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Carboniferous Time Scale
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Pennsylvanian — Early Permian Global Themes

* SW Laurentian region during assembly of Pangea; active margin phase: Hercynian orogeny & rise of Ancestral Rockies (Tobosa Basin becomes Permian Basin)

* Climate: Icehouse phase throughout Penn. — Early Permian, transitioning to greenhouse; Permian Basin in low-latitudes (tropics); humid w/
monsoonal precipitation

*Sea level: long-term rise and expansion of Penn. seaway; short-term: Penn cyclothems (high frequency, high amplitude glacioeustatic cycles)

* Aragonite seas: dominance marine invertebrates with aragonite/high mag. calcite skeletons; limestones susceptible to early leaching )

Early Penn. (Atokan) Late Penn (Mlssourlan)
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orogen

Alleghanlén
Ouachita

(Murphy et al., 2009) P Oceanic Crust

(From R. Blakey)




Permian e~ A.
Basin _ ol 1 [pe
e [ Sae e N i
/ ' 2 e, Hercynian \ Anad
[ Assrani . "k Basin =
(¥ Segesen | g e —
.". ) A Up/ 00'04.
o Palo Duro L by e
i : o)
5 Basin A foman B .9,%1 8500
ed Rver Uplift = M"l» O SEDY
COUBIITt 3?9,% %
Matador M\ % A
D ¢ ‘ 1
lorseshoe ‘ =
Atoll iy
> \// ) ST Ft
g Worth e
\ N 7\ / m Basin Sore
1 Eastern % \
A | sheir )
Delaware 51
Basin L
Llano
; S
'_7u lift S
I:I Basement
Uplift e\\c,x\%“ é_)
N 17 e
[ ] shallow shelf X * Vergg 5
/(9/-/.8
[:I Deep basin 5 N -
[ ] Fold& RP:‘Y\
thrust belt \I\P\ B \{

Regional Tectonic Setting of
west Texas during the
Late Carboniferous

* NW margin of assembling Pangea
supercontinent

* Intersection of Hercynian Orogen
(Marathon-Ouachita Fold Belt) and
Ancestral Rockies System

* Basement-involved fault-
bounded uplifts

* Adjacent deep basins

e Surrounding shallow shelves

* Transition from passive margin
(Tobosa Basin — Texas Arch) to
active margin (Ft. Worth and

Permian basins)



Pennsylvanian Eustasy

(after Wright, 2020)

Sea Level
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Regional Stage Group +100  Om
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Vl rgl |_| an C * Prolonged transgression drowns the underlying L. Strawn
ISCO Concho Platform and causes regional backstepping of
. . shelves; time-equiv. organic-rich black shales (Wolfcamp D)
M ISSourian Ca nyO N deposited in rapidly subsiding “starved” basins
Demoinesian Strawn Short-term sea-level (glacioeustacy)

* During glacial maxima (S.L. lowstands), tectonically-active

Ancestral Rockies uplifts and Ouachita Fold Belt shed
voluminous amounts of clastics (channel/delta/slope
systems) across Eastern Shelf

Atokan Atoka

* During glacial minima (highstands), massive shallow-water
carbonate deposition occurs along outboard shelf margins,
including a series of large, isolated carbonate mounds/reefs

Morrowan Morrow




Strawn Paleogeography of Texas

1. Early Strawn
2. Middle & Upper Strawn



Early Desmoinesian (Early Strawn / Caddo) Late Desmoinesian - Missourian (Upper Strawn - Canyon)

L Sty

(Wright’ 2020) FACIES / ENVIRONMENT

Highlands (Fold Belt)
[] Basement uplifts
[] Sandstone

[] Siltstone, shale
[] Limestone

[] Basinal mudrocks
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STRAWN STRATIGRAPHY OF TEXAS

1. Outcrop (North-Central Texas)

2. Subsurface

“Stratigraphy may be defined as the complete triumph of terminology over
facts and common sense.”

P. D. Krynine
Pennsylvania State University



Strawn outcrops,

N. Central Texas
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Evolution of Strawn Group terminology, N. Cen TX outcrops
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Strawn Group subsurface terminology: Varies by region

Subsurface
correlations
greatly aided
by fusulinid
biostratigraphy
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Fusulinids

* A group of large, single-celled foraminifera that
were common on Pennsylvanian - Permian
carbonate shelves

* Rapid evolution, increasing in size and internal
complexity throughout Penn — Perm time

* Size, shape, and distinct internal features provide
basis for precise biozonation

antetheca

1 mm | proloculus

( sources: Wikipedia; Wahlman, 2019)



Fusulinid zonations, Permian Basin
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Strawn Biostratigraphy and FacieS  Aireid ands. . Mazzuto

Mosaics: What is the Caddo?
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Figure 4A. Regressive marine limestone
deposited during a slow sea level drop dur-
ing the middle early Strawn time fusulinid
zone. Note that the middle early Straun
seemingly can be correlated directly into
the early early Strawn higher on the shelf.
Basin subsidence prevented the middle
early Strawn limestone from being depos-
ited as far west as the early early Strawn
lowstand carbonate.

Figure 4B. Two carbonate units deposited
during the same fusulinid time zone, (early
early Strawn) during a sea level lowstand
and during a subsequent sea level high-
stand. Note that no carbonate was depos-
ited during the rapid transgression from the
lowstand to the highstand, and that marine
shale was deposited on the deep shelf ramp
and over the lowstand carbonate during
the sea level highstand. The highstand car-
bonate would be equivalent to the “Caddo”
in the Suggs Ellenburger field.




Penn (Strawn, Canyon, Cisco) carbonates:
Traditional lithostratigraphic correlation

/ m
/ -

(adapted from Mazzullo, 1996)

Adjusted (biostrat-based)
interpretation

Backstepping /prograding
diachronous limestone cycles
(not a continuous, single
limestone)

Each cycle is capped by an
exposure surface underlain by
secondary porosity zone

Opportunity for numerous,
isolated stratigraphic traps;
especially in downdip
“stranded” units



STRAWN PETROLEUM SYSTEM

Reservoirs
Source
Traps
Seal



BEG Plays/Provinces: Strawn

Dutton et al., 2004, Play Analysis and

Galloway et al., 1983, Atlas Digital Portfolio of Major Oil Reservoirs
of Major Texas Oil Reservoirs in the Permian Basin
* Caddo reef (Bend Arch) * Northwest Shelf Strawn Patch Reef

* Horseshoe Atoll
- primarily Canyon-Cisco

Penn Platform Carbonate

Penn —-L. Permian Horseshoe Atoll Carbonate

Ft. Chadbourne Fault (Eastern Shelf) o ,
- primarily Canyon-Cisco and L. Wolfcamp

Penn platform carbonate (CBP, Eastern Shelf)

- includes Caddo, Odom, Goen, and Capps
limestones

Penn - L. Permian Reef/Bank

U. Penn - L. Permian Slope & Basinal Sandstone

Penn reef/bank (Eastern Shelf) U. Penn Shelf Sandstone

Strawn sandstone (Eastern Shelf Bend Arch,
FW Basin)



™M

enStreatM

Improve this map

25,437

Strawn reservoirs (Enverus data base)
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STRAWN DETRITAL
STRAWN - DISPOSA
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STRAWN 3700 SAND
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* Permian Basin, Eastern Shelf/Bend Arch, and Ft. Worth Basin

* Cyclic deposition (sandstones and carbonates)



Type Well Log,

-?T‘>~?~

J&J (Caddo Limestone) Field
Nolan County, TX

- £ Northeast Nolan Co., TX
o -
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el
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Reservoir
interval

Highly porous skeletal-ooid grainstone

* Intra- and interparticle primary & secondary porosity

* Dolomite porosity

(Vazquez, 2023, UTD Perm. Basin Res. Lab)



Dual pore system (macro- and microporosity) in Caddo buildups, Bend Arch

N
VP #36 3187.88

(Loucks and Fu, 2016)



Core interval

Medium to coarse grained Grain Size and Sedimentary Structures

. sandstone
] Very fine- to fine- Depositional 8 &
grained sandstone Depth Environment s|8|3|3 ]
; 9l|&]._
I:l Mudstone and siltstone (®) Interpretation g : g E 5 ; b é
~~~~ Erosional contact - g
$$%  Dewatering structures E <
p— 7 p—
y/ Microfault L
5> Plant fragment B ] Distributary channel
%P  Chondrt B 1 Medial delta front |
S B 1 Channel-mouth bar
e« (Clayclasts 2 -
B J4—Medial delta front —]|
eeo  Large clasts L 4080 —| Channel-mouth bar
- Ripples [E 1 Prodelia
\ Upward coarsening B 4 Channel-mouth bar
—— Horizontal lamination B i
SN\, Planar cross-bedding o
J/  Trough cross-bedding - R Prodad
2 Soft sediment deformation |- ] " a
E 3 gres= :
— 4100 — e e 0 2in
[ ] a 1 ] J
i 1 Channel-mouth bar S s | ! v
- : e A 0 40 mm
i s [ — Lower Strawn fluvio-
11 E : deltaic sandstones,
= J)] 1 b oistributery channel Bend Arch - Ft. Worth
v} - #120] Basin, Jack and Wise
: 1 : 1 Viedi dera ot | D counties
Hili o i
| & g ] Prodelta
— 4130 | Medial delta front
[E ] Prodelta Roberts et al., 2022, AAPG Bulletin)




Source Rocks for Strawn Reservoirs

* Likely migrated from several older and/or younger intervals (shale, shale/marl, & marl/carbonate facies)

* Wolfcamp A-B
* Woodford and/or Barnett

e Strawn-age portion of Wolfcamp D shales may be a significant source
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Strawn petroleum system: Traps and seals
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Structural traps

* Fault traps

* Drape over Ellenburger.
basement highs

Stratigraphic traps

* Channels
* |solated bars

* Reefs and banks

* Diagenetic traps

Combination traps

¢ Some configuration of
two or more above types

Strawn reservoirs are sealed by overlying shales of Wolfcamp D - Cisco Group
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Fx, 2—Locations of cored wells used in study, Nena Lucia field area, Nolan County, Texas.

(modified from Toomey and Winland, 1973)
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Strawn Group of Texas: Summary and conclusions

e Strawn Group units are the product of the Pennsylvanian world:

* Active tectonics during the assembly of Pangea (intersection of Ouachita-Marathon FTB and Ancestral Rockies)
* Short-term glacioeustatic sea level changes (cyclothems) superimposed on long-term rise of Penn seaway

* Predominance of marine invertebrates with aragonite / high magnesium calcite shells

« Strawn Group terminology differs for surface and subsurface units; fusulinid biostratigraphy
helps constrain stratigraphic correlations (diachronous units)

« Strawn petroleum system is prolific and diverse

* Multiple play types
* Numerous sandstone and limestone reservoirs

* Various source rocks likely, depending on sub-regon, including Wolfcamp A-B,
lower Wolfcamp D (Strawn age); Woodford, and Barnett

e Structural, stratigraphic, and combination traps, sealed by overlying lower Permian shales

 Callfordata/ collaborative projects on Penn buildups; deliberate search for remaining strat traps
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