The Anadarko Basin: Oil and Gas Exploratton
Past, Present and Future

John Mitchell, Senior Geologist
SM Energy Co.
Tulsa, Oklahoma
March 2012
Email: jmitchell@srrenergy.com



Regional Location Map

E B R A

North Platte @

&0 L R A
® Colorado .
Springs

W insh * « i

S A &BM”

T+EA@mgeMm@%j

b
Omaha .%Cound] Bluffs

i

EXPLANATION

I o' FEwo
I cAsFiELD

JEFFERSON CITY %

s s O U
+  +

® G pringfield

LITTLE ROCK %

L gentil Plate 1

P it OIL and GAS FIELDS of the MID-CONTINENT




THE ANADARKO BASIN

A Located in western Oklahoma, southeastern
Colorado, western Kansas and the northeastern
portion of the Texas Panhandle

A Approximately 70,000 square miles Bize

A Sedimentary column approaches 40,000 feet in
thickness in deepest portion of basin

A Production comes from Cambt®rdovician
through Permian strata

A Estimated cumulative production of more than
125 trillion cubic feet of gas and 5.4 billion barrels
of oll



THE ANADARKO BASIN (CONTINUED)

A Bounded tectonically on the southern and eastern
sides by major fault zones and/or uplifts

A Four major horizontal drilling plays in progress in
oll and gas bearing horizons in (1) the Cleveland
Ss., (2) the Granite Wash of Pennsylvanian age, (3)
the Mississippian limestones, and (4) the Upper
Devonian Woodford Shale

A Over four thousand horizontals completed in basin
to date at vertical depths as great as 15,000 feet.

A Significant future horizontal development may
awalit in Pennsylvanian sandstones and shales as
well as in older carbonates in the Mississippian
through Ordovician.



Regional Structure Map

Structure Map Datum top of
the Arbuckle Group (Cambro
Ordovician).

Contour Interval = 1000 feet
or 5000 feet in deeper part of
basin. Basin reaches
maximum depths in Beckham,
Washita and Caddo Cos., OK

Grey shaded area is greater
Anadarko Basin.

Red lines are faults, tic on
downthrown side.

Structural relief on south side
of basin in excess of 35,000
feet vertically and
horizontally.
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Distribution of Gas Production by Reservoir Age

>123.5 TCHKotal Gas in IHS Production Data Files for Anadarko Betsin
of Oklahoma, Texas Panhandle, Western Kansas and Southeastgrn
Colorado
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Distribution of Gas Production by Reservoir Age
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Distribution of Oil Production by Reservoir Age

>5 694 MMBOTotal Oil in IHS Production Data Files for Anadarkd)
Basin of Oklahoma, Texas Panhandle, Western Kansas and
Southeastern Colorado
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Distribution of Oil Production by Reservoir Age

>5.694 MMBOTotal Oil in IHS Production Data Files for Anadark(l»
Basin of Oklahoma, Texas Panhandle, Western Kansas and
Southeastern Colorado
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Distribution of Horizontal Well Completions by ‘

Reservoir Age
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Distribution of Horizontal Well Completions by '

Reservoir Age
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Regional Structural Featurels]orlzontal Wells
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SIX MID-CONTINENT OIL AND GAS
PETROLEUM SYSTEMS

A Permian Carbonates and Granite Wash

A Pennsylvanian Fluvideltaic Sandstone, Marine
Sandstone and Limestone

A Mississippian Carbonate and Upper Devonian
Shale and Chert

A Siluro-Devonian Carbonate (Hunton Group)

A Middle/Upper Ordovician Sandstone & Limestone
(Simpson & Viola Groups)

A CambreOrdovician Carbonate (Arbuckle Group)



MID-CONTINENT OIL AND GAS
SOURCE ROCK UNITS

A Woodford formation (Upper Devonian) in
Anadarko, Arkoma and Ardmordlarietta Basins

A Pennsylvanian marine shales (Virgilian,
Missourian, Desmoinesian, Atokan, Morrow
Springer)

A Mississippian Caney/Goddard Shale

A Ordovician Carbonates (Viola Group)

A Ordovician Shales (Simpson Group)



MID-CONTINENT OIL AND GAS
SOURCE ROCK UNITS

SYSTEM PRODUCING HYDROCARBON-| KEROGEN
INTERVAL SOURCE ROCK TYPE
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Figure 6. Paleozoic producing intervals, hydrocarbon source rocks, kerogen type, and total organic carbon
content (TOC %) of Oklahoma basin (after Wenger and Baker, 1986; Rice and others, 1989; Burruss and
Hatch, 1989).




MID-CONTINENT OIL TYPES

TYPE 1 Gas chromatogram plots of
ORDOVICIAN RESERVOIRS representative oil samples,
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Figure 6. Whole-oil gas chromatograms of representative oil samples from Anadarko basin reservoirs
in different siratigraphic intervals, illustrating major differences in hydrocarbon compound
distributions.
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Regional Stratigraphic Column: Lower Paleozoil

CHRONOSTRATIGRAPHIC
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A total of 6.5 TCF of gas (5% of Mid
Continent total) has been produced from
the SiluraDevonian and Cambr®rdovician
reservoirs. Total oil production of 1,029
MMBO (19%) has come from these
reservoirs. The Hunton carbonate interval
has made the majority of the gas while the
sandstones in the Ordovician Simpson
Group have made most of the oil, primarily
from Oklahoma City field. Only eighty
eight horizontal wells (3% of basin total)
have been completed these reservoirs in
the Anadarko Basin.



Regional Isopacﬁlmpson Gp (M. Ordovman)
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7 Although the Simpson Group
sandstones (Bromide, McLish
and Qil Creek are prolific oil
producers in central Oklahoma,
the high porosity and
conventional nature of the
reservoirs have precluded the
use of horizontal wells. Very
few wells have penetrated the
Simpson in the deep Anadarko
Basin.

Oklahoma City Field:
>500 MMBO from
Simpson Group
sandstones

Map adapted from Adler &
others, 1971



Reglonal Isopach/lola Group
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Widespread oil production has
been obtained from thick
(>100 ft) low porosity
limestone in the Viola Group in

N ANSAS the southeastern portion of the
AE’o,,a_ ' basin. Production is from

mainly fractured reservoirs and
Is highly variable. Only a few
horizontals have been placed in
the Viola in Oklahoma. Very
few vertical wells have
penetrated the Viola in the
deep Anadarko Basin.

Map adapted from Ad
\LV-J \\ others, 1971
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The Hunton Group is truncatec
by preWoodford and pre
Pennsylvanian erosion surface
on the north, west and east
sides of the basin. Porous
dolomite reservoirs in the
CNAaO2z . 2Aa
Chimneyhill members of the
Hunton are present along tf
northern and eastern porti
of the play.

West Edmond Field:
>150 MMBO from
Hunton in major

stratigraphic trap




Regional IsopaciHunton Gp. & Horizontal Well
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Regional Stratigraphic Column: Upper Devoniar
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Only 3.3 TCF of gas (3% of Midntinent
total) has been produced from the Middle
Mississipian through Upper Devonian
reservoirs. Total oil production of 351
MMBO (6%) has come from these
reservoirs. The Mississipian carbonate
interval has made most of this oil and gas.
Seven hundred and twentyine horizontal
wells (17% of basin total) have been
completed in the Mississippian Limestone
and Woodford Fm. reservoirs in the
Anadarko Basin.



Regional IsopactWoodforo Fm. (U. Devonian)

Map adapted from Adler & others, 1971; J - 7[ | The organic rich siliceous shales

Ams‘_dﬂlfé Cardo“’ i in the Woodford Fm. are well
developed in the southeastern
portion of the basin. The
Woodford thickens rapidly to
the southeast and exceeds 600
feet in thickness in southern
Oklahoma. Note the vitrinite
reflectance contours in green
on the map. They show a wide
range of maturities with
portions of the deep basin
being thermally overmature
and through the gas window.
Large areas of Oklahoma are
underlain by significant
| thicknesses of Woodford shale
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Regional IsopactWoodford Fm. & Producing Wells

Map adapted from Adler & others, 1971;
Amsden 1975;Cardott, 1988

| Cana Play Are

In Canadian and Dewey
Counties, Oklahoma over three
hundred and fifty horizontal
completions have been made in
the Woodford. This area is
known as the Cana (Canadian
County!) play and the
production is primarily gas with
significant amounts of
condensate and natural gas
liquids. Depths range from
10,000 to 15,000 feet to the
Woodford.



