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Agenda

» Shale Resource Plays in the United States
> Key Elements of Successful Shale Resource Plays
» Hydrocarbon Source Rocks of Oklahoma

» Evaluation (oldest to youngest):

= Sylvan

= Arkansas Novaculite
= Woodford

= Caney

» Goddard/Springer

= Atoka

= Pennsylvanian shales
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Shale Resource Plays - What has been found?
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* Mixed shale & chalk play

** Mixed shale & limestone play

*** Mixed shale & dolostone-siltstone-sandstone play
**** Mixed shale & limestone-siltstone-sandstone play
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Why are shale resources important?

U.S. Field Production of Crude Oil
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Why are shale resources important?
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Dry Shale Gas in BCF/D
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B Marcellus (PA, WV, OH & NY)
W Permian (TX & NM)

W Utica (OH, PA & WV)

B Haynesville (LA & TX)

M Eagle Ford (TX)

@ Barnett (TX)

B Woodford (OK)

B Bakken (ND & MT)

B Niobrara-Codell (CO & WY)
B Mississippian (OK)

B Fayetteville (AR)

M Rest of US 'shale'

1-Jan-01
1-Jan-02
1-Jan-03
1-Jan-04 |

1-Jan-05

1-Jan-06

Since 2000, U.S. shale gas production
has increased ~17 fold.

In 2019, U.S. shale gas production
comprised ~75% of total U.S. dry gas
production.
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1-Jan-09
1-Jan-10
1-Jan-11
1-Jan-12
1-Jan-13
1-Jan-14
1-Jan-15
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Key Elements of Successful Shale Resource Plays {z)

1908

Organic

Richness Maturation

Oil/Gas-

Thickness In-Place

PRODUCTIVITY

Mineralogy

Pore

Brittleness
Pressure

Adapted from John Curtis
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Ardmore and Marietta Basins Oil and Hydrocarbon Source Rock Study
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Figure 2. Stratigraphic distribution of [385 oil samples.

Wavrek, 1992
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Figure 11. Frequency distribution of oil types reser-
voired in the Ardmore and Marietta basins.

Source Facies:
Pennsylvanian (Atoka?)
Mississippian (Goddard, Caney, Sycamore)
Devonian-Mississippian (Woodford)
Upper Ordovician (Viola Group)
Middle Ordovician (Simpson Group)
&G Mixed
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Anadarko Basin Oil and Hydrocarbon Source Rock Study

Anadarko Basin
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Van Krevelen Type Diagram
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Explanation
Pennsylvanian

Atoka Shale
Springer (Goddard)
Barnett

Caney
Caney/\Woodford
Woodford

Arkansas Novaculite
Sylvan/Woodford

Ch?rolfee
Platform

O

O
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Basin 'l
(7]

Mﬁbﬁ/}é 5 %

S e
7%
l @%
0 50 Miles & 3
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0 8'0 Kilometers

Ardmore Basin

5,907 completions

page 10

Ozark
Uplift

O

Arkoma O

Basin

Ouachita Mountains

Uplift




ylvan Shale (Ordovician Age)

SYSTEM/SERIES

ANADARKO BASIN,
SW OKLAHOMA

ARBUCKLE MOUNTAINS,
ARDMORE BASIN

ARKOMA BASIN,
NE OKLAHOMA

QUACHITA
MOUNTAINS

QUATERNARY Alluvium and Terrace Deposits
TERTIARY Ogallala Formatiol
CRETACEOUS  [Dakota Group
JURASSIC Moris, rmatiol
TRIASSIC Dockum Group
Elk City Sandstone’
Ochoan Doxe; Y_SE i| e
Cloud Chiet Formation
= Guadalupian | Whilehorse Group
< El Reno Group
E Hennessey Shale \é z
w Leonardian Garber Sandstone Garber Sandstone
[ Wellinglon Formation Wellington Formation
Chase Group Chase Group
Woltcampian Council Grove Group Pontoloc | Council Grove
2 Admire Group Pontotoc Group Group Admire Group
o S | S T
8= Group
virgilian f ) Shawnee Group ‘Ada Formation AdaFm | Shawnee
Z 2@ "\, Douglas Group Vamoosa Formation Vamoosa | Douglas
> Milssouian 58 Ochelata Group Horbar G Hilllop Fm. | Ochelata Group
< ';i Skiatook Group ahat Group Skialook Group
] g9 Marmaton Group
> Desmoinesian | &5 Marmaton Group Deese Group Cabaniss Group
[} £3 Cherokee Group
Z 23 Krebs Group
z 55 7
5 Alokan 3 Atoka Group__(/) Dornick Hills Atoka Formation Atoka Formation
o Vorrowan Motrow Group Group Wapanucka | McCully Johns Valley Shale
— ? Springer Formation Union Valley | Sausbee Jacktork Group
Springer Formation = Py =
z F——-=:=" 4 . Pitkin Limestone
< Chesterian e o o | Fayetievile Shate Stanley
e Delaware Creek Shale © | Hindsville Formation Group
ar eomaln 4
% | Meramecian s | Meramectime 2 [ Moorefield Formation
o S H Sycamore ] § e
({2 sagean 4 -osage Uime® | Limestone | 3 Sﬁ‘o?lne ((‘;mup 1
= - loe Grouj
s Kinderhookian | = 3
Woodford Shale  — ~—t— Chattancoga Shale
N Upper Misener Sandstone EE ST Sy\zm
< Middle Arkansas
z Novaculite
o
=
% Lower Frisco Formation
Haragan Fm. Haragan-Bois d'Arc Formation
a Fm a
z 3 3 Henryhouse Formation
Upper
E i ‘g =4 - Clarita Formation Quarry Mtn. £m.

b 8 s |E : —
=) g Chimney Hill € >3 Cochrane Tenkiller Fm. "
= Lower 2 Subgrou z!25 Formation Blackgum Fm. Mysss Malnian. Shls
» §§ 7777 Blaylock Sandstone

g Keel Formation Petiit Oolite Polk Creek
Sylvan Shale Y, Sylvan Shale Sylvan Shalg Y Shale
e 4 Syledn Shale L
Viola Group Viola Group Viola Group Bigfork Chert
= -
E 3 Bromide Formation ERSRtoDaion ..
o Simpson -1 e Tulip Creek Formation - , - Womble
g Gioup € McLish Formation ter Formadon Shale
o) Middle a Oil Creek Formation
£ i i B
g & Joins Formation uroen Blakely Sandstone
(e} West Spring Creek Formation
. g | Kindolade Fommation Mazarn Shale
ower S | Cool Creek Formation Cryst
8 stal Mountain
‘g’““"e © | McKenzie Hil Formation Arbuckle e
roup = Butterly Dolomite Group
o 4 |y
3| Signal Mountain Formation .
< Royer Dolomite Collier Shale
4 Fort Sill Limestone
< Upper = 72— o
% Timbered Hills Group Group Roagan Timbered Hills Group
z
S Middie Granite, Rnyolte: L Rhyolite
Lower » and Gabbro
Granite, Rhyolite, Granite and Granite and
PRECAMBRIAN and Metasediments Gneiss Rhyolite

Il (Burruss and Hatch, 1989)

Kerogen Type Il (Wang 1993)

Amount of TOC <1% (Wang, 1993)

>0.5% VRO

Maturity

Modified from Cardott, 2017

Wang and Philp (1997):
“The Sylvan Shale is thin
and organically lean in the
Anadarko Basin, and
probably NOT a source
rock in the basin.”
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Sylvan Shale Isopach Map

Sylvan A"Shale Wells

~—
T —————

THICKNESS AND DOMINANT LITHOLOGIES,
SYLVAN-CASON SHALE
(UPPER ORDOVICIAN, CASON SHALE IN
ARKANSAS ALSO INCLUDES

LOWER SILURIAN) | o 5
By /s
Thomas W. Amsden 15
Modified from Amsden (1975, 1980), Merriam (1963), LS &
and Wise and Caplan (1979)
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EXPLANATION

- Shale
- Dolomitic shale

- Silty and sandy shale; silt and sand are as much as 15% of unit

—60— Thickness contour; contour interval 30 m
——— Boundary between dominant lithologies

— Major fault affecting distribution of unit

0 100 200 km
J

Scale 1: 5,000,000

Johnson and others, 1989




Sylvan Shale Wells [2008-2020]
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Explanation
Pennsylvanian

Atoka Shale
Springer (Goddard)
Barnett

Caney
Caney/Woodford
Woodford

Arkansas Novaculite
Sylvan/Woodford

N2/
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Basin
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Sylvan shale wells

Ardmore Basin

16__Sy|van and

e

~Woodford Shale
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O
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QOuachita Mountains
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Gas Shale

(But Good
Photographs are courtesy of Brian J. Cardott Fracture Barrier)




Arkansas Novaculite (Silurian-Mississippian Age)

Modified from Cardott, 2017

ANADARKO BASIN, ARBUCKLE MOUNTAINS, ARKOMA BASIN, OQUACHITA S . htt .// h I k d / I -t /- d ht I
SYSTEM/SERIES SW OKLAHOMA ARDMORE BASIN J NE OKLAHOMA MOUNTAINS ource: p .rrarcneo Ogy uark.eau/novaculite/ingdex.ntm
Alluvium and Terrace Deposits
QUATERNARY
TERTIARY Cgallata Formalio l Missouri
CRETACEOUS  [Dakota Group
JURASSIC REL2L2 DL - e e e—— e e— . —— - —— - (.
TRIASSIC Dockum Group S
EIK Cily Sandstone’ <t s
Ochoan
| =" Govey Sl ' Arkansas 7 I
Cloud Chiet Formation _}
z Guadalupian Whitehorse Group
< £l Reno Group 5
E Hennessey Shale Ké
w Leonardian Garber Sandstone Garber Sandstone 7 '
o Wellinglon Formation Welingion Formation Ok ' a h oma
[ L}
Chase Group Chase Group
Woltcampian Council Grove Group Pontoloc | Council Grove Te n n essee
2 Admire Group Pontotoc Group Group | Admire Group >
= o | Sdmire G
E Group i
Virgilian = Shawnee Group ‘Ada Formation Ada Fm Shawnee 1 gr—-
<Z( Douglas Group Vamoosa Formation Vamoosa | Douglas
IR Horbar Group op fm. [Ochoah Gro:p Ouachita , Mountains e o
Y Skialook Growp | = & ;
3 % 5 Marmaton Group . i“p Little Rock, AR .
a Desmoinesian | £5 g:;:';‘:: group Deese Group Cabaniss Group
z 23 i Kot G Hot Springs, AR /
2o X
g Atokan 33 Aloka Group_( Dornick Hills Atoka Formation Atoka Formation .
B " Morrow Group Goup WacCully Johns Valley Shale
orrowan - i Union Vall
Springer Formation |- Springer Formation __| nen valey -] ooucbes Jacklork Group P, P
2 \ -
z —2? ” Pitkin Limestone
Goddard Formation . . . .
< Chesterian Fayetteville Shal, Stanley
< h y e
: Cheser Group T focemea i S Mississippi
or i Fomatian ) .
% | Meramecian o | “Meramectime A ? 2 [ Moorefield Formation 7
pnsll
% Osagean & ~Osage Lime® Limestone 3 Boone Group T I [}
@ £ 1T 1 St. Joe G =
S | kinderhookian | = loe Group exas
Woodford Shale  — +—  Chattanooga Shale P !
- Upper Misener Sandstone EE ST Sylamore Sandstone N e e e— N — )
< Middle Arkansas L
Z f | Novaculite I s
4 /| _Salisaw Fm el
% Lower Frisco Formation Lou ISlana MBT 201 3
. Haragan FmF 5 Haragan-Bois d'Arc Formation Pinetop Chernt g
a
z 3 3 Henryhouse Formation
< eesy - S Clarta Formation Qaarry Min. £m.
) g Chimney Hill € l=a Cochrane Yenwior Fm.
2 e (2] TEGH ZI1EE | Fomaen Sackoum e LR L an onnson an arao
» g‘% Blaylock Sandstone J
8 [ msion e oot Sr e roge n ype
Sylvan Shale Sylvan Shale Sylvan Shale Shale 1 9 9 2
tpar Viola Group Y Viola Group Viola Group Biglork Chert
2 H Bromids Formation ERSRtoDaion .. 0 0
a3 Simpson ] Tulip Creek Formation y — Womble <
2 csiv gl il romaon T o - .9 /0 arao eper
) Middle a Oil Creek Formation J
Q 3 JSin Famancn Burgen Blakely Sandstone m o u n o
: 1992, 1994, Godo et al. 2011
o | Kindolade Fommation Mazarn onale y y -
Lower & | Cool Creek Formation Crystal Wountain
Arbuckle & | McKenzie Hill Formation Arbuckle
P = F Sandstone L]
roup £ | Butterly Dolomite Group < 0 6 2 o/ V R C
] Signal Mountain Formation T o u e n a n I e r
g Ryt Do Coliier Shale - Y H
z o Fort Sill Limestone . = -
= . T.H.|__Honey Croek L : ’ Z 2
% Timbered Hils Grovp | - o Timbered Hills Group M at u r I ty 0 0 )
S Middle
e < 3.32% VRo (Godo et al., 2011
ower ?
Ll o L] ,
Granite, Rhyoite, Granite and Granite and
PRECAMBRIAN and Metasediments Gneiss Rhyolite
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Arkansas Novaculite/Bigfork Chert Wells (2009-2020)

o] [ [&o
o O O
@
a) Chq‘ﬁl‘(ee
Explanation Platform
@ Pennsylvanian @ Conk
o ar
@ Atoka Shale M Uplift
B Springer (Goddard) o
m m]
Yc Barnett —|.Anadarko
Basin
®: ey @ Arkoma ™
® CaneyMoodford S =
’4’16 3 = G&, 2y Basin
O Woodford ity
E Arkansas Novaculite Up/,-'?
QO Sylvan/Woodford
s, ta Mountains
N s . .
A % K Uplift
0 50 Miles ee% -
—_— .
0 80 Kilometers

Ardmore Basin

RKI E&P 2-9 Denton-Perrin (1/2009; 9-2S-15E; 6,250 ft; IP 243 Mcf).

Longfellow Energy LP 26-3 Wyrick (2/2010; 26-1N-14E; 8,104 ft; IP 2,926 Mcf;

as of 2013 cum >1,109 MMcf).

Longfellow Energy LP 35-3 Ertman Unit (4/2010; 35-1N-14E; 8,890 ft; IP 2,762 Mcf; as of

2013 cum >282 MMcf).
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Photographs are courtesy of Brian J Cardott



Woodford Shale (Devonian-Mississippian Age)

Kerogen Type

Il and Il

Amount of TOC

<1% — 28%

Maturity

<1% to 6.5% VRo

SYSTEM/SERIES ANADARKO BASIN, ARBUCKLE MOUNTAINS, ARKOMA BASIN, QUACHITA
SW OKLAHOMA ARDMORE BASIN NE OKLAHOMA MOUNTAINS
QUATERNARY Alluvium and Terrace Deposits
I,
TERTIARY Ogallala Formatiol
CRETACEOUS  [Dakota Group
JURASSIC Moris, rmatiol
TRIASSIC Dockum Group
Elk City Sandstone’
Ochoan | Doxey_Sg;!e
Cloud Chiet Formation
z Guadalupian Whitehorse Group
< El Reno Group
E Hennessey Shale Ké
w Leonardian Garber Sandstone Garber Sandstone 7
o | Wellinglon Formation Welingion Formation
Chase Group Chase Group
Woltcampian Council Grove Group Pontoloc | Council Grove
2 Admire Group Pontotoc Group Group | Admire Group
o o | S T
8= Group
Virgilian f ) Shawnee Group ‘Ada Formation Ada Fm Shawnee
Z 2@ "\, Douglas Group Vamoosa Formation Vamoosa | Douglas
> Milssouian 58 Ochelata Group Hilllop Fm. | Ochelata Group
< ';i Skiatook Group Hoxbat Group Skialook Group
] g9 Marmaton Group
a Desmoinesian {9 g:;:';‘:: g’ '::p Deese Group Cabaniss Group
2 $3 ¥ Krebs Group
2o
g Atokan 33 Aloka Group_( Dornick Hills Atoka Formation Atoka Formation
o Vorrowan Motrow Group Group Wapanucka | McCully Johns Valley Shale
—— = " Union Valley | Sausbee Jacktork Group
Springer Formation e Spn;\ger Formation
z F——-=:=" 4 . Pitkin Limestone
< Chesterian e o o | Fayetievile Shate Stanley
e Delawaré Creek Shale © | Hindsville Formation Group
ar elmarn
% | Meramecian s | Meramectime : 2 [ Moorefield Formation
%] 5§ Sycamore - & —-
({2 Osagean 4 -Osage Lime® | Limestone | 3 Boone Group
4 = i St. Joe Grou |
= Kinderhookian < i |
Woodford Shale  — ~—t— Chattancoga Shale
Upper Misener Sandstone R HEEE Sylamore Sandstone
< Middle Arkansas
z Novaculite
9 /| _Salisaw Fm
% Lower Frisco Formation
IEPREN AL Vil RO
. Haragan FmF 5 Haragan-Bois d'Arc Formation Pinetop Chernt
a
z 3 3 Henryhouse Formation
E opoRr e 2 |2 T Caa rormaten Quarry Min. £m.
— i 5|3 S
=) g Chimney Hill € >3 Cochrane Tenkiller Fm.
= Lower 2 Subgrou; ERETS Formation Blackgum Fm. Missouri Mountain Shale
» ga Blaylock Sandstone
g Keel Formation Petiit Oolite Polk Creek
Sylvan Shale Sylvan Shale Sylvan Shale Shale
tpar Viola Group Y Viola Group Viola Group Biglork Chert
= -
2 3 Brormide Formation Eitonaion
o Simpson o Tulip Creek Formation , - Womble
L;’ Gioup € McLish Formation Tyner Farmation Shale
o) Middle é Oil Creek Formation &
g & Joins Formation uroen Blakely Sandstone
(e} West Spring Creek Formation
o g | Kindolade Fommation Mazarn Shale
owel & | Cool Creek Formation Crystal Mountain
Arbuckle G | McKenie Hill Formation Arbuckle e
2 ¢
Group £ | Butierly Dolomite Group
3| Signal Mountain Formation .
< Royer Dolomite Collier Shale
E Uit Fort Sill Limestone . =
= = T.H.[__Honey Creek Limestone : ’
o Timbered Hill
“23 imbered Hills Group & mup)_nga"— Timbered Hills Group
S Middle
Granite, Rhyolit 1 Rnyolite
Lower , and Gabbro
- Tz
Granite, Rhyolite, Granite and Granite and
PRECAMBRIAN and Metasediments Gneiss Rhyolite

Modified from Cardott, 2017
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Isopach Map of

Woodford Shale
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(Modified from Thomas W. Amsden, 1975, 1980; Sherrill D. Howery, 1993;
and Thomas W. Amsden and James E. Barrick, 1993)
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Woodford Shale (2004-2020)

. r N
Chef%gee
Explanation Platform
O Vertical Woodford M ' & Ozark
¥ Horizontal/Directional Uplift
Woodford
O Woodford oil wells Anadarko O
. ! Basin '
0 50 Miles O Arona
6 N 8'0 Kilometers - . *
Wy * Basin
ICh;,
A h/fa &D—
Yot
%% Quachita Mountains
% Uplift
&
N

Ardmore Basin

page 20



Woodford Shale Arkoma Basin Oil IP
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Explanation
Y IP Oil 701-2600

IP Qil 401-700
IP Oil 301-400  |—
IP Oil 201-300
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A

0 20 Kilometers
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®
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O
O
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Woodford Shale Anadarko Basin Oil IP
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Explanation
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Woodford Shale Ardmore Basin QOil IP

Arbuckle
Uplift

JOHNSTON

JEFFERSON

ﬁ
Explanation

<
. O \5‘000
IP Oil 701-2600
o rononmn T GO

IP Oil 401-700 = i
Ie’{
IP Oil 301-400 3‘8

IP Qil 201-300

IP Oil 101-200
IP Oil 51-100 CHOCTAW
IP Qil 1-50

IPGil0

e O0DPONES®

3@9 Outcrop of Woodford Shale

[ ] Woodford absent
Fault

‘I|0 Miles

OO

=-s000= Structure contour, interval -1,000 ft. 1'6 KilBTEtEr
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aney Shale (Mississippian Age)

SYSTEM/SERIES ANADARKO BASIN, ARBUCKLE MOUNTAINS, ARKOMA BASIN, QUACHITA
SW OKLAHOMA ARDMORE BASIN NE OKLAHOMA MOUNTAINS
QUATERNARY Alluvium and Terrace Deposits
b7 7
TERTIARY Ogallala FOHFEFO{/
CRETACEOUS  [Dakota Group
JURASSIC Mo, rmatiol
TRIASSIC Dockum Group
EIK Cily Sandstone’
Ochoan | DOXB)‘_SE?!Q
Cloud Chiet Formation
z Guadalupian Whitehorse Group
< El Reno Group
g Hennessey Shale \é
w Leonardian Garber Sandstone Garber Sandstone 7
o | Wellinglon Formation Wellinglon Formation
Chase Group Chase Group
Woltcampian Council Grove Group Pontoloc | Councit Grove
Admire Group Pontotoc Group Group | Admire Group
o () Rt ol
E Group
Virgilian = Shawnee Group Ada Formation Ada Fm Shawnee
<Z( £ Douglas Group Vamoosa Formation Vamoosa | Douglas
> Milssouian s Ochelata Group Hilltop Fm. | Ochelata Group
< ';i Skiatook Group Hoxbat Group Skialook Group
] g9 Marmaton Group
> Desmoinesian | &5 Marmaton Group Deese Group Cabaniss Group
1] £3 Cherokee Group
Z 23 Krebs Group
2e —
g Atokan 33 Aloka Group_( Dornick Hills Atoka Formation Atoka Formation
o N Morrow Group Group Wapanucka_| McCully Johns Valley Shale
lorrowan
—— = " Union Valley | Sausbee Jacktork Group
Springer Formation - Spcvet Fomaton .3
4 —2"? ” Pitkin Limestone
< Chesterian Goddard Formason Fayetteville Shale Stanley
Chester Group 2 o e
e Delaware Creek Shale © | Hindsville Formation Group
% Meramecian o] Merameclimes 2 | Moorefieid Formation
o € Sycamore — 3 sthisaafiotiinsigi ] ST
173 Osagean = -Osage Lime® | Limestone | 3 Boone Group  __|
» % 2 St. Joe Group
s Kinderhookian
VWOTTTOTa STTae Chattancoga Shale
o Upper Misener Sandstone EE ST Sylamore Samﬁ
< Middle W’ Arkansas
Z Novaculite
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[Age equivalent to the Barnett Shale and
Fayetteville Shale]

I -1
~1% — 11.46%
0.55-1.14% VRo
(2 samples)

Kerogen Type
Amount of TOC

Maturity

Caney cores:
1. Sohio 1 Whitehead
2. Texaco 1 Elliott

@ Caney

B Woodford

Caney
(1) 0.55% VRo, 8.23% TOC, 6,285 ft
(2) 1.14% VRo, 4.83% TOC, 11,465 ft

Woodford
(3) 0.50% VRo,7.18% TOC, 3,266 ft
(4) 1.23% VRo, 3.76% TOC, 3.709 ft

Rock-Eval data compliments of
Humble Geochemical Services
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Total Mississippian Isopach Map
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Caney Shale (1982 -2020)
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Goddard Formation (Mississippian Age)
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Goddard Formation
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toka Shale (Pennsylvanian Age)

Mainly Il and lll (Samson,

Kerogen Type 2005)

0.22 — 2.92% (Weber, 1992 &

Amount of TOC Hendrick, 1992)

<2 ->3.6% VRo

Maturity (Houseknecht, 1987)
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“Atoka shale” well

B
- -

EXPLANATION

Sandstone

Shale

Limestone

THICKNESS AND DOMINANT LITHOLOGIES,
ATOKAN SERIES

(LOWER PENNSYLVANIAN) 300~ Thickness contour, contour intervals 75, 150, 300, 600, 1500 m

By v Boundary between dominant lithologies

Ba“ey Rascoe, Jr., and Kenneth S. Johnson ——— Major fault affecting distribution of unit
Modified from Adler and others (1971) 0 i v 100 200km Scale 1: 5,000,000

and McKee, Crosby,and others (1975)

2.

From Johnson and others, 1989
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Atoka Shale (Pennsylvanian Age)
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Ardmore Basin

An unconventional gas resource play in Pennsylvanian Atoka shale is emerging in the Anadarko basin in the Texas Panhandle and
far western Oklahoma. Continental Resources Inc., Enid, Okla., says it has 34,000 net acres in the play as of mid-December 2008.
The play stretches about 85 miles from Peek Field in Ellis County, Okla., west to Lipscomb, Ochiltree, eastern Hansford, northeastern
Roberts, and northernmost Hemphill counties in the Texas Panhandle. Continental says EOG Resources Inc., Houston, has completed
26 horizontal wells at as much as 7 MMcf/d per well and attributed 400 Bcf of Atoka recovery potential to its 60,000 net acres. January
7, 2009

page 30



Pennsylvanian Shale (Pennsylvanian Age)

The Relationship between Specific Reservoir Characteristics and the Gas Productive Coals and Carbonaceous
Mudstones in the Cherokee Basin*

Steven Tedesco’

Search and Discovery Article #10789 (2015)**
Posted November 30. 2015

*Adapted from oral presentation given at AAPG Mid-Continent Section meeting in Tulsa, Oklahoma, October 4-6, 2015
**Datapages © 2015 Serial rights given by author. For all other rights contact author directly.

1Running Foxes Petroleum Inc.. Centennial, CO. USA (s.a.tedescol4@runningfoxes.com)

Abstract

The Cherokee Basin 1s a shallow intracratonic basin that has significant gas production from the Desmoinesian and Atokan age Cherokee
Formation coals and carbonaceous mudstones at less than 2,000 feet. The Cherokee Group's coals in the Cherokee Basin were deposited on an
abandoned deltaic surface in a coastal setting. Only specific coals, the Mulky, Weir-Pittsburgh, Rowe and Riverton and the Excello Shale
within the Cherokee Formation are generally productive whereas the remaining seams and carbonaceous shale are not productive. The basin
was subject to thermal maturation in late Pennsylvanian and Permian time caused by expulsion of low temperature hydrothermal fluids from
the Anadarko, Ardmore and Arkoma basins that migrated north through the Cherokee Basin into the Forest City Basin. Proximate analysis of
the coals indicates that select seams are gas productive due to higher sulfur contents, which allowed hydrocarbon generation at lower
temperatures. The Excello Shale is productive because 1t has over 50% quartz-carbonate minerals making it more brittle allowing hydraulic
fracturing stimulation to be effective. The main productive area is in the central part of the basin and 1s related to the apex of the Silurian-
Devonian age Chautauqua Arch. By mapping sulfur trends in coals and quartz-carbonate percentage content trends in carbonaceous mudstones
allows a more definitive method to 1dentify areas that will be gas productive.
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Pennsylvanian Shales (NE OK)
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Ardmore Basin

Tedesco, 2015
Kerogen Type I, lll, and IV
Amount of TOC <1% - ~12%
Maturity 0.45-0.76% VRo
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Oklahoma Shale Oil and Gas Well Completions History

1908

5445 Woodford + 131 Caney + 166 Springer/Goddard Wells
2004-2019 = |

800
O Springer/Goddard

@ Caney
600 +{ W Woodford

700

WTI Oil Price

000000000000000000000000000000000000

500

400

Number of Wells

300

200

100 -

0 -
2004 200



All shales are different and complex
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