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Stratigraphic framework of Wolfcamp — Spraberry:
Objectives

* Review the tectono-stratigraphic framework of the Wolfcamp and Spraberry deep-water units of
the Midland Basin, west Texas

* Briefly discuss the facies/characteristics of these rocks

 Highlight the differences between the Wolfcamp shale (A — D) and Spraberry depositional systems

Note: although not specifically addressed, the framework outlined here is applicable
to the Delaware Basin
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Permian Basin Stratigraphy and Tectonic History
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LATE PENNSYLVANIAN - EARLY PERMIAN EVOLUTION OF WESTERN PANGEA

Late Pennsylvanian
* Icehouse climate; PB in humid-tropical setting (abundant rainfall)
* Numerous high-freq., high-amplitude sea-level changes
* Expansion of Penn seaway (long-term rise); stratified water columns
* Continued tectonism in west Texas (Marathon-Ouachita FTB, rise of ARM)

Leonardian

A very dynamic time in
Earth history, especially in
west Texas

Wolfcampian — Early Leonardian
* Waning icehouse, transition to greenhouse
* Northward drift of Pangea
* Increasing aridity & expansion of continental desert in western U.S.
» Cratonic emergence / contraction of seaway (onset of long-term SL fall)
* Culmination of tectonic pulses in W. TX (mid WC); Pacific arc volcanism (Late WC-Leon.);
PB enters rapid subsidence phase (Dean - Spraberry)

(maps: Ron Blakey, NAU/Colorado
Plateau Geosystems)
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Midland Basin Type Log
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STRAWN GROUP STRATIGRAPHY (DESMOINESIAN SERIES)

Mid Continent / Anadarko Basin

AAPG COSUNA chart (1985)
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Lower Desmoinesian Facies (Lower Strawn Limestone)
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Wolfcamp D (Canyon — Cisco) facies
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Wolfcamp D: Basinal cyclothems

- e Equivalent to classic “Penn. cyclothems” on shelves

Silica — rich shales; relatively high clay content
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Each basinal cyclothem = 15 — 45 ft. thick; bounded by
thin dolomite or LS; highly correlative basin-wide
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Wolfcamp C



Wolfcamp C

N. Amer. GR RDEEP i . . .
mer Ploneer Preliminary correlation of

Stage (API) AlogR Zonhation
8200 West East MB tops to Eastern Shelf

Dean

i MIDLAND BASIN < EASTERN SHELF >
Eastern MB

8400 A1
. Howard Co. b Mitchell Co. ———» [«——— Nolan Co.——» | Taylor Co. Shelf

A

A2 Wolfcamp A
Elm Creek | <C

B1 : . = Admiral-
— = Coleman Junc.

Leonardian

Sedwick-
Ibex

C1

Wolfcamp B

Moodle Creek
Camp Creek

Saddle Creek-
Crystal Falls

Wolfcamp C1 (modified from WTGS, 1984, Breckenridge-
p and Brown et al., 1990) Finis Sh.

B3 —a]

Cisco Group
C2

Mid Unc

Wolfcampian

Canyon Gp.

WFMP D

M. — U. Strawn

Wolfcamp C2 » Westward progradation of Eastern Shelf delta Lower Strawn
systems and platform margins (100 -150 km)

Virgilian
—
o
(%)
o
(=]

* Initial development of Glasscock Nose during WFMP C1 time

oul
=
=]
B
o
(=]

Wolfcamp D

Desmoin- | Miss-
esial rian
—
o
o
(=}
(=]

(Sinclair et al,, 2018) * Uplift of CBP structural blocks and development of mid-Wolfcamp unconformity



Progradation of Wolfcamp C shelf delta systems across the Eastern Shelf

East

(modified Brown, Solis-Iriatrte, and Johns, 1990, BEG Report of Invest. No. 197)
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Sequential development of the Glasscock Nose

(Sinclair et al., 2017)

WC id Canyon

Post

Pre

prograding, mounded deep-water carb. flows

(Sinclair et al., 2017)
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Wolfcamp A and B Facies & Depositional Model
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Wolfcamp B2 Wolfcamp A3

Organic-rich silty mudstone SR [ Calcareous mudstone
TOC = 5.91% e g S A

Photograph of core, Wolfcamp B2, depth 8837-8847 feet. (A) Structureless
silty mudstone with phosphatic concretion. (B) Calcareous silty mudstone. (C)
Carbonate lithoclast. (D) Ash bed. (E) Carbonate concretion. (F) Skeletal grainstone
with erosive base and reworked concretions. (G) Thin, muddy debrite with deformed
mudclast. (H) Sheared and rotated package of thin beds at the bottom of a slumped
interval, 8847-8843 ft.
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Spraberry - Dean



Midland Basin Type Log
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Normalized kernel-density estimate
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ZIRCON U-Pb RADIOMETRIC AGE SPECTRA
(DEAN — SPRABERRY, CENTRAL & SOUTHERN
MIDLAND BASIN)

All lower Permian samples, n=3259

Pioneer 7, n=300, northern basin

Mioneer 3, n=308, southern basin
Mioneer 5, n=288. southern basin
JM Pioneer 2, n=245, southern basin

Pioneer 1, n=290, northern basin
Mﬁoneer 4 n=283, central-southem

Spraberry 2, n=265, northern basin

Spraberry 3, n=275, northern basin

Spraberry 4, n=234, southern basin
M@' 1, n=262, southern basin
I

Pioneer 8, n=207, northern basin
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 Strong age signal (“peaks”)
* Grenville province (1100 Ma)
* Gondwana (600 Ma)
* Appalachia (400 Ma)

* Intermediate signal
* Granite-Rhyolite province (1400 Ma)

* Weak signal
* Yavapai — Mazatzal province (1700 Ma)

Strong age signals are from southern-located
provinces, indicating a southern source land for
Dean — Spraberry sands in central & southern
Midland Basin (currently accepted view: all sands
were from a northern source)

(Waite et al., in press)



Spraberry & Dean (Bone Spring) Depositional Model (based on Hanford, 1981)

Spraberry and shelf equivalents are alternating sand-rich and organic
shale/carbonate-rich packages deposited during alternating high and low sea levels.
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Shelf Edge Sands are very fine-grained turbidites with partial Bouma sequences
Organic-rich shales highly laminated and not bioturbated; Organic-poor shales bioturbated
Thin dolomitic hard grounds observed in sands and shales
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Oceanic Crust

(From R. Blakey)

Highstand —

* Shelf submerged

» Carbonates on shelf

 Carbonate gravity flow deposits and organic-rich
shales in basin

Lowstand and ensuing transgression—
* Shelf exposed
* Clastics move across shelf via wind and in wadis
+ Clastic gravity flow deposits bypass shelf during
lowstand and are cannabalized during early transgression



Possible modern analog for Dean - Spraberry: Core data (Zuhlsdorff et al., 2008)
Offshore Mauritania, African Sahara
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Summary and Conclusions

* The Wolfcamp — Spraberry interval of the Midland Basin consists of a series of
lithologically- and mineralogically-complex facies; each interval is unique

*  Wolfcamp D: basinal cyclothems

* Wolfcamp C: clay-rich shales

* Wolfcamp A - B: Silty, calcareous terrigenous shales; carbonate % increases upward

* Dean - Spraberry: Argillaceous siltstones, punctuated by numerous submarine-fan
complexes (massive & laminated sandstones)

* Complexity of these rocks reflects changing/evolving geologic conditions
(eustasy, climate, tectonics, sediment supply, biota, etc.) along the SW margin of
western Pangea during Late Pennsylvanian — early Permian time

(Hamlin and Baumgardner, 2012)

e Geologists must work closely with drilling, completion, and reservoir engineers to fully communicate the
complexity and unigueness of each unit / horizontal zone

“Not all shales are created equal”



