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INTRO

ROADLOG
OHIOPYLE 2021
FIELD CONFERENCE OF PENNSYLVANIA GEOLOGISTS
FRANK J. PAZZAGLIA – LEHIGH UNIVERSITY
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
STEPHEN LINDBERG – UNIVERSITY OF PITTSBURGH, JOHNSTOWN

Figure 1. Slope shaded geologic map of Ohiopyle, with rectangle outlining Ohiopyle Quadrangle (focus of Day 1
stops) encompassed by the surrounding Laurel Highlands (focus of Day 2 stops).

Introduction and Trip Goals
Welcome to the Geology of Ohiopyle State Park and the Laurel Highlands (Figure 1). With its
high ridges, steep river gorges, caves, and mature rail-trail network, it is no surprise that the
region has matured into a popular recreational destination. Our goal over the next two days is to
present new geologic and geomorphologic research describing the diverse processes and events
that that shape this beautiful part of the Commonwealth.
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Key points covered
1. The stratigraphy, structure, and map distribution of
bedrock units (Figures 2 and 3; Shaulis, 2020),
2. The resources in the bedrock and their environmental
legacy,
3. The Carmichaels Formation, its age, and relation to the
formation of the Ohio River (Figure 4),

4. The processes and rates of carving transverse
drainage across Laurel and Chestnut Ridges (Figure
5a),
5. The formation of waterfalls in and adjacent to
Ohiopyle State Park and their rate of retreat (Figure
5b),

6. The Quaternary paleoecology of a peat bog near the
crest of Laurel Hill Anticline in Ohiopyle State Park
(Figure 6),
7. Joint and bed dip-controlled cave formation (Figure
8),

8. Paleoecology of a marine facies, and

9. The identification and classification of geoheritage
sites that feature a variety of significant geoheritage
values (Figure 9).

Structural Setting

Ohiopyle State Park and the Laurel Highlands lie in
gently deformed part of the Appalachian foreland that
straddles the Allegheny Mountains and Pittsburgh Low
Plateau sections of the Appalachian Plateau
physiographic province (Figure 3). This part of the
Appalachian foreland lies above the Grenville margin of
Figure 2. Stratigraphic column for the
North America, including the Rome Trough, an Early
Laurel Mountains region.
Cambrian rift with a long history of differential
subsidence and reactivation throughout the Paleozoic (Gao et al., 2000). Deposition and
deformation of the strata underlying our field conference venue occurred in the mid to late
Paleozoic. Unsteady erosion and sculpting of the landscape started at the close of the Paleozoic
and continues to the present. Unlike the Ridge and Valley, the structural anticlines of the Laurel
Highlands are topographic highs, whereas the structural synclines are topographic lows. Like the
Ridge and Valley, resistant rock types underlie topographically high and steep parts of the
landscape and play an important role in the formation of waterfalls.

Stratigraphic Column

The stratigraphic column for the field conference includes sedimentary rocks of late
Paleozoic and late Cenozoic age (Figure 2 and inside front cover). The Paleozoic rocks span
the late Devonian through early Permian periods and collectively define a ~ 1 km thick package
of sandstone, siltstone, and mudstone locally rich in bituminous coal, with lesser amounts of
conglomerate and both marine and fresh-water limestone. The mineralogy of the clastic deposits
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represent a diverse, eastern (in the current reference frame) provenance and the waxing and
waning of a broad alluvial plain into the Appalachian foreland in response to the Acadian and
Alleghenian orogenies, as well as changes in regional climate spurred by the northward
translation of North America from arid mid-latitudes to tropical low latitudes (Levine and
Slingerland, 1987). In the major river valleys these Paleozoic strata are unconformably overlain
by fluvial, lacustrine, debris-flow, and fluvial-deltaic deposits collectively known as the
Carmichaels Formation (Campbell, 1902; Hickock and Moyer, 1940) that can approach 30 m in
thickness and lie 10-100 m above the modern channels. The Carmichaels Formation is a single
lithostratigraphic unit that most likely represents not only multiple facies, but also multiple
phases of deposition spanning a large age range across the Pleistocene and perhaps even the late
Pliocene. The Carmichaels Formation is traditionally thought to be genetically related to one or
more phases of the early to mid-Pleistocene glacial Lake Monongahela (White, 1896; Jacobson et
al., 1988); however, Carmichaels Formation deposits are found at elevations both above and
upstream of the commonly agreed upon extent of the lake(s) (Campbell, 1902).

Geologic and Geomorphic Background

The foundation of the landscape that we will traverse for the next two days (Figure 3) lies on
the sedimentary rocks of the Appalachian foreland, deposited and deformed during the Paleozoic
construction of the Appalachian Mountains. The Appalachians and its foreland represent
mountain building throughout most of the Paleozoic on the former eastern convergent margin of
North America. Sediment supply from the uplifting and eroding Appalachians generally exceeded
foreland subsidence during the late Devonian Acadian and Pennsylvanian-Permian Alleghenian
orogenies, resulting in mostly clastic, terrestrial deposits to spread across southwestern
Pennsylvania in a broad, westward-coalescing (in the modern reference frame) coastal plain.
Periods of high eustasy and/or reduced sediment supply resulted in marine incursions and both
clastic and carbonate deposition across the Ohiopyle area (Figure 2). Drift of the Appalachian
foreland to more equatorial positions coupled with glacio-eustasy in the Pennsylvanian lead to
the expansion of vast peat wetlands, the precursor to the numerous bituminous coal seams that
historically drove economic development of the region. Shortening propagated westward into
the western PA foreland as the Alleghenian orogeny progressed, resulting in the broad folds of
the Negro Mountain, Laurel Hill, and Chestnut Ridge anticlines and their intervening synclines.
Subtle changes in Pennsylvanian and Permian strata thickness across these structures indicates
syn-depositional growth of these folds (Figure 6b). At the time of their formation, these folds
were still deeply buried in the Appalachian orogenic wedge, presumably covered by a thick
molassic sequence that is only partially preserved by the Permian sediments in the center of the
Appalachian basin further to the south and west. Apatite fission track (AFT) thermochronology
and coal vitrinite reflectance suggest ~3-4 km of burial ~250 Ma (Blackmer et al., 1994).

Mountain building continued in the Permian followed by a long period of erosion by westflowing (in the present reference frame) rivers that reduced Appalachian topography and
distributed the detritus further west across North America. At the close of the Allegheny orogeny
~250 Ma, there would have been a highland over all the Appalachian hinterland and the eastern
part of the foreland. That highland was crossed by a drainage divide separating rivers that flowed
west (with respect to the current coordinate reference frame) into the North American interior
from rivers that flowed east into what is now northern Africa. The Allegheny orogeny had built
a mountain range similar in width, height, and relief to the modern Andes (Slingerland and
Furlong, 1989). Assuming rates of denudation ≤ 1 mm/yr for a range of this scale (Ahnert, 1970),
~15 to 30 km of rock was removed in ~40 Myr, reducing relief and lowering the topography.
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Further west across the Laurel Highlands, unroofing likely proceeded at rates between 10 – 20
m/Myr (Blackmer et al., 1994), but even at that pace, 1-2 km of section was removed in the
subsequent 100 million years resulting in AFT cooling ages of ~150 Ma (Late Jurassic) for rocks
now exposed at the surface.

Figure 3. Geologic map and cross section of the Ohiopyle 7.5 quadrangle (modified from Shaulis, 2020).

Regional crustal extension at ~230 Ma began dismembering what remained of the
Appalachians forming a wide rift zone like the modern Basin and Range across the former
highland (Withjack et al., 2012). Rifting ceased and continental breakup began 201 Ma
accompanied by the outpouring of the central Atlantic magmatic province (CAMP) flood basalts.
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The magmatism included a broad arching of the suture between Africa and North America which
uplifted, deeply eroded, and then thermally subsided the remnants of the rift basins. As the
continents separated during the break-up phase ~190 Ma, the proto-Atlantic formed as did,
presumably, a short, steep Atlantic slope drainage. In this way, a new continental divide and
seaward facing escarpment was established with the new Atlantic slope streams to the east and
the remnants of the Appalachian and syn-rift rivers to the west. By ~180 Ma, the situation looked
somewhat like the Red Sea rift today. By ~120 Ma, the margin had cooled and fully subsided,
and coupled with high eustasy, was transgressed by the Coastal Plain (Lower Aptian Potomac
Group). By this time, the escarpment had long been retreating westward across the Piedmont, to
the Blue Ridge, and into the Ridge and Valley. Continued retreat of the escarpment is marked
today by the Allegheny escarpment which forms the eastern continental divide between the
Susquehanna and Potomac catchments in the east, from the Ohio and its tributary catchments in
the west. The escarpment continues to march westward into the Laurel Highlands, growing the
size of the Atlantic Slope streams at the expense of the Ohio drainage.

Erosion and denudation rates for the post-orogenic Appalachians, including the Laurel
Highlands, are now well documented from numerous thermochronologic (exhumation), basin
analysis, river incision, alluvial and bedrock TCN, soil, suspended sediment, and dissolution mass
balance studies (see Pazzaglia et al., 2015 and references therein; Portenga et al., 2013; Portenga
et al., 2019). These data cover a wide range of time and space scales and indicate that most of the
post-orogenic Appalachian landscape has been and continues to lower between ~10 and 30
m/Myr. In general, TCN-determined rates of exposed bedrock erosion tend to be lower than
catchment-wide erosion (Portenga et al., 2013) and Pleistocene hillslope erosion rates scale
linearly with mean slope (Portenga and Bierman, 2011; Linari et al., 2017; Reusser et al., 2017).

Glacial Lake Monongahela

Lake Monongahela (Leverett, 1936; Marine, 1997) is the name given to the impoundment
that flooded the valleys of the Monongahela and Youghiogheny rivers when a pre-Illinoian ice
margin dammed the pre-glacial north-flowing former Pittsburgh River system (Figure 4; Harper,
1997; 2002). This lake filled to a level of ~336 m (1,100 ft) before over-topping a sill in the
vicinity of New Martinsville, WV, and integrating with the lower paleo-Ohio river to form the
modern Ohio River, resulting in the Monongahela River and all of its tributaries including the
Youghiogheny River now draining to the Mississippi River. The new base level defined by the
elevation of the incised sill at 186 m (610 ft) generated a base level fall that continues to
propagate upstream through the rivers that drain the Laurel Highlands. There may have been
two or more generations of Glacial Lake Monongahela.

Closely associated with the formation of Lake Monongahela is the deposition of the
Carmichaels Formation (Campbell, 1902; Marine 1997; Marine & Donahue 2000; Kite & Harper,
2011). The Carmichaels Formation consists of a stratified mix of clay, silt, and gravelly sand,
weathered to reddish-orange to tan colors from material originally dark gray, white and tan in
color (Figure 4d). Most diagnostically, the Carmichaels Formation contains polymict, rounded,
fluvial gravel, cobbles, and occasional bounders (Campbell 1902; Kite and Harper, 2011). The
rounded clasts are generally sourced from local resistant sandstone units such as the Homewood
Sandstone or Long Run Conglomerate, with the occasional igneous or quartzite clast sourcing
from the Appalachian headwaters (Harper, 2002). At the type locality of the Carmichaels
Formation, the most abundant concentration and largest of these rounded boulders are found
near the bedrock strath (Campbell, 1902). The Carmichaels Formation is often located within
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broad, flat, abandoned meander bends on the northward flowing tributaries of the Ohio River
(Figure 4c). These abandoned meanders represent the paleo-valleys of a formerly high sinuosity,
low gradient river.

Figure 4. (a) Pre-glacial (Pliocene ?) drainage for western Pennsylvania. Note the paleo drainage divide for the Ohio
River near New Martinsville, West Virginia (modified from Harper, 1997). (b) Extent of Glacial Lake Monongahela
based on a spillway elevation of 335 m and no glacial isostatic adjustment (modified from Harper, 2002). (c) Shaded
relief map of the Youghiogheny River downstream of the Chestnut Ridge Anticline, between Perryopolis and Cedar
Creek Park showing numerous abandoned meanders underlain by Carmichaels Formation above the modern channel.
(d) Exposures of the Carmichaels Formation at Ohiopyle (October 2019) upstream of the highest extent of Glacial
Lake Monongahela, Ethan Kurak for scale.

Efforts to date Lake Monongahela have long been associated with the study of the
Carmichaels Formation where three distinct low gradient terrace levels along the Monongahela
and Allegheny Rivers in the vicinity of Pittsburgh have been identified (White, 1896; Jacobson et
al., 1988; Morgan, 1994; Marine, 1997). The highest level of terrace called the Upper Carmichaels
Formation (Jacobson et al., 1988), is thought to be the maximum extent of Lake Monongahela,
consisting of deposits ~320-335 m (1050-1100 ft) that are > 780 ka based on their reversed
paleomagnetism. The next highest terrace level is at 305 m (~1000 ft), and together with the
highest terrace level are thought to represent two pre-Illinoian ponding events. The third terrace
level at 280-296 m (920-970 ft) is referred to as the Lower Carmichaels Formation by Jacobson
et al. (1998). This terrace is placed as Illinoian in age by Leverett (1934), who traced the terrace
level to Illinoian outwash in the Allegheny River Valley near Pittsburgh. Two lower terrace levels
that more closely match the grade of the modern river are also found at elevations of 253 m (830
ft) and 267 m (875 ft) and are thought to represent Wisconsinan (White, 1896; Marine, 1997)
glaciation and are not comprised of Carmichaels Formation sediments. New studies (Kurak,
2021; Kurak et al., this field book) use cosmogenic 10Be burial and isochron dates to demonstrate
middle Pleistocene ages for Carmichaels terraces upstream of Glacial Lake Monongahela, and an
early Pleistocene age of ~1.8 Ma for the age of the lake, or at least its highest (oldest) phase. All
studies before Kurak (2021) have not accounted for glacial isostatic adjustment (GIA) effects into
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account in considering how it may affect the elevation of terraces, the spillway at New
Martinsville, or the maximum elevation of Glacial Lake Monongahela.

Waterfalls, tors, and the carving of river gorges
The Laurel Highlands are a landscape with
many transient features, some of which are
rapidly changing like steep river gorges
(Figure 5) and others that are slowly eroding
like the tors at Turtlehead Rock and Bog
(Figure 6a). One of the familiar natural
attractions in the Laurel Highlands are
waterfalls and steep, tumbling streams inset
into narrow gorges (Figure 5a). The waterfalls
at Ohiopyle including Ohiopyle Falls (Figure
5b), Cucumber Falls, the slick rock at Meadow
Run, and the whitewater rapids encircling the
Ferncliff Peninsula are all fine examples of
these features. A waterfall is a knickpoint, a
particularly steep example of one, but a
knickpoint all the same. A string of waterfalls
or rapids in a river channel define a knickzone
that are commonly expressed as convexities in
the channel longitudinal profile (Figure 7).
The rivers that drain the Laurel Highlands
alternate between steep, narrow bedrockfloored channel reaches rich with knickpoints,
and more gentle alluvial reaches with wide
floodplains.

Figure 5. Examples of (a) a steep, incised reach of the
Youghiogheny River from the High Bridge, downstream of
the Ferncliff Peninsula as it enters the gorge incised
through Chestnut Ridge, and (b) the Ohiopyle Falls
knickpoint, the total drop of both falls is ~6 m.

Figure 6a). Exposures of the Homewood Sandstone and
Turtlehead Rock (above) at Turtlehead Rock Bog,
Ohiopyle State Park. Jim Shaulis and Mike Simoneau for
scale.
b). Isopach map (left) of thickness (in feet) of the
Homewood Ss member of the Pottsville Formation in the
Youghiogheny River Gorge region (Shaulis,2020).
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Knickpoints can either be upstream-propagating transient features originating from
impulsive, downstream base level fall, or stable channel steps fixed by adjacent channel reaches
of contrasting erodibility. When propagating transients combine with contrasting channel
erodibility, knickpoint height and steepness are enhanced (Figure 7). For example, the
Youghiogheny River encounters the resistant, low-erodibility Homewood Sandstone in three
separate locations as it traverses Laurel Hill anticline, Ligonier syncline, and Chestnut Ridge
anticline (Figure 3). At only one of those locations, starting at Ohiopyle and continuing through
the gorge around and downstream of Ferncliff, does the Homewood Sandstone form distinct
waterfalls on the river and its tributaries. The other locations are gentle riffles in otherwise
mostly alluvial channel reaches.

Figure 7(a) Longitudinal profile of the Youghiogheny River showing the large knickzone at and downstream of Ohiopyle,
PA. The large vertical step at Confluence is a dam. Elevations of known Carmichaels Formation (Wagner et al., 1975)
straths between Belle Vernon and Perryopolis are shown by the dashed lines (Qtc = Quaternary terrace Carmichaels).
(b) inset of the long profile and the elevations of three known straths at Ohiopyle State Park. (c) Photo of Ohiopyle Falls,
where the knickzone steepens across the Homewood Sandstone.

The timing and rate of gorge cutting in the Laurel Highlands can be constrained by the
elevation and age of river terraces preserved on their flanks. Several stops on Day 1 are devoted
to observing these terraces and the data collected to date them.

Cave development

Laurel Caverns is formed in a calcite-cemented
sandstone, through a process known as
phantomization. In this process, groundwater
dissolves the carbonate cement. After dissolution of
the carbonate cement, insoluble grains remain as
phantom bedrock. Water flow is directed along joint
planes whose lines are clearly visible in the ceiling of
the large rooms. The increased permeability and
significant dip of the bedrock in this area of the
Chestnut Ridge anticline has resulted in greater
groundwater flow that has removed the insoluble
grains in some areas. (Figure 8).

Figure 8. In one of the larger rooms of Laurel
Caverns, note the joint opening in the center of
the ceiling.

Fossils

Located on the northern side of U.S. Route 40 “The National Pike” the now long-abandoned
cut in the hillside known regionally as the J.V. Thompson Quarry, now a restricted access
PennDOT facility, offers an exceptional exposure of the Wymps Gap Limestone member of the
8

Mauch Chunk Formation. The Wymps Gap Limestone exposed here, and in other southwestern
Pennsylvania locations, is one of the most fossiliferous units in the state and contains abundant
invertebrate fossils that include brachiopods, bryozoans, corals, crinoids, blastoids, cephalopods
and trilobites.

Geoheritage Sites

Geoheritage sites represent unique, exemplary, or illustrative geologic features of
Pennsylvania, and together highlight the geologic diversity of the state. During this year’s
conference one of our goals is to visit several sites that feature a variety of significant geoheritage
values such as educational/scientific, scenic, historic, ecologic, and recreational (Figure 9).
A geoheritage site is defined as one that is valued:

1. for its importance to the science of geology to further understand Earth’s evolution,
2. as a place to teach earth science,
3. its relationships to local and regional ecology.

Pennsylvania’s geoheritage sites are significant examples of paleontological, mineralogical,
structural, stratigraphic, and geomorphological features, and the processes that have formed
them through geologic time.

Geoheritage Feature Classification

Below is the newly developed geoheritage classification system (PGS, 2021). Sites are
classified into six broad categories.
I.

Hydrodynamic
•

II.

Rapids; springs; lakes; swamps, bogs; sinking streams, groundwater; ice mines, oil
seeps

Geomorphic
a. Depositional
•
•
•
•

b.

Glacial: kames, kame terraces, moraines, eskers, kettles, valley trains, outwash plains,
and fans
Periglacial: boulder fields, talus slopes
Fluvial: alluvial fans, alluvial islands
Lacustrine: spits, sand dunes, lacustrine plains, deltas, and kame deltas
Eolian: sand dunes

•
Erosional
•
•
•
•
•

Landscape: scenic views (overlooks, vistas, lookouts) of the physiography or
topography of landscapes; intracontinental water divides
Fluvial and glaciofluvial: meanders; oxbow lakes; gorges; water gaps; wind gaps;
cliffs; terraces; bedrock island; potholes; waterfalls, plunge pools, ravine
Periglacial: pinnacles, tors, spires; rock cities and other erosion-resistant outcrops;
pingo scars; other small features
Glacial: striations, grooves, drumlins, fluted topography
Other: Mass movement; solution carbonate-rock weathering features such as caves,
sinkholes, others; nonsolution weathering features such as differential erosion,
tectonic caves, talus caves, sea caves

III.

Compositional

V.

Earth History

IV.
VI.

•

Lithology; type sections; mineralogy; paleontology; sedimentary structures

Tectonic
•
•

Folds; faults; joints; foliations

Proterozoic; Paleozoic; Mesozoic; Cenozoic; Quaternary

Cultural and Historical
•

Cultural; history; historical extraction
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The Pennsylvania Natural Heritage Program maintains an environmental review database
that includes 289 geoheritage sites scattered across the commonwealth. By law, a project that
requires an environmental review must search the Pennsylvania Natural Diversity Index (PNDI)
database for potential conflicts as part of the permitting process. Geoheritage features are
“species of special concern” but are not protected as biotic rare, endangered, or threatened
species. If a potential conflict for a geoheritage feature is found, our bureau is alerted of potential
impact. The contractor may request guidance on how to best proceed to minimize the impact of
their project. The experience has been that many companies do reach out for advice.

*Note: some of these sites also have attributes that make them ecologically significant,
primarily as habitat for rare and endangered species of flora and fauna. Some aspects of the
ecology have noteworthy geological connections. While the occurrence of the endangered
species makes the site significant, the geological attributes need to be maintained and are
important to be preserved. The primary management of these sites is performed by ecologists
with assistance from the Bureau of Geological Survey. Also, sites whose primary significance is
historical or recreational are also managed by organizations that have those interests with
assistance from the Bureau of Geological Survey.
Figure 9. Although, Jumonville
Rocks and Robinson Falls both
contain a variety of different
geoheritage values, they do
have one value – historical – in
common.
In 1755, while on route to take
back Fort Duquesne, General
Braddock used them both as
camp sites for his army.

Geoheritage sites that we will be visiting on this conference include:
•
•
•
•
•
•
•
•
•
•
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Ohiopyle Gorge – Geomorphic, Erosional, Fluvial and glaciofluvial, Gorge.
Robinson Falls - Cultural and Historical; history (Primary); Geomorphic; Erosional, Fluvial and
glaciofluvial, waterfalls (Secondary).
Ohiopyle Falls - Geomorphic; Erosional, Fluvial and glaciofluvial, waterfalls.
Meadow Run Slides – Geomorphic, Erosional, Fluvial and glaciofluvial, Ravine.
Baughman Rock - Geomorphic, Erosional, Landscape, Scenic view (overlook, vista, lookout) of
the physiography or topography of the landscape.
Turtlehead Rock Bog – Hydrodynamic, Swamp, bog (Primary); Geomorphic, Erosional,
Periglacial, Rock city and other erosion-resistant outcrops (Secondary); Geomorphic,
Erosional, Periglacial, Pinnacle, tor, or spire (Tertiary).
Jumonville Rocks – Geomorphic, Erosional, Periglacial, Rock city and other erosion-resistant
outcrops.
Laurel Caverns – Geomorphic, Erosional, Other, Solutional carbonate-rock weathering
features, Cave.
Cucumber Falls – Geomorphic; Erosional, Fluvial and glaciofluvial, waterfalls.
Victoria Bend – Geomorphic, Erosional, Fluvial and glaciofluvial, Meander. Victoria Bend is
within Ohiopyle State Park and can be seen from Baughman Rock.

Geoheritage References
Pennsylvania Geological Survey, 2021, Geoheritage Feature Classification, internal document.
Reese, S., 2019, Geoheritage sites – Blazing the trail of geology with the Pennsylvania Natural
Heritage Program, in: OFR19-1, Geologic Mapping Forum 2019 Abstracts, Minnesota
Geological Survey, 100 p., https://conservancy.umn.edu/handle/11299/202386
Shaulis, James R. and Reese, Stuart O., 2006, Conserving Pennsylvania's geology through the
Pennsylvania Natural Heritage Program, Philadelphia Annual Meeting (22–25 October 2006),
Geological Society of America Abstracts with Programs. Vol. 38, No. 7, p. 516.
https://gsa.confex.com/gsa/2006AM/webprogram/meeting2006-10-24.html

DAY 1 STOPS

Miles Description (50 min)
0.0

START, 7:30 AM, Seven Springs, 777 Water Wheel Dr, Champion, PA 15622. 40.023 / -79.297

0.3

Cross bedding in Loyalhanna Limestone at spring, left side of road.

0.9

Left turn onto County Line Road, SR. 3029.

4.2

View of Chestnut Ridge at 11:00.

4.9

Outcrops of Pottsville Formation, right side of road.

6.6

Descend into the Ligonier Syncline.

7.2

Turn left at stop sign and continue south on PA 711.

7.5

Note huge boulder of Mahoning Sandstone in yard on right side of road.

9.5

Village of Melcroft. The row houses are the tell-tale sign that Melcroft was a company town.
The Middle Kittanning Coal of the Allegheny Formation was mined nearby. Descend into the
valley of Indian Creek.
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12.2

Pass through Indian Head, another small patch town.

12.6

Spoils from mines in the Middle Kittanning Coal on the right.

14.1

Upper Freeport Coal of the Allegheny Formation exposed on the right.

16.7

Enter Normalsville. Turn right at stop light, staying on PA Rt 711 S towards Connellsville.

18.0

Ascend Chestnut Ridge.

19.5

Outcrops and boulders of the Homewood Sandstone to the left.

19.9

Crest of Chestnut Ridge, 2308 ft (703.5 m).

20.8

Pittsburgh low plateau visible ahead at 12:00.

21.2

Lehigh-Hansen quarry of the Loyalhanna Limestone, left side of road.

23.0

Enter Borough of Connellsville.

23.6

Continue straight at stoplight.

23.8

Turn left at the stop sign and enter the “Millionaire’s Block”. Connellsville enjoyed economic
prosperity in the late 19th and first half of the 20th century on the back of the mining,
transportation, and coking of coal.

24.2

Cross the Youghiogheny River, move into the right lane.

24.7

Stop light intersection. Turn right onto PA 201 N.

25.0

Left turn onto Falls Avenue, stay left.

25.4

Pull into parking lot on the left. This is STOP 1, Robinson Falls. 8:30-9:30 AM
40.018 / -79.611

Point of interest: During the French and Indian War, British army
General Edward Braddock led an expedition against Fort
Duquesne by crossing the Youghiogheny River at what is now the
city of Connellsville. Prior to the crossing, this group of soldiers is
thought to have spent some time camped at the site of Robinson
Falls. Upon battling the French and native forces from Fort
Duquesne, General Braddock was mortally wounded and was
eventually replaced by one of his officers: a 23-year-old volunteer
named George Washington. The city of Connellsville conducts
yearly reenactments of the campaign, including a full reenactment
of the Youghiogheny River crossing.
Sources:
Braddock Road Preservation Association (2021). “The Story”
https://braddockroadpa.org/history/story/
Histbuffer (2021). “Fayette/Westmoreland Forgotten History: The
Braddock Road Crossing Reenactment at Connellsville”
http://www.histbuffer.com/2014/07/the-braddock-roadcrossing-reenactment.html
National Park Service (2021). “The Braddock Campaign”
https://www.nps.gov/articles/braddock-campaign.htm
Portrait of General Edward Braddock. Public domain image,
https://commons.wikimedia.org/w/index.php?curid=34933935
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STOP 1

STOP 1: ROBINSON FALLS
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
FRANK PAZZAGLIA – LEHIGH UNIVERSITY
495 Falls Ave, Connellsville, PA 15425

Introduction

8:30 – 9:30 AM

40.018 / -79.611

Robinson Falls is located on Opossum Run in the Benwood Limestone Member of the
Monongahela Formation (Figure 1.1). The goals of our visit to this site are to observe the
stratigraphy and sedimentology of the Benwood Limestone Member, discuss the formation and
retreat rate of the falls in the context of Glacial Lake Monongahela and the Carmichaels
Formation, and summarize the remarkable history of the 18th century documentation of the falls
by Thomas Hutchins.

Within the past year Robinson Falls and a surrounding buffer has been purchased by Mr. John
Joseph, who grew up on an adjacent farm and has been committed to the preservation of this
unique feature. He has now turned over management of the land to the township so it can be
utilized as municipal park to be appreciated and enjoyed by the public. He has dedicated this park
to his father and set up a trust fund to see that it continues to be maintained for future
generations. Discussions now are ongoing about developing a connecting path to the GAP so that
it can be made more easily accessible to trail users. This is an important geo-heritage site that has
a chance to be enjoyed and appreciated thanks to the generosity of Mr. Joseph, to whom is owed
a special thanks. Thanks also to Laura Means who just recently gifted the old Pennsylvania R.R.
Opossum Run branch right-of-way, formerly the Catawba Indian War Path, and Braddock Trail
which runs along the northwestern edge of the falls to Dunbar Township.

Figure 1.1. Location (a) and geology (b) of Stop 1. Photo (c) of Robinson falls tumbling over the Benwood Limestone.
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Robinson Falls
Robinson Falls is an upstream migrating knickpoint on Opossum Run resulting from incision
of the Youghiogheny River in response to base level fall that accompanied formation of the Ohio
River by overflow of Glacial Lake Monongahela. Opossum Creek traverses a broad valley
upstream of the falls at an elevation of ~940’ (287m) that is mantled with Carmichaels Formation,
exposed and visible in the grassed farm hillslope directly west from the parking area. This broad
valley is a remnant of the lower relief landscape of the Youghiogheny River valley downstream
of Connellsville that existed prior to formation of the Ohio River. The Benwood Limestone
provides a rib of resistant strata that focuses most of the base level fall at Robinson Falls.

Benwood Limestone

The Benwood Limestone lies in the Monongahela Formation (Figures 1.1 and 1.2) and is the
thickest non-marine limestone outcropping in southwestern Pennsylvania. The limestone is part

Figure 1.2 (a) Stratigraphy of the Monongahela Formation showing the Benwood Limestone and (b) extent of the
Benwood Limestone in the Dunkard Basin. (c and d) Evidence of bioturbation in the Benwood Limestone. (e) Detailed
stratigraphy of the Benwood Limestone at the face of Robinson Falls.
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of and helps define the edge of the Dunkard Basin (Figure 1.2b), which is the structural center
of the Appalachian foreland lying west of the Allegheny Mountain section of the Appalachian
Plateau Province. The Benwood Limestone was deposited in an upper delta plain lacustrine
environment punctuated by frequent periods of clastic sedimentation (Marrs, 1981). The lakes
were populated by burrowing organisms including ostracods and clams (Figure 1.2 c, d). Dry
episodes resulted in evaporitic conditions causing the lake to shallow, which aerially exposed
mudflats, favoring the formation of mud cracks and the precipitation of dolomite (Bathurst,
1975). Termination of the Benwood Limestone occurred when clastic material overwhelmed the
subsidence in the upper delta plain. Micrite (Folk,1962) forms the matrix for the Benwood
Limestone that contains clasts of biofragments, crystalline spar, and occasional intraclasts. In
most cases the grains and primary bedding structures are bioturbated with vertical burrows that
narrow downward, possibly the result ostracods, roots, and clams (Marrs,1981). A detailed
description of the section exposed at the falls is shown in Fig 1.2e.

Documentation of the Falls

Written documentation of the falls in the 18th century by Thomas Hutchins may be the first
recorded geologic sketch and report for what was to become the State of Pennsylvania (Lesley,
1876). In 1786, Thomas Hutchins presented to The American Philosophical Society in
Philadelphia a report on “A Cascade near the Ohiopyle Falls of the Youghiogheny, twelve miles
from Uniontown, Fayette County, Pennsylvania “ (T.A.P.S. Volume II, O.S. p. 50). Hutchins
description as read to the American Philosophical Society on 28 January 1786:
“This cascade is occasioned by a rock of semicircular form, the chord of
which, from one extreme end of the arch to the other, is nearly one hundred
yards; the arch or circular part is extensive, and upwards of twenty feet in height,
exhibiting a grand and romantic appearance. This very curious production is
composed of stone of variegated colours, and a species of marble beautifully
chequered with veins running in different directions, presenting on a close
inspection a faint resemblance of a variety of mathematical figures of different
angles and magnitudes. The operations of nature in this structure seems to be
exceedingly uniform and majestic; the layers or rows of stone of which it is
composed are of various lengths and thicknesses, more resembling the effects of
art than nature. A flat thin stone from eight to ten inches thick, about twenty feet
wide, forms the upper part of this amphitheater, over which the stream
precipitates. The whole front of this rock is made up from top to bottom, as well
as from one extremity of the arch to the other, of a regular succession, principally,
of limestone, strata over strata, and each stratum or row, projecting in an
horizontal direction a little further out than its base, until it terminates into one
entire flat, thin, extensive piece, as already mentioned; and which jets out at right
angles or in a parallel line with the bottom, over which it impends fifteen or
twenty feet, and without columns or even a single pillar for its support. This
circumstance, together with the grand circular walk between the front of the
rock and the sheet of water falling from the summit, exhibits so noble and
singular an appearance, that a spectator cannot behold it without admiration
and delight.”
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Other accounts of geological phenomena such as landslides, caves, fossil and mineral
occurrences have been presented to scientific organizations and recorded prior to this time but
the description of Robinson Falls may be the earliest formal reporting of a geological section,
describing the lithology at the macroscopic level, in terms of color, texture, and composition, and
bed thicknesses. Interestingly, since Lesley’s reporting of the cascades it was never mentioned
again in any geological reports or at any society meetings until it was reported on again at a GSA
meeting 2011 (Shaulis, 2011). It was apparently not well known, and the reason may be its
location down in a heavily vegetated steep sided hollow not easily viewable from any vantage
point above.

Thomas Hutchins was born in Monmouth County, New Jersey in 1730. He was left an orphan
while still very young, and before he was sixteen he went to the “Western Country.” In 1756, he
was commissioned as ensign in the Second Battalion of the Second Pennsylvania Regiment and a
few years later in the Forbes expedition that resulted in driving the French out of Fort Duquesne
which the British then rebuilt and renamed as Fort Pitt. By 1762 he was assigned to the 60th
Regiment of Foot of the British Army under Henry Bouquet where he quickly rose to the rank of
captain. After the close of the French and Indian war in 1763 the British found themselves in
possession of former French outposts and forts along the Ohio and Mississippi Rivers from the
Gulf of Mexico to the great lakes. Because of Hutchins surveying skills and his familiarity with
the Native Americans he was often asked to join in both reconnaissance and military operations
to these remote locations and took detailed measurements and made observations about the
topography and culture. He produced numerous detailed maps and sketches. The one he’s most
known for “A TOPOGRAPHICAL DESCRIPTION OF VIRGINIA, PENNSYLVANIA, MARYLAND, AND
NORTH CAROLINA”, was published in London Nov 1, 1778. While in London attempting to get
his map published, he was accused of treason, imprisoned, loaded with irons and placed in a
windowless dungeon cell with felons for over seven weeks. Hutchins insisted it was only
business dealings and nothing of military or strategic importance and when it was determined
he couldn’t incriminate any higher ups they released him. Afterward Hutchins resigned from the
British military being denied his commission and left for France where he joined the American
forces with the help of Benjamin Franklin. Upon arriving back in America, he was appointed
geographer to the army acting to the south and after the war was made Geographer of the United
States of America (Quattrocchi ,1944).
In the spring of 1784, Hutchins and Reverend John Ewing, provost of the University of
Pennsylvania, were commissioned to help finish running the Mason Dixon boundary line
between Pennsylvania and Virginia that had to stop in 1767, 23 miles short of its goal (Denny,
2009) because of conflict with Native Americans (Rosenberg, 2020). In 1784, the plan for the
completion of the Mason Dixon Line was for Hutchins and Ewing to travel to Uniontown to meet
the Virginia commissioners but they received an express from them to adjust their route and
meet for lunch at the widow Crawford’s cabin, that was located in the outskirts of Connellsville.
The journal pages from Monday June 28th, 1784 of Hutchins and Ewing indicate that it was after
they had lunch that they set off for Uniontown with the Virginia Commissioners. In just a short
distance, about ½ mile from the cabin, they came across a beautiful cascade at Harrison’s Run,
today know as Opossum Run (Quattrocchi, 1944). It was at this time that both Hutchins and
Ewing made their notes and descriptions.
Since Hutchins and Ewing visited the falls ~237 years have passed and from their
descriptions one can recognize almost everything they were able to see in 1784 with the
exception of the top ledge: “A flat thin stone from eight to ten inches thick, about twenty feet wide,
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forms the upper part of this amphitheater, over which the stream precipitates”. We take this to
mean that noticeable erosion has taken place. Looking at a photo taken 113 years ago (Lacock,
1908; Figure 1.3a) significant changes primarily to the top ledge of the falls are evident (Figure
1.3b and c). The ledge that that was described by Hutchins in 1784 as 20 feet wide supporting
the top of the falls had been cut back to a few feet by 1908. John Ewing’s report indicated the
ledge was it was 12, rather than 20 feet wide. Using Ewing’s more conservative estimate, since

1784 the top ledge has retreated back approximately 20 feet (6 m) and the lip of the falls ~1012’ (3 m) resulting in an average retreat rate of ~2.5 and ~1.25 cm/yr for the ledge and lip of the
falls, respectively. For comparison, the long-term rate of retreat for the architecturally similar
Cucumber Falls, located in Ohiopyle State Park is estimated to be ~0.15-0.2 cm/yr (Kurak et al.,
this guidebook). Given that the Cucumber Falls catchment is only half the size of Opossum Run,
the more rapid retreat of Robinson Falls is consistent with a discharge-dependent stream power
model for knickpoint retreat where the dominant erosion mechanism is plucking/quarrying. The
top ledge appears to be breaking off in small joint controlled blocks (Figure 1.3b).
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Miles Description

(20 min)

0.0

Retrace route to Connellsville.

0.4

Turn right on PA 201 S.

0.6

At stop light intersection, continue straight onto US 119 S.

1.2

Move into left lane.

1.5

Left turn onto Claire Street.

1.6

Right turn onto Riverside Drive.

1.8

Pass exposures of the Casselman Formation.

2.2

Cross Dunbar Creek. Ahead are the arched foundations of an uncompleted Ohio and
Baltimore shortline (1875-1881) that was intended to be part of a bypass to Pittsburgh.
Exposures of Carmichaels Formation at 940’, beneath the power lines to the right.

2.4

Stay right on narrow road.

2.9

Waterfall sources from AMD-rich mine outfall on right side of road.

3.0

Parking to left. STOP 2. Coal-bearing strata and the Carmichaels Formation: 9:50 – 11:10 AM
39.98919 / -79.59371
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STOP 2

STOP 2: COAL-BEARING STRATA
AND THE CARMICHAELS FORMATION
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
JOAN HAWK – COAL GEOLOGIST
FRANK PAZZAGLIA – LEHIGH UNIVERSITY

Introduction

277 W Park Ave, Connellsville, PA 15425

9:50 – 11:10 AM

39.98919 / -79.59371

The goal of STOP 2 is to observe fluvial strata of Pennsylvanian and Pleistocene age and
discuss the contrasting processes that led to their respective deposition at this locality. STOP 2
is near the extreme western edge of the Allegheny Mountain section of the Appalachian Plateau
Physiographic Province with the Pittsburgh Low Plateau (Berg,1989). The exposures are located
along the Great Allegheny Passage Rail Trail (GAP)(Figure 2.1). It is the longest multipurpose
rail trail in the eastern United Sates extending some 150 miles (241 km) from Pittsburgh to
Cumberland, Maryland where it joins the C&O Canal Tow Path that continues on to Washington
D.C. This route was the Connellsville extension of the Western Maryland Railroad establishing a
rail bed connection between Cumberland and Connellsville (Metzger, 2003).

Figure 2.1 (a) Location, (b geologic map,
and (c) S to N profile along the GAP rail
trail of strata exposed along the trail.

An exposure of Pennsylvanian strata extending from the Connoquenessing sandstone to the
Brush Creek coal and marine zone is visible along a section of the rail that begins at a small water
fall on the Connoquenessing sandstone and extends 4,000 feet (1219 m) west on the trail to
Bowest Bridge where it connects with the Sheepskin trail (former Southwest Pennsylvania
Railroad) and heads south to Uniontown (Figure 2.1c). The beds are dipping here to the
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northwest between 6 to 8 degrees (12-14 feet; 4 m for every 100 feet; 30m). In addition to the
bedrock, noteworthy exposures of the Carmichaels Formation in the context of an abandoned
meander of the Youghiogheny River can be seen above the bedrock in the sides and on top of the
old railroad cuts ~100’ (30 m) above the current river level at an elevation of ~980’ (298 m).

Carmichaels Formation

The extreme eastern end of this exposure
begins at a small waterfall formed by the
undercutting of a ledge of Connoquenessing
Sandstone of the Pottsville Formation, named for
Connoquenessing Creek, Lawrence Co (White,
1878). The bedrock here is beveled by fluvial
erosion into a strath that has the planimetric
shape of a tight southwest-oriented arc. Cobbles,
gravel, and uncommon boulders of the
Carmichaels Formation are preserved as terrace
Figure 2.2. Cobble of Long Run Conglomerate
deposits atop the strath (Figure 2.2). This
showing the elongate quartz pebbles diagnostic of
Youghiogheny axial channel Carmichaels
terrace is the first patch of Carmichaels Formation
Formation provenance.
upstream of the Pittsburgh Lowlands section as
the Youghiogheny River exits the gorge carved
through Chestnut Ridge. These terraces preserved through the Chestnut Ridge Gorge provide a
record of Youghiogheny incision between the lower reaches of the river where the base level and
Carmichaels Formation deposition is demonstrably linked to Glacial Lake Monongahela and
Ohiopyle, where terrace deposition and river incision has responded to other base level and
climate conditions (Kurak et al., this guidebook; STOP 3). Among the cobbles and gravels at this
site are clasts of the Mississippian Long Run Conglomerate, easily distinguished by its flatted,
elongate white quartz clasts. The Long Run Conglomerate is exposed upstream of this locality
only in the cores of the Chestnut Ridge and Laurel Hill anticlines and as such, is an excellent
indicator for Youghiogheny, rather than local tributary provenance for the terrace alluvium. This
strath of this terrace projects downstream to the strath at ~940’ (287 m) that forms the lip of
Robinson Falls at STOP 1. If this Carmichaels Formation terrace represents alluvial aggradation
related to Glacial Lake Monongahela and the drowning of an old meander bend of the
Youghiogheny River, the age of the terrace here would be ~1.8 Ma, and the long term rate of
incision would be ~17 m/Ma.

Pottsville Formation

Starting at the base of the falls the 60-foot-thick (18 m) section begins with a few feet of olive
gray to gray, silty claystone, overlain by a 15 to 20 foot (5-6m) thick, cross bedded, well cemented,
light gray, medium to very coarse grained sandstone (Figure 2.3a) containing well preserved
Sigillaria (Figure 2.3b) that can be seen in the overhanging ledge adjacent to the falls. Above this
sandstone is 40 ft (12 m) of interbedded sandstone and siltstones in an overall all fining upward
sequence. Sigillaria appears to have preferred mineral soils of river floodplains, allowing it to
survive the drying of the great coal swamps that led to the extinction of many tree-sized lycopsids
during the middle of the Pennsylvanian (Arens, 2021; Figure 2.3c). Overlying the
Connoquenessing Sandstone is a one-foot (0.3m) thick root worked claystone that maybe
equivalent to the lower Mercer underclay that is overlain by a 35-foot (11 m) interval that is
mostly concealed. This concealed section is then overlain by a 40 foot (12 m) thick medium to
coarse grained sandstone in the stratigraphic position of the Homewood sandstone member
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middle of this interval is an example of a peat raft (Figure 2.3d). These chunks of peat mat later
became weighted down with sediment and were deposited downstream with the sediment load
and incorporated into the rock layers. It has been recently speculated (Krulwich, 2016) that it
may not have required a large amount of peat to form coal so perhaps a large log might have been
enough to form several inches of coal, since the bacteria necessary to break down cellulose fiber
had not yet evolved during the Pennsylvanian. It has been speculated that it might have taken
600 times less the amount of plant material than it does today.

Figure 2.3. (a) Measured sections along the
GAP. (b) Sigillaria fossils. (c) Lycopod tree
illustration. (d) Photo of a peat raft in the
Pottsville Fm. (e) Location and photos of
drainage improvement for the Hurd mine in
the Freeport coal. Upper right: original Hurd
mine opening. Lower left: mine water flowing
over and washing out the rail trail. Lower
right: installation of drainpipes under the rail
trail.
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Allegheny Formation
The contact between the Pottsville and Allegheny formations is concealed as is the basal 100
feet (30m) of the formation along the rail trail up to a 15 to 20 foot (5-6 m) thick bedded
Kittanning Formation sandstone with set tops dipping at 8 to 10 degrees to the northwest
(Figure 2.3a). Just above this sandstone begins a continuous section that extends from the
middle Kittanning coal to the upper Freeport coal at the top of the formation. A key interval is
well displayed here between the middle and upper Kittanning coal beds (about a 30’; 9 m
interval). Above the middle Kittanning coal is a marine zone and below the upper Kittanning coal
is the freshwater Johnstown Limestone. This is the only place in the Allegheny Formation where
a brackish marine zone is immediately followed by a freshwater limestone which makes it
important for stratigraphic correlation. The zone of brackish marine fauna representing a
restricted bay environment (Donaldson, 1969) is overlain by a claystone with calcareous nodules
overlain by a dolomitic limestone bed at the top. The calcareous claystone and dolomitic
limestone interval most likely represents a lake or intertidal pond (Davis, 1983) environment
receiving fine gain sediments until its more isolated allowing it to form more carbonates. Above
the limestone lies the Upper Kittanning coal, Lower Freeport coal, and the Upper Freeport coal
horizon. The lower Freeport coal was deep-mined in the early 1920’s and a drift opening was
located along the WMRR. In 1991 the discharge washed out the recently constructed rail trail.
Figure 2.3e shows the location of the Hurd Mine and the American Manganese Co. Freeport No.
1 Mine, which was intercepted by the Hurd workings. Flow ranges between ~56,000 to
~288,000 GPD. Overall, the water has good water quality, a near neutral pH, excess alkalinity
(Av. 12.6 mg/L), elevated iron (Av. 7.34 mg/L), low manganese (Av. 0.89 mg/L) and elevated
sulfate (Av. 480 mg/L). A small holding pond could be installed to let the iron settle out before
discharging to the Youghiogheny River. The photos in Figure 2.3e show pipe installation and
water drainage project undertaken by BAMR in 1991 along the Great Allegheny Passage rail trail.

Glenshaw Formation

The Glenshaw Formation begins at the top of the upper Freeport coal. This boundary
coincides with the base of the "Lower Barren Measures," that extended to the base of the
Pittsburgh coal, so named because of a paucity of minable coal beds or other beds of economic
value (Rogers, 1858). This interval was renamed the Conemaugh series (Platt, 1875) and then
further subdivided, based on exposures in Somerset County, into the Glenshaw Formation, that
contained laterally persistent marine limestones, and the overlying Casselman Formation that
did not (Flint, 1965). At this location only the lower portion of the Glenshaw Formation to just
above the Brush Creek coal is exposed. The Mahoning sandstone lies at the base of the formation
in this area and either rests on top of the upper Freeport coal or erodes partly through it. At this
location, it consists of 50 foot (15 m) overall fining upward sequence of sandstone, more medium
grained and thicker bedded in the lower half with some very micaceous beds with siderite coated
grains in the basal 8 feet (2.5 m). Cross bed patterns standing out in relief on surface, either from
differential weathering of kaolinite grains or clasts 15% and/or the selective concentration of
mica 10% on ½ inch (1cm) thick bedding planes can be seen along the trail in the basal 8 feet.
The Brush Creek coal and overlying marine zone can also be seen outcropping on the steep slope
37 ft above the trail surface just east from the Sheepskin Trail connection (Figure 2.1).
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Miles Description

(50 min)

0.4

Pass under GAP rail trail bridge on right

1.3

Right turn on to US 119.

2.3

Right turn onto PA 711.

2.7

Cross the Youghiogheny River.

3.2

Right turn to remain on PA 711, ascend Chestnut Ridge.

7.0

Summit of Chestnut Ridge, 2308 ft (703.5 m).

11.3

At the Normalville stoplight, continue straight on PA 381.

12.0

Descend into the Ligonier Syncline and follow it nearly along strike. Indian Creek to the right.

13.2

Cross part of the Mill Run Reservoir on Indian Creek. This was formerly a water source for
steam locomotives.

14.6

Pass through the village of Mill Run.

18.2

Pass the Bear Run Nature Preserve, part of the Western PA Conservancy.

18.5

Pass outcrops of the Homewood Sandstone.

18.6

Pass the entrance to the famous Frank Lloyd Wright Falling Waters house, managed by the
Western PA Conservancy.

20.5

Pass exposures of the Lower Kittanning Coal and follow it down the dip slope towards
Ohiopyle.

22.1

Cross active railroad tracks, then the Youghiogheny River, and enter the town of Ohiopyle,
PA. Ohiopyle, now the commercial center of many recreational activities and heart of
Ohiopyle State Park, was an important 19th and 20th century mill, transportation, and coal
mining town. "Ohiopyle" is derived from the Lenape phrase ahi opihəle which means 'it turns
very white', [3][4] referring to the frothy waterfalls. [5]The town has a colorful and important
history starting with Native American settlements and trade through the region, the coming
of colonists and the French and Indian War, the Whiskey Rebellion, followed by the logging,
coal, and rail transportation industries. Both the Baltimore and Ohio and Western Maryland
Railroads used the Youghiogheny River to traverse Laurel Hill and Chestnut Ridge. The State
Park was established in the mid-1960’s from land that was purchased, and then donated by
the Western PA Conservancy.

22.4

Turn right into the Parking lot of the State Park Visitors Center. STOP 3. Lunch, Ohiopyle
Falls, walk to Meadow Run. 12:00 – 12:45 PM. 39.868 / -79.495
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Point of interest: The name “Ohiopyle” is derived from a native Lenape phrase meaning “it turns very
white or pale,” in reference to the froth generated by local waterfalls.

Sources:
The Lenape Language Preservation Project (2021). Lenape Talking Dictionary, detailed Entry Information for
“ahi” and “òpihële” https://www.talk-lenape.org/index.php/site/detail?id=8009.
Russell, Erret (1885). “Indian Geographical Names” Magazine of Western History. 2 (1): 53–59.
https://books.google.com/books?id=p2oKAQAAMAAJ.

Above: Cucumber Falls. Public domain image by Nicolas Raymond from Bethesda, Maryland, USA - Cucumber Falls - HDR,
CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=68680773
Also refer to Zelt, 2021, pre-conference trips to Cucumber Falls and Meadow Run, this Guidebook.
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LUNCH
STOP 3

STOP 3: LUNCH – OHIOPYLE FALLS
WALK TO MEADOW RUN FALLS

FRANK PAZZAGLIA AND ETHAN KURAK – LEHIGH UNIVERSITY
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
124 Main St, Ohiopyle, PA 15470

12:00 – 1:30 PM

Introduction

39.868 / -79.495

STOP 3 offers an excellent venue to observe and discuss the processes and rates of
Youghiogheny River incision around the Ferncliff Peninsula and the formation and rate of retreat
of knickpoints like Ohiopyle Falls. This discussion is informed by new data obtained from
fortuitous exposures that were open in the fall of 2019 during construction to make the new
parking lot and access walkways to the visitor’s center. Following lunch, trip participants can
choose to walk to STOP 4, stopping to see several erosional and depositional features associated
with Youghiogheny valley entrenchment around the Ferncliff Peninsula, or they can choose to
ride the bus to STOP 4 (Figure 3.1).

Figure 3.1. Shaded topographic maps showing the (a) ) regional setting of Ohiopyle in the context of the Laurel Highlands
and (b) Ohiopyle and the Ferncliff Peninsula showing the walking path between STOPS 3 and 4.

Age Model
Terrestrial cosmogenic exposure, burial, and isocron dating of rock faces and the Carmichaels
Formation in and around Ohiopyle (Table 3.1) has generated an age model for mapped terraces
that we use to constrain rates of channel incision and catchment-scale rates of erosion that can
then be used to parameterize a model for the rate of retreat for Ohiopyle Falls and related
knickpoints.

The Youghiogheny River falls ~30 m from the point where it enters the meander loop on the
east side of Ferncliff beneath the GAP low bridge to the point where it departs Ferncliff and enters
the Chestnut Ridge gorge beneath the GAP high bridge (Figure 3.1). This knickzone includes
Ohiopyle Falls and is clearly visible on the long profile plots (Figures 7 [roadlog intro]; 3.2c). Six
fill terraces wrap around the west-facing inside meander loops that define Ohiopyle and the west
flank of Ferncliff, respectively (Figure 3.2a). These terraces are composed of 3-10 m of a sandy
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Table 3.1. Terrestrial cosmogenic nuclide data (Kurak, 2021)
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gravel Carmichaels Formation fluvial channel facies commonly capped by a silty-clay sand
overbank facies. The terrace treads exhibit different degrees of weathering, with thick orangered, clay rich soils developed in the higher terraces (Qto1,2, and 3), reddish-brown and yellow
clay loam soils formed in Qto4, and brown loamy soils formed in the lowest, youngest terraces
(Qto5, 6).
A TCN burial age in Qto3 and isochron and burial ages in Qto4 indicate that these terraces are
~600 and 325 ka respectively (Table 3.1, samples OPC-soil, OPCLS, OPPL1-4). The resulting
terrace map and cross-profiles (Kurak, 2001; Figure 3.2a,b) indicates that the Youghiogheny
River has persisted in its tight meander path around the Ferncliff Peninsula for many hundreds
Figure 3.2 (a) Map of river terraces
(Carmichaels Fm) in the OhiopyleFerncliff region showing the location
and age of numerically-dated deposits
(see Table 3.1). (b) Cross sections A-A’
and A1-A1’ from (a). (c) Long profile of
the Youghiogheny River showing
terrace and Carmichaels Formation
elevations as well as proposed terrace
correlations. Note the difficulty in
correlating terraces through the
Chestnut Ridge gorge region without
invoking differential uplift (arrows in
figure). See Figure 5.3 (Stop 5) for an
uplift model to explain the bending of
the terrace profiles.
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of thousands of years (c.f. Campbell, 1902). The Qto1 terrace at the crest of Ferncliff contains
Long Run Conglomerate cobbles and boulders which would not be possible if the west side of
Ferncliff was the former valley of Cucumber Run (Campbell, 1902). At Ohiopyle, the river has
incised ~22 m in 608 ka (Qto3; Figure 3.2b) at a rate of 36 m/Myr. However, as the river enters
the Chestnut Ridge Gorge, ~31 m of incision has occurred in the same period of time (Figure
3.2b) resulting in an incision rate of ~51 m/Myr. Upstream of Ohiopyle, only ~12 m of incision
has occurred in that same time frame, resulting in an incision rate of ~20 m/Myr.

The terraces at Ohiopyle anchor a key terrace age model (Figure 3.2b) that connects the
terrace stratigraphy stretching through the Laurel Hill Anticline gorge to the Carmichaels
terraces downstream associated with Glacial Lake Monongahela, dated ~1.8 Ma (Table 3.1,
samples SRY-BV1, CCPTCNS) downstream of the Chestnut Ridge gorge (Figure 3.2c). A third
sample from a similar facies from within the Chestnut Ridge gorge is pending. Extrapolating the
incision rates based on the Ohiopyle terrace age model suggests that the highest, oldest terrace
(Qto1) is ~1.2 Ma, or younger than the Glacial Lake Monongahela Carmichaels Formation.

These incision rates can be compared to the catchment scale erosion and paleoerosion rates
obtained from the TCN data. Five Carmichaels Formation boulders from Qto1 at the crest of
Ferncliff all have late Pleistocene exposure ages between 40-58 ka consistent with minimum
exposure ages of a colluviated terrace tread being lowered by surface erosion (Table 3.1,
samples OPFC2-6). The steady-state erosion rate of this colluvium is ~16 m/Myr, or similar to
the long-term rate of incision of the Youghiogheny upstream of Ohiopyle. In contrast, exposure
ages of steep, relatively fresh bedrock faces yield younger minimum exposure ages typically less
than 30 ka, with corresponding steady-state erosion rates ranging from 20-72 m/Myr, similar to
the river incision rates downstream of Ohiopyle (Table 3.1, samples OPC1-4; SYR-OP6-8).
Weathered, pitted bedrock exposures, like those characteristics of ridgetop tors have much older
minimum exposure ages (248 ka; Table 3.1, sample OPC5) and correspondingly very slow
steady-state erosion rates of ~3 m/Myr.

The Ohiopyle-Ferncliff knickpoint is a transient feature propagating up the Youghiogheny
channel, but the origin of the downstream base level fall that caused this knickpoint to form
remains unclear. The rate of knickpoint retreat can be modeled if the channel erosion is assumed
to be a shear-stress dependent plucking/quarrying process that follows a stream power (slopearea) erosion rule. Under these assumptions, the channel concavity (m), normalized steepness
(ksn), catchment erosion rate (E), and rock erodibility (K) can be used in the equations shown in
Figure 3.3 to determine response time (τ) of the channel to a downstream base level fall.
The slope of a response time-distance plot is the local knickpoint retreat velocity. The
preferred model in Figure 3.3 accounts for variable rock type, and indicates that the OhiopyleFerncliff knickpoint is ~5 Ma, much older than Glacial Lake Monongahela, and migrating at a rate
~1-1.3 cm/yr. At that rate, Ohiopyle Falls used to be at the mouth of Cucumber Run, a distance
of 1 km, ~77 – 100 ka. This time is twice the age of the oldest TCN minimum exposure age
obtained from this position (Table 3.1, sample OPC2), indicating that the exposure ages are
minima, and models parameterized with these ages results in unrealistically fast knickpoint
retreat rates. In the past 77-100 ka, Cucumber Falls has retreated 150 m to its current location,
at a rate ~0.15-0.2 cm/yr.
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Figure 3.3. Response time plot for the Youghiogheny River based on model and TCN exposure ages. The preferred model
(in black) is based on a stream concavity and steepness determined from the slope-area plot (inset graph), a variable
rock erodibility and indicates that if the Ohiopyle-Ferncliff knickpoint originated at the confluence with the Monongahela
River, the time of base level fall was ~5 Ma. Both the preferred model and the constant erodibility model (in red) indicate
a rate of knickpoint retreat for Ohiopyle Falls between 1-1.3 cm/yr. This estimate is an order of magnitude slower than
the model for knickpoint retreat rate parameterized by TCN ages at the mouth of Cucumber Run (Li and Pazzaglia, 2018,
green line). Given that these ages are minima, the retreat rates are maxima and probably unrealistically too high.

Miles Description

(5 min)

0.0

Depart parking lot, turn right on PA 381 and head south to the Meadow Run parking lot.

0.5

Cross Meadow Run and turn left into the Meadow Run parking lot. STOP 4. Meadow Run
slot canyon and Connoquenessing Sandstone. 1:30-2:15 PM. 39.86219/-79.4949

Source: https://xkcd.com/2519/ , https://imgs.xkcd.com/comics/sloped_border.png
This work is licensed under a Creative Commons Attribution-NonCommercial 2.5 License
https://xkcd.com/license.html ; https://creativecommons.org/licenses/by-nc/2.5/
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STOP 4

STOP 4: MEADOW RUN SLOT CANYON
AND CONNOQUENESSING SANDSTONE
STEVEN BILL – KEENE COLLEGE
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
FRANK PAZZAGLIA – LEHIGH UNIVERSITY
off Main St (SR 381) Ohiopyle PA 15470

Geoheritage Site: Meadow Run Slide

1:30 – 2:15 PM 39.86219 / -79.4949

Classification: Geomorphic, Erosional, Fluvial and glaciofluvial, Ravine.
The goals for STOP 4 are to observe the stratigraphy, structure, and geomorphology of the
lower reach of Meadow Run that has experienced the same base level fall as the Youghiogheny
River at Ohiopyle (STOP 3) but developed a different channel longitudinal profile (Figure 4.1).

Figure 4.1 (a) Location of STOP 4 at the mouth of Meadow Run, (b) the Slides in action, and (c) view looking upstream
on the slides showing the Meadow Run knickzone.

On any day of the week during the summer months the parking lot for Meadow Run Slides is
often filled. This is one of the most popular destinations in Ohiopyle State Park and one of the
most challenging for the brave few that attempt to navigate the course. The Slides are located on
a stretch of Meadow Run where the stream bed changes in character from being a wider, low
gradient channel to a dramatically narrow one with a much steeper gradient. You enter the Slides
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at the top where Meadow Run is still at a low gradient, sit down and scooch yourself forward into
the narrow channel area until you begin to be transported by the water and you are on your way.
Once you are in the narrow channel, depending on the water level and flow rate, you are pretty
much committed, and there is no getting out or turning back until reaching the base of the Slides
where the gradient and velocity of the flow dramatically lessens as the water spreads out across
a much wider channel area.

Topographically, the slide area begins at 1200’ (365 m) and drops 20’ (6 m) in elevation over
a distance of 250’ (75 m) on its way to meet up with the Youghiogheny River. This is a much
steeper gradient compared to the area above the slides where it is only 20’ (6 m) in 1000’ (304
m) or about 100 feet (30 m) in a mile. The Meadow Run Slide area is a knickzone, but not a
waterfall. The base level of Meadow Run is controlled by the base level of the Youghiogheny River
at the confluence elevation of ~1165’ (355 m). The knickzone has formed in response to the
regional drop in base level of the Youghiogheny River and the top of the slides shares a common
elevation with the lip of Ohiopyle Falls, Cucumber Falls, Sugar Run Falls, and others in the Park.
Importantly, these falls are not restricted to the Homewood Sandstone, although when the
knickpoint coincides with this unit, it usually is a waterfall.

Connoquenessing Sandstone

Meadow Run is underlain by the Connoquenessing Sandstone (Figure 4.2) which is ~25 to
30’ (8 – 9 m) thick in the Slides region. This unit is fine to very fine bedded (2.5-7.5 cm), finemedium grained, micaceous sandstone with common trough and tabular cross beds. Four types
of cross bedding and associated textural and compositional facies were recognized in the upper
Connoquenessing sandstone in the Slides area. From the top to bottom of the section, these are:

1. Thick bedded tabular crossbeds: Largely tabular crossbeds 30-100 cm thick, mostly
‘foresets’ about 10 degrees. Occasionally tops covered with cuspate ripples (15 cm)
wide (cut and fill?). Occasional large-scale trough channels about a meter wide and
exposed for at least 10 m.
2. Medium asymmetrical ‘scoop shaped’ trough cross beds: Troughs with scoured
bases. 20-50 cm wide, 10-20 cm deep. ‘Festoon’ e.g. vertically stacked and lateral
adjacent extending over 10 m. Oriented with transport to SW. NE trough bedding
steeper than SW.
3. Very thin bedded horizontal beds: Horizontal beds 2-5 cm thick, laterally extensive
(+10 m). Some intervals wavy bedded (L 10 cm, H 5 mm), also laterally extensive.
Outcrops often have a ‘ribbed’ appearance.
4. Thin trough cross bedded sets: Trough crossbeds 5-25 cm thick. Numerous sets
interbedded/interfingered in section but separated from adjacent sets by horizontal
beds. Bases eroded into beds below. Orientation somewhat uncertain since
exposures were largely ‘2d’.

The streams that deposited the Connoquenessing Sandstone lacked the fines that are more
typical of meandering streams. The cross-bed facies (Figure 4.2 b, e) could be interpreted as
bedsets within epsilon point bars, but the floodplain facies are lacking. More likely, the crossbedsets represent sizable transverse bars and minor longitudinal bars of a sandy braided channel
complex. The scoop shaped crossbeds could be interpreted as subaqueous dunes migrating
downstream in channels. Widespread, poorly channelized flows may be responsible for the
sheets of sand with relatively few sedimentary structures (Figure 4.2 c). Near the end of upper
Connoquenessing Sandstone deposition, thin coals and clays were deposited for a short interval.
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This was followed by a major influx of sediment (sand) resulting in the thick bedded, tangential
cross bedding of the Homewood Sandstone. At least in the Ohiopyle area, deposition was rapid
and resulted in a relatively thick, well cemented sandstone body (Homewood Ss.). The massivebedded Homewood Sandstone reflects a high rate of transport into the basin and individual
events were ‘amalgamated’ into a relatively uniform sand mass in which reactivation surfaces are
not apparent. The presence of linguoid ripples directly overlying some of the tabular cross beds
are suggestive of a humid alluvial fan depositional environment. By the time the overlying
Allegheny Formation was deposited, floodplain/lower gradient conditions prevailed, and typical
coal measures were deposited.

Figure 4.2. (a) Geologic map of the
Ohiopyle area, (b and c) bedding in the
Connoquenessing SS, (d) joint sets
measured at the Slides of Meadow Run.
Rose diagrams of (e) cross bedding and
(f) joint sets at the Slides.

Joint planes in the Meadow Run (Figure 4.2 d, f) exposures are not well developed since the
main channel direction in the slides area lines up mostly with the non-systematic, secondary joint
direction (218 AZ) but in several places the systematic, primary joint direction can be seen
cutting across nearly normal to it. The best place to look at the jointing in the Connoquenessing
sandstone is at the entrance to Meadow Run. In low water conditions, they are easy to recognize
and have a large influence of the angle of the rapids in the Youghiogheny River. At this locality,
you are standing just east of the axis of the Ligonier syncline. Rock layers generally dip gently
northwest as you travel upstream on Meadow Run, because they occur on the southeast limb of
the Ligonier Syncline. The lower one mile of Meadow Run maintains a gradient at approximately
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the same as the dip of the strata following roughly along in the upper portion of the
Connoquenessing Sandstone and has exposed the overlying potion of the Pottsville Formation.

The combination of bedding and jointing (Figure 4.2) in the Connoquenessing Sandstone
renders it more erodible than the Homewood Sandstone. Schmidt Hammer measurements taken
here at Meadow Run (47.4±6.7) uniformly have lower elastic rebound values in comparison to
the Homewood Sandstone taken at the lip of Cucumber Falls (60.9±6.7). Furthermore, the
Connoquenessing Sandstone is plucked and abraded by flowing water like a shale. Rather than
being quarried as large blocks, the Connoquenessing Sandstone breaks down into much smaller
clasts. Collectively the higher erodibility and abrasion-quarrying erosion process for the
Connoquenessing Sandstone means that base level falls will evolve into knickzones that recline
as they migrate up the channel, leading to the formation of the Slides. In contrast, the harder,
more competent Homewood Sandstone or Benwood Limestone acts like a resistant caprock on
softer underlying beds and retreats upstream as a vertical face in response to an impulsive base
level fall.

Miles Description (15 min)
0.0

Depart Meadow Run parking lot, turn right onto PA 381 N towards Ohiopyle.

0.3

Right turn onto Sugarloaf Road, ascend Qc mantled Allegheny Group.

0.9

Outcrops of Allegheny Fm sandstone, ascend dip slope and gently cut down section.

2.5

Bear left to Baughman Rock parking lot. OPTIONAL STOP 5. Baughman Rock overlook.
2:30 – 3:00 PM. 39.84523 / -79.47389
Point of interest: The highest
sections along Laurel Ridge,
including Baughman Rock, can
receive 10 times the amount of
snow as the valley.

Source:
Ohiopyle.org (2021). “Baughman Rock Vista
Overlook” https://ohiopyle.org/baughmanrock-vista-overlook/

Baughman Rock Overlook
Public domain image,
https://commons.wikimedia.org/wiki/File:Ohiopyle_State_Park_Folds.jpg
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STOP 5

STOP 5: BAUGHMAN ROCK OVERLOOK
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
FRANK J PAZZAGLIA – LEHIGH UNIVERSITY
off Sugar Loaf Rd., Ohiopyle PA 15470

2:30 – 3:00 PM 39.84523 / -79.47389

Introduction

The goal of the Baughman Rock stop (Figure 5.1) is to provide a scenic overview of the park
as an appropriate backdrop for discussing the geologic and landscape evolution of the Laurel
Highlands. Baughman Rock lies at an elevation of 618 m (2028’) and is a Geoheritage Site
classified as: Geomorphic, Erosional, Landscape, Scenic view (overlook, vista, lookout) of the
physiography or topography of the landscape (PGS, 2021). The Baughman Rock lookout lies on
the Homewood Sandstone of the Pottsville Formation that here has a strike of 295 and dips 12
degrees to the NW.

Figure 5.1(a) Location of the Baughman Rock overlook, (b) the viewshed from the overlook consisting almost exclusively of
“middle ground” considered to be the idea distance to view scenery (USDA,1995), and (c) annotated photo(10/29/2008)
showing the 518 m of relief of the Youghiogheny River gorge carved through the core of the Laurel Hill Anticline.

The Baughman Rock overlook is one of the best places for a visitor to the park to view the
spectacular scenery found in the Youghiogheny River gorge. From Baughman Rocks there is an
uninterrupted, approximately 150-degree, fan shaped, view, ranging from northeast to nearly
due south and is an excellent representation of the Appalachian Mountain Section of the
Appalachian Plateau physiographic province of Pennsylvania (Figure 5.1b). Here one can see a
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landscape that contains several distinct landforms; the Youghiogheny River Gorge, Victoria Bend,
and the Laurel Ridge that have been developed from sequences of rock with variable degrees of
resistance to weathering (Figure 5.1). The Youghiogheny River Gorge is one of the deepest in the
state of Pennsylvania in terms of greatest overall relief (Reese 2008). Baughman Rock at 2934
feet (894 m) on the crest of Laurel Hill to 1234 feet (376 m) at Youghiogheny River level spans a
total of 1700’ (518 m) of peak cross- sectional maximum relief which ranks 2nd in the
Commonwealth (Reese 2008; Figure 5.1c).

Topography and Structure

In the Allegheny Mountain Section of the Appalachian Plateau Province, topography closely
reflects the underlying geologic structure due the presence of dip slopes. Dip slopes form
whenever resistance sandstone layers are inclined at usually less than 20 degrees and extend
over wide area. Weathering of bedrock down to these resistant layers forms topographic slopes
that closely reflect the attitude of inclination or “dip” of the underlying geologic structure. The
anticlinal structural end points of the fold are traceable south west 19.5 miles, into West Virginia
(Hennen, 1914), and to the northeast approximately 15 miles, into Clearfield county, PA (Faill,
2011). The Laurel Ridge, visible in the middle and background zones of the view from Baughman
Rock, as a definable topographic feature extends about 70 miles (113 km) from Nicktown in
Cambria County northeastward, and southwestward to the town of Flat Rock in Fayette County.
The highest ridge tops are underlain by resistant sandstones of the Pennsylvanian age Pottsville
formation and the secondary or lower ridges and benches are underlain by sandstones of
Mississippian age Mauch Chunk formation, Burgoon formation. Holding up the ridge crests and
upper slopes is the youngest rock in the view shed, the Pennsylvanian age (300 my), Pottsville
sandstone. It is a very hard, quartz rich rock, that is very resistant to either chemical or physical
weathering and in fact is the hardest rock encountered at the surface in southwestern
Pennsylvania.

Victoria Bend, a conspicuous large meander formed by the Youghiogheny River and visible
from the overlook, has a large alluvial deposit including Carmichaels Fm on the inside portion of
the meander loop and is another good example of topography adjusted to rock type and structure.
The two sides of the meander reflect the secondary joint direction which is parallel to the trend
of the axial folds (Nickelsen, 1967; Figure 5.2a). The outer edge of the middle portion of the
meander is the cut bank, perpendicular to the axis of the major axial fold or in line with the
primary joint direction present in the rocks of this region. The gorge walls are the steepest in the
area along the cut bank side of the river.

A possible explanation for the development of the meander at this location may be due to the
presence of the Long Run thrust fault zone (Figure 5.2). The northwestern limb of the Victoria
Bend meander is aligned with the strike of this fault zone which contain steeply inclined,
northwesterly dipping (from 25 degrees to vertical), rock strata that have been fractured along
slip planes, making them much easier to erode in a northeast/southwest direction. This fault is
identified as a back thrust because in several locations offsets can be seen where the rocks have
been displaced along fault planes inclined along strike with upward movement on the hanging
wall to the southeast or opposite to the tectonic transport direction. It is expressed
topographically as an 8 mile (12.9 km) long linear set of drainage features on the western limb of
Laurel Hill anticline that are oriented in a southwest / northeast direction, parallel to the
anticlinal axis. The drainages and segments of drainages from southwest to northeast are: Long
Run, the north-western side of Victoria Bend in the Youghiogheny River, Rock Spring Run and the
upper half of Bear Run and possibly an upper branch of Fulton Run. Portions of the first three are
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visible from Baughman Rock. The beds exposed at Baughman Rock are inclined more steeply (10
to 12 degrees) than most areas along the western flank of the Laurel Hill anticline as a result of
the Long Run thrust fault (Shaulis,2020). Just to the east, the anticlinal axial area in this portion
of Laurel Hill parallels what has been identified as the eastern edge of the Rome Trough (Root,
1978) and is also the site of facies changes in the Tully Limestone related to growth faults (Harper
and Piotrowski, 1979).

Structurally, the Laurel Hill anticlinal axis runs parallel to the trend of the mountain which
forms the eastern most limit of the view on the south side of the Youghiogheny River gorge. The
eastern limb of the anticline can be seen rising in the furthest views on the north side of the gorge,
with its rock layers dipping to the southeast at about 5 to 6 degrees. As a structural landform, the
Laurel Hill anticline can also be further described as a large amplitude open fold, characterized
by having its inner limbs spreading out from the axial center at 70 to 120 degrees (Figure 5.2).

Figure 5.2. (a) Geologic map of the Victoria Bend region at the core of the Laurel Hill Anticline showing likely fault and
joint control for the size and location of the meander. (b) Geologic map showing structure contours on the top of the
Homewood Sandstone, and the role of rock type in shaping the topography (Shaulis,2020 pub pending). (c) View from
Baughman Rock with major geologic, topographic, and cultural features.
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Landmarks and Cultural Features
The view from Baughman Rock overlook takes in many geologic, topographic and cultural
features which are numbered on Figure 5.2c. They are listed as follows:
1. Victoria Bend meander.

2. CSX Railroad. It was constructed in 1871 as the Baltimore and Ohio railroad
and was the preferred side of the valley for a rail bed.

3. The southern side of the gorge contains the Great Allegheny Passage rail trail
which now occupies the former Western Maryland Railroad bed that was
completed in 1911 and then abandoned in 1975 (Metzger, 2003). Portions of
long unit trains can be seen and heard on the CSX tracks today while only
visitors can be seen or heard on the path of the GAP trail depending on
atmospheric conditions and vegetative cover.
4. On the Youghiogheny River water trail rafters/boaters can be seen and heard
when favorable weather and leaf cover conditions exist.

5. Possible location of Native American burial sites. Numerous large stone
oblong cairns with collapsed centers are located here that the locals believe
have Native American origins. A unique, 270-degree view of the gorge in
available here in leaf off conditions.
6. Cleared areas for planting of game feed crops on Game Lands No. 111 can be
seen on the eastern slope of Laurel Hill Ridge on the north side of the gorge.

7. Mostly on the south side of the gorge, block plantings of evergreens, primarily
hemlock and spruce, associated with camps and old homesteads can be seen
on top of the ridge.
8. Location of the foundation of a forest fire lookout tower near the high point
in the park on crest of Laurel Ridge. Several large hemlocks remain and can
still be seen from Baughman Rock to visibly mark the spot.

9. On the western flank of the Laurel Hill anticline, in the extreme southeastern
portion of the view Sugarloaf Knob is visible. It’s high elevation that allows it
to be seen from many regional vantage points and its isolated location, and
distinct” bread loaf” shape, have made it a landmark and a natural curiosity.
It is a popular destination for visitors to Ohiopyle State Park.

Fluvial sculpting of the Laurel Highlands

Where the Youghiogheny River has cut through the center of the Laurel Hill anticline the
Devonian age Catskill and Maple Summit formations are exposed (Figure 2a, b). These rocks are
360 million years of age and are the oldest rocks that outcrop in southwestern Pennsylvania. The
youngest rocks in the view, are the Pennsylvanian age (300 my) Pottsville sandstone, make up
the view shed platform, the Laurel Hill Ridge crest, and the top surface or the eastern flank of
Laurel Ridge visible in the furthest background (Figure 2c).

Fluvial sculpting of the Laurel Highlands by the Youghiogheny and other rivers including the
Monongahela, Cheat, and Conemaugh and their predecessors has proceeded at unsteady rates
since the close of the Allegheny orogeny. Thermochronology from coal vitrinite reflectance
(Zhang and Davis, 1993) and apatite fission track (Blackmer et al., 1994) indicate 3-4 km of burial
of the coals and intervening clastic sedimentary rocks now exposed at the surface. Despite the
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impressive amount of relief at this locality, the Youghiogheny River is not particularly steep
through the gorge carved in the Laurel Hill Anticline. For example, the size of the meander at
Victoria Bend is approximately 1219 m x 1219 m and the overall shape of the meander form can
be seen extending around the gorge in this region to about the 2500-foot (762 m) level, a vertical
distance of 386 m. To achieve this amount of down cutting one could argue that the Youghiogheny
River would of have had to remained locked into this fixed meander form for an extended period
time. The long-term rate of incision of the river through this reach, determined by dated and
correlated river terraces (Kurak et al., this guidebook) is ~30-40 m/Ma so at that rate, the
Victoria Bend meander has been deepening the gorge at this location for ~10-12 million years,
or since the middle Miocene.

Preliminary results from a linear inversion model of fluvial topography for the Youghiogheny
catchment that accounts for variable rock erodibility (Gallen, 2018), assuming a single point of
base level change at Connellsville provides some insight into the long-term rock uplift and
incision history of the Laurel Highlands with respect to the Pittsburgh Lowlands (Figure 5.3).
This model suggests that uplift (incision) rates were slow during the middle Tertiary at rates ~10
m/Ma. Through the late Miocene rock uplift rate increase to as much as 80 m/Ma. A second pulse
of rapid uplift in the early Pleistocene may be related to impulsive base level fall associated with
the draining of Glacial Lake Monongahela and formation of the Ohio River base level.

We would interpret this model to say that Laurel Highland gorge incision commenced in the
late Miocene and locally, like the Laurel Hill Anticline reach, is now fully adjusted to rock type.
Given that hillslopes in the Laurel Highlands are eroding at slower rates in the range of 3 – 16
m/Ma (Kurak, 2021; Kurak et al., this guidebook), it is not surprising that river incision rates at
several tens of meters per million years through hard rocks will result in the high relief landscape
typical of the Laurel Highlands.

Figure 5.3. Preliminary results of a linear inversion of fluvial topography model that accounts for variable rock erodibility
for the Youghiogheny catchment upstream of Connellsville showing how the rate of rock uplift has varied over the past 30
million years for this part of the Laurel Highlands.
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Miles Description (15 min)
0.0

Continue south of Sugarloaf Road from the Bachman Rock Parking lot.

0.9

Cross Long Run fault zone. The beds here are steeply dipping.

1.9

Sugarloaf knob at 5:00. This hill is capped by resistant Pottsville Formation atop Mauch Chunk
Formation.

2.2

Pass Sugarloaf Church.

2.8

Cross axis of Laurel Hill Anticline, pass on the eastern flank of the fold.

3.0

Outcrops of Mauch Chunk Formation on the left.

3.2

Lookout tower road on left (2,934 ft; 894 m).

3.6

Use wide berm on right for bus pull-off. STOP 6. Turtlehead Rock Bog. 3:15-4:30 PM
Point of interest: Organics from the deepest portion of this bog have been dated with
carbon-14, putting the age of these materials around 1,000 years old. The large sandstone
boulders that border the bog are derived from Pottsville Formation material and are
thought to have separated into their current arrangement due to periglacial activity more
than 20,000 years ago.

Source:
Shaulis, James (2012). “A day for geology at Ohiopyle State Park” October 24, 2012
http://www.apps.dcnr.state.pa.us/news/resource/res2012/12-1107-ohiopylesp.aspx
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STOP 6

STOP 6: TURTLEHEAD ROCK BOG
ROBERT K. BOOTH 1, JIM SHAULIS 2, FRANK J PAZZAGLIA1
off Jim Mt. Rd (SR 653), Normalville, PA 15469

Geoheritage Site: Turtlehead Rock Bog
3:15 – 4:25 PM 39.819 / -79.434 park
39.99261 / -79.43525 site
Classification: (Primary) Hydrodynamic, Swamp, bog.
(Secondary) Geomorphic, Erosional, Periglacial, Rock city and other erosion-resistant outcrops.
(Tertiary) Geomorphic, Erosional, Periglacial, Pinnacle, tor, or spire.
Located near the crest of the Laurel Hill Anticline in Ohiopyle State Park (Figure 6.1)
Turtlehead Rock Bog is a highly unique depositional basin containing a richly detailed record of
ecological and depositional history spanning much of the Holocene (Mason, 2017). Basins like
Turtlehead Rock Bog are exceptionally rare in unglaciated landscapes, and its small size and
overhanging forest vegetation (Figure 6.2) make it an ideal setting for paleoenvironmental
reconstruction using both terrestrial plant macrofossils and pollen (Jackson & Booth, 2007).
*Note, due to the bog’s high value: NO ROCK HAMMERS!
Visitation of the bog MUST be pre-approved by the Ohiopyle State Park management.
(contact park office: Ph# 724-329-8591)

Figure 6.1. Topographic and geologic setting of Turtlehead Rock Bog.

1
2

Earth and Environmental Sciences, Lehigh University
Pennsylvania Geological Survey
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Figure 6.2. Site images showing (A,B) from Turtlehead Bog (C) Turtlehead Rock (D) part of the rock city surrounding the
bog.

Rock City
As the classification suggests, there are two main features to observe at the site. First is a
“rock city” of rectangular Homewood Sandstone boulders oriented NW-SE and spaced by vertical
joints that are orthogonal to the Laurel Hill Anticline fold axis (Figure 6.3). The blocks are ~50
long and 10-20 m wide. The upper surface of these blocks is deeply pitted and weathered with
one notable protrusion resembling the head of a turtle, hence the name of the feature. Some
intervals display trough and planar cross bedding. The lower surfaces of the blocks are smooth
and less weathered. The blocks, especially their weathered upper surfaces, share characteristics
in common with tors that are known to exist on ridge crests throughout the central Appalachians
(Marsh, 1999). Tors are generally held to form from a combination of processes including
corestone exhumation from a former saprolite cover (Linton, 1955) and periglacial movement of
boulders (Palmer and Neilson, 1962). Rock cities of tors sometimes have closed basins (Gunnell
et al., 2013) and this may be the origin of Turtlehead Bog.
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The Bog
The regional slope and drainage of the rock city is to the south and southeast. The central SEoriented joint controlled drainage has a closed depression that has evolved into a floating peatmat bog. At its deepest point the bog is ~4 m deep and has a projected basal age of ~12,000 cal
yr BP based on a radiocarbon-based age model (Booth et al., 2001, this guidebook). Ecologically
the bog functioned as a fern-dominated wetland from >9000 to ~2000 cal yr BP. There is a
~1200 yr depositional hiatus from ~2000 to 900 cal yr BP, followed by a rapid period of organicrich sediment accumulation to form the modern wetland and floating peat mat. Human influence
in the Ohiopyle landscape is present in the upper portions of the bog’s sediment in the form of a
pulse of ragweed pollen in the 18th century, followed by forb taxa including knotweed, and loss
of oak and hickory due to logging in the 19th century.

Cosmogenic 10Be exposure age dating of rock surfaces on the tor indicate multiple phases of
corestone exhumation to expose the Homewood Sandstone blocks, that were later moved by
periglacial processes. The upper, weathered parts of the tor including the Turtlehead have
minimum exposure ages of ~250 ka assuming no erosion, or steady-state erosion rates of ~3.2
m/Ma assuming continuous exposure. The lower, less weathered portion of the tors have
minimum exposure ages that young further away from the Turtlehead from ages of 30.5 to 9 ka,
suggesting that they represent a recently exhumed (late Pleistocene) bedrock weathering profile.
Former sand quarries in the Homewood Sandstone, some located close to the Turtlehead bog,
indicate that the Homewood Sandstone is locally chemically disintegrated into saprolite. Just 0.5
km SE of the parking lot for this stop is an abandoned sand quarry that mined chemically
disintegrated Homewood Sandstone. It is possible that a pre-Pleistocene climate favored
chemical weathering and the landscape was lowered primarily by these processes at very slow
rates. A change to Pleistocene climates and glacial-interglacial cycles favored more physical
weathering and local stripping of the saprolite to eventually expose corestones with their
weathered joint faces. The mobilized saprolite provided the sediment to incising rivers to build
the Carmichaels Formation and related terraces.

Ecological setting

An oak-black birch forest surrounds Turtlehead Rock Bog today, and the weathered Homewood
sandstone boulders adjacent to the basin are occupied by great laurel (Rhododendron maximum),
mountain laurel (Kalmia latifolia), and a high-value diverse tree community of sassafras
(Sassafras albidum), black birch (Betula lenta), red maple (Acer rubrum), black gum (Nyssa
sylvatica), and several oak species (e.g. Quercus prinus, Q. rubra, Q. macrocarpus). The bog itself
is occupied by a floating peat mat that is dominated by three-way sedge (Dulichium
arundinaceum), other wetland sedge species (Carex spp., Scirpus spp.), cinnamon fern (Osmunda
cinnamomea), and scattered patches of Sphagnum moss. Some areas of the peat mat are firmer
than others, and near the spillway where the basin is deepest the peat mat is particularly thin.

Miles Description (50 min)
0.0

Continue south on Sugarloaf Road.

0.3

Sandpit of Homewood Sandstone saprolite on right.

0.5

Leave Ohiopyle State Park.

1.7

Pass Ramcat access road to the upper Youghiogheny.
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2.2

Left on PA 281, view of Negro Mountain anticline, the southern extent of which includes Mt.
Davis, the highest point in Pennsylvania at 3,213 feet (979 m) at 1:00.

4.2

Cross the outflow of the Youghiogheny River dam at Confluence. Enter Turkey foot, so names
for the confluence of the Youghiogheny River, Casselman River, and Laurel Hill Creek. The GAP
and B&O railroad follow the Casselman River at this point up to the continental divide on
Allegheny Mountain.

4.3

Enter Somerset County.

4.5

Cross the GAP and traverse a late Pleistocene terrace.

4.6

Cross the Casselman River.

4.7

Turn left onto PA Rt. 281 N.

4.8

Note stone fence composed of artificially imbricate cobbles on the right.

5.0

Turn right onto PA 281 N.

5.2

Cross Laurel Hill Creek.

6.4

Pass through the village of Ursina.

7.3

Parallel Laurel Hill Creek, noting at least two late Pleistocene terraces.

8.0

Outcrop of Allegheny Formation on left.

9.0

Outcrops of the Allegheny – Glenshaw Formation contact to the right.

9.2

Fort Hill Native American archeological marker on right. The marker reads “Archeological
study of the flat-top hill across the valley revealed two palisaded Indian villages with extensive
house and burial remains, all dating from the Discovery Period.”

9.7

Outcrops of the Conemaugh Group on left.

10.1

View of Negro Mountain Anticline at 3:00.

14.7

Pass through the village of Kingwood.

17.9

Pass through New Lexington, stay right at the gas station.

18.8

Turn Left at the blinking light.

19.0

View of Laurel Hill Anticline to the left. Seven Springs resort is visible on the hill at 10:00.

21.3

Turn left on Copperkettle Road.

23.3

Enter Laurel Hill State Park.

27.8

Left turn into the Seven Springs resort.

28.3

Parking lot of Seven Springs hotel. End Day 1 Roadlog.
Reception starts at 6:30 PM. Banquet starts at 7 PM.
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DAY 2

DAY 2 STOPS
ROAD LOG DAY 2 – STOPS 7-11
FRANK J. PAZZAGLIA – LEHIGH UNIVERSITY
JIM SHAULIS – PENNSYLVANIA GEOLOGICAL SURVEY
STEPHEN LINDBERG – UNIVERSITY OF PITTSBURGH, JOHNSTOWN

Figure 1. Map of Day 2 stops.

Key Points
Key points for Day 2 are (1)

1. the stratigraphy, structure, and map distribution of upper Mississippian age bedrock
units

2. depositional and historical legacy

3. paleoecology

4. cave formation the processes

5. extraction of resources in the bedrock and groundwater connections

Historical connections

At Jumonville Rocks, a backdrop of Mississippian Burgoon Sandstone, the first skirmish of the
French and Indian War occurred at this location on May 28, 1754. The rocky setting helped
Washington win his first military battle (Figure 2). At Jumonville Glen, the French had a good
place to hide, but not a good place to be found. Perched above on the rocks, Washington’s men
could pin down the enemy while right and left wings could stop any retreat at the ends of the
small hollow. (PGS,2020). The Penn dot quarry along U.S. Rt 40 used to be called the Thompson
quarry that was started by Uniontown millionaire in the early 1900’s, and nearby Laurel Caverns
used to be known as the Dulany Cave and was explored in the early 1800’s.
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Figure 2. A hand-drawn map drafted by George Washington. Caption
reads: “The French are now coming from their Forts on Lake Erie & on the
Creek, to Venango to Erect another Fort—And from thence they design to
the Fork’s of Monongehela and to the Logs Town, and so to continue down
the River building at the convenient places in order to prevent our
settlements [illegible]. No. A little below Shanapins Town in the Fork is the
place where we are going imediatily to Build a Fort as if commands the Ohio
and Monongehla [fancy squiggle].” Note: “Shanapins Town” likely referred
to Shannopin’s Town, a Lenape village located along the Allegheny River.
Interesting spellings on this map include: Potomack, Aligany, and
Yaughiyaughgane. Public domain image by George Washington - This map
is available from the United States Library of Congress’s Geography & Map
Division under the digital ID g3820.ct000361.
https://commons.wikimedia.org/w/index.php?curid=4904079

Miles Description (70 min)
0.0

START, 7:30 AM, Seven Springs

0.3

Cross bedding in Loyalhanna Limestone at spring, left side of road.

0.9

Left turn onto County Line Road, SR. 3029.

4.2

View of Chestnut Ridge at 11:00.

4.9

Outcrops of Pottsville Formation, right side of road.

6.6

Descend into the Ligonier Syncline.

7.2

Turn left at stop sign and continue south on PA 711.

7.5

Note huge boulder of Mahoning Sandstone in yard on right side of road.

9.5

Village of Melcroft. The row houses are the tell-tale sign that Melcroft was a company
town. The Middle Kittanning Coal of the Allegheny Formation was mined nearby. Descend
into the valley of Indian Creek.

12.2

Pass through Indian Head, another small patch town.

12.6

Spoils from mines in the Middle Kittanning Coal on the right.

14.1

Upper Freeport Coal of the Allegheny Formation exposed on the right.

16.7

Enter Normalville. Turn left at stop sign onto Rt 381 S.

27.7

Ohiopyle State park on right.

34.0

Turn right on to Rt 40 West.

38.8

Turn into PennDOT Summit mountain storage facility on Right. Arrive at Stop 7
Wymps Gap, 8:40AM 40.081, -79.226. Wymps Gap Fossil Collecting 8:40 – 9:30 AM.
Bring sample bags & hard hat – no hammers!
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STOP 7

STOP 7: THE JV. THOMPSON QUARRY
WYMPS GAP LIMESTONE

STEPHEN R. LINDBERG & CHRIS COUGHENOUR – DEPT. OF ENERGY & EARTH RESOURCES, UNIVERSITY OF PITTSBURGH
AT JOHNSTOWN
2813 National Pike, Farmington Pa 15437

39.84645 / -79. 635655

Introduction

Located on the northern side of U.S. Route 40 “The National Pike” in Wharton Township,
Fayette County (39.84 N, 79.63 W), the now long-abandoned cut in the hillside known regionally
as the J.V. Thompson Quarry offers an exceptional exposure of the Wymps Gap Limestone
member of the Mauch Chunk Formation. The Wymps Gap Limestone exposed here, and in other
southwestern Pennsylvania locations, is one of the most fossiliferous units in the state and
contains abundant invertebrate fossils that include brachiopods, bryozoans, corals, crinoids,
blastoids, cephalopods and trilobites. The small quarry is located approximately 0.75 miles west
of the town of Chalk Hill and is currently utilized as a PennDOT maintenance site (Figure 7.1).
Access to this quarry is restricted and permission must be obtained by PennDOT before entering
the property.

Figure 7.1. Location of J.V. Thompson Quarry
along U.S. Route 40.
Modified from Google Maps, circa 2021

The quarry is named for Josiah Van Kirk “JV”
Thompson (1854-1933), a prominent and wealthy
businessman
from
nearby
Uniontown,
Pennsylvania who made his fortune buying and
selling coal properties in southwestern
Pennsylvania (Figure 7.2). The quarry located
along U.S. 40 was a relatively small operation that
provided aggregate stone for road construction
(Hickok and Moyer, 1940). Thompson became
president of the First National Bank of Uniontown
in 1899, and by 1903 was a multi-millionaire
(Robbins, 1989). Married three times, he built a 42
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Figure 7.2.
J.V. Thompson, circa 1900.
Modified from Find A Grave.

room mansion known as Oak Hill for his second wife Hunnie Hawes along the National Pike
overlooking Uniontown. In 1915 Thompson divorced Hunnie; his business holdings and bank
began to fail. A one million dollar divorce settlement to Hunnie contributed to his filing for
bankruptcy and provided the opportunity for the Piedmont Coal Company to purchase many of
his holdings including the Oak Hill Estate. Piedmont Coal allowed Thompson to continue living in
Oak Hill and hired him as a sales person. Thompson married for a third time in 1929 and spent
his remaining years researching genealogy of Fayette County families. Following his death in
1933 the Oak Hill estate was purchased by the Sisters of St. Basil the Great, who still occupy the
mansion now known as Mount Saint Macrina (Robbins, 1989). The First National Bank building
built by Thompson still stands in downtown Uniontown and is now called the Fayette Building.

Structural and Stratigraphic Setting

The whole of Fayette County lies within the Appalachian Plateaus Province; the county being
almost equally divided between the Allegheny Mountain Section to the east and the Pittsburgh
Low Plateau to the west. The regional topography here is dominated by the two prominent,
northeast trending anticlines of Laurel Hill and Chestnut Ridge; both of which lie within the
Allegheny Mountain Section of the plateau (Figure 7.3).

The J.V. Thompson - Wymps Gap Limestone quarry is located on the east (southeast) limb of
the Chestnut Ridge Anticline. Following the large-scale structure of the region, the limestone
units within the quarry have a northeast strike with dips of approximately 10 degrees to the
southeast (Figure7.4). Traveling west from Chalk Hill along route 40 results in moving down
section from the Pennsylvanian Allegheny and Conemaugh groups to Devonian strata exposed
along the axis of the Chestnut Ridge Anticline.

Figure 7.3. Geologic Map of Fayette County, Pennsylvania, showing regional structure and location of J.V. Thompson
quarry, Laurel Hill and Chestnut Ridge anticlines. Modified from Shaulis and McElroy, 1988.
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Figure 7.4. Detailed view of Geologic Map Of Fayette County, Pennsylvania showing location of J.V. Thompson quarry,
“X”, within Wymps Gap Limestone member of the Mauch Chunk Formation. Structure contours shown in red are “UF”,
top of Upper Freeport Coal, “B”, top of Burgoon Sandstone. Modified from Shaulis and McElroy, 1988.

The Wymps Gap Limestone present here in Fayette County and southwestern Pennsylvania
has previously been referred to (Figure 7.5) as the “Greenbrier Limestone” (Flint, 1965). It is a
fossiliferous marine limestone within the Mauch Chunk formation of southwestern Pennsylvania;
and represents a thin extension of the much thicker Greenbrier Formation of western Maryland
and West Virginia.

Figure 7.5. 1928 photograph of J.V. Thompson Quarry showing southeast dipping Wymps Gap Limestone layers. View is
towards N-NW. Note the subject title, “Greenbrier Limestone”. Photo courtesy of Pennsylvania Geologic Survey.
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In Pennsylvania the Wymps Gap
has a maximum thickness of about
40 feet; the lower half consisting of a
massive limestone and the upper half
a sequence of interbedded limestone
and calcareous shales (Flint, 1965).
The Wymps Gap Limestone lies
about 175 feet above the base of the
Mauch Chunk formation (Flint,
1965). Conodonts recovered from
The Wymps Gap Limestone at the J.V.
Thompson Quarry indicate a Late
Mississippian
Chesterian
age
(Horowitz and Rexroad, 1972).

Within the J.V. Thompson Quarry
about 36 feet of the Wymps Gap is
exposed (Figure 7.6). The limestone
on the quarry floor was interpreted
to represent a marine transgression
and deposition within a relatively
shallow
water
environment
(Brezinski, 1989); it consists of a
gray
lime
mudstone
with
interbedded micaceous shales and
claystone (Rollins and Brezinski,
1988).
The upper units of darker gray
argillaceous limestone represent
deposition at maximum “deepening”,
indicated by the greater diversity of
fauna and lack of current produced
features (Brezinski, 1984). The facies
relationship between the Wymps
Gap Limestone and lower Mauch
Chunk south of Uniontown, Pa. have
been interpreted to represent a
water depth that most likely
exceeded 130 feet (Brezinski, 1984).
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Figure 7.6. Stratigraphic column showing Mauch Chunk
Formation in southwestern Pennsylvania and
position of Wymps Gap Limestone member.
Modified from Carter, J. L., Kollar, A. D., and
Brezinski, D. K.,2008.

Fossils
Invertebrate fossils are
very abundant within the
quarry, and are often found
weathered out and easily
recovered from within the
small talus slopes or on the
quarry floor. The small
Mississippian
trilobites
Kaskia and Paladin can be
found here, as well as
numerous
fragments
of
crinoids that include spines,
calyx plates stems and less
Figure 7.7. The brachiopod Phyricodothyris lauriegrahamae (holotype CM
frequently a complete calyx.
55291), J.V. Thompson Wymps Gap Limestone quarry. Ventral (A), dorsal, (B).
At least three different genera Modified from Carter, Kollar, and Brezinski, 2008.
of bryozoans; Fenestella,
Polypora, and Septopora can be found within the shales and quarry floor limestones
(Simonsen,1981). Brachiopods are quite numerous, and the quarry is the type locality for a new
brachiopod species, Phyricodothyris lauriegrahamae (Figure 7.7) that is known only from the
Wymps Gap Limestone here in southwestern
Pennsylvania and Maryland (Carter, Kollar, and
Brezinski, 2008).
A final bit of incentive for the fossil collectors here at
the J.V. Thompson quarry hoping to find that exceptional
trilobite, brachiopod or crinoid. Here is a complete
crinoid calyx (Figure 7.8), perhaps Platycrinites, with
arms and pinnules that I collected here at the quarry in
the fall of 1973.
Figure 7.8. Crinoid from the collection of
S. Lindberg. Found at the J.V. Thompson
quarry in the fall of 1973.
Photo by S. Lindberg
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Miles CUM Description (10 min)
0.0

38.8

Leave PennDOT Summit mountain storage facility.

1.2

40.0

Right turn onto Jumonville Rd from 40 W.

2.5

42.5

Turn right into parking lot for Jumonville parking lot.
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STOP 8

STOP 8: GEOLOGY OF JUMONVILLE GLEN
CHRIS COUGHENOUR – UNIVERSITY OF PITTSBURGH, JOHNSTOWN
INTERPRETIVE GUIDE – NATIONAL PARK SERVICE
714 Coolspring Jumonville Rd, Hopwood, PA 15445

Introduction

9:40 – 10:40 AM 39. 8799444 / -79. 6428917

Some historians point to the events here on May 28, 1754 as a major factor that ignited the
French and Indian War (1755-1763). At this location, Lt. Colonel George Washington and his
company of 40 Virginians attacked an encampment of French soldiers led by Ensign Joseph
Coulon de Villers de Jumonville. De Jumonville identified himself as the detachments commander
of Fort Duquesne at the “forks of the ohio” some 40 miles to the west (NPS) was wounded and
later killed by the Mingo chief Tanaghrisson called the “Half King” by the English who regarded
him as an ally (Anderson 2000). Retribution for this killing led to the battle of Fort Necessity and
subsequently had a domino effect that led to the Seven Years War in Europe. This Seven Years
War (1756-1763) is considered by many historians as the first true World War (Anderson 2000).
Battles during this conflict occurred on five continents, involving fourteen countries. Anderson
(2000) Map 1 lists 20 associated conflicts or battles of the Seven Years’ War. In western
Pennsylvania, this includes George Washington’s expedition (1753), Fort Necessity (1754),
General Edward Braddock’ defeat at Battle of Monongahela (1755), General John Forbes
expedition to Fort Duquesne (1758) and Colonial Henry Bouquet’s expedition to quell the
uprising known as Pontiac’s Rebellion along Brushy Run in Westmoreland County, Pennsylvania
(1763) 1.
The night before the battle at Jumonville Glen a steady rain felt as Washington and his patrol
arrived near daybreak at the Iroquois allies’ camp led by Monacatootha and a small band of Mingo
warriors led by Tanaghrisson who reported on the French and Indian encampment at the glen.
Washington positioned his troops on top of the large rocks above the French camp (refer to
Figure 3C showing the “rock city” above the glen in the geology section of this report). The British
fired two volleys down on the awakening French who returned a few shots before attempting to
retreat into the shelter of the trees. This escape route for the thirty-odd Frenchman was blocked
by Tanaghrisson and his warriors who returned to the clearing now pinned down by the English
muskets. At this moment, an officer called for quarter and Washington ordered his men to cease
firing. After Tanaghrisson took his hatchet to Jumonville’s head, killing him, Washington formed
his men around the twenty-one surviving prisoners and took them to safety. The Half King’s
warriors scalped and stripped the thirteen corpses, decapitating one and impaling its head on a
stake (Anderson 2000). One naked barefoot warrior hid behind the trees during the fight and
escaped to Fort Duquesne to report the battle (Fort Necessity National Park Plaque).

Other battles in ascending order from 1754 to 1765, Nova Scotia (1754), Hudson River-Lake ChamplainRichelieu River Corridor (1755, 1757, 1758-1760), Mohawk Valley-Lake Ontario-Upper St. Lawrence Valley
(1756, 1758, 1760), Battle and Siege of Minorca (1756), Central European Operations (1756 – 1762), Operations
in Bengal and Battle of Plassey (1757), Siege of Louisbourg (1758), West African Expedition (1758), Québec and
the Upper St. Lawrence Valley (1759-1760), The Eastern Caribbean (1759,1761-1762), British Naval Operations
from Gibraltar (1758 – 1759), British Operations on the Coast of France (1757-1759, 1761), Upper Great Lakes
(1759, 1764), The Cherokee War (1759 – 1761), Operations on the Coromandel Coast (1758-1760),
Newfoundland Expeditions (1762), Conquest of Manila (1762), and Pontiac’s Rebellion (1763 – 1765).
1
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Geology
Jumonville Glen is on the crest of Chestnut Ridge Anticline. The exposed ledge of sandstone
that surrounds the glen consists of strata that earlier workers assigned to the Pocono Formation
(Campbell, 1902). In this area, Laird (1941) considered this interval of rock to be assignable to
what he called Sandstone J. He correlated Sandstone J to the Burgoon Sandstone of Butts (1904).
The Burgoon is the youngest early Mississippian unit in southwestern Pennsylvania. It is overlain
by the late Mississippian Loyalhanna Limestone, and underlain conglomeratic sandstones of the
Berea and Cussewago (Brezinski, 1999).
At this location, the Burgoon consists of massive, cross-bedded, micaceous, coarse-grained
sandstone with a few interbeds of thin-bedded siltstone and laminated shale (Figure 1). Plant
fragments are common, and no marine fossils are known. Laird (1941, fig. 1) proposed that the
Burgoon Formation was as much as 300 feet thick in the vicinity of the Summit. The coarse
texture and pervasive trough cross-bedding has led Bjerstedt and Kammer (1988) to suggest the
Purslane Formation of Western Maryland and equivalent Burgoon Formation of southwestern
Pennsylvania originated as a channel-phase fluvial sandstone. Although the coarser texture of
the Purslane led these authors to suggest a braided fluvial depositional environment, the
relatively good sorting of the Burgoon Formation at Jumonville suggests a meandering fluvial,
probably point bar, environment.

Figure 1. (A) Weathered trough cross-bedded, fluvial sandstone of the Burgoon Formation at Jumonville. (B) Medium,
cross-bedded sandstone of interpreted point-bar origin, weathered along joint faces.

Matchen and Kammer (2006) correlated the Burgoon Formation of western Pennsylvania
with the Black Hand Sandstone of central Ohio. These authors interpreted the Black Hand
Sandstone as an incised valley fill deposit. The Black Hand’s sinuous distribution, localized
thickening, and coarse texture sharply contrast the enclosing marine strata of the Cuyahoga
Formation. Kammer and Matchen (2008) suggested that the Burgoon Formation of
Pennsylvania, Purslane Formation of Maryland, and Big Injun of the West Virginia subsurface
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represented a basin-wide shallowing event that was equivalent to the Black Hand incision. This
regression, they believed, was the result of a global sea level drop concurrent with a high-latitude
glacial event that marks the Kinderhookian-Osagean boundary within North America’s early
Mississippian.

The ledges of the Burgoon Formation that we see at Jumonville Glens bear the joints that
result from the late Alleghenian orogeny and the up-lifted and folding of Chestnut Ridge (Figure
2A). These fractures were important avenues of groundwater movement and frost action.
During the Pleistocene the pervasive fractures in the Burgoon strata here forces blocks of
sandstone apart to form an incipient “rock city.” Rock cities are common periglacial features
within the Laurel Highlands. The massive sandstone of the Pottsville and, less commonly,
Burgoon formations become separated along persistent jointing. Prolonged freeze-thaw during
the Pleistocene forced these blocks apart to form the so-called rock city. The blocks of sandstone
are reminiscent of city blocks, while the spaces between them are suggestive of avenues and
streets (Figure 2B).

Figure 2. (A) Joint surface along which water accumulates and passes. (B) Rectangular pattern of fractures with the
Burgoon Formation. Note that not all joint faces are separated into the incipient “rock city.”

The detached massive, cross-bedded sandstone of the Burgoon Formation at Jumonville were
created by the above-described periglacial actions. These events were illustrated by Brezinski
and Kollar (2005) (Figure 3 A-D). Individual sandstone blocks became detached along fractures
and joints that have concentrated water (A). These fractures were wedged apart by ice during
intense freezing of during the Pleistocene (B). The underlying permafrost allowed the blocks to
move downslope by freezing and thawing (C).
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Figure 3. Idealized formation of the rock city at Jumonville (from
Brezinski and Kollar, 2005). (A) Water-filled fractures are frozen
in a subarctic environment of Chestnut Ridge during the
Pleistocene epoch.

(B) Continued freezing forces block apart at joints. (C) Gravity
and permafrost move blocks down slope. (D) Interpreted climatic
zones of Pennsylvania during Pleistocene glacial maxima. Glacial
distribution from PAGS map 59, biome based on Guilday (1971,
fig. 4) and Martin and Neuner (1978).
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Miles CUM Description (15 min)
0.0

42.5

Exit Jumonville parking lot.

2.5

45.0

Left turn onto Jumonville Rd.

350 ft 45.0

Rt turn onto US 40 E.

4.8

49.8

right onto Skyline Drive (* caution * this is a sharp left on a blind hill across traffic).

0.5

50.3

Turn right onto Caverns Park Rd. 10:55 AM
Turn right into parking lot 39.799 / -79.713
Stop 9 Laurel Caverns 10:55 AM – 1:00 PM 2 hour LUNCH
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STOP 9

STOP 9. LAUREL CAVERNS

KATHERINE W. SCHMID AND ELLEN FEHRS – PENNSYLVANIA GEOLOGICAL SURVEY
RYAN MAURER – FAYETTE COUNTY CAVE SURVEY

Introduction

1065 Skyline Dr, Farmington, PA 15437

LUNCH 10:55AM – 1:00PM

While we are at Laurel Caverns,
make sure you gaze at the view from the
back deck of the Visitors Center. This
view is listed in our Outstanding Scenic
Geological Features of Pennsylvania
publication as the Seven-County Scenic
View. Although the publication lists the
view as being from the upper parking lot
of Laurel Caverns, we think the deck that
they built on the visitor center offers an
even better view (Figure 9.1).

Geology and Speleogenesis

39.799 / -79.713

Figure 9.1. The Seven County Scenic View from the back
deck of the Laurel Caverns Visitor’s Center. Photo by K Schmid

Laurel Caverns is a naturally formed cave that began commercial operations in 1969. This
cave lies on the western flank of the Chestnut Ridge anticline (Figure 9.3, next page) where the
bedrock dips about 14 degrees to the west. The Chestnut Ridge Anticline is a structurally complex
feature with thrust faults throughout the Devonian section and up into parts of the Mississippian
section (Scanlin and Engelder, 2003). Strata above these high-angle thrusts, including the strata
that Laurel Caverns formed in, deformed into tightly folded and faulted structures (Jacobeen and
Kanes, 1974). On the tour in the cave, we will see some of this faulting and folding (Stations A1
and A4). For discussion on structure relating to cave formation, refer to this Guidebook.

Laurel Caverns formed primarily in the Loyalhanna Limestone, an arenaceous limestone to
calcareous sandstone (Figure 9.2). Because the Loyalhanna Limestone is a calcite-cemented
sandstone, the cave formed through a process known as phantomization. In this process,
groundwater dissolves the carbonate cement. After dissolution of the
carbonate cement, insoluble grains remain – this is referred to as phantom
bedrock. This increased permeability allowed greater groundwater flow
which later removed the insoluble grains in some areas. This process was
facilitated by the dip of the bedrock. The Loyalhanna Limestone is known
for its conspicuous high-angle crossbedding. In some parts of the cave, this
crossbedding is preserved in the phantom bedrock.

The depositional environment of the Loyalhanna Limestone has been
debated for decades. Some researchers believe that the Loyalhanna
Limestone is an eolian deposit (e.g., Butts, 1924; Hickok and Moyer, 1940;
Berg, 1980; Ahlbrandt, 1995), while others believe it is a submarine
deposit (e.g., Salver, 1962; Gallagher, 1984; Behr, 2020). The high angles
of the cross bedding (Station B3) have been used as evidence for eolian
deposition and marine fossils (Station A5) have been used as evidence for
marine deposition.

Figure 9.2. Stratigraphy of the carbonates of the Mauch Chunk Formation. Note the cross-bedding in the Loyalhanna
Limestone. In southwestern Pennsylvania, the Loyalhanna Limestone rests unconformably on top of the Burgoon
Sandstone. In Laurel Caverns, iron concretions are observed at the top of the Burgoon Sandstone. Photo by A&M Palmer
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Figure 9.3. Top: Laurel Caverns (blue star) located on western flank of Chestnut Ridge Anticline in southwestern
Pennsylvania. Anticlines are shown in pink and synclines are shown in yellow (after Faill, 2011). Bottom: Bedrock geologic
map with elevation profile. Laurel Caverns (red dot on profile path on map) is red line on elevation profile. (PAgeode).
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Morphology
Laurel Caverns is 4.1 miles (mi) long and 476 ft deep (Maurer, 2021). As it descends from the
crest of Chestnut Ridge Anticline, Laurel Caverns is divided into four sections with distinct
passage trends and morphologies. From highest elevation to the lowest, these sections are the
Upper Maze Cave, the Middle Cave, the Flue and the Lower Cave (Figure 9.4). The Upper Maze
Cave includes a network of passages close to Loyalhanna Limestone outcrops on the ridge. The
Middle Cave is composed of large trunk passages that trend down the dip of the bedrock. The
Flue contains several thrust faults and consists of large rooms, network maze passages and a low
wide passage known as the Upper Flue. The Lower Cave consists primarily of branching trunk
conduits and some joint-controlled maze passages. On our field trip, we will visit the Upper Maze
Cave, the Middle Cave, and we will see the start of the Flue.

Figure 9.4. Map of Laurel Caverns modified from Maurer, 2021.
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Visitors to Laurel Caverns enter the Upper Maze section from the visitor’s center (Figure
9.5). This section consists of a network maze of passages close to where the Loyalhanna
Limestone surfaces along the ridge. Water enters this section of the cave through joints in the
bedrock and the upper termini of passages near the surface. This network of mostly straight
passages follows joints trending about N50°E and N60°W. Bedrock in this section of the cave
dips 10.6 degrees. Passages typically have a smooth and undular shape with sandy floors and a
distinct “V” in the ceiling. Crossbedding is well-developed in the Loyalhanna Limestone, and
angles as high as 30 degrees have been observed in these passages.

Figure 9.5. Laurel Caverns Map showing tour routes modified from the Laurel Caverns website.
Group 1 will go on the blue route and Group 2 will go on the pink route. modified from Maurer, 2021
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An unpublished study by Ryan Maurer and Hope Brooks shows that the dip of the bedrock
increases to 15.7 degrees in the Middle Cave. This is a small change in dip, only 5.1 degrees, but
note the significant change in the passage style as you leave the Upper Maze Cave and enter the
Middle Cave. The passages in the Middle Cave are mostly straight and trend down the dip of the
bedrock. These passages also have much larger cross-sectional areas that the passages of the
Upper Maze Cave. The larger passages in Middle Cave result from the increased dip allowing an
increased rate of groundwater flow in this section of the cave (Schmidt, 1974).

From Middle Cave, we will enter a room known as the Dining Room (StationA3). In this room
various strata of the lower Mauch Chunk Formation are exposed including the unnamed
sandstone beneath the Wymps Gap Limestone, a thin shale layer, the Deer Valley Limestone, and
the Loyalhanna Limestone (Figure 9.6).

The Upper Fault in the Dining Room (Station A4) denotes the beginning of the Flue (Figure
9.9). The Lower Fault in the Ballroom denotes the base of the Flue. The Solomon’s Squeeze Fault
(Station A4) also penetrates the Dining Room. The Upper and Lower faults (and most of the
smaller faults in the cave) trend at about N30°E and dip 35 degrees northwest. Solomon’s
Squeeze Fault trends N7°E and dips roughly 45 degrees west. Looking in the lower part of the
Dining Room, one can see the Upper Flue (Station A2), a passage that is nearly 200 ft long, up to
80 ft wide, but only 2 to 3 ft high. It is not a solutional passage; this passage resulted from the
slumping of blocks between the Upper and Lower faults; the section of the cave in the red dashed
circle in Figure 9.4.

We will not be able to everything the cave has to offer with the amount of time that we have
at this stop. We have set up several stations in the cave and will visit what time allows. Also, we
are breaking this stop up into two groups (Figure 9.5). One group will go down to the dining
room and will get to see the Upper fault, the Flue, and a marine fossil – this trip will go up and
down a lot of steps and will go through a passage that some people may find a little narrow. The
second group will stay in the Upper Cave and will get to see the slickensides in the ceiling at the
contact between the Deer Valley Limestone and the Loyalhanna Limestone, cross bedding, and
some secondary deposits as time allows. Note the obvious thermocline as you climb out of the
cave.

Stations

A. Middle Cave – Note the prominent joints in the ceilings of the passages in Middle Cave.
1. Drag folds in the Hall of the Mountain King (Figure 9.6)
2. the Flue
3. Strata in the Dining Room
(Figure 9.7)
4. Upper Fault and Solomon’s
Squeeze Fault in Dining Room
(Figure 9.8)
5. Fossil (Figure 9.9)
B. Upper Cave
1. Slickensides at Pillar of Hercules
2. The cave’s natural entrance
(Figure 9.10) right
3. Crossbedding
4. Calcite deposits/small formations

Figure 9.10. Station B2, the cave's natural entrance. Picture
from the Geological Survey’s archives.
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Figure 9.6. Station A1 drag fold in
the Hall of the Mountain King
Photo by Katherine Schmid

Figure 9.7. Station A3 strata in the Dining
Room.
A is an unnamed sandstone in the Mauch
Chunk Formation.
B is a thin shale layer in the Mauch Chunk
Formation.
C is the Deer Valley Limestone.
D is the Loyalhanna Limestone.
Photo by Ryan Maurer
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Figure 9.8. Station A4 Upper Fault visible in
the Dining Room.
Photo by Ryan Maurer

Figure 9.9.
Station A5 Marine fossil
Photo by Katherine Schmid
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Miles Description
53.0

Turn Left onto Cavers Park Rd

53.5

Turn left onto Skyline Dr

58.3

Turn right onto US-40 E

64.2

Turn left onto PA-381 N

81.4

Turn right onto PA-381N/ PA-711 N

91.0

Turn right onto PA-31 E/ PA-381 N

96.7

Turn left into Stop 10. New Enterprise Stone & Lime Quarry.
40.067, -79.254

2:15 – 3:30 PM

Source: https://xkcd.com/2518/ , https://imgs.xkcd.com/comics/lumpers_and_splitters.png
This work is licensed under a Creative Commons Attribution-NonCommercial 2.5 License
https://xkcd.com/license.html ; https://creativecommons.org/licenses/by-nc/2.5/
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STOP 10

STOP 10: BAKERSVILLE QUARRY
NEW ENTERPRISE STONE & LIME CO.
ROUTE 31, JEFFERSON TOWNSHIP, PENNSYLVANIA
CHRISTOPHER COUGHENOUR AND STEPHEN LINDBERG – UNIVERSITY OF PITTSBURGH, JOHNSTOWN
RYAN D. STAIRS, P.G. – VP/OPERATIONS MANAGER (GEOLOGY, HYDROLOGY, MINING) EARTHTECH, INC.
KEVIN CLAYCOMB – GEO ENVIRONMENTAL SPECIALIST, NEW ENTERPRISE STONE & LIME CO.

492 Glades Pike Rd., Somerset, Pa 15501

Introduction

2:15 - 3:30 PM

40.067 / -79.254

The New Enterprise Stone & Lime Co., Bakersville Quarry is located on Route 31, Jefferson
Township, Pennsylvania (Figure 10.1). The target unit is the Loyalhanna Limestone and the
facility consists of three quarries; Bakersville #1 was first quarried in the 1940’s and is currently
inactive. Some Burgoon Sandstone was also quarried here. Bakersville #2, also inactive, was
supplanted by Bakersville #3 which is the first subsurface mining operation onsite. Strata
exposed at the Bakersville quarries include the Upper Mississippian Burgoon Sandstone (an
upper Pocono Formation equivalent), and the lower units of the Mauch Chunk Formation,
including the desired Loyalhanna Limestone member (Figure 10.2).
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Figure 10.2. Stratigraphic column showing correlations between Middle and Upper Mississippian and Lower
and Middle Pennsylvanian within the central Appalachians. Modified from Edmunds et al., (1979).

Mississippian Stratigraphy at Bakersville
The Burgoon Sandstone (at Bakersville #1)
The basal unit exposed at the first quarry is the Burgoon Sandstone, named for the thick
exposures found along railroad tracks in Sugar Run Valley near Horseshoe Curve in Blair County,
Pennsylvania (Butts, 1904). Butts (1904) described the Burgoon at the type locality as a “…coarse
and very thick-bedded gray sandstone…”. It generally exhibits prominent cross-bedding and
scour-fill sequences with basal lag (Harper & Laughrey, 1987). The unit is generally ~100-300 ft
thick.
At Bakersville #1, the uppermost 25 feet of Burgoon SS are exposed (Figure 10.3). Three
lithofacies are recognized at this quarry:

Facies 1 is predominantly a blocky, quartz-rich, buff-colored sandstone with some decimeter-

scale gray micaceous sandstone interbeds that exhibit thin, flaggy partings in float. Visible
thickness above the quarry floor varies from ~2.5-3.5 m.

Facies 2 contains shale rip-ups as part of an intraformational shale cobble breccia embedded
in a micaceous sandstone (litharenite) of a grayish-green color (Figure 10.4). Maximum
thickness (at east-facing highwall) is ~2.5 m. Elongated rip-ups show strong preferential
orientation (~horizontal). At Bakersville #1, facies 2 lies atop an apparent concave bounding
surface visible in the east-facing highwall.
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Facies 3 is a lighter gray colored sandstone (sometimes weathered to reddish brown) that

generally displays massive bedding. It tends to form large blocks in outcrop and total thickness
is about ~2.5 m thick here.

Figure 10.3. Bakersville #1 quarry showing Burgoon Sandstone, Loyalhanna Limestone and lower
beds of the Mauch Chunk Formation. Photo by C. Coughenour, June, 2021.

Figure 10.4. Left: Talus at base of Bakersville #1 showing facies 2 shale rip-ups as part of an intraformational shale
cobble breccia. Length of pencil 14 cm. Photo by S. Lindberg, June, 2021. Right: Photomicrograph under polarized light
of facies 2, showing litharenite matrix to the left and shale intraclast on right. Photo by C. Coughenour and J. Breyer of
PA Geological Survey thin section.
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The depositional environment of the Burgoon SS appears to be that of a sandy, bedloaddominated system. Overall, there is predominance of sands and general lack of extensive finegrained deposits generally associated with well-developed overbank environments associated
with meandering. Fossils are primarily seed fern fragments. Scour-fill sequences with basal lags
are common, such as that in facies 2 overlying a 5th order concave bounding surface (channel
erosional surface). Paleocurrent analysis (Pelletier, 1958) shows paleocurrents moving west
from eastern source areas. All this suggests the Burgoon was deposited in a sandy, bedloaddominated system. Cotter (1978) assumed a braided fluvial complex, while Edmunds et al.
(1979) suggested an anastomosing deltaic sequence.

Burgoon-Loyalhanna Ages and Boundary

The Burgoon SS has few fossils for biostratigraphic age placement. Pteridosperm (“seed
fern”) remnants, originally thought to be Triphyllopteris which date to the Osagean Stage, are no
longer assigned to the genus. Strata underlying the Burgoon SS (unconformably) are earliest
Kinderhookian (Harper & Laughrey, 1987), leaving the poorly constrained likely age range for
the Burgoon sometime between ~350-340 Ma (i.e. between the later Kinderhookian, through the
Osagean, and possibly into the early Meramecian).

The Loyalhanna LS interval in Pennsylvania has generally been placed in the latest
Meramecian to mid Chesterian Stage (~335-325 Ma) based on lithostratigraphic correlations
with the Greenbrier Fm in northern West Virginia and western Maryland (see Edmunds, 1993).
Conodont-based ages from the region and correlative units (e.g. Greenbrier Fm) yield an early to
mid Chesterian age (see Ahlbrandt, 1995).

The Burgoon-Loyalhanna contact is generally thought to be disconformable in south-central
and western PA with a sharp change in lithology, perhaps representing a gap of ~5 million years
in the record based on evidence outlined above for depositional ages (note: a few areas in the
region are reported to show a conformable boundary; see Brezinski, 1989).

The Loyalhanna Limestone

The Loyalhanna Limestone member of the Mauch Chunk Formation was named for exposures
along Loyalhanna Creek in Westmoreland County, Pennsylvania (Butts, 1904). At Bakersville and
other locations across southwestern Pennsylvania the Loyalhanna often lies disconformably on
the Burgoon Sandstone. With an average thickness of 60-70 feet here in the region, the
Loyalhanna is easily recognizable. as a grayish green to light gray “sandstone”, varying from
calcarenite (>50% carbonate) to calcareous sandstone (<50% carbonate). At outcrop scale, one
facies predominates and is composed internally of large-scale cross-beds (foresets), while set
surfaces are generally curvilinear yielding trough/festoon cross-bedding. Differential weathering
accentuates bedding on older exposed surfaces as carbonate is dissolved and color is altered to
brown (at Bakersville #1). Loyalhanna-type facies have numerous interbeds with red mudstones
near the top of the mineable Loyalhanna interval, with red beds forming laterally discontinuous
lenses initially and tending to more laterally extensive deposits higher in section.

Depositional environment for the Loyalhanna has long been debated. One hypothesis states
that the Loyalhanna is marine in origin and was deposited on an estuarine shelf as a sand wave
complex by strong tidal currents, helping to explain the presence of marine invertebrates in some
locations (e.g. Brezinski, 1989). The unit has also been interpreted as representing an aeolian
sand “sea” based on interpretation of sand flow toes and similar features in outcrop (e.g.
Ahlbrandt, 1995).
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At Bakersville the Loyalhanna Limestone is the primary unit being mined for use as aggregate
stone in the production of hot asphalt mix. PennDOT rates the Loyalhanna Limestone as having a
superior Skid Resistance Level (SRL) of “E” when used for bituminous wearing surfaces on
roadways with Average Daily Traffic (ADT) of 20,000 and above (PennDOT, 2021). New
Enterprise Stone and Lime is a major supplier of Loyalhanna Limestone aggregate to PennDOT.

Mauch Chunk Formation

Named for the exposures in the vicinity of Mauch Chunk (Jim Thorpe), Carbon County,
Pennsylvania, the lower units of the Mauch Chunk Formation are well exposed in all three
Bakersville quarries, with approximately 40 feet exposed in each quarry. The lower Mauch Chunk
here in southwestern Pennsylvania consists of the interval between the bottom of the Wymps
Gap Limestone member and the top of the Loyalhanna Limestone. The lower Mauch Chunk
consists of marine and nonmarine units characterized by gray-green sandstones of the
Loyalhanna member interbedded with red brown and gray green mudstones (Brezinski, 1989).
The interpreted environment of deposition for the Mauch Chunk alternates between alluvial
plain, fluvial channel, intertidal, subtidal, supratidal and beach.

Bakersville #3 Subsurface Mine

The Loyalhanna Limestone at Bakersville #3 has an approximate thickness of 60 feet.
Measurements based on drill holes indicate a strike of N14E and dip of 2.9 degrees to the
southeast (Stairs). The lengthy
process of permitting for
Bakersville
#3
subsurface
Loyalhanna Limestone mine
began in 2009 with surveying,
coring and hydrological assessment overseen by Earthtech, Inc
of Somerset, PA with Ryan Stairs,
P.G. as principal geologist. In
2011-2012 the permits were
cleared for mining; and active
removal of the Loyalhanna began
in 2015. The permitted mining
area covers 209 acres (Figure
10.5).
Figure 10.5. Portion of the USGS 7.5
Minute Bakersville, Seven Springs PA
Quadrangle showing location of
Bakersville #3 mine. Dashed red line
indicates surface permit area. Solid red
line indicates underground permit area.
Map courtesy of Ryan Stairs, Earthtech
Inc., 2009.
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The subsurface mine is accessed by two, 20-foot-high, horizontal drift entry-exit tunnels at
the base of the highwall (Figure 10.6). An accessory tunnel providing air circulation to the mine
is located to the north of the mine entries. Mining progresses in the classic “room and pillar”
method in which the Loyalhanna is removed in a systematic pattern that leaves roof supporting
pillars of at least 50 square feet (Figure 10.7). The upper 25 feet of the Loyalhanna is currently
mined, leaving a minimum of 10 feet of Loyalhanna roof between the base of the Mauch Chunk
lower units to account for sporadic lenses of red mudstones/shales that make unstable roof
materials. Eventually the mine will “ramp down” to access and remove the lower 25 feet of
Loyalhanna. Production from Bakersville #3 varies with market demand, with recent production
ranging from 1500 to 3000 tons/day and averaging 750,000 tons per year (Claycomb and Stairs,
personal communication). The small thrust fault visible within the highwall was unexpected, and
missed during the coring that took place as part of the mine permitting. The presence of this fault
required extensive roof bolting to stabilize the Loyalhanna in the area of the mine entries
(Claycomb).

Figure 10.6 Subsurface mine map showing Bakersville #3. Entry - Exit tunnels indicated at base of highwall shown by red
line. Main entries and crosscuts are shaded, roof supporting pillars are shown striped. Map courtesy of Ryan Stairs,
Earthtech Inc., 2021.

74

Figure 10.7. Subsurface mine map showing Bakersville #3. Entry - Exit tunnels indicated at base of highwall shown by red
line. Main entries and crosscuts are shaded, roof supporting pillars are shown striped.
Map courtesy of Ryan Stairs, Earthtech Inc., 2021.
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Miles Description (30 min)
96.7

Head east on PA-31 E toward quarry Rd

99.4

Slight left onto Mt. Zion Rd

99.6

Turn left onto SR 4001

100.6

Turn left onto T-397

101.9 Turn left to stay on T397
103.2 Turn left to stay on T-397. Arrive at Stop 11 Beal’s Hatchery 4:00 PM, 40.081, -79.226
4:00 – 5:00PM, stop duration = 1hour at stop11.
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STOP 11

STOP 11: COOPER SPRING
(BEALS HATCHERY)
LAUREL RIDGE STATE PARK
MIKE MUMAU – PARK MANGER, LAUREL HILL STATE PARK
RYAN D. STAIRS, P.G. – VP/OPERATIONS MANAGER (GEOLOGY, HYDROLOGY, MINING) EARTHTECH, INC.
1093 Shaffer Run Rd., Somerset, Pa 15501

Introduction
In late 2011, the park learned
of an opportunity to potentially
acquire a 30 acre parcel adjacent
to Forbes State Forest and Laurel
Ridge State Park with unique
water resources , one of those
being “Cooper Spring “which was
part of the Beals Hatchery
property. (See Figures 11.1 &
11.2). After nearly 6 years of
hard work, due diligence and
negotiation, the Western PA
Conservancy was able to acquire
the parcel and convey to the
Bureau of State Parks. This
property provides significant
water quality protection and
features 2,500 feet of frontage on
Shaffer Run, a major tributary to
Laurel Hill Creek. An average of
approximately 1.4 million gallons
of water per day flow from four
natural artesian groundwater
springs located on the property.
The property also includes
forested wetlands adjacent to the
springs.
The
permanent
conservation of the forests,
wetlands and springs on this
property will play an important
role in protecting water quality
and quantity in Laurel Hill Creek,
a significant ecological and
recreational asset for the Laurel
Highlands region (Figure 11.3).

4:00 – 5:00 PM

40.081/ -79.226

Figure 11.1 is a photo of Cooper Spring located at the headwaters of
Shaffer Run, GPS, 40.084,-79.231 NAD 83.

Figure 11.2 shows the location of the Laurel Ridge State Park Cooper
Springs site located at the base of the headwater valleys of Shaffer Run.
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Figure 11.3 is a map showing the location of the Cooper Springs addition to Laurel Ridge State Park and nearby
existing public lands.

Ultimately, the 5-10 year plan is to remove all hatchery related infrastructure and return this
critical upper headwater area into a more natural system (Figure 11.4). The hope would be to
transform the current hatchery infrastructure into a more naturalized stream channel that also
has some flood plain built into help alleviate the channelizing/velocity of water during rain
events. The downstream area has sustained significant damage to the roadway as a result of this
condition.

Figure 11.4 is a photo from 2019 of the Beals Hatchery raceway on the left and the head waters of Shaffer Run above
the hatchery, on the right.
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Hydrology and Water Quality
There are several natural artesian springs on the property. Hydrologic studies show that
these are based in the sandstone in the upper portion of the Burgoon formation, Casselberry
(1993), Deason (2003). In 1940 a trout hatchery was constructed and operated until 2003. Both
the quality and quantity of the spring water was also found suitable for public consumption
without treatment, which therefore made it a potential source for bulk-load facility for bottled
water. An analysis done for the water at the Cooper Springs site shown in Table. 11.1. The
springs can produce 200 to 300 gpm, or 300,000 gal/day. Cooper Springs can even get up to 1000
gpm during the wet seasons of the year.
Table 11.1. shows the chemical analyses of several of the springs located on the Cooper Springs site

Date
Sampled

Coliform
Colony
Count
Per 100 ml

Lab
pH

Alkalinity
To pH 4.5
Mg/l as
CaCO3

Acidity
To pH 8.2
Mg/l as
CaCO3

Fe
Mg/l

Mn
Mg/l

Al
Mg/l

Ca
Mg/l

Mg
Mg/l

Sulfate
Mg/l

Suspended
Solids
Mg/l

Spec
Cond

Hardness
Mg/l

Total
Dissolved
Solids
Mg/l

7.1

23

neg

<0.005

<0.02

<0.1

12.8

0.9

10

<5

81

35.7

38

5

6.4

25

neg

<0.005

<0.02

<0.1

14.1

1.0

10

<5

84

39.3

58

TNTC

7.0

27

neg

<0.005

<0.02

<0.1

13.9

1.0

10

<5

87

38.9

60

TNTC

6.5

22

neg

<0.005

<0.02

<0.1

12.3

1.0

10

<5
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34.8

54

6.8

25

neg

<0.005

<0.02

<0.1

13.6

1.0

10

<5

84

38.0

52

Spring (Cooper)
1/20/03

8

House Spring
1/27/03

Top Spring
1/27/03

Hill Spring
1/27/03
Averages

(data from Geochemical Testing Labs)

The excellent quality combined with the high volume of water made it an attractive business
venture. The springs can fluctuate seasonally, so looking for a more dependable supply, a
groundwater production hole was drilled and installed in 2006 that had an artesian flow, which
tapped into the same source as the springs. Using Very Low Frequency geophysical surveys, a
well was located at an intersection of fractures that extended to depths of 300 feet near the main
spring house. This well produced 108,000 gals of spring water per day (Evers,2008). Water
produced from this well met all the EPA drinking water standards and US Food and Drug
Administration requirements for labeling as spring water. However, because of the amount of
water that would have been removed from the aquifer to make it an economical undertaking, the
permit was not approved by DEP in 2009, siting the potential to significantly diminish the flow
to Shaffer Run.

Permitting of a large underground mining operation of New Enterprise Stone and Lime
Company on the Loyalhanna limestone member of the Mauch Chunk Formation up dip from this
unique water supply was carefully studied before it was approved by DEP. There were concerns
that the mining operation would negatively impact both the quality and quantity of water in the
Shaffer Run watershed. Hydrologic studies completed for permitting showed that the Loyalhanna
limestone in the area of the proposed mine had little water bearing capacity. A thick sandstone
at the top of the Burgoon formation constitutes the aquifer that conveys the regional
groundwater Casselberry (1993), Deason (2003), below the mineral to be mined, the Loyalhanna
limestone. The regional aquifer is structurally controlled and is likely to flow in a southeasterly
direction towards Shaffer Run and Laurel Hill Creek. On the surface above the mine, groundwater
flows in perched aquifers via the fractures and bedding planes primarily in the Mauch Chunk
formation, eventually discharging into the stream valleys. No aquifers would be affected by the
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underground mining of the Loyalhanna limestone in this area since the mining plan included a
10’ (3m) thick roof barrier of limestone. Pump tests on the monitoring wells showed that
fractures in the Loyalhanna Limestone are generally closed at a depth of over a hundred feet.
Monitoring wells also showed only small amounts of recharge in the Loyalhanna limestone and
therefore significant groundwater would not be encountered during the mining operation. Any
water entering the mine that needed to be removed would be put back into the regional aquifer
in the top of the Burgoon formation via injection well(s). In summary, mining would occur below
the perched water table of the Mauch Chunk
formation and above the regional water table of
the Burgoon formation (DEP, 2010). Continuous
monitoring has been done since underground
operations began a few years ago and no
negative impact has been observed. Figure 11.5
is a geologic map showing the location of the
permitted mining operation and the Cooper
Spring area, along with a cross section showing
the relationship of the geologic strata for the
mine and the Cooper Springs area.
Figure 11.5 is of geologic map (McElroy,2000) modified by Shaulis, showing the local geology and spring sites, above,
and cross section C-C’, below. Cross-section complied by Stairs, R., Earthtech Inc., 2010), modified by Shaulis.
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Miles Description
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103.2 Turn right onto T-397

107.3 Stay straight (slight left) to stay join PA31 E

104.5 Turn right to stay on T-397

107.7 Turn right onto Trent Rd

105.8 Turn right onto SR-4001

111.4 Turn right onto Countyline Rd /SR-3029

106.8 Turn left to stay on SR-4001

116.5 Turn left on to Main Street in Seven Springs
Mountain Resort. 5:20 PM Have a safe trip home
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