that may be detected as surface and subsurface
linear features, including joint sets, photolineaments, and cross-strike structural discontinuities
(CSDs). During that earlier study, I was struck by the seeming coincidence between several deep
structures and the termination of the Illinoian and Wisconsinan glacial deposits in the northwest-
ern part of the state.  Further investigation revealed a striking correspondence between  the ori-
entations of many of the stratified drift deposits filling buried glacial valleys and a series of
CSDs that are well known in western Pennsylvania.  This suggested the very real possibility that
deep-seated influence on glaciation was not simply coincidental.

BASEMENT STRUCTURES

Seismic surveys have documented the existence of extensional basement faulting - down-
to-the-east normal faults - in the western Appalachians (Beardsley and Cable, 1983).  These
basement faults became activated during the Neoproterozoic as a result of the opening of the Ia-
petus Ocean.  The most prominent extensional faulting in this area comprises a complex of gra-
bens called the Rome trough. The trough complex is best known in Kentucky and southern West
Virginia (McGuire and Howell, 1963; Harris, 1975, 1978), but apparently occurs in western
Pennsylvania as well (Wagner, 1976; Harper, 1989). Intermittent faulting seems to have contin-
ued through the Early Ordovician when the passive continental margin of Laurentia became con-
vergent and the trough reached a transitional stage in which the boundary faults locked up (Har-
ris, 1978; Riley and others, 1993).  Since that time the trough has influenced depositional pat-
terns and surface structures through inherited fracturing and, possibly, subtle recurrent move-
ment.

Many basement wrench faults or wrench fault assemblages that show up at the surface as
CSDs have been documented throughout central and western Pennsylvania. Some of these as-
semblages may have had vertical components of movement as well as horizontal, for example
the Tyrone-Mt. Union lineament that crosses Pennsylvania from the Blue Ridge to Lake Erie
(Rodgers and Anderson, 1984).  At least some CSDs might be reactivated Precambrian transform
faults - some of the more prominent ones coincide with Late Precambrian-Early Paleozoic trans-
form faults identified by Thomas (1977 and 1991). Although some CSDs might be more cor-
rectly considered to be detachment boundaries within the Paleozoic sedimentary cover, they
probably have some component of basement control (Kowalik and Gold, 1976.)
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BASEMENT CONTROL OF GLACIAL VALLEY-FILL SEQUENCES

I have grouped the glacial deposits of northwestern Pennsylvania into two broad catego-
ries:  1) stratified drift accumulated in stream beds and glacier-scoured valleys: and 2) Illinoian
and Wisconsinan tills (Figure 4A).  The tills have been grouped together as a single undifferenti-
ated deposit because the known limits of  the glacial advances are nearly convergent (< 12 mi.
[20 km] offset).

A set of NW-SE oriented drift deposits coincides with previously mapped CSDs (Figure
4B).  The more prominent CSDs include the Corry, Tyrone-Mt. Union, French Creek, Home-
Gallitzen, Crooked Creek, Blairsville-Broadtop, and Pittsburgh-Washington lineaments.  The
Pittsburgh-Washington lineament, which has been linked to the Highlandtown and Suffield fault
systems of Ohio (Root, 1992; Riley and others, 1993), lies south of the glacial boundary in Penn-
sylvania, but may have affected deposition here and in Ohio.  Subsidiary patterns of drift depos-
its are oriented approximately E-W and N-S (Figure 4B).

A B

Figure 4- A – Generalized glacial map of northwestern Pennsylvania showing tills of undif-
ferentiated Illinoian and Wisconsinan age (striped) and valley-fill drift deposits (white).
B – CSDs and interpreted orientations of bedrock fracture patterns.  The drift deposits
generally follow remarkably linear paths oriented approximately NW-SE, N-S, and E-W.
C- Corry; TM- Tyrone-Mt. Union; FC- French Creek; HG- Home-Gallitzin; CC- Crooked
Creek; BB- Blairsville-Broadtop; PW- Pittsburgh-Washington.
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I propose that the pattern of NW-SE oriented drift deposits provides indirect evidence of
basement control of stream development and glacial scouring in northwestern Pennsylvania.
Wrench faulting in the basement resulted in inherited fracturing in overlying Paleozoic strata that
created linear zones of less resistant rock at the surface, thereby allowing streams to develop
along zones of weakness.  Pre-existing fractured stream valleys helped direct ice flow, resulting
in deep glacial scour and, eventually, glacial valleys commonly buried by more than 150 ft (45
m) of drift (White, 1881).  The approximately N-S and E-W oriented drift deposits do not appear
to be coincident with any known CSDs.  Instead, I propose that these provide evidence of sub-
sidiary fracture systems related to simple shear during right-lateral and left-lateral strike-slip
movement along the CSDs.

Because the strike of the CSDs in northwestern Pennsylvania falls roughly between
N35W and N65W, the direction of maximum principle strain should fall between N80W and
S70W for right-lateral shear and between N10E and N20W for left-lateral shear.  Tension frac-
tures representing the least principle strain direction, therefore, should fall between N10E and
N20W (approximately N-S) for right-lateral shear and between N80W and S70W (approximately
E-W) for left-lateral shear (Figure 5).  In fact, as measured on Figure 4B, the nearly horizontal
and vertical lines range from N88W to S73W and from N to N5W, respectively.  Assuming the
hypothesis proposed here is correct, the N-S oriented drift deposits should represent tension
fracturing along CSDs having a  right-lateral component of movement whereas the E-W oriented
deposits should represent fracturing associated with CSDs having a left-lateral component of
movement.

Figure 5- Diagram of expected development of en echelon fracturing resulting from deep-
seated wrench faulting oriented NW-SE.  Right – right-lateral strike-slip move-
ment results in simple shear with a principal strain direction A-A' oriented E-W
and associated tension fractures t-t' oriented N-S.  Left – left-lateral strike-slip
movement results in a principal strain direction oriented N-S and associated ten-
sion fractures oriented E-W relative to the direction of shear.
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As a simple test of this idea, I determined the best-fit direction of shear along the CSDs
from  the orientation of N-S and E-W oriented drift deposits, shown by the direction arrows in
Figure 4B.  Most, but not all, of the subsidiary lineaments were matched to a particular CSD.
For example, the box-like intersection of N-S and E-W lineaments along the French Creek
lineament (Figure 4B) could indicate either right- or left-lateral shear, depending on which set of
lineaments one preferred to emphasize.  In this case, and a few others, I used some very subjec-
tive judgement to distinguish a component of movement on the CSD.  Comparisons of shear di-
rections using this method with apparent shear directions based on subsurface data (e.g. offset of
structure axes,  Paleozoic facies, and oil and gas fields) in the non-glaciated portion of western
Pennsylvania SE of the study area indicates that the directions are identical.

BASEMENT CONTROL OF THE GLACIAL BOUNDARY

Although it is possible that the relationship between the edge of the Rome trough and the
glacial boundary in NW Pennsylvania (Figure 6) is merely coincidental, the possibility of a real
cause-and-effect relationship should not be summarily dismissed.  Much of  the following dis-
cussion is purely speculative but, hopefully, provides a framework for further investigation.

The western edge of the Rome trough helped control sedimentation and erosion through
faulting and control of fracturing in the overlying sedimentary rocks throughout the Phanerozoic
(Figure 6).  Harper (1989) suggested that the western edge of the trough acted as a hinge dividing
a western, relatively stable cratonic portion of the Appalachian foreland from the eastern, more
rapidly subsiding geosyncline.  During the latest Paleozoic, the hinge acted as a buttress against
Alleghanian deformation.  Even the very low amplitude folds (typically <1o) of western Pennsyl-
vania die out at about this point.

With the onset of Pleistocene glaciation, the weight of the advancing ice sheets com-
pressed the relatively stable craton in plastic or elastic fashion (Hughes and others, 1981 Schil-
ling and Hollin, 1981; Clark and others, 1994).  Because the ice sheet is lenticular, compression
also is lenticular, with continental interiors depressed farther than continental edges.  This results
in the crust beneath a continental edge having higher elevations than the interior crust.  The edge
of the Rome trough, a hinge that had acted similar to a tectonic plate boundary during the Paleo-
zoic, would have become at least partially reactivated during crustal compression and acted as a
pseudo-continental edge.  The immediate tectonic result of glaciation, therefore, would have

Figure 6- Map showing the relationship of
basement faults to the distribution of gla-
cial deposition in Pennsylvania (shaded),
and to the present geothermal gradient
(from Maurath and Eckstein, 1981).  The
higher-gradient closures (30o) coincide
with elevated basement at the intersection
of the segmented western edge of the Rome
trough (heavy hachured lines) and the Ty-
rone-Mt. Union lineament (TM).  Other
major CSDs include the Lawrenceville-
Attica lineament (LA) and Pittsburgh-
Washington lineament (PW).



22

been sagging of the craton to the northwest, elevation
of the basement (and its overlying sedimentary se-
quence) immediately adjacent to the fault, and ampli-
fication of the inherited fracture pattern in the overly-
ing sedimentary sequence (Figure 7B).  This might
have been sufficient in and of itself to retard the ad-
vance of ice, but another factor involved in
reactivation of the trough edge - higher heat flow -
would have aided the process immensely.

Ancient areas such as cratons and old graben
structures generally have low geothermal gradients.
For example, the average geothermal gradient in
shield areas ranges between 8oC/km and 15oC/km
(Gretener, 1981).  Basement topography, however,
strongly affects the distribution of isotherms (Meincke

and others, 1967) because crystalline basement rocks generally have higher thermal conductivi-
ties than sedimentary rocks.  In areas where basement structures have high relief, such as large
faults, associated isotherms show pronounced temperature anomalies (Gretener, 1981).  In all
likelihood, the elevated basement where the Rome trough intersects the Tyrone-Mt. Union
lineament in northwestern Pennsylvania accounts for the pronounced  geothermal gradient
anomaly reported by Maurath and Eckstein (1981) in that area (Figure 6).

Young grabens (or reactivated older grabens) have higher heat flows due to the migration
of water.  Water is an excellent heat exchanger, and the flow of water and other fluids upward or
downward in a sedimentary sequence creates thermal anomalies within the sequence.  In the sce-
nario proposed here,  compaction of the Paleozoic sedimentary sequence of northwestern Penn-
sylvania under the weight of the Pleistocene ice sheets helped stimulate the migration of fluids.
Water migrating upward along "leaky fault planes" (Gretener, 1981, p. 87), such as the amplified

Figure 7-  Block diagrams illustrating the proposed
concept of basement control of ice termination in
northwestern Pennsylvania.  A - Prior to Pleisto-
cene glaciation, fracturing inherited from vertical
movement at the Rome trough boundary (normal
fault) influenced Paleozoic depositional patterns
and development of stream channels.  B - During
Pleistocene glaciation the weight of the ice sheets
depressed the crust northwest of the Rome trough.
The crust pivoted slightly along the basement
faults, creating stress that enhanced the previously
developed fracturing and allowing an increase in
the movement of heat-carrying water through the
sedimentary cover.  C - When the ice sheets re-
treated, the crust rebounded and the fractures par-
tially healed.  However, heat movement continues
as a  result of water migration, causing a slightly
higher-than-expected Recent geothermal gradient
(see Figure 6).
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fracturing above the basement fault at the western edge of the Rome trough (Figure 7B), would
result in higher heat flow through the entire sedimentary cover, right up to the surface.

Under normal conditions the surface temperature in northwestern Pennsylvania during
glaciation would have been less than 0oC with permafrost thicknesses determined by the local
geothermal gradients. However, the amplified fracture system above the western edge of the
Rome trough might have channeled fluid-borne heat through the sedimentary sequence to the
surface.  If this heat flow was high enough, the ground temperature would become elevated
above 0oC, and both the permafrost and the ice at the edge of the glacier would have changed
from "solid rock" to "mush".  This is similar to, although on a much larger scale than, unfrozen
areas in the permafrost of Alaska reported by Lawson and others (1991).  In the Alaska case,
anomalous unfrozen ground resulted from the flow of groundwater in bedrock along a fracture.
The flow of groundwater kept the subsurface temperature above 0oC year round, creating a
moving slurry of water and sediment. It should theoretically be possible, therefore, for ground-
water movement along an extensive vertical fracture network to carry enough heat to the surface
to counteract the effect of the frigid climate.  Acting in concert with the (relatively) elevated land
surface at the edge of the Rome trough, which slowed glacial advance, the increased surface
temperatures might have been high enough to completely halt the advance of the ice sheet.

As climatic conditions changed and the glaciers retreated northward, the land surface re-
bounded  and the heat flow returned more or less to normal (Figure 7C), although it is still
anomalously high for the region (Figure 6).

POSSIBLE OCCURRENCES IN OTHER AREAS

If the proposals presented here have any validity, then it is probable that deep-seated
structures must have influenced glacial deposition in other parts of the world as well.  I have in-
cluded Figure 8 as an illustration of possible relationships between Pleistocene glaciation and the
various known basement structures of the eastern interior of the United States.   Notice that there
is a coincidence of glacial termination where the Pittsburgh-Washington lineament, the Cam-
bridge arch, and the western limit of the Appalachian Basin intersect.   Other terminations occur
along the western edge of the Appalachian Basin; near the bend in the recently discovered East
Continental rift system; along a portion of the eastern edge of the Illinois Basin; and within the
Wabash and St. Louis arms of the Reelfoot rift.  Although some of these may be purely coinci-
dental, it is likely that some represent cause-and-effect situations.  These determinations await
further investigation.
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SUMMARY AND CONCLUSIONS

The patterns of drift and till deposition in NW Pennsylvania appear to indicate that ice
flow in that area may have been influenced by a Pleistocene recurrence of basement tectonics
and fracturing inherited from older movement.  Hypotheses developed to explain these sedi-
mentation patterns include:  1) stratified drift deposits are oriented in three main directions, sug-
gesting a direct relationship to inherited fracturing associated with NW-SE striking basement
wrench-fault assemblages; and 2) the southeastern limits of Illinoian and Wisconsinan tills ap-
proximately coincide with the western edge of the Rome trough, suggesting a possible relation-
ship based on temporarily elevated land surfaces and increased geothermal heat flow as a result
of reactivated Precambrian-Early Ordovician extension faulting.  Similar processes might have
occurred along the glacial margin in other areas of eastern North America (Figure 8).

These hypotheses are highly speculative and in need of further consideration.  It is obvi-
ous that a more thorough testing of the relationship between wrench faulting and drift deposition
than I have provided is in order.  As a possible test, I recommend a two-fold statistical study of:
1) the relationship, if any, between secondary fracture orientations and primary fracture orienta-
tions; and 2) the probable direction of strike-slip movement along CSDs based on surface and
subsurface data acquired outside of NW Pennsylvania  (e.g. the oil and gas fields of central west-

Figure 8- Map of a portion of North America showing the maximum extent of Pleisto-
cene glaciation and some of the major deep-seated tectonic features that might have in-
fluenced it.  LA - Lawrenceville-Attica lineament;  TM - Tyrone-Mt. Union lineament;
PW - Pittsburgh-Washington lineament; P - Parsons lineament; CA - Cambridge arch;
WA - western edge of the Appalachian Basin; MF - Maxville flexure; EC - East Conti-
nental rift on right, eastern edge of the Illinois Basin on the left; RT - Rome trough;
RW - Reel-foot rift, Wabash arm; RS - Reelfoot rift, St. Louis arm; RR - Reelfoot rift.
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ern Pennsylvania ).  Measurements of joint sets in bedrock exposures along the “banks” of the
buried valleys might give more accurate definition to fracture orientations.  Fracture orientations
measured from oriented cores drilled within the valleys should also result in better control.

The Rome trough-glacial boundary hypothesis is far more speculative; therefore, it
should be far more difficult to test.  The standard tests for historical thermal anomalies, such as
fission-track analysis, conodont color alteration, and vitrinite reflectance studies should be use-
less in this case.  I expect the hypothesized Pleistocene thermal anomaly(s) was not high enough
to reset the thermal maturation indicators originally set in the Late Paleozoic or Early Mesozoic.
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MARGINAL-MARINE LITHOFACIES, BIOFACIES, AND ICHNOFACIES,
CHADAKOIN AND VENANGO FORMATIONS (UPPER DEVONIAN),

UNION CITY DAM, ERIE  COUNTY, PENNSYLVANIA

by
Loren E. Babcock, Marilyn D. Wegweiser, Arthur E. Wegweiser,

Scott C. McKenzie, and Alan Ostrander

INTRODUCTION

The spillway to Union City Dam, along the South Branch of French Creek, near Le-
Boeuf, Waterford Township, Erie County, Pennsylvania, exposes a long section through the up-
per part of the highly fossiliferous Chadakoin Formation and lower part of the Venango Forma-
tion. Although much of the section is contained in the highwall of the spillway, extensive bed-
ding-plane exposures are present in places.  The spillway is one of the most productive body fos-
sil and trace fossil localities in Erie County. It also is rich in sedimentary structures.  The abun-

dance and diversity of biotic remains,
trace fossils, and sedimentary structures
combine to make this locality an out-
standing one for the study of processes
leading to lithofacies, biofacies, and
ichnofacies development in a Late De-
vonian marginal-marine, environment
dominated by siliciclastic sedimenta-
tion.  The purpose of this paper is to
discuss the paleontology and sedimen-
tology of the Union City Dam section,
and to interpret the depositional envi-
ronments represented in this section.

STRATIGRAPHIC SETTING

Approximately 165 ft (50 m) of
section are exposed in the spillway to
Union City Dam (Figure 9). The sec-
tion includes about 120 ft (37 m) of the
upper part of the Chadakoin Formation
and about 45 ft (13 m) of the lower part
of the Venango Formation.  The
Chadakoin Formation is composed of
medium gray and reddish-brown silt-
stones and shales with interbedded,
lenticular, gray, white, tan, and reddish-
brown sandstone layers.  The Venango
Formation is composed of white to tan
quartz sandstones and conglomeratic

Figure 9- Columnar stratigraphic section of Upper
Devonian strata exposed in the spillway of Union
City Dam, Erie County, Pennsylvania.
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sandstones with interbedded medium gray to reddish-brown shale and silty shale layers.  Here, as
elsewhere, the contact between the two formations is transitional over approximately 55 ft (17
m).  The Pennsylvania Geologic Survey has long considered the base of the first thick sandstone
bed in this succession to be the base of the Venango Formation (e.g., White, 1881; Harper,
1998b).   In Waterford Township, the lowermost sandstone interval of the Venango Formation is
known formally as the LeBoeuf Sandstone Member of the Venango Formation.  However, that
interval is probably known better by the informal term “Third Venango oil sand.”  Chitaley and
McGregor (1988) and Chitaley (1989) placed the Chadakoin Formation-Venango Formation
boundary about 55 ft (16.5 m) below the base of the first thick sandstone interval in the Union
City Dam section.  For mapping purposes on a regional scale, we think it is more practical to use
the base of the first thick sandstone bed as the contact between the two formations (Figure 9),
just as the staff of the Pennsylvania Geologic Survey has done.

Siltstones, sandstones, and conglomeratic sandstones of the Chadakoin and Venango
Formations seem to represent a wide range of paleoenvironments ranging from shallow marine
through estuarine and tidal flats settings (Babcock and others, 1995).  Previously, those units had
been widely interpreted as having been deposited in a coastal to marine shelf setting (e.g., Caster,
1934, 1938; Willard, 1935; Bowen and others, 1974; Woodrow, 1985; Bridge and Droser, 1985)
that was part of the Catskill delta complex of the Appalachian foreland basin (Faill, 1985).
Streams emptied sediment westward into the foreland basin, and major shifts in sediment supply,
accommodation space, and sea level (Dennison, 1985; Ettensohn, 1985) produced dramatic fa-
cies shifts in a roughly east-west direction (by present-day coordinates).

PALEONTOLOGY

A list of body fossils and trace fos-
sils collected from the Union City Dam
section is provided in Table 1.  The fossils
(Figure 10) include a mixed assemblage
representing marine and nonmarine biofa-
cies, as well as a diverse assemblage of
trace fossils (Figure 11).  Together, the
body fossils (including their taphonomic

Figure 10- Sample body fossils collected
from the upper Chadakoin Formation or
lower Venango Formation in the spillway
of Union City Dam.  Illustrations, from
Hall (1867, 1879, 1884, 1885).  Brachio-
pods:  1. Athyrus angelica; 1a, brachial
valve; 1b, pedicle valve.  2. Ambocoelia
gregaria; 2a, bracial valve; 2b, pedicle
valve; 2c, lateral view.  3. Productella spe-
ciosa;  3a, brachial valve; 3b, pedicle
valve; 3c, lateral view; 3c, front view.  4.
Cyrtospirifer disjunctus.  Gastropod:  5.
Palaeozygopleura.  Bivalves: 6. Gram-
mysioidea communis. 7. Goniophora che-
mungensis. 8. Leptodesma potens.
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conditions) and trace fossils suggest a marine to marginal-marine depositional setting where
there was input of parautochthonous organic matter from nearby marine and nonmarine sources.

Upper Chadakoin Formation-lower Venango Formation fossils from the Union City Dam
are a mix of marine and nonmarine forms (Figure 10).  Relatively abundant marine animals in-
clude the sponge Armstrongia, bryozoan fragments, inarticulate and articulate brachiopods, bi-
valves, orthocerid nautiloids, and separated crinoid ossicles or stem sections.  Rare marine ani-
mals include some sponges, corals, hydrozoans, conulariids, gastropods, rostroconchs, am-
monoid cephalopods, “worms,” brittle stars, starfish, and placoderm fish plates.  Acritarchs, pre-
sumably of marine origin, are part of the microfossil assemblage.  Animals that may have been
euryhaline or are of equivocal marine water/brackish water/fresh water habitat include lingulid
brachiopods, horseshoe crabs, and some fish.  Plants, all of nonmarine origin, that have been
found in the Union City Dam section include various lycopods and a large assemblage of spores.
Some organisms that would be expected of normal marine settings that are not known from the
Union City Dam section include trilobites, phyllocarid crustaceans, conodonts, tentaculitids, and
algal thalli.

Taphonomic conditions of the body fossils at Union City Dam indicate that most speci-
mens have been transported from nearby sources.  Evidence that any of the epibenthic organisms
such as corals, bryozoans, brachiopods, crinoids, and conulariids were attached to the substratum
and buried in place is lacking.  Crinoids are broken into stem sections or fully separated into in-
dividual ossicles, indicating that final burial occurred at least several hours after the time of
death.  The rarity and low diversity of organisms such as acritarchs, corals, and most echino-
derms, suggests that representatives of these groups lived in nearby subtidal areas and washed
into their final burial places.  Often, bedding plane views in the upper Chadakoin Formation
show an alignment of elongate fossils similar to items left in strand lines on modern beaches and
tidal flats.  Bivalves, if found with both valves articulated, commonly have the valves splayed
apart, or “butterflied.”  Occasional, lenticular, brachiopod-rich beds (coquinites) that are present
in the upper Chadakoin Formation are likely lag deposits left in the wake of storms or other sig-
nificant current activity, rather than in situ assemblages.

Trace fossils (Figure 11) tend to reinforce the interpretation of a shallow marine to mar-
ginal-marine depositional setting.  A diverse trace fossil assemblage is present in the upper
Chadakoin Formation-lower Venango Formation interval at Union City Dam.  Traces present are
indicative of the Cruziana ichnofacies.  Some of the ichnogenera present are ones often encoun-
tered in marginal-marine areas where the animals that produced them are inferred to have been
intermittently exposed to subaerial conditions, fluctuating salinity, or similar stressful conditions.
Such traces include Bifungites, Spirophyton, Skolithos, and Paramphibius.  Protolimulus, a rest-
ing trace produced by a horseshoe crab (described below), is also probably indicative of a very
shallow subtidal to marginal-marine setting because of the inference that the trace maker was
tolerant of marine, brackish, and fresh water.

One of the most striking trace fossils from the Union City Dam exposure is Protolimulus
eriensis, which was described (as Prestwichia eriensis; Williams, 1885) from a specimen (Figure
11A and Figure 11B) collected near LeBoeuf, Pennsylvania.  The original specimen was inter-
preted to be a cast of the ventral surface of a xiphosurid (horseshoe crab), and it replicated in
detail some aspects of the ventral anatomy of that animal.  Later, Packard (1886) erected the
monotypic genus Protolimulus for Williams's specimen.  Subsequent workers have mostly
treated Protolimulus eriensis as a body fossil (e.g., Hall and Clarke, 1888; Lesley, 1889b; Caster,
1938), but Babcock and others (1995) demonstrated that it is a trace fossil using the original
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specimen (Figure 11A and Figure 11B) and additional material (Figure 11C).  Material for the
reinterpretation was collected from the upper Chadakoin Formation and lower Venango Forma-
tion at the Union City Dam section. The trace represents concealment burrowing or perhaps
resting behavior.  It conforms in general shape to the inferred ventral anatomy of Kasibelinurus
randalli, a horseshoe crab that is known from body fossils collected in association with P. erien-
sis in the upper Chadakoin Formation at the Union City Dam section (Babcock and others,
1995).  Most specimens are hypichnial traces (protrusions from the bases of siltstone or sand-
stone beds; Figure 11A and Figure 11B), but a few known specimens are epichnial traces (in-
dentations on the tops of siltstone or sandstone beds; Figure 11C).  As hypichnial traces, Proto-
limulus resembles traces made by horseshoe crabs described as Selenichnites (see Romano and
Whyte, 1990).  As epichnial traces, Protolimulus resembles traces made by horseshoe crabs de-
scribed as Limulicubichnus (see Miller, 1982).

Protolimulus eriensis is an interesting and important fossil for a number of reasons.  First,
because of its diagnostic shape, it can be readily equated with a trace maker.  Most trace fossils
cannot be unequivocally related to a unique trace maker. In the example of Protolimulus, the
case for a horseshoe crab trace maker is strengthened by the co-occurrence of body fossils of Ka-
sibelinurus randalli, an early horseshoe crab.  Second, the trace fossils provide surprisingly de-
tailed information about the ventral morphology of Kasibelinurus, and they provide detailed in-
formation about the burrowing behavior of that animal.  Third, because the trace was produced in
cohesive but unconsolidated sediment, it is possible to infer that horseshoe crabs actually bur-
rowed in the places indicated by their traces.  Body fossils can be transported, but traces pro-
duced in unconsolidated muds cannot be transported. Modern horseshoe crabs are rather eury-
haline, and most known ancient species are likewise inferred to have had wide salinity toler-
ances.  Horseshoe crabs often come ashore on beaches or tidal flats, particularly during breeding
season.  Together, these lines of evidence provide excellent support for a marginal-marine inter-
pretation of parts of the upper Chadakoin Formation and lower Venango Formation in the area of
LeBoeuf, Pennsylvania.

SEDIMENTOLOGY

Sedimentologic characteristics of the upper Chadakoin Formation-lower Venango For-
mation interval at Union City Dam provide strong evidence for marginal-marine conditions in
places.  The reddish-brown color of some of the rocks suggests the presence of reduced iron in
the strata, but the color of sedimentary rocks is not always a reliable guide to original deposi-
tional environment because of diagenetic changes that may have occurred.  Sedimentary struc-
tures present in the upper Chadakoin Formation include oscillation ripple marks, current ripple
marks, flaser bedding, lenticular bedding, reactivation surfaces, mudcracks, and intraclastic con-
glomerate layers.  The mudcracks indicate that at least some beds were subjected to cycles of
wetting and subaerial desiccation.  Flaser bedding, lenticular bedding, and reactivation surfaces
are common on marginal-marine tidal flats. Oscillation ripple marks suggest shallow, relatively
quiet water at times. Intraclastic conglomerates indicate that mud chips (probably caused by
desiccation of mud) were eroded and deposited parautochthonously.

In the lower Venango Formation, lenticular sandstone layers suggest deposition as small
barrier bars or as bar-finger sands. Occasional conglomeratic lenses within sandstone layers of
the Venango Formation may be the result of nearby fluvial input into a coastal depositional envi-
ronment.
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Table 1. List of fossils from the upper part of the Chadakoin Formation and lower part of
the Venango Formation, spillway to Union City Dam, French Creek, Erie County, Pennsyl-
vania.
_____________________________________________________________________________

Organic-walled microfossils
Undetermined acritarch

Kingdom Plantae
   Phylum Lycophyta
   Bisporangiostrobus harrisonii (cone)

Lycopodites mckenziei
undetermined lycopod remains

   Spores
Auroraspora solisorta
Convolutispora cf. C. oppressa
Corbulisporites cancellata
Cytospora cristifera
Dictyotriletes nefandus?
Emphanisporites cf. E. annulatus
E. rotatus
E. cf. E. pantagiatus
Hymenozonotriletes explanatus
H. granulatus
Knoxisporites dedaleus
Lophozonotriletes excisus
L. tuberosus?
Neoraistrickia sp.
Retusotriletes phillipsii
Rugospora flexuosa
Secarisporites sp.
Spelaeotriletes resolutus?
Vallartisporites pusillites
Verrucososporites nitidus
V. scurrus

Kingdom Animalia
   Phylum Porifera

Armstrongia oryx
Prismodictya? sp.
undetermined hexactinellid

   Phylum Cnidaria
      Class Anthozoa

Pleurodictyum cf. P. americanum
Plumulina sp.

      Class Hydrozoa
Plectodiscus sp.
undetermined siphonophore

   Phylum? Conulariida
Paraconularia wellsvillia

   Phylum Bryozoa
Sulcoretepora? sp.
undetermined branching taxa

   Phylum Brachiopoda
      Class Inarticulata

Lingula arcta?
Trigonoglossa sp.
Petrocrania? sp.

      Class Articulata
Ambocoelia gregaria
Athyrus angelica
Centrorhynchus sp.
Cyrtospirifer disjunctus
C. leboeufensis
Productella speciosa
Ptychomaletoechia sp.
“Pugnoides” duplicatus
Retichonetes sp.
Spinulicosta sp.
Syringothyrus sp.

Phylum Mollusca
   Class Gastropoda

Bellerophon sp.
Palaeozygopleura sp.
Platyceras sp.
undetermined taxa

   Class Rostroconchia
Conocardium sp.

   Class Bivalvia
Arctinodesma? sp.
Goniophora chemungensis
Grammysiodea communis?
Leptodesma potens
Limopteria? sp.
Modiomorpha quadrula?
Pholadella sp.
Ptychodesma sp.

   Class Cephalopoda
“Gomphoceras” sp.
undetermined orthoconic nautiloid
undetermined goniatite ammonoid

Phylum Annelida
undetermined scolecodonts
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Table 1 (cont.). List of fossils from the upper part of the Chadakoin Formation and lower
part of the Venango Formation, spillway to Union City Dam, French Creek, Erie County,
Pennsylvania.

Phylum unknown (“worms”)
Sphenothallus sp.
undetermined worm

Phylum Arthropoda
   Class Chelicerata

Kasibellinurus randalli

Phylum Echinodermata
   Class Crinoidea

Aorocrinus? sp.
undetermined ossicles

   Class Stelleroidea
undetermined asteroid
undetermined ophiuroid

Phylum Chordata
   Placoderms
      Arthrodires

Dunkleosteous terrelli teeth
undetermined placoderm armor
undetermined fish teeth and scales

Trace fossils
Clionolithes ichnosp.
Conostichus ichnosp.
Cruziana? ichnosp.
Gordia ichnosp.
“ophiuroid burrow”
Palaeophycus ichnosp.
Palaeosemaeostoma? ichnosp.
Paramphibius ichnosp.
Planolites ichnosp.
Protolimulus eriensis
Rhizocorallium ichnosp.
Rusophycus? ichnosp.
Skolithos ichnosp.
Spirophyton ichnosp.

____________________________________________________________________________

Approximately 30 ft (9 m) below the base of the Third Venango oil sand (base of the Le-
Boeuf Member of the Venango Formation) occurs a persistent sandstone bed showing soft-
sediment deformation features (“Convoluted bed” in Figure 9).  The origin of the soft sediment
deformation is unknown; it may have been the result of relatively local rotation of coarse sedi-
ments the were quickly deposited over water-rich muds.  Such a situation might occur in a small
tidal channel on a tidal flat.  Alternatively, the bedding may have been disrupted through seismi-
cally induced ground shake, in which case the bed would represent a so-called seismite.
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Figure 11 A & B- Protolimulus eriensis, holotype, U.S. National Museum of Natural History
62949, preserved as a hypichnial cast in sandstone, from the Upper Devonian “Chemung
Group” (probably the LeBoeuf Sandstone Member of the Venango Formation), LeBoeuf,
Erie County, Pennsylvania. Photographs are of bottom of sandstone slab (A) and oblique
view of bottom of sandstone slab (B). Other small traces are present on the slab. Specimen
loaned for study by Jann Thompson.  C- Protolimulus eriensis, trace fossil representing
burrowing behavior of a horseshoe crab, preserved as epichnial mold on surface showing
oscillation ripple marks and flaser bedding.  Other smaller traces, representing the activity
of other organisms, are also present on the slab.  Slab is from the upper Chadakoin Forma-
tion, spillway of Union City Dam.  D- A variety of trace fossils, including Cruziana-like
traces (probably constructed by horseshoe crabs), mostly preserved as casts on the under-
surface of a sandstone bed. Slab is from the upper Chadakoin Formation, spillway to Un-
ion City Dam.  Scale is 1 cm for all photographs.

A
B

C D
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George, what the hell do you think you’re doing?  You get back in here
right this very minute.  You’re going to catch your death.  What’ll the

neighbors think?

GREAT MOMENTS IN GEOLOGIC HISTORY Part 10 - The
Late Devonian
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DRAKE WELL MEMORIAL PARK:  A LITTLE GEOLOGY, A LITTLE HISTORY

by
John A. Harper

SURFICIAL GEOLOGY OF NORTHERN VENANGO COUNTY

Introduction

Surficial deposits in the vicinity of the Drake Well Museum, and indeed throughout much
of northwestern Pennsylvania, consist of scattered debris of glacial origin or soils derived from
that debris.  Besides leaving behind a great deal of rubble, the glaciers also had a profound influ-
ence on the drainage pattern of western Pennsylvania.  When they first advanced into northwest-
ern Pennsylvania more than 770,000 years ago the glaciers reversed the regional drainage and
established a physiographic basis for the rapid movement and settlement by Europeans of the
area in the 1600s and 1700s, provided economic sand and gravel resources that are being quar-
ried and used today, and even affected the establishment of the oil industry.

Tills and Outwash

Two distinct sets of tills and stratified drift deposits can be seen in the vicinity of the
Drake Well.  The older is the Mapledale Till and outwash.   White and others (1969) considered
the Mapledale to be Illinoian in age, but more recent work has led to a reinterpretation of pre-
Illinoian age for this unit (Sevon, 1992b).  The Mapledale consists of dark to light gray pebbly
sand, silt, and clay with abundant cobbles and boulders, most of which are sandstone (White and
others, 1969).  The till typically weathers to a dark-yellowish brown.  Outcrops are rare, and
those that exist are difficult to distinguish from younger deposits because of the lack of une-
quivocal erratics for positive identification (Ward and others, 1976).  An unusually well-
preserved Mapledale kame occurs within Oil Creek State Park about one mile north of the park
office in Petroleum Centre where, at one time, it had been quarried for construction aggregate.
The kame contains about 50 ft (15 m) of fairly well indurated (calcite cemented), highly cross-
bedded sand and gravel that sits about 100 ft (30 m) above the level of Oil Creek.

The younger of the two glacial deposits is the Titusville Till and outwash.  The type sec-
tion of this till occurs about a mile south of Titusville along PA Route 8 (White and others, 1969)
where the sand and gravel can be easily distinguished even from a speeding vehicle. Earlier
workers interpreted the Titusville Till as Early Wisconsinan, but now it is thought to be Illinoian
(Sevon, 1992b).  Fresh Titusville Till is olive gray in color, turning olive brown with weathering.
Compositionally, this debris isn’t much different from the Mapledale Till, and its most distin-
guishing characteristics are its color and the presence of manganese staining of pebbles and
joints (Ward and others, 1976).  Numerous Titusville deposits can be found in the vicinity of Ti-
tusville and the Drake Well.  Many have been quarried in the past.  Scattered remnants of wide-
spread tills can be seen in drainage ditches adjacent to the dirt roads throughout the area.

Tills of undoubted Wisconsin age do not occur in the vicinity.  The terminus of the Late
Wisconsinan Kent Till (Sevon, 1992b) is several miles northwest of Titusville.  However, it is
likely that much of the debris littering the bed of Oil Creek, and possibly filling the valley, is
Wisconsinan outwash.
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DRAINAGE CHANGES

The story of the Ice Age change in western Pennsylvania’s major drainage direction from
northwest to southwest has been told many times (for example, Leverett, 1934), and need not be
repeated here.  The story of the reversal of drainage in the area around Titusville probably is not
as well known, however, and can be outlined for the present audience.

The current drainage at Titusville consists of the East Branch of Oil Creek flowing south-
eastward from central Crawford County into Titusville and Pine Creek flowing southwestward
out of Warren County into Titusville.  These two creeks converge and form Oil Creek which
flows south to the Allegheny River at Oil City (Figure 12B).  Before the onset of glaciation in
northwestern Pennsylvania, however, Oil Creek was actually two streams, both flowing in rela-
tively shallow valleys across the low-relief alluvial plain of western Pennsylvania.  The northern
stream, which we can refer to as “Ancestral Muddy Creek”, flowed along the course of the pres-
ent day Pine Creek to Titusville where it picked up a tributary stream flowing north out of Ve-
nango County.  The headwaters of this tributary were in a drainage divide about three miles
south of the Drake Well Memorial Park (Figure 12A).  The southern stream, “Ancestral Oil

Creek”, flowed south from
this drainage divide to the
Allegheny River.  When the
glaciers invaded northwestern
Pennsylvania they blocked the
channel of “Ancestral Muddy
Creek” and other northwest-
flowing streams.  The water
had nowhere to go; therefore
it formed lakes in front of the
ice sheet.  Eventually, the
water became deep enough to
overtop the drainage divide
and cut a new channel.  This
forced “Ancestral Muddy
Creek” and its tributaries to
reverse and drain southward
into “Ancestral Oil Creek”
and the Allegheny River.  As
the glaciers retreated, the land
rebounded from the weight of
the ice and Oil Creek, swollen
and swift-flowing with glacial
meltwaters, eroded a deep
gorge following approxi-
mately its original course.
The formerly northwest-
flowing “Ancestral Muddy
Creek” was so clogged with

Figure 12- Evolution of drainage in the Oil Creek watershed
during the Early Pleistocene (modified from Harper, 1998b).
A - Prior to the Ice Age, the “Ancestral Oil Creek” flowed
south out of the vicinity of Boughton to the Allegheny River.
A separate “Ancestral Muddy Creek” flowed out of Warren
and Forest Counties toward the northwest where it drained
into the “Erie Basin”.  B - Present-day drainage, with Oil
Creek draining southeastern Crawford and southwestern
Warren Counties.
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glacial deposits in Crawford County that a new drainage divide formed.  Today, on the west side
of the divide, Muddy Creek flows northwestward toward Lake Erie.  To the east of this divide,
what used to be the lower reach of “Ancestral Muddy Creek” flows to Oil Creek and, eventually,
southward to the Allegheny River (Figure 12B).

It should be pointed out that John F. Carll, the pioneering petroleum geologist and engi-
neer assigned by J. P. Lesley to work on the Second Geological Survey of Pennsylvania in the oil
region, first formulated the idea of this drainage change based on oil well records of glacial out-
wash in the creek valleys of Crawford and Venango Counties.  Carll (1880) noticed that the
thickness of glacial outwash in the bed of Oil Creek decreased from Oil City northward to
Boughton and then increased into Crawford County (Table 2).  He used this information plus the
current elevation of the surface of the creek to calculate the original elevation of the valley flow.

Table 2.  Elevations of Oil Creek and thickness of glacial outwash
(based on Carll, 1880, p. 357).

Location

Elevation of
present-day
Oil Creek*

Thickness
of Glacial
Outwash*

Elevation of
Preglacial Oil

Creek*

Oil City 1008 50 958
Rouseville 1036 40 996
Petroleum Centre 1089 40 1049
Pioneer 1099 45 1054
Gregg Farm 1115 50 1065
Miller Farm 1131 45 1086
Boughton 1157 30 1127
Bissell Farm 1170 45 1125
Titusville 1194 94 1100
Grey well** 1260 226 1034

*  In feet
**Located about 8 mi northwest of Titusville

Remnants of some of the pre-glacial streambeds of northwestern Pennsylvania were
stranded above present stream levels as terraces when the new streams cut rapidly into bedrock.
Many examples of these terraces can be cited, but the best ones in this area occur along the Alle-
gheny River from Tidioute to below Franklin.  The remnant terraces eventually became essential
to the settlement of the area during the 1700s and 1800s, supporting industry, roads, railroads,
and towns.  Quarrying on these terraces began as people determined they contained a wealth of
sand and gravel for construction material.  Many of these terrace deposits are still being quarried
today.
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SOME OIL HISTORY

The Significance Of The Drake Well

In 1858, in the employment of a small group of in-
vestors from New England, an unassuming former railroad
conductor from New Haven, Connecticut, named Edwin L.
Drake (Figure 13) moved to Titusville, Pennsylvania, and
hired a crew to dig for crude oil on the banks of Oil Creek.
When it became obvious that drilling would be easier, safer,
and cheaper than digging, Drake went to Tarentum, Penn-
sylvania, to observe the fine art of salt-well drilling.  He
bought the proper machinery and a powerful engine to run
the contraption, designed an engine house and derrick to
handle the drilling tools, and hired a driller to operate eve-
rything.  Unfortunately, the driller never showed, and Drake
had to wait until the following year to begin his operations.

“In the spring of 1859 Drake secured the service of William A.
Smith of Salina, who had worked on the salt wells at Tarentum.
He agreed to do the drilling for $2.50 a day and ‘throw in’ the
services of his fifteen-year-old boy.  Smith made the drilling tools
– the kinds that were commonly used in drilling a salt well – for Drake at Tarentum.  They cost $76.50
and weighed between one and two hundred pounds.  From Erie, Drake secured some cast-iron pipe in
sections ten feet long.  With a white oak battering ram, lifted by an old fashioned windlass, they drove the
pipe thirty-two feet to bedrock and, about the middle of August, began to drill with steam power, averag-
ing about three feet a day.” (Lytle, 1959, p. 14)

On August 27, 1859, they struck oil in a sandstone at 69.5 ft (21 m) below the floodplain
of Oil Creek, and the world changed forever.

Colonel Edwin L. Drake’s “discovery” really wasn’t much of a discovery.   Crude oil was
a well-known and well-used commodity even in ancient times.  The Chinese, for example, had a
complete oil and gas industry, including drilled wells, bamboo pipelines, and junk “supertank-
ers” by 100 BC (Harper, 1998a), and oil was old news even then.  In North America the Native
Americans used crude oil skimmed from seeps along Oil Creek for medicine and waterproofing
long before Columbus set sail from Spain.  Early European settlers in America learned oil-
gathering techniques and utilization from them at least a hundred years before Drake even knew
there was a Titusville.  Oil had been found in wells drilled for brine (salt supply) throughout
western Pennsylvania and adjacent states since the late 1700s or early 1800s.  In fact, by the mid-
1800s, while Drake was still working as a conductor on the New York and New Haven Railroad,
crude oil produced from salt wells in Tarentum was already being refined and sold for lighting
purposes.

It is obvious that Drake didn’t discover oil – that distinction is left to the ancients.  He
didn’t even discover that oil could be obtained by drilling, because that technique was already
thousands of years old.  Contrary to “common knowledge” the Drake well was not the world’s
first oil well, nor even the “first well drilled for oil in the United States” (Dickey and others,
1943, p. 52).  So, what’s all the hubbub?  Just what is Drake credited with?  Drake’s contribution

Figure 13- Edwin L. Drake,
unassuming former railroad
conductor turned oil man.
Drawing by Lajos J. Balogh.
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to history is the founding of the modern petroleum industry, one of, if not the most essential
world industry for the last 100 years.

Drake happened to be in the right place at the right time.  By 1859, the supply of whale
oil, the primary source of lighting in the “civilized” world, was dwindling along with the whale
population.  Samuel Kier (Figure 14A), a respected Pittsburgh entrepreneur, had been refining
crude oil and marketing a form of kerosene, and kerosene lamps, for almost ten years.  Kier, un-
fortunately, never thought to patent his refining process and made only a modest profit with his
practical, but still curious, oil lamp.  A. C. Ferris (Figure 14B), a coffee and spice trader from
New York City, eventually improved the refining process and lamp, thereby creating a larger
market for crude oil.  Probably the most important factor, however, was that George A. Bissell
(Figure 14C), a New York lawyer and promoter, got hold of a small sample of crude oil from Oil
Creek.  Having the foresight to realize the potential for commercial development of crude oil,
Bissell and his business partner, Jonathan G. Eveleth, co-founded the Pennsylvania Rock Oil
Company that bought the now famous Oil Creek property.  They hired Yale chemistry professor,
Benjamin Silliman, (Figure 14D) to analyze the sample, and he successfully distilled the crude
oil into eight distinct products, each with the potential to become a profitable commodity.  Bis-
sell and Eveleth, together with Silliman’s report, inspired a group of businessmen from New Ha-
ven, Connecticut, to form the Seneca Oil Company.  They leased the property and hired Drake to
head the enterprise.  Drake, in turn, quickly realizing that drilling was the only practical way to
obtain oil in substantial quantities, proceeded to set the world on its ear.  Sadly, this was Drake’s
only notable achievement.  He ceased to be a factor in the history of oil and spent the last 20
years of his life destitute, in ill health and relative obscurity.

Over the last 139 years, we Pennsylvanians invested considerable time and effort con-
vincing the world that Drake drilled the first oil well, a statement which is patently untrue.  He
did show that oil could be produced quickly and cheaply, however, and the 2000 barrels of crude
his well produced in the last four months of 1859 was by far more than anyone had ever imag-
ined.  The news spread quickly.  By 1860, Venango County had a thriving oil business, and, by
1880, western Pennsylvania supplied more than half of the total supply of oil worldwide.  In fact,
it wasn’t until the discovery of oil in Texas in 1903 that Pennsylvania lost its place as the world’s
primary oil producer.  As a result of this leadership, many modern production, refining, and

A B C D
Figure 14- Four visionaries whose individual efforts set the stage for Drake to find his place
in history.  A – Samuel L. Kier.  B – Col. A. C. Ferris.  C – George A. Bissell.
D – Prof. Benjamin Silliman.  Drawings by Lajos J. Balogh.
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transportation industries originated in this area.  Petroleum geology and engineering were in-
vented here, primarily by John F. Carll, a geologist with the Second Geological Survey of Penn-
sylvania (Lytle, 1957; Owen, 1975; Harper, 1990).  Today, Pennsylvania produces less than 1
million barrels of oil annually, and Venango County is known more for its oil history than its oil
industry.

Oil History — Pre-Drake

The first people in North America to make use of crude oil from the Oil Creek valley
were the Native Americans that lived in or passed through the area.  Centuries before Drake, and
at least 50 years before Columbus set sail, Native Americans were recovering oil by digging pits
on the banks of Oil Creek.  Some have even speculated that early Native Americans knew about
oil seeps in Oil Creek over 6000 years ago.  As northwestern Pennsylvania slowly returned to a
temperate hardwood deciduous forest following the retreat of the last Wisconsinan glacier about
10,000 years ago, Mesolithic travelers must have roamed the forests, gathering nuts, hunting
game, and fishing in the creek.  Rock shelters on the hillsides above the creek in various places
suggest individuals or small groups were regular visitors.  A few artifacts collected in the area
suggest trade between the local tribes and the midwestern Hopewell tribes at least as late as 200
AD.

Controversy raged over the origin of the oil pits for years.  Many thought early European
settlers dug them, but the settlers discovered the pits already in existence when they arrived.
Others believed the local tribes had dug them within living memory.  Still others insisted they
predated even the local tribes.  Unfortunately, racial bias played a large part in the controversy.
William H. Davis, Esquire, addressing the Meadville Literary Union in February, 1848, specu-
lated on the origins of the pits.  He said:

“…those pits were not made by the Indians.  Their regularity, their number, their having been
walled with cut logs, halved at the end, the averseness of the Indian to labor, all forbid the idea
that he could have been their creator.  Besides this, the Indians, I have been informed, have no
tradition respecting them, at least none more satisfactory than they have of the mounds and forti-
fications found throughout the west.” (Giddens, 1947, p. 9).

The mounds and fortifications he was referring to are the well-known mounds, forts, and towns
found abandoned in the Mississippi and Ohio valleys by early explorers (e.g., Kennedy, 1994).
The oil pits, and the mounds of earth that surrounded them, were thought to be related to these
midwestern ruins, and it was common “knowledge” that the Native American could not have
been responsible for their construction.  As every fan of Erik Von Danicken’s many books con-
cerning alien gods (Chariots of the Gods, etc.) knows, only highly advanced civilizations could
possibly have the knowledge of engineering and mathematics necessary to build the Egyptian
and Incan pyramids.  The same mentality existed as to the midwestern features and, by associa-
tion, the Oil Creek oil pits.  Claims were made that ultra-early explorers from the “Old World”,
such as Phoenicians, Greeks, Persians, Egyptians, Romans, Vikings, and Asians of all sorts, built
the mounds and dug the pits.  Some even speculated wildly that they were the ruins of outposts
from Atlantis or Mars.  The fact that the Spanish explorer, Ferdinand deSoto, had documented
Native American society constructing and occupying mounds and forts in the Mississippi valley
went unnoticed by non-Spaniards for almost 400 years.

Radiocarbon dates run in the 1970s on samples from some wooden cribbing used to shore
up the sides of the pits suggested the pits were dug in the 1600s or 1700s.  More recently, Dr.
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James Adovasio, of the Mercyhurst Archaeological Institute in Erie, Pennsylvania, had multiple
radiocarbon dates run on the cribbing.  Thanks to refinements in radiocarbon dating procedures,
and a better understanding of the environmental factors that can affect the dates, Adovasio was
able to get a more accurate data.  Although he expected dates around 1630, the procedure pro-
duced dates ranging from 1415 to 1440 AD with a 95% accuracy (Anonymous, 1998).  Based on
other evidence, the pit that produced these dates was probably one of the last ones constructed.

When Europeans began exploring northwestern Pennsylvania, they discovered the Native
Americans skimming oil from the surface of the water for various uses.  The earliest written ref-
erence to oil in the area was a 1768 notation in the diary of a missionary named Zeisberger.  He
wrote, “The Indians use it externally as a medicine and it would be possible to use it for lighting.
The oil comes out of the ground with the water and then rises to the top, so that it is possible to
skin [sic] it.  The Indians generally try to get that which has just come up, as it has not so pun-
gent an odor.” (Giddens, 1947, p. 3-4).  Settlers soon realized the Native Americans had some-
thing worth obtaining.  Called “Seneca oil” after the local tribes, it could be skimmed by
spreading a blanket over the water where the oil has collected, then wringing the blanket into a
pot or barrel.  By this method, a good worker
could collect 20 or 30 gallons of oil in a couple
of days.  The oil was a good, if smelly, liniment
for muscular aches and pains, and a salve for
wounds.  It was used internally for all sorts of
digestive problems.  It made an effective water-
proofing sealant for canoes, clothing, tents, etc.,
a cheap lubricant, and, by mixing it with flour,
an excellent-quality axle grease.  A few enter-
prising people even experimented with it as a
substitute for whale oil and candles for lighting.
Unfortunately, it emitted a lot of smoke and a
bad odor.

Crude oil remained more a backwoods
curiosity than a useful commodity until Samuel
Kier (Figure 14A), a Pittsburgh businessman and
part owner of some Tarentum brine wells, de-
cided to see if it would be useful for anything
other than contaminating the salt supply.  After
several years of selling the stuff as medicine, he sought the advice of Professor James C. Booth,
a prominent Philadelphia chemist who had assisted in the first State Geological Survey of Penn-
sylvania.  Booth suggested using a still to try to refine it as a solvent.  Kier’s first still went into
operation in 1850, but he found the best product he obtained was a really smelly luminant that
drove him back to the drawing board.  With further experimentation he eventually found the
proper formula to generate a fuel, invented a lamp to burn it without smoke, and, by 1858, was
selling his products to local businesses in Pittsburgh. His resourcefulness set the stage for A. C.
Ferris’ improved refining process, George A. Bissell’s and Jonathan G. Eveleth’s Pennsylvania
Rock Oil Company, the Seneca Oil Company of New Haven, and an unassuming former railroad
conductor named Drake.

It’s a little known fact that,  by drilling
his famous well, Edwin L.  Drake  saved
the  whales  from extinction.
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THE JOHN A. HARPER (thankfully not memorial) ROAD LOG
AND STOP DESCRIPTIONS

DAY 1

   Mileage
Int Cum
0.0 0.0 Leave the Quality Inn parking lot.
0.1 0.1 Turn left onto PA Rt. 97 and right onto entrance ramp to I90 eastbound to-

wards Buffalo, NY.
3.4 3.5 Cross Fourmile Creek
2.8 6.3 Cross Sixmile Creek.  There are excellent exposures of the Northeast Shale

here.
0.3 6.6 Cross the axis of a northwest trending anticline.
1.1 7.7 Exit to PA Rt. 531.  Continue straight (east) on I90.
0.4 8.1 Cross Sevenmile Creek, with exposures of the Northeast Shale.
1.3 9.4 Exit to PA Rt. 17.  Continue straight (east) on I90.
1.0 10.4 Cross Eightmile Creek.
1.7 12.1 Cross Twelvemile Creek.
0.8 12.9 View of Lake Erie and the Penn Shore Winery to the left (north).
0.3 13.2 View of Lake Erie to the northeast (straight ahead).
0.4 13.6 Excellent view of Lake Erie to the left (north) and of the town of North East,

Pennsylvania.  We are dropping off the platform (Erie Scarp) onto the lake
plain.  You can see the scarp south of I90 all the way into New York State.

0.4 14.0 Exit to PA Rt. 85.  Continue straight (east) on I90.
0.8 14.8 Cross Sixteenmile Creek.
1.9 16.7 View of Lake Erie to the left (north).
0.4 17.1 Note vineyards and fruit flanking the highway - we are in northwest Penn-

sylvania's wine country.
0.7 17.8 Expansive view of Lake Erie on the left (north) as we approach New York.
0.1 17.9 Bear right onto the exit ramp to US Rt. 20.
0.3 18.2 Turn right onto US Rt. 20.
0.4 18.6 Crossing Twentymile Creek.
0.4 19.0 View of the Lake Whittlesey Terrace, the Girard Moraine, and the Ashtabula

Moraine to the right (south).
0.3 19.3 New York state line at. . . You guessed it - State Line, New York!
0.2 19.5 View of Lake Erie to the left (north).
0.8 20.3 Site of ??? (if you can read that fast, you will know what that blue plaque

says!).
1.0 21.3 Welcome to Ripley, New York, believe it or not.  This place was infamous

amongst 18 year olds when the New York drinking age was 18 and Pennsyl-
vania's was 21.

1.1 22.4 Intersection with NY Rt. 76.  Continue straight (east) on US Rt. 20.
7.0 29.4 Welcome to Westfield, New York.
0.8 30.2 Cross Chautauqua Creek.
0.2 30.4 Turn left (northwest) onto NY Rt. 394 on Portage St.  We are traversing the

"Portage Flags".



42

0.2 30.6 Passing Welch's, where the grape jelly is made.
1.3 31.9 Intersection of NY Rt. 394 & NY Rt. 5.  Turn left (west) onto Rt. 5.
0.4 32.3 Cross Chautauqua Creek.
1.3 33.6 View of the Defiance Moraine to the left (south) and Lake Erie to the right

(north).
1.0 34.6 Cross Freelings Creek.
5.1 39.7 Intersection of NY Rt. 76 & NY Rt. 5.  Continue straight on Rt. 5.
1.6 41.3 STOP 1.  LAKE ERIE SHORE AT RIPLEY, NEW YORK

Leaders:  David J. Thomas, M. Raymond Buyce, and Marilyn D. Wegweiser

This stop is located
on the southern Lake Erie
shoreline, just east of the
Pennsylvania–New York
state line.  It is in the east-
ern part of the North East
7.5 minute quadrangle
(Figure 15).  Wave erosion
has exposed three members
of the Canadaway Forma-
tion at this location, in as-
cending order:  Westfield
Shale Member, the Shumla
Siltstone Member, and the
Northeast Shale Member.
They are capped by Pleis-
tocene lacustrine deposits.
To the east (far left when
facing the exposure) the
beds are horizontal; how-
ever, as they approach the
ramp, the beds dip gently
westward up to the ap-
proximate center of the cut.
Beyond that the beds begin
to reverse attitude to a gen-
tle eastward dip, complet-
ing a broad, open syncline.
Farther to the west (right) where the cliff face has been eroded deeply, a narrow fault zone is ex-
posed.  This is discussed below.

The contact between the Shumla and the Northeast is sharp and distinct here.  Sedimen-
tary structures seen here include cross trough bedding and reactivation surfaces.  Numerous
resting traces of gregarious arthropods (seen in the Thursday orientation slide show) (work in
progress by M. Wegweiser and L. Babcock) can be found on the siltstone layers of the Northeast
shale.  Check the undersides of bedding planes for Planolites trace fossils.  The Westfield Shale
Member is the lowermost stratigraphic unit that will be examined on this field excursion.  The

                      Figure 15- Location map for Stop 1.
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section here represents part of the eastern portion of the “Erie County Crustal Block” according
to the terminology of Lavin and others (1982).

The Ripley section exposes a rather impressive thrust fault (Figure 16).  The upthrown
block east (left) of the fault zone can be easily distinguished by the offset of the Shumla Siltstone
Member, which forms an excellent key bed for mapping strata through Erie County, Pennsylva-
nia (where it is called the Shumla Sandstone).  The Shumla marker bed shows a vertical dis-
placement of 5.17 ft (1.6 m).  Sense of movement of the upthrown block (to the left of the fault
zone) can be distinguished by a conspicuous downward-dipping drag fold.  At the same time, a
drag fold on the right side of the fault zone  identifies the upthrown block.  Although the fault
plane itself cannot be distinguished for accurate measurement, the fault appears to be dipping
about 23o E.  At this locality, we are standing within 0.5 mi (805 m) of the Pennsylvania-New
York border, and so what we are examining is one of the few genuine examples of a border
fault!

This fault seems to be one
small branch of a larger horsetail
fault system that is related to the
much larger Tyrone-Mt. Union
cross-strike structural discontinuity
(CSD).  This CSD is a right-lateral
strike-slip fault that trends north-
westward through western Penn-
sylvania (Rodgers and Anderson,
1984; Harper, 1989).  Northwest-
trending movement along strike-
slip faults in the subsurface that are
sub-parallel to the Tyrone-Mt.
Union CSD has resulted in exten-
sional deformation at this locality.

The timing of the faulting shown at Ripley is
speculative. It is clearly post-Devonian because Devo-
nian strata have been crosscut. Some of the movement
in this region is neotectonic.  Data describing regional
structural trends synthesized from various areas of
northeastern and midcontinental North America sug-
gest that reactivated Precambrian basement faulting
has been the source of some of the neotectonic move-
ment. Cross-strike structural discontinuities found in
the subsurface of the region align with the current
crustal horizontal stress field (T.J. Wilson, personal
communication, 1998) resulting in reactivation of
some of these extensional faults.  Strike-slip deforma-
tion results in both extensional and compressional de-
formation (Christie-Blick and Biddle, 1985).

Figure 16- Thrust fault at Stop 1.

THRUST FAULT - A misfire in the booster engines of an ICBM.

HARPER’S GEOLOGICAL DICTIONARY
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In the event of a high lake level or wave action, the following stations have been marked
for observation by small groups of conferees:

Station A

This is the east limb of the syncline.  Maximum dip here is about 7o W.

Station B

This is the approximate location of the axis of the syncline.

Station C

This is the west limb of the syncline.

Station D

This is the fault zone (note the light gray gouge).  Here you can see the vertical displace-
ment of the Shumla and the drag folds on opposite sides of the fault zone.

Return to the buses and leave Stop 1.

Mileage
Int Cum

Leave Stop 1, turn right and proceed west on NY Rt. 5.
0.8 42.1 Pennsylvania/New York border.  One of the few places in the country where

there is no border fault - we stay on Rt. 5 regardless of which state we are in.
1.0 43.1 Cross Twentymile Creek.  Look for exposures of the Northeast Shale.
0.1 43.2 View of the Kent Moraine to the left (south).
1.1 44.3 Passing Mazza Vineyards on left (south).  We are traveling on one of the ter-

races of old glacial Lake Warren (Lake Wisconsinan).
2.0 46.3 Cross Sixteenmile Creek and the intersection with PA Rt. 89.  To the right

(north) is Orchard Beach at the mouth of Sixteenmile Creek.
1.8 48.1 Passing the Penn Shore Wineries on left (south).
5.2 53.3 Cross Twelvemile Creek.
0.9 54.2 Cross Eightmile Creek.  Shades Beach Park, at the mouth of the creek, was

the site of Stop 8 on the 1987 Field Conference (see Thomas and other,
1987, p. 74-77).

0.6 54.8 Cross Sevenmile Creek.  Turn right onto the road leading to Camp Glinodo
right after crossing Sevenmile Creek.

0.3 55.1 Alternate Stop.  Sevenmile Creek at Camp Glinodo.
Leave Alternate Stop.  Return to PA Rt. 5 and turn left.  Proceed east on
PA Rt. 5.

1.0 56.1 Turn right onto Bartlett Rd.
1.2 57.3 Intersection of Bartlett Rd. and US Rt. 20.  Turn right (southwest) onto US

Rt. 20.
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0.4 57.7 Junction of US Rt. 20 and PA Rt. 955.  Stay on US Rt. 20.
0.2 57.9 Intersection with PA Rt. 531.  Stay straight (west) on US Rt. 20.
2.3 60.2 Intersection of US Rt. 20 and Saltsman Rd.  Turn left (south) onto Saltsman

Rd.
1.6 61.8 Intersection of Saltsman Rd. and Station Rd.  Turn left (southeast) onto Sta-

tion Rd.
0.4 62.2 We are traveling up the north slope of the Ashtabula Moraine.
0.3 62.5 Turn right into the Behrend College-Penn State Erie Campus and proceed

to the rear parking lot.
0.6 63.1 STOP 2.  WINTERGREEN GORGE AND FOURMILE CREEK

Leaders:  Marilyn D. Wegweiser, Arthur E. Wegweiser, and David J. Tho-
mas

STRATIGRAPHY

The Northeast Shale was named by Chadwick (1923) for exposures of interbedded light
gray siltstone and black shale exposed in discontinuous outcrop in Northeast Township, Erie
County, Pennsylvania.  A type section was not designated.  Exposures of the Northeast Shale in

the bedding planes and highwalls of
Twelvemile Creek, in the Harbor-
creek 7.5 minute quadrangle, in Erie
County, Pennsylvania is designated
as a reference section for the unit.
Chadwick (1923) considered the
Northeast Shale to be all of the strata
that lie between the Shumla Sand-
stone (then Siltstone) and the Girard
Shale.  The reference section can be
seen at the mouth of Twelvemile
Creek and extends upsection ap-
proximately 115 ft (35 m) from the
Lake Erie shoreline.

The Northeast Shale com-
prises interbedded sets of blue and
black shale of nearly equal thickness.
Are these rythmites?  What is the ori-
gin of the sharp and distinct layering
seen here?  The lighter bluish gray
siltstone beds are sandy siltstone with
occasionally coalified bedding
planes.  The black shale beds are

thinly laminated and sometimes petroliferous.  The Northeast Shale is exposed at the Lake Erie
southern shoreline from its reference section westward to Cascade Creek where it is almost com-
pletely absent.  It appears in the bedrock of Cascade Creek, in the City of Erie, Pennsylvania,
only in oscillatory ripple troughs of siltstone beds interbedded with blue-gray shale.  The North-
east Shale grades laterally into the Girard Shale.

Figure 17- Location map for Stop 2
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The intense contrast between the blue-gray siltstone layers and the black shale layers
make the Northeast Shale an excellent keybed.  It directly overlies the Shumla Sandstone that is
also an excellent keybed.  Together, these two units allow for reasonably accurate measurement
of offset on fault planes exposed along the Lake Erie shoreline, and below water.  The distinctive
interbedding of black shale and medium blue-gray siltstone, each bed about 1.2 – 2 in. (3-5 cm)
in thickness, makes the Northeast Shale easy to see and identify in outcrop and below water in
depths of up to 10 ft (3 m) (maximum nearshore good visibility).

The Northeast Shale appears at lake level above the Shumla Sandstone near the state lines
of New York and Pennsylvania, just west of Westfield, New York.  The contact is sharp and dis-
tinct.  It is faulted by a nearly vertical normal fault with oblique motion. Offset is approximately
10 ft (3 m).  All trace of the shale is absent in Barcelona, New York and it does not appear there
in outcrop above the Shumla Sandstone.  Excellent exposures of the Northeast Shale occur in
Sixteenmile Creek and Twentymile Creek in Northeast Township, also in Erie County, Pennsyl-
vania.  From east to west across the southern Lake Erie shoreline of Erie County Pennsylvania,
outcrops of the Northeast Shale can be seen in the mouths and highwalls of Twentymile Creek,
Sixteenmile Creek, Twelvemile Creek, Eightmile Creek, Sevenmile Creek, Sixmile Creek, and
Fourmile Creek (Figure 17).  Cascade Creek, in the city of Erie, Pennsylvania, continues to show
the Northeast Shale but here it has feathered out into lenses on ripple troughs and is seen on the
bottoms of bedding planes of the blue-gray siltstone.  It briefly reappears as the bedrock of the
mouths of Walnut and Elk Creeks, in western Erie County, Pennsylvania.  It reappears as clasts
in the Springfield diamict, strongly suggesting that the glacier that deposited the Springfield
diamict was in direct contact with the Northeast Shale.

STRUCTURAL GEOLOGY

Fourmile Creek's headwaters originate on the Ashtabula Till (latest Wisconsinan) south of this
location.  The length of its main channel from head to mouth at Lake Erie is about 7.5 mi (12
km).  The channel has cut into and exposes three stratigraphic units, respectively, from south to
north:  Ashtabula Till, shales and sandstones of the Dexterville Member of the Chadakoin For-
mation, and Northeast Shale.  The reach of the channel that we will investigate exposes the
Northeast Shale.  The sinuosity of the channel and associated valley present a seemingly
anomalous pattern.  The upper 3.1 mi (5 km) topographically displays a low sinuosity.  There is
then a sudden change to high sinuosity for about one mile, whereupon the channel returns to a
low sinuosity for the remaining 3.2 mi (5.1 km) to Lake Erie.  All streams of similar lengths or
longer that flow north into Lake Erie display this same order of sinuosity change. And the loca-
tions of the typically short segments of high sinuosity of each stream are in an oriented alignment
from southwest to northeast across Erie County, Pennsylvania.

At this stop we will:
1. Investigate the elements of an anticlinal structure or structures exposed along the

channel banks and bed.
2. Determine if there is one or more than one anticline exposed along the study area,
3. Propose a relationship between the segment of high sinuosity and the geologic struc-

ture(s) exposed in the channel of Fourmile Creek,
4. Predict the causes of the aligned orientation of short segments of high sinuosity in the

north flowing streams that enter Lake Erie in Erie County, Pennsylvania.
5. Speculate on the possible cause(s) of the deformation.
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Those who wish to examine the structures closely (and who do not mind getting their feet
and legs wet) may walk along the stream bed.  Those who prefer to remain dry may walk on the
stream terraces on the east side of the stream bank.  The structures to be examined are marked
from A to H.  Walk south (upstream).

Station A

This is the west bank of the stream channel.  Beds are dipping west.  Strike is azimuth
(AZ) 22o and the steepest dip is 34o.  Cross the stream to Station B.

Station B

This is the east bank of the stream channel.  Beds are dipping east (Figure 18A).  Strike is
AZ 355o and the steepest dip of the limb is 34o.  Note the gouge located at a kink in the limb.  On
no account should you step inside this structure.  The rock is extremely weak.

Stations A and B represent the west- and east-dipping limbs of an anticline.  The axis is
oriented north-south somewhere along the stream bed.  If you stand at the center of the stream
channel between Stations A and B and look directly upstream (south) you can develop a model
of the dips on the east and west limbs relative to the axis of the anticline.

Continue to walk upstream (south).  Observe the waterfall upstream.  As you walk toward
the waterfall note that the anticline passes beneath the stream terrace on the left (east) bank (Fig-
ure 18B).

Figure 18- Photographs of an antiform exposed at
Fourmile Creek, Erie County, Pennsylvania.
A- East-dipping limb of the antiform at Station B.
Strike is AZ 355o and the steepest dip is 34o.
B- Axis and east- and west-dipping limbs of the anti-
form passing beneath a terrace on the east bank of
the channel.  White one-foot long rule lies across the
axis.
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Station C

East bank of the stream channel.  East dipping limb of the anticline.  Continue to walk
upstream (south).  As you continue, keep the orientation of the axis and west and east limbs in
mind.  When ascending the falls, be certain to use the steps cut into the face of the scarps and
the ropes provided.  These rocks are very slippery.

Station D

This is the west limb of the anticline that you observed at Station A. Note that water is
flowing across the structure here and not along the axis.  The strike is 350o and the steepest dip
of the limb is 23o.  Note that the axis and east limb again pass beneath the terrace to the east.  If
you stand at the middle falls (next falls back downstream) you will be able to observe Station B
and orient the axis and the limbs of the anticline.  Arm waving is permitted here.  Walk upstream
and around the bend of the stream channel.

Station E

West dipping beds of the anticline are exposed on the east bank.  The strike is AZ 356o

and the steepest dip of the limb is 22o.
Continue to walk upstream.  If you stay along the east bank (right) you will be able to

keep the west dipping beds at Station D in view.

Station F

This is the axis of the same anticline that you identified between Stations A and B. The
strike of the axis is AZ 346o,

Walk upstream along the fold axis, You may note that the systematic joints follow the
same orientation as the strike of the anticline and are typically farther apart away from the axis.
Also note the beds dipping west (right) and east (left) away from the axis.

Station G

The large waterfall is plunging over the west limb of the anticline.  Again note that the
water flows across the west limb of the structure at the falls and then flows along the axis down-
stream.  Is the short, highly sinuous stream channel between the two low-sinuosity channels of
Fourmile Creek structurally controlled, wherein the channel follows the strike of the anticline
along a relatively long reach only to be diverted across the axis (at the falls) along a short reach?

Ascend the falls and walk a short distance upstream to Station H.  Do not walk upstream
beyond this point.  You can return to the path leading up to the buses in the parking lot in one of
two ways:  1) ascend the east bank and walk along the terrace.  Please stay on the marked path;
or 2) walk back down stream to the large drainage pipe and ascend the east bank there.
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Mileage
Int Cum

Leave Stop 2 and return to Station Rd.
0.7 63.8 Turn right on Station Rd. and proceed south to I90.
0.8 64.6 Intersection of Station Rd. and I90.  Turn right onto entrance ramp and

merge with traffic on I90 westbound toward Cleveland.
2.6 67.2 Exit to PA Rt. 8.  Continue straight (west) on I90.
2.3 69.5 Bear right onto the exit ramp to PA Rt. 97.
0.4 69.9 Turn left onto PA Rt. 97 and proceed to the south.
0.8 70.7 Intersection of PA Rt. 97 and Robison Rd.  The mountain you see on the left

(east) is not a local ski resort.  What do you think this significant elevation
might be?

8.0 78.7 Intersection of PA Rt. 97 and US Rt. 19.  Turn left at the stop sign and con-
tinue south on PA Rt. 97 into the historic town of Waterford, Pennsylvania.

0.9 79.6 On the right is Boot Scooter's Dance Hall.  Tonight is dance night here.
Come, if you are so inclined, and have fun.

0.1 79.7 On the right is the historic Eagle Hotel which uses the Venango Third oil
sandstone as building stone.  At the Eagle is the only known statue of George
Washington in a British military uniform!

0.4 80.1 US Rt. 19 and PA Rt. 97 diverge here (Harper’s Intersection).  Bear left onto
PA Rt. 97 and proceed east.

1.4 81.5 The famous Troyer's Potato Chip factory is on the right (south).  On the left
is a real live, operating Outdoor Drive-In Movie.  This must surely be one of
the last of a dying breed in the US.  Older people in the crowd will fondly
remember these for reasons better left unsaid.

1.4 82.9 We are beginning a trek through some drumlinoid territory here.  Over the
next 1.8 mi. we will be traveling along the southern terminus of a drumlinoid
field.  They might not be very obvious from the bus. Based on the Waterford
topographic map, most of these northwest-southeast oriented hills are about
50 ft high and about 0.5 mi long.

2.1 85.0 Cross French Creek.  Throw a canoe in here and in a week or so you will
paddle past Pittsburgh.

0.2 85.2 Turn left (north) onto Middleton Rd.  It is possible we will see some crazy
people on ATVs driving their machines on the track to the right.

0.8 86.0 Turn left onto the access road to Union City Dam.
0.2 86.2 Last chance at a "comfort station" until we get back to the hotel.  Plead with

the bus driver and he/she might stop.  Or, you can, of course, walk across the
dam after we stop.

0.1 86.3 Turn left and cross the Union City Dam. Note the "immense" water im-
poundment that this engineering marvel has created. Those that were at the
Thursday night orientation might recall a somewhat different aspect of this
lake from the slides that were shown.
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0.3 86.6 Park the buses in the parking lot on the west side of the dam.
STOP 3 AND LUNCH.  UNION CITY DAM
Leaders:  Loren E. Babcock, Marilyn D. Wegweiser, Arthur E. Wegweiser,
Scott C. McKenzie, and Alan Ostrander

NOTE: Hard hats are required here in order to examine the spillway walls.

The spillway to Union
City Dam is located on the
South Branch of French Creek
in Waterford Township.  Ac-
cess is by a gravel road ex-
tending north off of U.S.
Route 6, just north of Union
City (Figure 19).

A large spillway chan-
nel with vertical walls has
been cut by the Army Corps of
Engineers adjacent to, and
downstream of, the Union City
Dam.  Section exposed (Figure
20) extends through the upper
part of the Chadakoin Forma-
tion (Upper Devonian) and the
lower part of the Venango
Formation (Upper Devonian).
In places through the spillway,
excellent bedding-plane expo-
sures are present.

Approximately 120 ft (37 m) of the upper part of the Chadakoin Formation are exposed
in the spillway to Union City Dam (Figure 20).  The unit consists of medium gray to reddish-
brown siltstones interbedded with gray, white, tan, and reddish-brown, quartz-rich sandstones.
Sandstone interbeds range up to about 5 in. (12 cm) in thickness, and increase in number upsec-
tion.  Sedimentary structures that are present include ripple marks (both symmetrical and, less
commonly, asymmetrical ripple marks), flaser bedding, lenticular bedding, reactivation surfaces,
mudcracks, and intraclastic conglomerates.  Occasional shelly conglomerate beds are present.
One prominent bed of convoluted siltstone is present approximately 29.5 ft (9 m) below the base
of the Venango Formation (Figure 20).  The contact with the overlying Venango Sandstone is
transitional and, in this area, workers have placed the boundary in different locations.  The Penn-
sylvania Geological Survey considers the base of the first thick sandstone bed in this succession
to be the base of the Venango Formation.  For mapping purposes, this is the most practical
choice of a boundary in this area, and it is where we prefer to place it (Figure 20).

Body fossils collected from the upper Chadakoin at this site include brachiopods, pelma-
tozoan echinoderm columns, bivalves, gastropods, horseshoe crabs, and sponges (see Table 1 on
p. 30).  The trace fossil assemblage includes a variety of walking, resting, and dwelling traces

Figure 19- Location map for Stop 3.
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produced by a variety of organisms.
Both horizontal and vertical traces are
present.  Some traces, such as Proto-
limulus (Figure 11) can be readily at-
tributed to the activity of a trace maker
(in this case, the horseshoe crab Kasi-
belinurus).  Other traces, such as Bi-
fungites, cannot be readily attributed to
the activity of any particular trace
maker, and may have been constructed
by organisms having nonmineralized
skeletons.  Trace makers that lacked
mineralized skeletons had limited pres-
ervation potential, and thus may never
be known.

Approximately 45 ft (13 m) of
the lower part of the Venango Forma-
tion are exposed in the upper part of the
spillway (Figure 20).  The unit consists
of medium gray to reddish-brown silt-
stones interbedded with tan, white,
gray, and reddish-brown, quartz-rich
sandstones, quartz-rich conglomeratic
sandstones, and intraclastic conglomer-
ates.  Sandstone intervals within the
Venango Formation are much thicker
than those present within the upper
Chadakoin Formation; sandstone-
dominated intervals range up to several
meters in thickness.  Sedimentary
structures that are present include rip-
ple marks, flaser bedding, lenticular
bedding, reactivation surfaces, and in-
traclastic conglomerates.  Fossils present in the Venango Formation include most of those pres-
ent in the underlying Chadakoin Formation.  Other than trace fossils such as Protolimulus, how-
ever, macroscopic fossils at this site are uncommon.

Siltstones, sandstones, and conglomeratic sandstones of the Chadakoin and Venango
Formations along the South Branch of French Creek are inferred to represent a series of related
paleoenvironments ranging from shallow marine through estuarine and tidal flat settings (Bab-
cock and others, 1995, this guidebook, p. 26).  Regionally, these units record deposition in a
coastal to marine shelf setting that was part of the Catskill delta complex of the Appalachian
foreland basin.  Streams emptied sediment westward into the foreland basin, and major shifts in
sediment supply, accommodation space, and sea level produced dramatic facies shifts in a
roughly east-west direction (by present-day coordinates).  Redbeds present in the upper Chada-
koin and lower Venango Formations suggest marginal-marine to nonmarine deposition at times.
Mudcracks, which are present in places, suggest that some of the sediments were exposed to in-

Figure 19- Columnar stratigraphic section of Upper
Devonian strata exposed in the spillway of Union
City Dam, Erie County, Pennsylvania.
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termittent wet-dry conditions at the time of deposition. Those structures, together with the com-
bination of flaser bedding, intraclastic conglomerates, and reactivation surfaces, suggest that
some of these rocks were deposited in a tidal flat setting.  Furthermore, the limited variety of ma-
rine fossils, the lack of complete crinoids, the presence of characteristic marginal-marine animals
such as horseshoe crabs and the inarticulate brachiopod Lingula, and the preservation of nonmin-
eralized arthropod cuticle, are consistent with deposition in a tidal flat setting, where salinity lev-
els fluctuated between normal marine conditions, brackish water conditions, and fresh water
conditions.  The trace fossil assemblage, which includes Protolimulus and Bifungites, is also
consistent with a tidal flat interpretation for some intervals exposed at this locality.  Shell beds
that are present in various places through the section at Union City Dam consist mostly of tightly
packed brachiopod shells.  They are probably the result of either storm deposition or wave
washing that removed finer sediments.

The origin of the convoluted bed in the upper part of the Chadakoin Formation at this lo-
cality may be related to local slumping (such as rotation of unconsolidated sediments along the
margin of a tidal channel.  However, the extent of the bed within the spillway suggests that it has
even greater lateral extent regionally.  The bed may be due to the slumping of sediments follow-
ing a syndepositional paleoearthquake.

Mileage
Int Cum

Leave Stop 3 and return to Middleton Rd.
0.6 87.2 Turn right (south) onto Middleton Rd. and return to PA Rt. 97.
0.7 87.9 Turn right (west) onto PA Rt. 97 and proceed back to the hotel.
5.1 93.0 Junction of PA Rt. 97 with US Rt. 19.  Continue north on Rts 97/19.
1.4 94.4 Junction of Rts 97/19.  Turn right and proceed north on PA Rt. 97.
8.7 103.1 Arrive back at the Quality Inn.  End of Day One field stops.  Enjoy the ban-

quet and the evening.  Put on your dancing shoes and head down to Boot
Scooter's Dance Hall in Waterford.
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DAY 2

Mileage
Int Cum
0.0 0.0 Leave the Quality Inn parking lot and turn left (north) onto PA Rt. 97.  The

Quality Inn is sitting on the Ashtabula morainic complex.  The stream to the
south of the parking lot is the headwater of Walnut Creek.

0.2 0.2 Turn left onto the entrance ramp to I90 westbound toward Cleveland, Ohio,
and merge with traffic.

2.2 2.4 Exit for US Rt. 19.  Continue west on I90.  The huge Millcreek Mall is on
the right.  Shoppers come from New York, Ohio, and Canada to shop be-
cause Pennsylvania has no tax on clothing.

2.3 4.7 Exit for I79 north to Erie.  Continue west on I90.
0.4 5.1 Exit for I79 south to Pittsburgh.  Continue west on I90.
1.5 6.6 Climbing the Defiance end moraine.
1.3 7.9 Millfair Road overpass.  We are crossing the boundary between the Defiance

Moraine and the Ashtabula Moraine.
0.6 8.5 Exit for PA Rt. 832 (Sterrettania Road).  Continue west on I90.
2.9 11.4 Exit for PA Rt. 98.  Continue west on I90.
3.3 14.7 Cross Elk Creek.  We are crossing the principal zone of displacement for the

Tyrone-Mt. Union thrust fault.
1.0 15.7 Cross Halls Run, a tributary of Elk Creek.
1.7 17.4 Exit for PA Rt. 18.  Continue west on I90.
1.2 18.6 Cross Crooked Creek.  Prosser posed for a picture of the thrust fault seen in

the Thursday orientation slide show somewhere in Crooked Creek.
2.2 20.8 Bear right onto the exit ramp for PA Rt. 215.
0.4 21.2 Turn right onto PA Rt. 215 and proceed north.
1.4 22.6 Junction of PA Rt. 215 and US Rt. 20 in East Springfield.  Continue north

on PA Rt. 215.
0.2 22.8 Slow the vehicles here to observe the cemetary on the left side of the road.

Notice the "Receiving Vault", marked 1882.  The cemetary has been very
conveniently established on the very soft Pleistocene sands and gravels of
glacial Lake Whittlesey.

0.9 23.7 Railroad crossing.  There is a blinking light, but no gate.  Continue north on
PA Rt. 215.

1.3 25.0 Intersection of PA Rt. 215 and PA Rt. 5.  Continue north on PA Rt. 215.
0.1 25.1 Railroad crossing with gate.  Immediately bear left at Peggy Gray's Candy

and Gift Shop in North Springfield.  PA Rt. 215 ends and Old Lake Road
begins.

1.4 26.5 Passing Camp Lambee.
0.7 27.2 Passing Sunset Beach campsites.
0.3 27.5 Good view of Lake Erie on the right (north).
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0.6 28.1 STOP 4.  RACCOON PARK
Leaders:  David J. Thomas and Loren E. Babcock

There are “comfort” facilities
on the west end of the parking lot.
For those so inclined, swings, sliding
boards, and other playground facili-
ties are found along the lake shore to
the north of the parking lot.

Raccoon Park is a small
public park located in the vicinity of
where Raccoon Creek enters Lake
Erie, Springfield Township, Erie
County, Pennsylvania (Figure 21).

Lake bluffs in Raccoon Park
(Figure 22) show light bluish-gray
cobble – pebble – silt - clay diamicts
(Pleistocene) overlain by tan to or-
angish-brown clays and silty clays
(Pleistocene or Holocene).  The sec-
tion begins at water level, and ranges
up to about 59 ft (18 m) in height.

The light bluish-gray diamict
interval consists of as many as four
separate diamict units, each ranging
up to no more than 8 ft (2.5 m) in
thickness.  The diamicts are mostly

composed of clay and silt; larger grains (clasts) are clay- and silt-supported.  Clasts are of vari-
able shape, rounded to angular, and observed examples range up to 1.6 ft (50 cm) in maximum
dimension.  Clasts mostly include sedimentary rocks of relatively local geographic origin (par-
ticularly Devonian siltstones and sandstones), although igneous and metamorphic rocks that evi-
dently were transported from the Canadian Shield are present in small numbers.  Thin sands are
present in places.

The diamicts, which are inferred to have been deposited by a Pleistocene glacier, are
relatively resistant cliff formers.  Many of the larger clasts show deep scratches, suggesting a
glacial origin for the deposit.  Weak bedding is evident, particularly in layers containing abun-
dant clasts.  The diamict is quite hard when dry, but when saturated with water, it readily disinte-
grates, is slick, and is capable of flow.  Total thickness of the diamict interval is variable, but ap-
proximately 10 to 23 ft (3 to 7 m) are exposed above lake level at this locality.  The contact with
the overlying clay appears to be rather sharp and undulatory; it shows about 13 ft (4 m) of verti-
cal relief.

Figure 21- Location map for Stop 4.
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The lateral extent of the diamict interval is
not well known.  Small outcrops of similar-
appearing diamict have been observed in various
places around the Lake Erie region.  Examples in-
clude deposits in Stebbins Gulch (Holden Arbore-
tum) and various ravines within the Cuyahoga
Valley National Recreation area, both in northeast-
ern Ohio.  In these examples, the diamict is clay
and silt supported and light bluish-gray in color.
However, in the Ohio examples, the larger clasts
are usually sedimentary rocks of local origin (such
as Devonian Ohio Shale and Mississippian
Cuyahoga Formation siltstones), not the Devonian
siltstones and sandstones present in the Raccoon
Creek section.

Overlying the diamict, and extending to the
tops of the bluffs, is a tan to orangish-brown clay
and silty clay unit that is less resistant to weather-
ing than the underlying diamict.  As exposed, this
unit contains few clasts except for a single discon-
tinuous layer of flat sedimentary pebbles.  The peb-
ble layer, which is situated about 2 ft (60 cm) above
the base of the unit, ranges up to 5 in. (12 cm) in
thickness.  Bedding is present in the sandy clay.
The unit contains wood.  It is not known how much
woody material was buried at the time of sedimen-
tary deposition, and how much of it is related to
root penetration by modern trees.  This upper unit
ranges from about 10 to 36 ft (3 to 11 m) in ex-
posed thickness along the bluffs at this locality.

Mileage
Int Cum

Leave Stop 4.  Turn right (west) onto Old Lake Road.
0.2 28.3 Passing Pebble Beach.  Continue west on Old Lake Road.
0.1 28.4 Passing State Game Lands marker #314.  This property was donated by USX

Corp.  The Conneaut breakwall, for the huge Conneaut, Ohio importing har-
bor, extends over 1 mi into Lake Erie from the shore, several miles west of
here.  Since it was built, it has  been found that no sediment has migrated
eastward from Ohio into Pennsylvania along the lake shore. This could be
the main reason there has  been such severe erosion and bluff recession in
Pennsylvania from Ohio to New York.

0.4 28.8 Intersection with Rudd Road.  Continue west on Old Lake Road.  We are
passing through the old Girard gas field, discovered in the latter half of the
19th century.  Production was (is?) from fractured interbedded shale and silt-
stone of the Upper Devonian Ohio Shale Formation.  Fracturing occurs be-
tween 300 and 800 ft depth, apparently as a result of glacial rebound.

Figure 22- Representative columnar
stratigraphic section of unconsolidated
sediments in bluffs overlooking Lake
Erie, Raccoon Park, Erie County,
Pennsylvania
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1.5 30.3 Passing the David M. Roderick Wildlife Reserve.  The large rock on the
right holds a plaque commemorating David Roderick, former chairman of
USX Corp., who donated this land.

0.1 30.4 Turn left (south) onto Stateline Road.  We are right on the boundary be-
tween Pennsylvania and Ohio.

0.3 30.7 We are passing a monolithic marker emplaced by I.C. White in 1881 mark-
ing the border between Pennsylvania and Ohio.

0.4 31.1 Turn left (east).  Actually, there's not much of a choice here!
1.4 32.5 Stop sign at T intersection.  Turn right (south).
0.1 32.6 Unguarded railroad crossing.  Proceed ahead with extreme caution - these

tracks are in use.
0.4 33.0 Unguarded railroad crossing.  Note the odd green sign on the right by the

signal lights.
0.5 33.5 Intersection with US Rt. 20.  Turn left (east) and immediately bear right at

the junction of US Rt. 20 and PA Rt. 5.  Stay on US Rt. 20.
1.4 34.9 Turn right at the blinker light in West Springfield onto US Rt. 6N.
0.5 35.4 Cross I90 on overpass.  The bedrock here has a Protosalvinia (Foerstia) ho-

rizon, as well as good pyritized brachiopods and Devonian wood.  Sorry - no
time to stop and collect.

0.1 35.5 Turn left onto the entrance ramp to I90 eastbound toward Buffalo, New
York, and merge with traffic.  Retrace path along I90 east to Exit 5, PA Rt.
832 (Sterrettania Road).

15.2 50.7 Bear right at the exit ramp ramp to PA Rt. 832 (Sterrettania Road).
0.3 51.0 Turn right and proceed south on  PA Rt. 832.
1.3 52.3 Enter Sterrettania.
0.3 52.6 Note the strange iron suspension bridge across Elk Creek on the left.  Other

than fording the stream (during low water), this is the only approach to the
house on the far bank.

0.8 53.4 Passing Platz Road.  Struchen Flats along Elk Creek is on the left.
0.3 53.7 Passing the Willows Equestrian Center.  Anyone for horsing around?
0.5 54.2 Intersection of PA Rt. 832 and PA Rt. 98.  Turn left (south) onto PA Rt. 98.
0.6 54.8 Slow down and take it east going down the steep slope.  Observe the spec-

tacular Elk Creek gorge to the left from the bridge at the bottom.  Excellent
cone-in-cone specimens are found in the high wall near "normal" creek level.

0.3 55.1 Cross Elk Creek.
1.2 56.3 Crossing the Venango Formation - two "humps" in the road near the girl

scout camp are Venango oil sands.
0.6 56.9 Turn right at the fork at the green "Russell Standard" sign into Falls Road.
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0.5 57.4 STOP 5.  HOWARD FALLS
Leaders: Marilyn  D. Wegweiser, Loren E. Babcock, and Arthur E. Weg-
weiser

There are a number of stratigraphic, tectonic, and lithologic points to ponder at this stop.
First, the "lay of the land."

Howard Falls is located in
Falls Run Creek in the Edinboro
North 7.5 minute quadrangle (Figure
23) Falls Run Creek is a tributary of
Elk Creek and is nearly parallel to
Porter Run and Goodban Run. The
falls themselves are approximately 60
ft high and are capped by an approxi-
mately one-foot-thick sandstone that
marks the influx of Venango Forma-
tion sand.

Falls Creek, Porter Run, and
Goodban Run stratigraphically overlie
the projection of the strike of the
Tyron Mount Union cross-strike
structural discontinuity (CSD) (Weg-
weiser and Babcock, 1998). Aligned
streams are common at the surface
near the principle zone of displace-
ment of a subsurface subvertical strike
slip fault (Christie-Blick & Biddle
1985) such as the Tyrone-Mt. Union

CSD.  Note that this knickpoint does not occur in either Porter Run or Goodban Run. Is Howard
Falls an expression of a perpendicular vertical detachment associated with the Tyrone Mt. Union
CSD and potential flower structures associated with it?

Paleontology at the Base of the Falls

Two stratigraphic units occur at the falls: the underlying Ellicot Member of the Chada-
koin Formation (Caster, 1934), comprising interbedded blue gray (N4), and the overlying flaggy,
buff colored, petroliferous sandstone of the Venango Zone.

Brachiopods preserved with the original shell material may be collected from a fossilifer-
ous silty shale layer at the base of Howard Falls. When picking up silty shale slabs from this area
inspect them closely for evidence of the abundance of these Strophomenida Productacea forms.
Productinacea are characterized by their spiny ornamentation. This ornamentation could have
enabled the brachiopod to float like an iceberg on soft substrate. Other possible uses of hollow,
spiny ornamentation could be floatation! The bedding planes are sometimes littered with spines
that are also preserved as original shell material. Common Productacea found in this section in-

Figure 23- Location map for Stop 5.
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clude: Productella speciosa  and Productella cf. striatula, Because of the fragility of the spines it
is rare that Productid brachiopods are found preserved with them. We will see even more unusual
spiny brachiopods upsection! Other brachiopods known to occur throughout this section include:
Schuchertella chemungensis and Sphenospira alta.

Layers of fossil hash that contain an assortment of brachiopod fragments and possibly
other taxon can be found here. Some layers are monospecific. What can you find? Other types of
fossils that have come from this locality include the Goniotite Ammonoid Cyrtoclymenia cf. C.
angustiseptata, and Orthoceras  sp.

Paleontology at the Top of the Falls

The sandstone occurring at the top of the falls forms a regional keybed. It occurs in Porter
Run. It occurs in numerous un-named tributaries of Elk Creek to the north and to the south. It is
unknown whether this particular sandstone occurs in Goodban Run.  This sandstone forms a
keybed laterally as it contains two unique ichnofossils that are easily recognizable.

At the very edge of Howard Falls there are horseshoe shaped traces that have been lik-
ened to the resting traces of modern Echinoids (GACK! Editor of Ichnos, personal communica-
tion). Long, straight cigar shaped discontinuous traces have been putatively interpreted as the tail
drag traces of large Eurypterids (Wegweiser, 1996a; Anderson, personal communication). Paired
circular traces, some reaching a diameter of nearly an inch resemble the type of trace left by
walking arthropods in sand, lending support to the hypothesis of tail drag traces. These paired
traces are putatively interpreted as being made by large Eurypterids since these are creatures that
certainly would have been in a nearshore environment, and are capable of making such traces
(Wegweiser and Babcock, 1995; Anderson, personal communication).

Venango Zone

Lithology:

The Venango Zone at Howard Falls is represented by the sudden appearance of flaggy
buff colored petroliferous sandstone, in some places displaying low amplitude climbing ripples.
The thin (approximately 1-2 in.[2.5-5 cm]) layers of flaggy rippled buff colored sand is about 10
ft (3 m) in thickness and is convoluted.  Be careful! These are oil sands and when wet are quite
slippery. The disruption of the beds is very evident slightly upstream from the contact between
the Chadakoin and the Venango.

What has caused these sandstone beds to be convoluted?  Recall that we observed con-
voluted beds at the Union City Dam stop yesterday.  Is this slumping along a delta front? Is this
distortion due to slump along an interdistributary bar in an estuarine environment?  Is this distor-
tion due to liquefaction caused by episodic regional tectonism, aka earthquakes?  Recall that we
are standing nearly above the strike on the Tyrone-Mt. Union CSD as you think about these
questions.
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Paleontology:

Caster (1934) reported that Chonetes setigira could be found approximately 3 ft (1 m)
below the contact of the Venango Third Sand within the underlying Chadakoin Formation. Cho-
netes setigira is found here with excellent preservation at that interval as described by Caster
(1934), nearly 3 ft (1 m) below the influx of flaggy, petroliferous sandstone of the Venango
Third Oil Sand. Please note that these beautifully preserved Chonetid brachiopods are nearly mi-
croscopic. They are found as casts and molds in the dark shale below the flaggy sands with
climbing ripples and the fossils clearly show the spines that were present. The flags themselves
contain beautifully preserved specimens of the sparse occurrences of Cupularostrum contracta .

It is at this locality that the trace fossil of a foraging horseshoe crab was found by A. E.
Wegweiser (Babcock and others, 1995). Look carefully in the sandy flags for fossils. Excellent
horseshoe crab crawling and resting traces can be found here.

Mileage
Int Cum

Leave Stop 5.  Return to the intersection of Francis Road and Falls Road.
Turn right (southeast) onto Falls Road.

1.5 58.9 Intersection of PA Rt. 98 and Franklin Center Road at Franklin Center.
Continue south on Rt. 98.

3.8 62.7 Turn left (east) onto US Rt. 6N in Lavery and proceed toward Edinboro.
This is the type of locality of the Lavery Till, supposedly named by Shepps
in the 1950s while having a libation at BJ's Tavern (on the southeast corner
of the intersection).  Shepps, Droste, & Sitler were all graduate students at
the University of Illinois under George White in the 1950s.  Each had been
assigned a portion of northwest Pennsylvania and given the task of mapping
the glacial material.  The story  of BJ's Tavern might be apochryphal, but the
rest is definitely true

2.7 65.4 Intersection with I79.  Continue straight (east) on US Rt. 6N toward Edin-
boro.

0.7 66.1 Enter Edinboro.  Continue straight (east) on US Rt. 6N.
0.5 66.6 Bear left and stay on US Rt. 6N to the center of town.
0.3 66.9 Intersection of US Rt. 6N and PA Rt. 99.  Turn right and proceed southeast

on PA Rt. 99.
3.1 70.0 Follow PA Rt. 99 around the monument and turn right (southeast).  Stay

on PA Rt. 99.
1.5 71.5 Cross Conneauttee Creek.
0.6 72.1 Enter Crawford Co.
2.5 74.6 Cross Conneauttee Creek at Drakes Mills.
1.9 76.5 Junction of PA Rts. 99 and 86.  Continue straight (south) and follow com-

bined routes into Cambridge Springs.
0.3 76.8 Enter Cambridge Springs.
0.1 76.9 Turn left (east) and stay on PA Rts. 99/86.
0.2 77.1 Junction of PA Rts. 99/86 with US Rts. 19/6.  Turn right (south) and follow

combined routes into Cambridge Springs.
0.1 77.2 Cross French Creek.  Almost immediately we will bear left at the junction
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of US Rts. 19/6N and PA Rt. 86.  Follow PA Rt. 86.
0.2 77.4 Intersection of PA Rt. 86 and PA Rt. 408.  Turn left (east) onto PA Rt. 408.
4.0 81.4 We will be paralleling the buried glacial valley that carries Muddy Creek (to

the left) for the next 3.5 miles.  This valley is the surface expression of  the
Tyrone-Mt. Union lineament, a major basement fracture.  It apparently was a
Neoproterozoic transform fault with approximately 37.5 mi (60 km) of right-
lateral offset that essentially stopped sometime between Early Cambrian and
Early Ordovician.  Since the Early Ordovician, most, if not all of the move-
ment on the fault has been vertical (Rodgers and Anderson, 1984).

5.0 86.4 Intersection of PA Rt. 408 and PA Rt. 77.  Turn right (southwest).
0.1 86.5 Turn left and proceed south on PA Rt. 408.
2.4 88.9 At the intersection in South Richmond Corners bear left and continue east

on PA Rt. 408.
2.7 91.6 Entering Townville, Pennsylvania.  Continue southwest on PA Rt. 408.
1.1 92.7 Altenberg Corners.  About 3 mi north of here is the drainage divide between

Muddy Creek, which flows northwest to French Creek, and Oil Creek, which
flows southeast and south to the Allegheny River.  Both creeks flow in the
buried glacial valley that marks the surface expression of the Tyrone-Mt.
Union lineament.  Prior to the Ice Age, Muddy Creek was the sole stream in
the valley, draining northwestward into French Creek from the vicinity of
Titusville.  At the onset of glaciation, the ice blocked the waters of Muddy
Creek which then topped a drainage divide south of Titusville and flowed
south down Oil Creek to the Allegheny River.  When the last glacier re-
treated, it  left the old creek valley so  full of glacial debris as to form a new
drainage divide north of Altenberg Corners.  Now, Muddy Creek drains from
here to French Creek, and Oil Creek drains from here to the Allegheny River

2.4 95.1 Junction of PA Rt. 408 and PA Rt. 428.  Continue straight  (east) on PA Rt.
408.

1.6 96.7 Cross the East Branch of Sugar Creek.
3.8 100.5 Cross Oil Creek and the buried glacial valley that carries it.  This is, once

again, the surface expression of the Tyrone-Mt. Union lineament.
0.5 101.0 Turn right in Hydetown and proceed southeast on PA Rt. 408 across

Thompson Creek.
0.7 101.7 Intersection of PA Rt. 8.  Hydetown lies on the terminus of the Kent ice ad-

vance in this area.  Turn right onto PA Rt. 8 and proceed southeast toward
Titusville.

1.7 103.4 On your left is Woodlawn Cemetary where Col. Edwin L. Drake is buried.
Drake died in relative obscurity and poverty in Bethlehem, Pennsylvania, but
his remains were moved to this cemetary shortly after a magnificent monu-
ment in his honor was erected her in 1901.  You should be able to catch a
glimpse of the monument through the trees.

0.1 103.5 Entering historic Titusville.
1.0 104.5 Turn right (south) onto Franklin Street and proceed south on PA Rt. 8.
0.2 104.7 Cross the Oil City and Titusville Railroad.
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0.1 104.8 Turn left on Drake Street at light.  PA Rt. 8 follows Franklin Street south to
Oil City and Franklin.  On PA Rt. 8 is a historical marker dedicated to the
Roberts Torpedo.  E.A.L. Roberts, a Lieutenant Colonel with the 28th New
Jersey Volunteers during the Civil War, conceived of the idea of opening up
crevices in oil-bearing rock by exploding an elongated shell, or torpedo,
filled with nitroglycerin inside the crevice.  Col. Roberts resigned his com-
mission in 1864, went home to New York City, made six prototype torpedos,
and applied for a patent.  In Titusville, Roberts met much resistance to his
ideas from local oilmen until he proved his invention would work.  In Janu-
ary of 1865, he exploded his first torpedo in the Ladies well near Titusville.
The test greatly increases oil production in the well and created immense in-
terest in his torpedo.  Roberts' torpedo went into regular use in the oil fields
and he became fabulously wealthy.

0.8 105.6 Cross into Venango County.
0.2 105.8 Cross Oil Creek .  The parking lot on the right just before the bridge is in Oil

Creek State Park.  The Oil Creek bike trail ends (or starts) here.  At the east
end of the bridge, turn right into Drake Well Memorial Park.

0.3 106.1 STOP 6 AND LUNCH.   DRAKE WELL MEMORIAL PARK
Leader:  John A. Harper.

Welcome to Drake
Well Memorial Park.  This
stop features:  1) the Drake
Well Museum; 2) a replica
of the Drake well; 3) vari-
ous oil-field equipment; 4)
preserved oil pits dug by
Native Americans years, if
not centuries, before Co-
lumbus set sail; 5) a chance
to study sedimentary
structures and fossils within
a sequence of Upper Devo-
nian sandstones and shales:
and 6) lunch.  The location
of this stop can be found in
Figure 24.

Figure 24- Location of the Drake Well Memorial Park on the
Titusville South quadrangle, showing the location of the
Kinley #2 well.
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DRAKE WELL MUSEUM

The Drake Well Museum was established in 1934 on the diamond jubilee of the “discov-
ery” of oil by Edwin L. Drake and his crew (Lytle, 1959).  Several prior attempts had been made
to honor Drake’s memory, including construction of a small museum building in Titusville by
Edwin C. Bell to house a collection of artifacts collected in the 1800s (Anonymous, 1993), and a
large monument dedicated in 1901 that can still be seen at Drake’s grave in Woodlawn Cemetery
in Titusville.  In 1908, the Canadohta Chapter of the Daughters of the American Revolution
(DAR) received a gift of five acres of land upon which the Drake well had been drilled.  In 1914
the DAR emplaced a large boulder, found a few miles south of the property, with a bronze
plaque on it dedicated to Drake and his well.  This can be seen on the west side of the oval
walkway within the museum grounds.  In 1931, the American Petroleum Institute raised $60,000
to establish a museum.  The money helped to acquire more land, build the dike along the west
side of the museum property, clear the ground, excavate and drain the area, construct and furnish
a caretaker’s house, and establish a museum building and library (Lytle, 1959).  Upon comple-
tion, the Bell museum collection was transferred to the new museum.  The Commonwealth of
Pennsylvania formally took over operations in 1934 and over the years managed to acquire more
property.  In 1946 a replica of the Drake well was built across from the museum, on the site of
the original well.  The original well had been dismantled and shipped to Philadelphia for the
1876 Centennial Celebration and was never returned.  In its place, a Pittsburgh architectural firm
designed a replacement from John Mather’s classic photograph (Figure 25).  “[The plans] were
meticulously detailed – down to 27-inch wide white pine boards, each specially sawn and soaked
in the Park’s lagoon for a month before being placed; down to nail heads roughed  to reproduce
the patina of handmade originals; down to replicated hinges and hardware.” (Anonymous, 1994,
p. 1).  A building campaign begun in 1952 raised tax deductible contributions toward improve-
ments to the museum, and by 1964 the new museum building, gift shop, and restrooms were
completed.  The permanent exhibits were in place by 1966, whereas the engine for the Drake
Well replica, constructed from working plans by the company that built the original boiler, was
installed in the mid-1980s.  Numerous examples of oil drilling equipment and technology have
been purchased or donated and stand upon the grounds as monuments to the industry.  At the
south end of the museum property, near the picnic pavilions, you can see many of the numerous
oil pits dug by Native American tribes before Columbus set sail for the Orient.  Conferees are
encouraged to spend as much time as possible in the museum building and on the grounds.

OIL IN THE OUTWASH

The glacial outwash filling the creek valleys around Titusville commonly contained sig-
nificant deposits of crude oil oozing from the underlying reservoir rocks.  The oil pits at the
south end of the Drake Well Museum, dug by Native Americans centuries before Europeans en-
tered the area (see p. 39 of this guidebook), occur in the gravelly floodplain of Oil Creek.
Drake’s original plans for producing oil included collecting it as it seeped and bubbled up
through the stream bed, and digging down through the sand and gravel to the source of the oil.
There was even an oil pool at Titusville called Watson Flats, discovered in April, 1877, that pro-
duced exclusively from glacial valley fill at a depth of only 15 ft (5 m).  The glacial valley fill
contains layers of clay that tend to trap fluids, similar to the clay traps of the spurious “fourth
river” at Pittsburgh.  Oil seeping from the underlying Venango Formation reservoir rocks, which
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are less than 100 ft (30 m) below the creek valley, migrated through the valley fill until it became
trapped beneath the clay layers, and the clay at Watson Flats apparently was extensive enough to
allow for substantial production.  Watson Flats pool was only an acre or so in area, but it man-
aged to provide about 10,000 or 12,000 barrels of oil by 1879 (White, 1881).

To visit the oil pits at the south end of the park, walk past the picnic pavilions to where
the mown lawn ends in trees and bushes.  Climb the dike and follow it until it becomes a path
that circles around through the pits and eventually ends up at the parking lot.  Much of the low-
land in this area is pock-marked with pits dug by Native Americans at least as late as 1440 AD,
and probably significantly earlier (see p. 39 of this guidebook).

Figure 25- Famous Mather photo of Edwin L. Drake (right) and his friend Peter Wilson
posed before the Drake well in 1861.  This is actually Drake’s second derrick and engine
house – the first burned down late in 1859.  No pictures of it were ever recorded.  Photo
courtesy of the Drake Well Museum
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BEDROCK GEOLOGY

The bedrock exposed across the Oil City and Titusville Railroad tracks from the Drake Well
train station at Drake Well Memorial Park (Figure 26) can be traced over large areas in the sub-
surface, but it has never been satisfactorily identified.  The names Corry Sandstone and
Cussewago Sandstone commonly are used, but as will be shown below, neither name adequately
fits the rocks.

Figure 26- Photographs of the outcrop exposure at
the Drake Well station of the Oil City and Titusville
Railroad.  A- View from a distance showing the con-
trast between the upper sandstone and lower shale
units.  B- Close-up of the sharp basal contact between trough cross-bedded sandstone and
shale.

PREVIOUS STUDIES

In his early studies of the geology of the oil region, Carll (1875, 1880, and 1883) barely men-
tioned the interval exposed at Drake Well Memorial Park.  He included it within his “Crawford
Shales”, a 450-ft (137-m) thick zone of shales and siltstones ranging from the base of the She-
nango Sandstone to the top of the oil reservoirs of the Venango Formation.  We now know by
tradition that this zone includes, from bottom to top, the Riceville Formation, Cussewago Sand-
stone, Bedford Shale, Corry Sandstone, and Cuyahoga Group in the area around Titusville.  Carll
(1880, p. 107) admitted that “there is a great deal of sandy matter all through the Crawford Shale
in some localities, and there can be little doubt that occasional and local beds of sand were being
spread over parts of its area during the whole time of its deposition.”

White (1881), who named both the Corry and Cussewago sandstones from outcrops in
Erie and Crawford counties, respectively, appears to have considered these rocks to be Corry.
His description of Oil Creek Township in Crawford County, the township surrounding Titusville,
mentions the rock strata on the hilltops being Sharon Conglomerate and that in the valley below,
rising “from the bed of Oil creek near Titusville”, is the Corry Sandstone (White, 1881, p. 93).
White’s description of the Corry Sandstone as a thin bedded, yellowish to buff white, fine
grained, tightly cemented sandstone is quite different from his description of the Cussewago
Sandstone.  This latter rock was very coarse, buff-brown to dark greenish-brown, loosely ce-
mented sandstone.  White was singularly impressed with the lack of induration in the
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Cussewago, commenting on a quarry in Hayfield Township where the operations were aban-
doned because even freshly quarried sandstone tended to fall apart into a heap of loose sand.  At
other places the sandstone contained small quantities of manganese oxide generally filling cavi-
ties in the rock, carbonized plant remains, and flat quartz pebbles.  He recognized the rock in
outcrop throughout Crawford County, but noted that east of French Creek it tended to be harder
and more compact.  It is obvious from his descriptions that the Corry and Cussewago are quite
different lithologically and paleontologically, and that it should be difficult to confuse them.

Caster (1934) didn’t mention this locality in his famous compendium of Mississippian
and Devonian strata and fossils in northwestern Pennsylvania.  It is even difficult to determine by
inference whether he would have called these rocks Corry, Cussewago, or something else.  In his
discussion of the Knapp Formation of Warren and McKean counties, he noted that the Corry lies
above the Knapp and that the Cussewago correlates to the upper of two conglomerate beds (his
Cobham Conglomerate).  The Cobham Conglomerate “…is a typical flat-pebble conglomerate,
of varying texture.  The size of the pebbles tends to grow smaller toward the west and the mem-
ber loses its massive conglomerate appearance.  From Warren west the member is composed of
fine, angular pebbles, with only occasional flat pebbles.  West of Warren the member is usually,
very loosely cemented.  The angular pebbled rock (“millet grained” texture) is known as the
Cussewago sandstone in Erie and Crawford Counties and eastern Ohio.” (Caster, 1934, p. 113).

Caster found the Corry Sandstone to be fossiliferous only in the lower foot or foot and a
half.  One of his “outstanding” sections of Corry occurs at Rouseville along Oil Creek about 12
miles south of Drake Well Memorial Park.

In the course of studying the oil producing rocks of Venango, Warren, and western Craw-
ford Counties during the early days of World War II, Dickey (1941), Sherrill and Matteson
(1941), and Dickey and others (1943) identified the Corry Sandstone and an underlying unit, oc-
curring mostly within the subsurface, which they called the Cussewago Sandstone.  They de-
scribed the Cussewago as 80 to 100 ft (24 to 30 m) of alternating dark gray shale, dark gray
sandy shale, and very fine-grained, light gray to white, thin-bedded, fossiliferous sandstone lying
between the Corry and the red shales of the Riceville Formation.  These lithologies appear to
have far more in common with the Corry Sandstone than with White’s (1881) type Cussewago,
despite occurring well below the Corry.  Dickey (1941) noted that electric logs run in wells in the
Titusville area showed this formation to contain three prominent sandstone beds lying 40, 55,
and 75 ft ( 12, 17, and 23 m) below the base of the Corry.  He also noted a faint reddish color in
the shales.  The sandstones frequently contain abundant crinoid fossils.  Sherrill and Matteson
(1941) found thin streaks of dark red or brown shale within the Cussewago that were lithologi-
cally indistinguishable from the underlying Riceville Formation.  Dickey and other (1943, p. 21)
stated that the upper third of the Cussewago is exposed along Oil Creek north of Rouseville.

Later that decade, Demarest (1946) and deWitt (1946 and 1951) studied the relationships
of the Corry Sandstone of northern Pennsylvania, Berea Sandstone of eastern Ohio, Cussewago
Sandstone of northwestern Pennsylvania, and Murrysville sandstone in the subsurface of western
Pennsylvania.  Their work is summarized in a classic US Geological Survey publication on the
Bedford Shale and Berea Sandstone (Pepper and others, 1954).

Pepper and others (1954, p. 19) described the typical Cussewago Sandstone as “…fine to
coarse, angular to subangular quartz grains that are normally coated by iron oxides.  The sand-
stone is characteristically poorly cemented; in color it is dull greenish-yellow.  In many places
small discoidal or ellipsoidal pebbles as much as one-quarter of an inch in diameter occur either
scattered through or in small lenses in the lower part of the Cussewago sandstone.  The
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Cussewago sandstone appears to be unfossiliferous except for a few bits of plant tissue."  They
also found (p. 17) that the formation disappeared eastward from the type section in central Craw-
ford County.  “From outcrop 50 [in North Shenango Township, Crawford County] eastward to
outcrop 92 [northern Athens Township, Crawford County] (pl. 4) the Cussewago sandstone rests
on the upper part of the Riceville shale, and east of outcrop 92 where the Cussewago sandstone is
absent the Corry sandstone lies on the upper beds of the Riceville shale.”  Pepper and others
(1954) disagreed with Caster’s (1934) contention that the Cussewago was a sandstone equivalent
of the upper conglomerate bed in the Knapp Formation.  They indicated that these two forma-
tions are separated laterally by a belt of shale and, therefore, have no relationship.  Their inten-
sive correlation of outcrops and drill cuttings led them to conclude that the rock typically consid-
ered to be Cussewago Sandstone in the Oil Creek Valley was, in fact, the Corry Sandstone.  A
key marker bed above the Corry called the Bartholomew Siltstone Member of the Orangeville
Shale can be easily recognized and traced around Crawford and Venango counties.  Pepper and
others (1954, p. 42) traced it eastward from near the boundary with Ohio to Corry in Erie
County, Pennsylvania, and down Oil Creek valley to Oil City.

The fine work of Pepper and others (1954) more than just redefined the nomenclature of
the Corry/Berea-Bedford-Cussewago sequence in northwestern Pennsylvania - it convinced
many subsequent workers for years that the exposures along Oil Creek were of the Corry Sand-
stone. Ward and others (1976), Hoskins and others (1983), Feldman and others (1992), and
Harper (1998b) all used the name Corry for the sandstones at the Drake Well Memorial Park,
and Sass (1960) used that name for rocks in the Oil Creek valley.

Dissenting from this opinion were Burgchardt and Fox (1989) and Fox (1989) who, with
the use of geophysical logs from nearby wells for correlation, returned to calling the outcrop and
its subsurface correlatives the Cussewago Sandstone.  In fact, they placed the Drake Well Memo-
rial Park outcrop right at the boundary of the Cussewago and Riceville formations, with the Ri-
ceville represented by the shales at the bottom.

Dodge (1992, p. 13), defying all tradition, identified this unit in western Warren County
as an unnamed marine equivalent of the Knapp Formation.  This “unnamed marine mixed clas-
tics” sequence consists of thin, impure, locally calcareous, mostly very fine grained, light-gray
sandstone, gray siltstone, and subordinate dark-gray shale.  It is about 60 to 100 ft (18 to 30 m)
thick and recognizable on gamma-ray logs and in the field.  Dodge interpreted the clastics as off-
shore or lower shoreface deposits seaward of the Knapp barrier bar/beach system.

In order to corroborate or lay to rest any of the above assertions, I correlated two sections
of gamma ray logs:  1) section A-A’ (Figure 27) runs from near the Berea and Cussewago out-
crops in western Crawford County through the vicinity of Drake Well Memorial Park to eastern
Warren County where the name Knapp Formation is used; and 2) section B-B’ (Figure 28) runs
from the Corry outcrops of northeastern Crawford County through the vicinity of the Drake Well
Memorial Park to the gas fields of northern Armstrong County where the name Murrysville sand
is used for the Cussewago correlative unit in the subsurface.  Based on these sections, I can say
definitively that the jury is in, and Dodge (1992) wins. Figure 27 and Figure 28 show that the
sequence of rocks attributed to the Cussewago by Dickey (1941) and others, and to the Corry by
Pepper and others (1954), is, in fact, a separate, as yet unnamed formation more closely equiva-
lent to the basal Knapp Formation than to either the Corry or Cussewago.  For the purposes of
simplifying the discussion of this unit (“unnamed marine mixed clastics” is such an unwieldy
term), and at the risk of creating a stratigraphic nomen nudem, I hereby informally designate this
unit the “Drake Well formation” and identify the outcrop at the Drake Well railroad station as the
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informal type locality.  In all likelihood the outcrops along the Allegheny River at Tidioute and
Tionesta, which have more extensive exposure of this interval, will eventually prove better lo-
calities for describing a new formation.

THE “DRAKE WELL FORMATION”

For the purposes of this guidebook, I am defining the “Drake Well Formation” as the se-
quence of Upper Devonian sandstones and shales occupying the stratigraphic position between
the Tidioute Shale and the Riceville Formation (Figure 29).  The exact geographic expanse of the
“Drake Well Formation” is uncertain at this time, although it should be easy to determine from
geophysical logs and outcrops.  Based on cross sections A-A’ and B-B’ (Figure 27 and Figure
28), it is limited to the eastern third of Crawford County, the northern half of Venango County,
and the western half of Warren County.  I am uncertain of its northern limit.  I am using the
name Tidioute Shale for the shale section between the Corry Sandstone and “Drake Well Forma-
tion” because the definition of the Bedford and Hayfield Shales doesn’t fit the stratigraphy.  The
Tidioute was named by Caster (1934, p. 117) for several excellent exposures of fossiliferous
shale between the overlying Corry Sandstone and the underlying “Cobham or Cussewango [sic]
Sandstone” in the vicinity of Tidioute, Warren County.  The combined Tidioute Shale and
“Drake Well Formation” grade laterally into the Knapp Formation in eastern Warren County and
into the upper part of the Riceville Formation in Crawford County.  Based on Figure 28, one
could argue that the combined Tidioute Shale and “Drake Well Formation” grade southward into
the “Oswayo Formation” and Hundred-foot sand of the Venango Group. At this writing, how-
ever, it seems expedient to limit them to the area north of the development of the Cussewago
Sandstone/Murrysville sand.

In outcrop along the Oil City and Titusville Railroad tracks at the Drake Well station (the
“type locality”) (Figure 26 and Figure 30), the “Drake Well formation” consists of about 14 ft (4
m) of sandstone with a few thin interbedded dark gray shales and fissile siltstones, underlain by
about 10 ft (3 m) of darker colored mudrocks.  The entire formation is actually about 60 ft (18 m)
thick in the vicinity of the Drake Well (Figure 29)

The upper sandy unit consists of light gray to white, fine- to very fine-grained, thin bed-
ded to flaggy sandstone.  Upon weathering, some of the sandstones turn a soft yellowish gray or
olive gray, probably as a result of oxidation of iron in the matrix.  The sandstones contain a vari-
ety of mineral, sedimentological, and biological constituents (Figure 31 and Figure 32).  Calcite
cement, mica, and hematite stains, especially coating the fossil molds, are abundant.  Less com-
mon are marcasite nodules.  Some of the sandstone beds exhibit tabular to trough cross-bedding,
and common sedimentary structures include hummocky cross stratification, symmetrical and
asymmetric ripples, small-current ripples, Runzelmarken (wrinkle marks), groove, bounce, prod,
and brush casts and striations, and other sole markings.  Body fossils of the normally rare sili-
ceous sponge Titusvillia drakei Caster occur here, along with more common brachiopods (Lin-
gula, and external molds of Rugosochonetes, Shumardella, and Cyrtospirifer), gastropods (Belle-
rophon and Euomphalus), bivalves (Parallelodon and Leiopteria), and scattered crinoid colum-
nals (Figure 33).  Trace fossils observed at the site include Bifungites, Palaeodictyon, Monocra-
terion, Palaeophycus, Pelecypodichnus, Phoebichnus, Planolites, and numerous, tiny, undeter-
mined forms.  Only a few isolated pieces of plant fossil debris were found.
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Figure 27- Stratigraphic cross section A-A’ from
western Crawford County to eastern Warren
County showing the Lower Mississippian and Up-
per Devonian formations encountered in the sub-
surface.

Figure 28- Stratigraphic cross section B-B’ from eastern Crawford County to
northeastern Armstrong County showing the Lower Mississippian and Upper De-
vonian formations encountered in the subsurface.
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Figure 29- Portion of the gamma ray log of the #2 Kinley well on the hill above the Drake
Well (see location in Figure 24) showing correlation of the outcrop at the Drake Well
Memorial Park with the “Drake Well formation.”
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The shale section below the sandstones consists of
dark reddish-brown, greenish gray, and dark gray shales
interbedded with similarly colored, fissile and micaceous
siltstones and a few layers of claystone.  Some of the silt-
stones contain body fossils, especially near the top of the
shale/siltstone sequence, but as a whole the section con-
tains mainly trace fossils.  In appearance, it isn’t much
different from the Riceville Formation in this area.  The
Riceville tends to be more reddish, especially in the lower
part (Dickey, 1941).

The sequence is easily recognized in the subsur-
face.  Dickey (1941, p. 6) pointed out that:

“It is not possible to correlate the individual sandstone
beds from drill cuttings throughout the Titusville quad-
rangle.  However, electric logs of several wells show that
there are three prominent sandstone beds which are wide-
spread in the southern part of the quadrangle.”

Actually, four sandstones appear in the “type” log
(Dickey, 1941, Figure 5), but the number varies from lo-
cation to location.  This suggests the sandstones are len-
ticular, and perhaps imbricate, rather than tabular.

Dodge (1992) thought the “Drake Well forma-
tion” would represent the offshore or lower shoreface de-
posits seaward of the Knapp barrier bar/beach system.
Although the hummocky cross stratification, a result of
storm activity, could occur in water below normal wave
base, the wave ripples and small-current ripples probably
represent the littoral environment.  Likewise, the abun-
dance of marine fossils in many beds suggests a beach or
littoral environment.  In contrast, the brachiopod Lingula
generally indicates shallow water, often more brackish
conditions, which might suggest an estuary or restricted
lagoon.  The majority of the iron-stained shells of the
brachiopod Rugosochonetes lying in various orientations
and mixed with crinoid columnals indicates a mixed as-
semblage of current or wave scattered shells.  Beds of
fragmented Lingula shells, typically intermixed with true
marine fossils, such as crinoid columnals, probably indi-
cate storm debris or a high-energy swash zone.  The gen-
eral rarity of plant fossils and debris suggest the forma-
tion was deposited relatively far from a source of conti-

nental influx.  Runzelmarken are known to occur where the bottom is intermittently emergent.
Delicate tool marks such as brush and prod casts, however, suggest preservation in water deep

Figure 30- Lithology of the “Drake
Well formation” exposed at Drake
Well Memorial Park.  Modified
from Burgchardt and Fox (1989)
based on work by Assad Panah
and students, University of Pitts-
burgh at Bradford.
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enough not to be disturbed by waves.  Orientations of these tool marks at several angles to each
other indicate the currents changed regularly.  These various sedimentary features suggest the
“Drake Well formation” was deposited in a variety of marine and transitional environments from
possible beach (supratidal) to below wave base (subtidal).  A more thorough study of the forma-
tion, here and at outcrops along the Allegheny River in Forest and Warren Counties, should pro-
vide more information.

Figure 31- Some common sedimentary structures occurring in the “Drake Well forma-
tion”.  Camera lens cap for scale.  A – Oscillation (wave) ripples.  B – Small current ripples.
C – Runzelmarken (wrinkle marks).  D – Variety of small tool marks (with a few trace
fossils).

D
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Figure 32- Some of the body and trace fossils from the “Drake Well formation.  A – Three
slabs of Titusvillia drakei Caster (photo courtesy of Samuel T. Pees).  B – Lingula shell
fragments.  C – Hash of brachiopod (Rugosochonetes) and crinoid columnal molds, coated
with hematite.  D – Palaeophychus.
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Figure 33- Illustrations of the more common fossils that have been found at the Drake Well
locality (modified from Hoskins and others, 1983).  Sketches are not to scale.
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Mileage
Int Cum

Leave Stop 6 and retrace route to PA Rt. 8.
1.3 107.4 Turn right (north) onto PA Rt. 8 and follow Franklin Street.
0.4 107.8 Turn left onto Central Avenue and proceed west on PA Rt. 8.  About 0.8

miles north of here, where PA Rt. 89 crosses Church Run, is the type locality
of the peculiar Late Devonian sponge, Titusvillia drakei Caster.

0.4 108.2 Bear right at the traffic signal onto Spring Street and follow PA Rt. 8
northwest up the Tyrone-Mt. Union lineament.

3.0 111.2 Hydetown, the terminus of the Kent ice advance.  Cross Thompson Run, a
tributary of Oil Creek, and continue northwest on PA Rt. 8.

7.2 118.4 Cross the East Branch of Oil Creek and enter Centerville.  Continue north
on PA Rt. 8.

3.6 122.0 Intersection of PA Rt. 8 and PA Rt. 77.  Riceville, type locality of the Upper
Devonian Riceville Formation is one mile to the southwest along PA Rt. 77.
Continue north on PA Rt. 8.

8.4 130.4 Junction of PA Rt. 8 and US Rt. 6 in Union City.  Continue north on the
combined routes.

0.5 130.9 Cross the South Branch of French Creek.
0.1 131.0 US Rt. 6 goes off to the right.  Continue north on PA Rt. 8.
0.2 131.2 Intersection of PA Rt. 8 and PA Rt. 97.  Turn left onto PA Rt. 97 and pro-

ceed west toward Waterford.
2.5 133.7 Middleton Road comes in from the right.  Remember this?  You were just

there yesterday when we visited Union City Dam.
5.0 138.7 Junction of PA Rt. 97 and US Rt. 19.  Bear right and proceed north into and

through Waterford.
1.5 140.2 Junction of PA Rt. 97 and US Rt. 19.  Bear right and proceed north on PA

Rt. 97 toward Erie.
8.7 148.9 Turn left into the parking lot of the Quality Inn and Courts.  Leave the buses

and don't forget to take all your specimens and belongings with you.  End of
the 1998 Field Conference of Pennsylvania Geologists.  We hope you had an
interesting and informative time. Stay tuned to the Field Conference of
Pennsylvania Geologists web page for information on next year's Field Con-
ference at http://www.paonline.com/gfleeger/fcopg/.  We hope to see you
there
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