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What is the connection between 
Nittany Mountain and prospective gas 

shales?

• Objectives of talk:

• Introduce the Nittany Mountain and Utica Shale

– Called the Antis Shale here in Central PA

• Explain structural geology of Nittany Mountain 
and Utica Shale.

• Explain how gas generation in Utica shale helped 
in development of morphology of Valley and 
Ridge around the PSU campus……



Wellsville

The rug on Prof. and Mrs. Engelder’s
bedroom floor!



AAPG Highway Map  circa 1965

Appalachian Valley and Ridge

Appalachian Plateau



Appalachian Plateau = 2 km from Allegheny Front

Allegheny Front marked by outcrops of nearly vertical to slightly overturned Tuscarora



Nittany Mountain



Collision of Africa and North America

• How do we measure the deformation of 
rocks?

– We use a geological compass to measure dip and 
strike

Strike of Nittany Mountain

Nittany Valley



Nittany Mountain
(looking east)

• Rocks of Nittany Mountain form a syncline

Nittany Mountain Syncline

Utica Shale Utica Shale



Smith (2006) AAPG Bull

Stratigraphic Column:
Targets for gas drilling 

in Western PA



Smith (2006) AAPG Bull

Stratigraphic Column:
Surfaces of low friction 

for large scale sliding

Valley and Ridge floor

Valley and Ridge roof

Appalachian Plateau floor



Formation of Nittany Mountain

• Formation of Carbonate Horses



Formation of Nittany Valley

• approximately 10 million years



AAPG Highway Map  circa 1965

Appalachian Valley and Ridge

Appalachian Plateau
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Scanlin & Engelder, 2003, The 
basement versus the no-basement 
hypothesis for folding within the 
Appalachian Plateau Detachment 

Sheet:  American Journal of 
Science, v. 303, p. 519-563.

Salt Withdrawal 



Development of Topography
(one interpretation)

• High Mountains form with Nittany Mtn. Syncline 

– 275 Ma (million years ago).

• Erosion of high mountains

– 275 Ma to 10 Ma

• Uplift of 300 m 

– About 10 Ma

• Erosion of Nittany Valley and Penns Valley

– 10 Ma to present.



Development of Topography

• High Mountains form with Nittany Mtn. Syncline 

– 275 Ma (million years ago).

• Erosion to coastal plane (i.e., peneplain) 

– 275 Ma to 10 Ma

• Uplift of 300 m 

– About 10 Ma

• Erosion of Nittany Valley and Penns Valley

– 10 Ma to present.



Seven Mountains





Oak Hall Quarry 
Centre Co. PA



Marine Flooding Surface
distinct wireline log response:

1. resistivity trough
2. gamma-ray & sonic travel time maxima

3. minimum bulk density

Oak Hall Quarry 
Centre Co. PA



Giles #1 
Chemung Co. NY

Oak Hall Quarry 
Centre Co. PA
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Thermal Maturation









(Lehmann et al., 1995)(Holland and Patzkowsky, 1997)

7 million year amalgamation
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AAPG – Correlation of stratigraphic units in North America



Cambrian

Ordovician

Silurian

Devonian

Mississippian

Permian

Pennsylvanian

Taconic 
orogeny

Acadian 
orogeny

Alleghanian
orogeny

Rifting of Rodinia

Drifting of Laurentia

Convergence of 
Gondawana & 

Microcontinents

Continent-Continent 
Collision              

Formation of Pangea

T
h

e
 
c

o
m

p
l
e

t
e

 
W

i
l
s
o

n
 
C

y
c
l
e

AAPG – Correlation of stratigraphic units in North America



Neo Proterozoic (550 Ma)
Late Precambrian

Breakup of the Supercontinent Rodinia

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Rome Trough

(Neo Proterozoic rift basin)



Middle Cambrian (510 Ma)

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Potsdam Sandstone

Mount Simon Sandstone



Late Cambrian (500 Ma)

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Theresa   

Dolomite/Sandstone

Eu Claire   

Dolomite/Sandstone

Gatesburg

Dolomite/Sandstone



Early Ordovician (485 Ma)

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Nittany Dolomite   

Stonehenge Limestone



Middle Ordovician (470 Ma)

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Loysburg Limestone 

Bellefonte Dolomite   

Axemann Limestone

Glenwood Limestone

St. Peters Sandstone

Shapookie Limestone
Knox Unconformity



Deicke K-bentonite (454.2 Ma)

Linden Hall Limestone (Upper Black River)
Oak Hall Quarry 

Centre Co. PA



Late Ordovician (450 Ma)

Blakey (2009)  http://jan.ucc.nau.edu/~rcb7/nam.html

Utica Black Shale

Trenton Limestones

Black River Limestones

Utica Black Shale

Trenton Limestones

Black River Limestones

Laurentian 
Platform 

tilts to south







1. tectonic maturity.
- immature vs. mature

2. fields of tectonic maturity.
- brittle maturity

- ductile maturity

A structural geologist’s view of 
gas shale may be in terms of:

Geochemists talk about gas shales in 
terms of thermal maturity



1. that shale plays are 
distinguished by tectonic materity.
2. that tectonic deformation does 

not compromise gas shale 
productivity.

3. that brittle and ductile 
structures can co-exist during 

tectonic evolution of a gas shale.

Conclusion by reinforcing the notions:



Conclusions

• Marcellus has a strong systematic tectonic 
fabric that impacts state of stress during 
fracture growth.

• While vertical extension is apparent in rock 
fabric and undoubtedly contributes to SV > 
Shmin , it is believed that SV > Shmin is achieved 
largely by axis parallel stretching along an 
oroclinal bend. 



Ettensohn’s (1985 Tectophases





forebulge



Total Thickness of the Union Springs



Needmore

Selinsgrove

Union Springs

Oatka CreekMarcellus Formation
Mifflin County Landfill 

(after digging trench)

Marcellus Formation
Lycoming County

Looking 
NNW

intraformational limestone

Silicious Marcellus

Clay Marcellus

Purcell/Turkey Ridge





Approximate aerial distribution of the successive 
black-shale units 

westward and southward migration as a consequence of the dextral 
transpressive nature of the boundary between Laurentia and Avalon 



Cross section of Devonian stratigraphy through 
West Virginia 



Third order sequences of the Uralian 
foreland and the Catskill Delta

House et al., 2000



A correlation chart for the black shales
of eastern North America

Over, 2007

25 million year amalgamation



Taughannock Falls

Natural gas chimneys in gray shale (Cross-fold joints)


