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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......
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Appalachian Plateau = 2 km from Allegheny Front
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Allegheny Front marked by outcrops of nearly vertical to slightly overturned Tuscarora









Nittany Mountain

(looking east)

* Rocks of Nittany Mountain form a syncline

Nittany Moeuntain Syncline .
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Stratigraphic Column:
Targets for gas drilling
in Western PA

Period Group | Formation
Upper | Genesee
g Geneseo Shale
‘c Tully Limestone
O R
> | Hamilton
U  |Middle
(@) Marcellus Shale
TriStates Onondaga Lst
Oriskany Sst
Lower Mar(;lius Lst|
Rondout Do
Helderberg | "Graning
Bertie Shale
Salina Syracuse Salt
Upper Vernon Dol
OCKpor ockport Do
- Lockport | Lockport Dol
g Rochester Sh
S Irondequoit Lst
sl Clinton
Sodus Shale
Lower
Medina Grimsby Sst
c Queenston Sst
© Lorraine Sltst
'O " Utica Shale
== er
8 PP Trenton- Trenton Lst
o Black River [ Black River Lst
o Lower Beekman- | Tribes Hill Lst
s Upper town Little Falls Dol
o Galway Sst
E
3 Potsdam Sst
Precambrian Basement

Sandstone ﬁ Shale Dolomite - Limestone

Smith (2006) AAPG Bull




Period Group | Formation Lithology
Upper | Genesee
% Geneseo Shale
'C Tully Limestone
O R
> | Hamilton
L |Middle
(@) Marcellus Shale
TriStates Onondaga Lst
Oriskany Sst
Lower Maglius Lst|
Rondout Do
Helderberg | "Graning
Bertie Shale
Salina Syracuse Salt
Upper Vernon Dol
Lockport | Lockport Dol
v
g Rochester Sh
S Irondequoit Lst
A Clinton
Sodus Shale
Lower
Medina Grimsby Sst
c Queenston Sst
© Lorraine Sltst
‘U . Utica Shale
. e
8 PPET| " Trenton- Trenton Lst
T Black River | glack River Lst
o Lower Beekman- | Tribes Hill Lst
o Galway Sst
E
3 Potsdam Sst
Precambrian Basement

Sandstone ﬁ Shale

Dolomite - Limestone

Stratigraphic Column:

Surfaces of low friction
for large scale sliding

Appalachian Plateau floor

Valley and Ridge roof

Valley and Ridge floor

Smith (2006) AAPG Bull




THRUSTING TO THE APPALACHIAN PLATEAU




3 kilometers (2 miles)

6 kilometers (4 miles)
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Seven Mountains
265 million
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TUSCARORA SANDSTONE

275 million years ago

/’-\/
BALD EAGLE SANDSTONE

80 kilometers (50 miles)

e approximately 10 million years
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Seismic time profile from Bradford & Mehoopany 3D

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

N

Geokinetics




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.



Erosion downward of 300 meters to present topography.
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& 2N ‘ Oak Hall Quarry
Trenton-Black River ™, Centre Co. PA

gas play

v

R

Snyder %, Linden Hall Nealmont""'-._ Salona Coburn

Black River Trenton




o

‘.)

~J

&

" - R -

S Oak Hall Quarry &9
: Cicti Centre Co. PA '



Marine Flooding Surface

distinct wireline log response:
1. resistivity trough
2. gamma-ray & sonic travel time maxima
3. minimum bulk density
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Calcareous Utica (Reéedsville)

Pyrite-rich Utica (Antes)
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3 kilometers (2 miles)

265 million
years ago

Seven Mountains

275 million
years ago
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Thermal Maturation
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Vitrinite reflectance (R0o%)
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7 million year amalgamation
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Tectonic Provinces in Ohio, West Virginia, and Virginia (along section D-D)
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AAPG — Correlation of stratigraphic units in North America
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Devonian

Silurian
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Continent-Continent
Collision

Convergence of
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320 I

Drifting of Laurentia
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AAPG — Correlation of stratigraphic units in North America
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Neo Proterozoic (550 Ma) atltss
Late Precambrian ‘ . e / _W
Breakup of the Supercontinent Rodinia [ 2 X ! A ),

Rome Trough
(Neo Proterozoic rift basin)
x] r

Blakey (2009) http://jan.ucc.nau.edu/~rcb7/nam.html T
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Middle Cambrian (510 Ma)
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Group Formation Lithology

Queenston Sst = -1
Lorraine Sltst
Utica Shale

Trenton- Trenton Lst
Black River | lack River Lst

Upper |

Ordovician

Lower Beekman- | Tribes Hill Lst

|Upper|  town Little Falls Dol
Galway Sst

Potsdam Sst

Cambrian

Precambrian Basement

| Sandstone ﬁ Shale [ | Dolomite

-

Mount Simon Sandstone

Blakey (2009) http://jan.ucc.nau.edu/~rcb7/nam.html
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Early Ordovician (485 Ma)

Group Formation
Queenston Sst

Lorraine Sltst
Utica Shale

Trenton- Trenton Lst
Black River [ Black River Lst

-
1]
=
o
Q

Upper |

Ordovician

Lower Beekman- | Tribes Hill Lst

|Upper|  town Little Falls Dol
Galway Sst

Potsdam Sst

Cambrian

Precambrian Basement

| Sandstone ﬁ Shale [ Dolomite E Limestone

Nittany Dolomite
Stonehenge Limestone

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




Glenwood Limestone
St. Peters Sandstone
Shapookie Limestone

Loysburg Limestone
Bellefonte Dolomite
Axemann Limestone

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



Linden Hall Limestone (Upper Black River) | e ST ' Bl SOMERN T %
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Utica Black Shale
Trenton Limestones
Black River Limestones

Laurentian
. Planor‘m > Utica qu(’:k Shale
TI H'S TO SO u1’h ' : Trenton Limestones

Black River Limestones
v

Blakey (2009) http://jan.ucc.nau.edu/~rcb7/nam.html
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Density Porosity
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Geochemists talk about gas shales in
terms of thermal maturity

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

1. tectonic maturity.

- immature vs. mature

2. fields of tectonic maturity.

- brittle maturity
- ductile maturity




Conclusion by reinforcing the notions:

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.




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 S,, >
Simin » It IS believed that S, > S, . is achieved
largely by axis parallel stretching along an
oroclinal bend.



Ettensohn's (1985 Tectophases
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Sea level

black shale

Migrating Forebulge

Migrating Thrust Load
Foreland Basin

from Ettsenohn (1994)
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Approximate aerial distribution of the successive
black-shale units

Sunbury {youngest)
Cleveland

Dunkirk- Huron
Rhinestreet
Middlesex
Geneseo-Burket
Marcellus

Esopus-Needmore
{oldest)

i
.1\\\&}\*\ I

< 100 0 100 200
i = |

X3 [N

e Kia

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
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Third order sequences of the Uralian
foreland and the Catskill Delta
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A correlation chart for the black shales
of eastern North America
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Natural gas chimneys in gray shale (Cross-fol




