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The Eastern Shelf Region: Introduction

* Over a century of exploration has proven the Eastern Shelf of the Midland
Basin to be a prolific conventional hydrocarbon-producing region

* Main reservoirs include Lower Ordovician Ellenburger dolomite and a number of middle
Pennsylvanian to early Permian sandstones and limestones at relatively shallow drill depths
(~ 4000 — 8000 ft MD)

* The stratigraphic complexity of the region, coupled with large number of producing zones and
the inherent incomplete state of the historical well data base, provides opportunities for
future exploration, for both permeable and low-permeable (“tight”) conventional reservoirs



Greater Permian Basin of west TX and SE New Mexico: Paleogeographic elements

Pedernal

[ Fold and thrust belt
[_] Basementuplift
[] Shallow marine shelf
[] Reef/ shoal complex
[ ] Deep marine basin
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Eastern Shelf one of several high-standing Permo-
Pennsylvanian shelves surrounding deeper
Delaware and Midland basins

Eastern Shelf dips westward ~ 1.3 degrees

General stratigraphy: thin Pre-Penn (mostly L. Ord.
Ellenburger dolomite and U. Camb. Ss) unconformably
overlain by thick Pennsylvanian to lower Permian
carbonate and clastic units (~ 4000 — 8000 ft. MD)

Note location of Ft. Chadbourne fault system: chain
of small basement-involved structural blocks;
upthrown to east (part of Ancestral Rockies deformation)



Greater Permian Basin of west TX and SE New Mexico: Paleogeographic elements
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upthrown to east (part of Ancestral Rockies deformation)



Pennsylvanian — Early Permian 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)

* Dominance of phylloid algae as main reef builders (aragonite skeletons; limestones susceptible to early leaching )
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Eastern Shelf Depositional Systems
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* Prior to middle Strawn time (pre-Odom;

thick dashed line), the Eastern Shelf was
a shallow-water carbonate platform
(Concho Platform) constituting the
eastward dipping, western margin of the
actively subsiding Ft. Worth Basin

Following the rapid filling of the
Ft. Worth Basin by Early Penn.
Atoka and early Strawn clastics,
deposition shifted to westward-
dipping sedimentary systems
defining the Eastern Shelf of the
subsiding Midland Basin

Penn — L. Perm sediments represent a
thick assemblage of numerous
alternating cyclothem deposits
(lowstand clastics, highstand carbonates)



General Stratigraphy of the Eastern Shelf
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eastward dipping, western margin of the
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Late Desmoinesian - Missourian (Upper Strawn - Canyon)

Paleogeography

FACIES / ENVIRONMENT
[ Highlands (Fold Belt)
[ ] Basement uplifts
[] Sandstone

[] Siltstone, shale

[] Limestone

[[] Basinal mudrocks
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* Prolonged transgression drowns the underlying L. Strawn
Concho Platform; organic-rich black shales (Wolfcamp D /
Cline) deposited in rapidly subsiding “starved” basins

Short-term sea-level (glacioeustacy)

LATE STRAWN
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(sources: Gunn, 1979; Exleben,
1985; Wright, 2011)

Compiled by: L. Waite
Jan. 2020

* 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

* During glacial minima (highstands), massive shallow-water
carbonate deposition occurs along outboard shelf margins,
including a series of large, isolated carbonate mounds/reefs
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* Goal of study: better understanding of producing trends * Question: what is remaining potential ?
along western margin of Eastern Shelf (via field growth, exploration, horizontal drilling, etc.)

 Starting point: Nolan County

* Centrally-located; previously worked (late 1980s)
* Two small Caddo core samples provided by UTD alum Jerry Bergthold i\{
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Analysis of Nolan Co. producing trends: Method

Export Nolan County wells from Enverus database including producing zone (n = 5123)

Utilizing Petra, check perforated zones for each well; amend Enverus producing zones (n =4926)

ammended

* 3.8 % of wells in eliminated mainly due to non-reported perfs

e Some wells eliminated due to missing API#

Identify & map a number of high-resolution producing zones (11 total; color-coded by zone)

Analyze drilling and producing statistics (ongoing; not discussed here)

Note: Individual checking of perf zone(s) in all wells is a very time-consuming, but critical
step in the identification and assignment of correct, high-resolution producing zones
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Report of Investigations No. 288

Facies Variability and Geologic Controls on
Reservoir Heterogeneity in
Deepwater Slope Reservoirs in the
Pennsylvanian Cisco Group,

Lake Trammel South Field, Nolan County, Texas

William A. Ambrose, Tucker F. Hentz, and David C. Smith

>, Bureau of Economic Geclogy
% BUREAU OF Scott W. Tinker, Director

; § Economic Jackson School of Geosciences
¥ GeoLocy The University of Texas at Austin

2022

Taylor Co.

Crystal Falls “Canyon” Sand

Isopach
1-40 ft.
40 - 60 ft.
60 - 140 ft.

] >140+.




1 E y 1
Southwest 252 trilea (4.0 kliometere) Northeast
Well 01 Weli 02 Well 03 Well 04
42-353-01404 42-353-01388 42.353-01389 42-353-01397
Sun No. 19B. K. Stone  Sun No. 2 B. K. Stone  Sun No. 3 B. K. Stone Sun No. 11 B. K. Stone
42441338530000 SP Res SP Res SP Res SP Res
GR SP ' Res Sandstone Unit  Composite Section g g é‘/_,j Top Saddle Creek
Age Formation Top (this study; Brown (Abilene Geological Limestone
(Ma) System Series Group ; (this study) and others, 1990)  Society, 1978) [
n ] Top SadL?ie C{eek ;’ Top Cock sandstone
%.5 g% | SO - Base Cook ________
—= = Coleman Junction Coleman Junction- Cook sandstone ; o sa.ndswne I
Top Cook sandstone Wﬁ""’ e CiisCO 13
L] Urinamadid Base Cook sandstone ~ U
) Cisco
] “Unnamed” Cisco 13 (— Cisco 12
§ —— Unnamed 2 ?
5 e Sedwick Sedwick  — Ciscot! _ vy
= E Cisco 12 ——————
© Unnamed 3 [ 2
290 £ s Dothan/ e ai—— pp——— ~— Cisco 10
= = L Dothan ~ — Cisco 11 g lp— Middle
CGL) g %‘ Colidbusk Moutray o Mo&rlay " B | | ? } Cisco 9 Cisco
S £ [ —= g Colorado (Noode Creek) | Cisco 10 —f=—" et
go r Stockwether/ e Fiye T Cisco 7
1l ¢ 3| [ .
= Lowe?%tggkvfemer Cisco 9 Cisco 6 -—];—
% Cisco Reservoirs Tannehill Tannehill Cisco 8 | Cisco 5
I i Lake Trammel South field - _C':lco 7‘t = e —— Cisco 4
/ Al isco depositional uni !
O e P P A Sai‘:::pifek Flippen/BIuff Crook | “pitt penc’ Cisco 6 Cheo 3
D Bl ok Fg%%in ] ¥ High-resistivity
o ; I_ 00 Cisco 5 _; Cisco carbonate | gwer
299 — - Crystal Falls Crystal Falls — Cisco 4 High-resistivity Cisco 2 Cisco
%_ Et Upper Hope Hope Top Canyon /] Cisco carbonate
< N Breckenridge Breckenridge — Group > g\ High-resistvity
r % Lower Hope ? g Cisco carbonate )
Blach Ranch Speck Mountain— % Cisco 1
? King ing L
= Ivan lInner Gunsiaht 7
"
Top Canyon ——
[ T Group
- 2
e Top Strawn
] 5 Group

Correlations: low-angle clinoform interpretation

(Ambrose et al., 2022)



3
Southweest

Tucker Drilling
No.2-E Hamis
42-353-32305

GR §P

Res

S

Maorthwest
Sun Oil

No. 23 Stone

42-353-10084

Res sP Res
= V|| o
Cisca &
JI i Distal

Channel J

DAEBATONA)

Tidally-influenced slope channel systems

- LSarchme

Wl 5ovmoe e muowsne
o Mutsione cass
= Shrved sppien
S Pgpe

G0 S

/7 Vot tnrg
=~ Ercworal sotace
e Comakne eTa

&> Omgane tagrers

N

5 -1
- Zie
Degpth i a § § : Sé Rock
%) Comments = - 1 0y
al> ’ E § & ;85 /pe

L 4 SunNo 17 Logged by Wilkam A Antrose

L ] 8K Stone Top 51700

5170

" ] iecharnet

E E ook Buse 5172A

in cm

Mud rip-up clasts

Cumulative oil (bbl)
e <10,000
@ 10,000-100,000
@ >100,000

Sun
N
1 mi
1 km
Cisco 8
Net sandstone (ft) e Well control
] =20 Appickingl
roximate
= 10-20 \\ toepof e
[ 1-10 \ Pposition
o

® Cored in this interval
(Ambrose et al., 2022)



=3

Vi

(Waite, 199%)

shelf margin\s.:-"

& Pew e “"l';_
Si=x 93
Parm et &t
Toeaea - -t
I -
% Y Com
et X
“.'&: fo ot
e -
oY U J /
5 -."-? £
W s o B 00:‘ ~‘-’:"
&

oA

shelf::i.ﬁargin
=

INDEX
- 5 Gisco (Lower Wolfcamp) Nolan Cou nty
Ls/Ss ® Odom Ls
oCanyonss @ CaddoLs Producing Trends
e ® Penn Reef @& Mississippian
@ U.Strawn Ls @& Ellenburger
@ Strawn Ss O Camb. Ss
NW Drowned SE
Drowned L. Canyon/U. Strawn
Middle Strawn Platform Platform
(w/ large isolated reef mounds)  (w/ small pinnacles)
\'g \'g
Midland ANSON
Basin BANK
¥ f

5 mias

Small pinnacle reefs on L. Canyon drowned
platform; large isolated reefs on L. Strawn drowned
platform (bank margins from Waite, 1991)



Pennsylvanian Reef Trend

Dickens king | (from Counselman, 1960) Claytonville Reef, Fisher County
Salt Boomerang
Creek
1 , Claremont West | . one mile R | East
)
Cogde” \ Kent Stonewall DOUbIe A Seety Ol Scout Energyblg:rn Scout Energy Mgmt. Scom;nergy}dgrm ScomEperg,').!gm Scout Energy Mamt Sam W Hogan QOhihausen it N A
°® Ocho Mtn. RL Ko #1 COLU #2093 oL #708 QoL 81 GOLU #43 GO #42 Lesper #1A Charles Brashear #1
2210130804 -'L!:LE:T'.".‘« L. I!‘L‘::L?E. L1100 .‘;4:‘.1.:. 1860 & ;\:.L,:v\;a, 2451.00e02 L2.451.0M873
Juan |s Round Top| . . . i
. @ 4m0- : -4700
4300 - - -4
Fisher - 4300 Perforated ! |
,g Claytonville | ey interval ;
‘ 5100~ y .
VY 5200~ ._ 1
. | e
5400~ e = -
IF_{Iowan & nolan] Esteban - lcif- T o
ope - 5800- i i Q
’ﬁ Nena Lucia mo- g . | &
5800 e P i (7,
Jameson%’ _ el | !
7= 1.AB. i . £
T . 5000~ 1 T . 'a
Millican [ Coke i . g Sl 2
Sterli . . Y o 2
terling o ngglns o c-mo- = Top Srawn Ls s
Ranch Ofl ™ TTIE= ] ,
LN 6400 | =
6500~ L;% ﬁafod(lmu 6500
6800 |- ° i i . 6800
i e reen i L"‘,- Massive carbonate buildups (algal reef complexes) { ;& =
rion
. * Some buildups terminate in Strawn; others, teaa— o
15 mi H.J ' - : L : w
. , J. 7000- like Claytonville, continue into Canyon - Cisco 7 7000

Schleiche

* Important conventional oil reservoirs Claytonville: ~ 67 MMBO
Kelly Snyder: 1300 MMBO



L. StraWn
(Odom)

shelf margin
(Waite, 199%)

© Gisea (Lower Wolcamp) Nolan County

® Odom Ls
oCanyonSs  ® CaddoLs Producing Trends
® Penn Reef ® Mississippian

@U.Strawn Ls @ Ellenburger
@ Strawn Ss O Camb. Ss

INDEX

®

Q @06 ® O

Ft. Chadbourne structural and combination
traps; multiple zones (Cambrian Ss, Elbg.,
Caddo Ls, Strawn Ss., U. Strawn Ls, Penn Reef.
Canyon Ss) (faults from Ewing, Tectonic Map of TX)

Odom low-relief, mid-shelf carbonate buildups,
inboard of shelf margin; also, Caddo grainstones

Ellenburger trend (karsted cave systems?); also,
large Cisco (Cook) Ss delta system inboard of
Saddle Creek shelf margin

Canyon Ss (L. Wolfcamp) channel, delta, and
proximal slope systems (Crystal Falls shelf margin)

Canyon Ss (L. Wolfcamp) distal slope system

Small pinnacle reefs on L. Canyon drowned
platform; large isolated reefs on L. Strawn drowned
platform (bank margins from Waite, 1991)

Recent horizontal wells along far eastern edge of
starved Midland Basin (main target = Strawn Ss)



Saddle Cre

shelf margi
(Heintz et al., 2

- »
15

f
g L=
-

1114
55 R

P
=
- ™ 3 &
g e
‘%'. DO famin! é*
3 JeyY ‘-g"x,...
Y Corpw o -
\‘ - 4
ax
-

®

% .
&'z L Canyon =

shelf margin
el

of
rystal Falls®.a-
shelf margin —»
(Heintz. etal, 2017')‘
- ‘.J" ;'"‘T' - —

,” }51

.t‘ .

U strawn —»

—
»

]

INDEX
Giscn (Lower Wolcamp) Nolan County
Ls/3Ss ® Odom Ls
oCanyonSs  ® CaddolLs Producing Trends
® Penn Reef @& Mississippian
@ U Strawn Ls @ Ellenburger
@ Strawn Ss O Camb. Ss

L |

......

°

®

Q @0 6B © @

Ft. Chadbourne structural and combination
traps; multiple zones (Cambrian Ss, Elbg.,
Caddo Ls, Strawn Ss., U. Strawn Ls, Penn Reef.
Canyon Ss) (faults from Ewing, Tectonic Map of TX)

Odom low-relief, mid-shelf carbonate buildups,
inboard of shelf margin; also, Caddo grainstones

Ellenburger trend (karsted cave systems?); also,
large Cisco (Cook) Ss delta system inboard of
Saddle Creek shelf margin

Canyon Ss (L. Wolfcamp) channel, delta, and
proximal slope systems (Crystal Falls shelf margin)

Canyon Ss (L. Wolfcamp) distal slope system

Small pinnacle reefs on L. Canyon drowned
platform; large isolated reefs on L. Strawn drowned
platform (bank margins from Waite, 1991)

Recent horizontal wells along far eastern edge of
starved Midland Basin (main target = Strawn Ss)



-

burger)

* Goal of study: better understanding of producing trends
along western margin of Eastern Shelf (Nolan County)

=
‘|

i)

INDEX
Cisco (Lower Woalfcamp)
Ls/Ss e Odom Ls
© Canyon Ss ® Caddo Ls
® Penp Reef ® Mississippian
e U Strawn Ls e Ellenburger
® Strawn Ss © Camb. Ss

2R peee et

30 miles (Midland Map Co.)




Kent Co. (eastern half)
Scurry Co. (eastern half)
Mitchell Co. (eastern half)

Fisher Co.
Stonewall Co.
Coke Co.

Producing zone identification for:

Current work

0. &

)
= |
<<
-
@)
P

s -. -‘ i AR a
Sager LT
o URED




Fisher Co.
production

INDEX

© Cisco (Lower Wolfcamp)
Ls/Ss ® Odom Ls
© Canyon Ss @ Caddo Ls
® Penn Reef
@ U.Strawn Ls

@ Strawn Ss

@ Mississippian
@& Ellenburger
O Camb. Ss

L Ly | recntTm
Jostriok | ConnsE umar
N TS (T CR (N CAY s
A’ \ Y
(o \ Pann Reet
Clugtornie NV = «s (Straan)
Cisoo (Swastia) Ss \\% A »@/!bﬁ:tuuw

Choy
Woll

204

D

camp
o)

Ciseq (ko Creoh) Ls

Hackberry Fisld =
Edenburgar

P Penn (canwn) Reet

t’z

Heoathar Fiald

" Numaro Dos Field @

Canym-&s %
Jake Fioki .

2 Posrol: |

Ciscn INood\e Qik) Ll

Ny
@,
Rough Oranw Fieid 3
Cisca (N, Crk ) L
\

\

T P

Woers Flokd
Cisco (Noodle Crk) Ls.

o iu

\ . Hargrove Fi Cisco
4 Cisco [Noodle Crk) Ls ~—— J Cm:nm:mh cn(yu

. Canyonss

Flotas Faed o
+ - Cigyoe S
e

)%
-

Canyon S&

.| o
k /@ @ \gm\ (w’{'on) Roof
. o .
ot (@ aaylon i ={2
® Canyon 85 !
EY " N Contow Fiid
‘ Pron Reef
M Reel — o "
’ ° (Strzan)
° Cmu ‘m p
Edenburger F'zm Rt oanyo» sa
Barmechar Fut Clapiete HW Ao m
Caddo, Miss
. h-v-lxb- L
Elecburger
py—

/ Fough Dvam Fie
i) N, Cisco tHopel Ls
Rotan Fiskd *

= Tery Feig
Rtkoton Fiuks é
e ‘ peard

Kmlv Flek

Larg M, Groee P
S in P R
Sty @ .

Poen Aoat,

: @ o

" Hanaoar Faet
Savwan Sn

o ‘®\l¢mn v

Gz (N Gri L

(Hopey L5 |

» /UM Fidd

4‘m|m«mu .

“omar Fieid” Raken F i
Cono (Phegen L

Asson FL a
O iPagdni s §
Jinking iuu- - B
; 2 ®ii * nasicind
| . Cacoifiapenity

Myfvm
o G g 14|
C\:uwrrm <\
'+ ComPrpails \

vt
@

Ay s P

Couce (Bwottan) ®'e

Sl DS

qg vt \D oA
Caso Figom| Le -\

— ©NR

Losgaorm, W <
s <wmgm‘::,

£l 2 Gt @ ( # @t &
. @ HRE Frs S el ey ot
P LU Camerete (mtin)
" : A
3 vy Pl r\.u:Q.l -
.| CaccEwpeeite ) £ |Brawmy
| ey
Ysrnts e
- hamd Wttume 3 O]

i ) ph e
- P o) =l

G

G ek e

Exotarl
S,

:v--ubmavm.fw é

\ Penn reef ¢
’ Ebsburgar
Toomtup Fie

First impressions:

* Fewer producing wells
compared to Nolan Co.

Loss of Ft. Chadbourne fault trend

Fewer Penn reefs (but larger
complexes)

Fewer Ellenburger fields

Large Canyon Ss fields; more
Strawn sandstone production

Areally-large Cisco Group
Ss & Ls fields

* More dry holes between
existing fields; less deep well
control

* Recent horizontal drilling
targeting Strawn Ss



Operators: Moriah Energy Investments (Midland)
King Operating Corp. (Dallas)
Verado Energy (Allen)
Carr Resources (Tyler)
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Re-exploring the Eastern Shelf of the Midland Basin

Summary

* The Eastern Shelf is a complex geologic region with multiple producing horizons

» Stratigraphic complexity, coupled with poorly-constrained data reporting, provide opportunity for
further exploration

» Vertical infill drilling of existing conventional zones

* Application of horizontal drilling & completion technologies to tight sands and limestones

* Relatively low cost of drilling and completing should continue to provide favorable economics for
smaller independents

Future work

* “Next-level” analysis of producing fields and trends (e.g., recent BEG report)
* Application of data mining and machine learning to production analysis

» Stretch goal: documentation of source rocks and migration pathways

website (Permian Basin Research Lab) -- https://labs.utdallas.edu/permianbasinresearch/
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