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Goals

0 Improve subsurface stratigraphy of the Middle
Devonian Marcellus interval

0 Better define oxic and anoxic conditions

0 Enhance the understanding of the well log
relationship to lithology and organic richness

0 Advance the understanding of depositional
relationships and their economic potential
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onal Environments

Organic Organic
Matter Matter

e ———————
SS -Oxygen is virtually exhausted

ub-Oxic Environment
-Dyserobic bacteria use nitrates

as an oxidant
-Process is slower

- No oxygen present

-Anerobic bacteria use sulfates
as an oxidant

-Process is very slow

Anoxic Environment

Q low amount of sediment input, low circulation and high amount of
organic input in order for a stratiphied water column to develop
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Depositional Model:
Onondaga Limestone

SW NE

Onondaga Limestone
Onondaga Limestone Shale Marker

Local highs
and lows

Al

West Limb of the Rome Trough B

H
Paleo Structure ???

LOffshore eperic sea

ULimestone and black shale are facies in this environment

ULimestone deposition across the study area

QStructural highs and lows locally enhanced carbonate deposition

UMore limestone deposition to the northeast and across the west limb of the Rome

Trough ‘ .




) .
o
D

Formation

'.'.

Member

Upper
Devonian

Alexander

Huron

Rhinestrest
Shale

Harrell Shale

Middle Devonian

Tully Limestone

Mahantango
Shale

Marcellus Shale

Furcell
Limestone

Onondaga
Limestone

Huntersville
Chert

Needmore
Shale

Oriskany
Sandstone

132,000




) .
o
D

Formation

Member

Upper
Devonian

Alexander

Huron

Rhinestrest
Shale

Harrell Shale

Middle Devonian

Tully Limestone

Mahantango
Shale

Marcellus Shale

Onondaga
Limestone

Huntersville
Chert

Needmore
Shale

Oriskany
Sandstone




) .
o
D

Formation

J N :
C Clc ¢

Member

Upper
Devonian

Alexander

Huron

Rhinestrest
Shale

Harrell Shale

Middle Devonian

Tully Limestone

Mahantango
Shale

Marcellus Shale

Onondaga
Limestone

Huntersville
Chert

Needmore
Shale

Oriskany
Sandstone

132,000

FEET




Percent

60 -

50 -

40 -

30

20 -

10

XRD Marcellus Lithology

5.2
0 03 =6
-
I I I I
Quartz Pyrite Dolomite Muscovite/lllite Calcite Kaolinite

Mineralogy




RHOmaa (gm/cc)

2.6

2.65 1

2.7

2.75

g
o
1

n
o0)
a

N
(o)
1

2.95 1

3.05 1

3.1

Lithological Analysis

Umaa (barns/cc)

2 4 6 8 10 12 14

16

Quartz GAS T

50

Calcite

25

Marcellus

O WVUXRD Results
@ Service Company XRD Results

@ LASData

75

Illite




Petrophysical Analysis:
Gas ldentification
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Regional Relationships

Structural X-Section Near Chestnut Ridge Anticline (NW West Virginia)
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Depositional Model:
Marcellus Shale

OM+ o * Oxic Conditions OM* OM+ o * o * o +

Anoxic Conditions

Marcellus Shale

Onondaga Limestone

Onondaga Limestone Shale Marker

A E Local highs
‘* H and lows

Paleo Structure ???

West Limb of the Rome Trough B

QBlack shale is deposited across the study area

QShale appears to be source primarily from the NE

QThicker Marcellus deposits exist in Onondaga lows and to the NE
LOrganic matter extends across the study area, however more organic matter

accumulates in the paleo-topographic lows
UShelf break at A and B ,"




Depositional Model:
Purcell Limestone

Purcell-Limestonée

Marcellus Shale

Onondaga Limestone

B = Onondaga Limestone Shale Marker
A H Local highs
"._ \ H and lows

Y Paleo Structure ??7?
West Limb of the Rome Trough B

ULimestone is deposited on the underlying Marcellus highs to the NE and E
UThe Purcell is not present to the SW
OWater was deep enough (approximately 200£t) and anoxic to the SW




Depositional Model:
Marcellus Shale

SW
oM + o + o + Oxic Conditions * o + o + +

Anoxic Conditions
Upper Marcellus Shale
Purcell Limestone

Lower Marcellus Shale
Marcellus Shale Onondaga Limestone

Onondaga Limestone Shale Marker

Local highs
and lows

A,

West Limb of the Rome Trough B

Paleo Structure ???

QSediment supply is turned-on again inhibiting limestone deposition and sea level
would have risen approximately 100 ft

UMore accumulation of black shale in the SW especially near the central paleo-
structure and the low created by the west limb of the Rome Trough

UMarcellus black shale deposition resumes

QIncrease accumulation of organic rich shale along breaks in paleo-slopes ; PS
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Depositional Model:
Mahantango Shale

SW NE

Mahantango Limestone Bed

o + o + Oxic Conditions oM + oM +

Anoxic Conditions
Upper Marcellus Shale

Parcelltimestone

Possible Mahantango Black Shale Beds Lower Marcellus Shale

?
i nondaga Limestone
Marcellus Shale g g

Onondaga Limestone Shale Marker

Local highs
and lows

A

West Limb of the Rome Trough B

Paleo Structure ???

LUMahantango coarser grained terriginous clastics began to prograde from the NE
L Occasional organic -rich black shale deposits exist in the Mahantango

UThere is possible equivalent deposition of Mahantango black shale beds to the SW
LOccasional limestone beds form on the paleo-topographic highs to the NE




SW

Depositional Model:
Mahantango Shale

Mahantango Siliciclastics
Subsidence

Mahantange“limestone Bed

Possible Mahantango
“  Black Shale Beds ~ ?

Marcellus Shale

A ‘ ¥ Paleo Structure ??? £

West Limb of the Rome Trough

Mahantango Black Shate'Bed

Upper Marcellus Shale

Local highs Purcell Limestone {
and lows i

Lower Marcellus Shale

Onondaga Limestone

Onondaga Limestone Shale Marker

QLarge sediment load (+800ft) and to the NE

QContinued cycles of coarser grained siliciclastics, limestone beds, and black shale beds

created clinoforms in the Mahantango that downlap onto the pre-existing Marcellus

UThe water depth to the SW is interpreted as approximately +600ft

UThe conditions to the SW would have bordered on anoxic environments. o

QOHowever to SW a thin Mahantango deposit suggests source to the N or W o’




SWDepositionaI Model:
Tully Limestone

Tully Limestone

Erosion =

0M+ Oxic Conditions oM {

Anoxic Conditions Mahantango Siliciclastics
? Non-Deposition?

Marcellus Shale

West Limb of the Rome Trough

T

Local highs
and lows

T

Mahantango Limestone Bed

Mahantango Black Shale-Bed
Upper Marcellus Shale

Poxcell Eimestone

Lower Marcellus Shale

Onondaga Limestone

Onondaga Limestone Shale Marker

L Continued subsidence, relative drop in sea level, and the halt of sediment supply
UTully Limestone deposited to the NE
UTo the SW Tully is absent

Subsidence




Regional Relationships:
Harrell Isopach
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Depositional Model:
Harrell Shale

SW NE

oM + 0M+ Oxic Conditions om{ oM + OM+ oM +

Anoxic Conditions

Harrell Shale

Tully Limestone

5 Subsidence
Erosion
P2

West Limb of the Rome Trough
Mahantango Siliciclastic

Paleo Structure ??? £

Local highs
and lows

T

(
Mahantange. L imestone Beq

USubsidence continues
U Anoxia allows for Harrell Shale deposition

UThe thickest deposits in paleo-lows Mahantango Black Shale Be

Upper Marcellus Shale

Purcell Limestone]

Lower Marcellus Shal

Onondaga Limeston

Onondaga Limestone Shale Marker
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Conclusions

Definition of stratigraphic units

Defining Characteristics

PE Value Bulk Densit
Onondaga Limestone |  Clean (30-110 API) 2.71
Marcellus Shale > 200 API < 2.55

Mahantango Shale < 200 API > 2.55
Tully Limestone Clean (30-110 API) 2.71
Harrell Shale > 200 AP < 2.55

Offshore eperic sea ramp environment

.5
Purcell Limestone < 200 API 2.71
.5

O Limestone and black shale are facies

O Oxic and anoxic conditions in formations overlying the Marcellus
The Marcellus is not a true “shale”

TOC preservation controlled by Onondaga highs and lows
Shelf Break and Marcellus TOC relationship

New method of recognition gas potential

O Potential for Mahantango and Harrell

Correlation between uranium and TOC
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Atlas of Unconventional Energy

Resources
http://www.mapwyv.gov/unconventionalresources/

e National Atlas of
Unconventional Energy Resources

Unconventional Resaurces [DOE UGR Programs Presentations Links Interactive Map.

Unconventional
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2010 Second Annual West Virginia

Geology Spring Golf Classic

*Where: Mountainview Golf Course

*When: 8:00am Tee Times on Saturday May 1
*Format: Four person Scramble
*How Much: $100 a person or $400 per team

Sponsorship Opportunities

DI ASTIANILIAA CDNAANICANAD Gﬂ' ngpoh]snp
Greater than $2000 $1500 - $2000
2 four person teams 1 four person team
Sponsor signs Sponsor signs
SILVER SPONSOR
$1000-$1500 $500-$1000
Sponsor Signs Sponsor Sign
Beer Cart (2 Carts) Hole Sponsors
$600 each $100 each
Name on Cart 4 per hole

Contact Matt Boyce (mboyce5@mix.wvu.edu) or Christian '
Figueroa-Tyler (cfiguerl@mix.wvu.edu) for more details



