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EXPLORATION

Identifying and Evaluating
Unconventional/Conventional Hybrid
Basinal Sand/Detritus Benches to Extend
Commercial Resource Plays Beyond the
Mature Basin: A Case Study - Southern
Dawson County.



Acknowledgements

1. Augustin Land Partners

2. Stevens & Tull
3. Pinon Resources
4. Reliance Energy Inc.
5. Lee Sanders
6. Dan Jarvie
7. Mark Sonnenfeld et al
8. Jim Webb
9. Bruce Wilbanks
10. Dr. Harold Beaver
11. George Mitchell/Dan Steward



e, L = wav Y. Wl Y Al
. B o “1 > - +_+_. : + b - /
= - A& 2
‘.':t.'w:_ e ‘\q.} .< ) - s o 4 4+ 4 ]
PRt 4 e g PR 4T A oa]lw' 0 2 A O eS
; e P L = SRS - ik .
e 4 * e ) it i A v L » "3’. e ot ¢
SN R et -\ b (Middl
: 7 rr [ A 4 L | e
LONEO) sk + e : %’ Y eedbirie” g
Onecr el £y - o * s + 4 |3
Middle Spraberry Shale Test JfE-laeea . & 8 AN N L <) TRl - CRAA S S p b y
(currently Drilling) <+l == + . = & * ra e r r
1 o) . Pt :
- ' s Sand/Shal
d g EOG/(CGS) Santorini # 1H A el e LS an ale
J Cleo Thompson 4+ Produdng (strong flare) & S
Bmmtl 5 #n_1 5"'11 Bﬁmﬁlts #; 1 . 1 & o\|Middle Spraberry Shale/Sand Test . 44" = ol e
recent vertical plughbac! asts . -
Middle Spraberry Shale ° C'mllwpl‘ot‘li] (é%o dﬂys;-séﬁ;%;%m A i or et :f‘"'
TPP: 58 ROPD & 38 BOPD respectively on ave: 3 sho . & b2 Lite i) D - d
t 907 MCFGD [ 1o o Pt epOSIte ona
. E3 Y \4» i < okt ; M 2 2 e
. 3 5 Bale -
PALYS .4 i & -
b al = Basinal pre
& = W e . - s i
) y | L% - * ..
- & Burleson Petroleum Bernice 84 # 1 ._,/ . R o h ) (3] deposltlonal
: i t vertical plughack test . i = )
Diomondhaxls (429 0] oo e pnpance - BB , g,
Rlineyagd ghgliease A 4o | IPP: 128 BOFD (flowed up backside) t £ ST “l 2
= T;;msgsggk) E = Currently ave. 20 BOPD N5 AL o .\t 1 0 W
’799,3791MCF(; 5 . g R c . oy T e, | [
(WFMPA/L Spraberry Shale/ E a1l . o . 4 le Sl . o i) ;
Middle Spraberry Shale A =z 3 S Py P LA d it B o
D 7S Tl e e .t
j A TINE S et i A Surrounded by
0 A L
. . d 25 AR . A 7
Diamondback +! 3 L Bl * o - o= % * P - -
: 3 4 : A TR R e h I
Middle Spraberry Shale 9 BIIREER = i i Ny e e T IStO rica
& month cum: >155,000 BO e o R ok g e A - K '.:7&. T 3 A T
month § ave. =750 BOPD e W 4 O RS & . - I
T Rl BT e X SEIRS RS G s RNy conventiona
<+ ?4}-#- * +o bt .‘9;‘ Cai P ‘_'tn P L & A
] 4 for . g © st LR e -
Diamondb ack/(Ajax) o ﬁ?v ek cap Tk TR e O R A S o,
Vineyard “0” Lease &t e o L% T v SN e e L. S LN o
31 months/(3welk) L R O . 4 LR P R ML 2 b Y & 2 B ok
Diamondh ack/(Ajax) 962,940 BO % To ol dtt i*ﬁ; i AR R s gl u i A
Pt £23302 M CFG &) *
an'fffﬁw{skﬁf WEBP AL Sy raberry Shak - 4% A4 JELRR SR EA LYY =
505422 BO Midd le Spraberry Shale 4ty e RAVES LY St 1) . ) b & 5
408,825 MCFG * - 4 5 4 S h %b 2 = A N
MFM&%%%E::; ﬁi’ ¢+ :’41. o " ) EOR N o e . u', = A .r; .'. .f ew
B + A .*g . 5 L3 4 -
" . o e % - . " 5 I
A AR I RR WS Y [ ¢ Commercia
* +* »
e b A . B 't il Energen Adams # 601H -
s e ) Bl Ve AP &7 A e i new Middle Spraberry Test H orizo nta
LI e A s kL EUR > 1300MBOE
# a5 72% oil >4 .
e 87 S e Middle
L i [ S L S N e o oA )
.t ke 4+ A - + > a i i - 2 ohee pu =
3 L PR il G Spraberr
Energen Tiger Lease o . e o i s opre h p y
3 new Middle Spraberry Tests A §. v 5 Z »x 3
Energen Jones Holton % 601H Ave EUR/ 1300MBO E/well N P A 9 Lo S h al e
Middle Spraberry Shale Horizontal (72% oil) E s ¥ ,b. A = '0_" ' a8 S
7,068' lateral length s e 0 P + . ! H
T e o . Y .4 Lo P d
Comp. 7/28/2013 w0 b et o 4 o 2 + F
Sﬂdayll’;ggBOEP/]) (3 stream) ¢ o 4 ,'+ Jn.of’%_. gy ;w' 23 &2 ° kg ! ro UCtIOﬂ on
. o v L 4 3
(Newerwells with Vintage 3 fracs ave. J 2 w4 3’_'_; 4 4’,‘#6% Sl ‘j‘o ot L . e v A the N O rth
1.3 MMBOE/EURAwelly | ot t e + e e, 4 e o . y
- 3 .‘ *! *|

49

.ty .

e e

==t \West, South,

MR b
Structure Map - Base Middle Spraberry Shale  and southeast.
(Top Lower Spraberry)

Historical Middle Spraberry Shale/Sand vertical producer
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North Midland Basin Middle Spraberry Shale/Sand — “Midland Basin Bakken”

(Hydrocarbon Saturated Basinal Clastics bounded by high Ohm Organic Rich Shales)
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South to North Stratigraphic Cross-Section
Middle Spraberry Shale

(Midland Basin “Bakken” Target)
Martin/Dawson Co., TX




Midland Basin Resource
Development Status —
November 2016

The Commercial Boundaries for
multiple Shale Benches continue
to be tested and successfully
expanded

, Mldland Basm - ‘Wolfberry’Play

m 1‘ wwan ’/“"ilﬁﬂ_;
JofgEailed’

Longer laterals (2+ miles) and
Vintage 3-4 frac Designs continue
to significantly Expand the
Commercial Boundaries for
multiple Horizontal Benches

Basinal Sands were the first
Driver of the Delaware Basin
Resource Development and the
last Frontier of the Midland
Basin Resource Development

The Benches that contain
interbedded “Conventional

Reservoir/Delivery Systems” to 6‘ AUGUSTIN
engage/produce the “WOLFBERRY" PLAY
unconventional reservoir {
(Conventional/Unconventional B
Hybrid Systems) are the most PR AT

prolific resource in the basin




Industry’s Response?

Entire region of north Midland Basin quickly
transitions from “Low Maturity” to
“Immature” as per the “whole rock TMax”
therefore it iIs NOT a “resource play”.

My Response: “Oh #$*&”

This simple “Look-a-Like”
Prospect Suddenly became a
full blown “Sclience” project



YOU KEEP USING
THAT WORD

da

h
. ‘ -
\a{‘

1D NOT THINK IT
MEANS WHAT YOU THINK IT MEANS




Science (from the Latin word
scientia, meaning "knowledge")

:the intellectual and practical activity encompassing
the systematic study of the structure and behavour
of the physical and natural world through
observation and experiment

:systematic knowledge of the physical or
material world gained through
observation and experimentation.

“In Science, Question EVERYTHING!!'!” _pan Jarvie
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Observations:

* The basinal late Pennsylvanian through Permian
Leonardian shales have to generate not only present
day recoverable reserves in the unconventional and
Interbedded basinal conventional benches, but also
supply through migration all surrounding shelf
reservoirs with OOIP and ROZ. (beginning 2019:

33 BBO and 118 TCFG produced in the Permian Basin)

“Low Maturity” and “Immature” Tmax
unconventional reservoirs should produce low gravity
crudes. The uneconomic unconventional shale benches
tested in southern Dawson County still produced 37-
39° gravity crudes.

11
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Q. But what
about carbonate
“In-situ”
nydrocarbon
generation???



We have known for a long time and the past 24 years of commercial unconventional

production supports that the vast majority (>99%) of hydrocarbon generation occurs

below the “Anoxic Basinal Organic Preservation Depth”. Exceptions would be rare
catastrophic transgressive burial and subsidence of carbonate shelf muds.

Shelf Margin Bioherm/
Reef Facies

Backreef Debris and
Shelf Carbonate Muds

Detritus Reservoirs i.e. -
Submarine Fluvial Channels,
Alluvium Fan, Forereef Talus

(Anoxic Basinal Organic Preservation Depth)
-«—— (Regressive Sequenced
Di ic Porosity Depth Limit f . .
= (_ licgglf_;ﬁi‘:_g}i;%“i%ef_"@éi i <——  Prograding Clinoform)
-

Interbedded Tight thin Detritus Limes
with High Silica Organic Rich Beds

High Organic Silica Rich Beds - *(The Target Facies)

“Oversimplified” Wolfcamp Strat Model
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== —— ——— | Figure 38. Comparison of dis.
I

| crete and Friedman kinetic
s Discrete Kinetics | parameters used to predict the

—Friedman Kinetics | temperature of conversion of
Bakken Shale using an arbi-
trary and constant heahing rate
af 0.75°CMa. Discrete kinetic
models use a single Arthenus
factor iprobability facton with
a distribution of activation
energies, whereas the Fried.
man model utilizes a different
Arrhenius factar for all actwva.
tion energies over cach 109% of
conversion from 0 50 100%..
This afiects bath the ecarliest
and latest computed genera.
tion temperatures and suggess
carlier generation for the
Bakken shale compared 1o the
oo | discrete model. Both mathe-

matical models agree on peak
0 30 100 150 400 50 ar near 50% transformation

mm"q ratia

'Hydrocarbon
Generationearlierzand
in;greateravolumesjthan
traditionally,assumed

'Kinetic;models

$ 3 3388885

3

Friedman Kinetic model used in Bakken Shale Study supports earlier hydrocarbon generation in diagenesis

Note: Friedman Kinetics fits best with modern diagenetic models explaining production factors in
unconventional source rock reservoirs — i.e. unconventional source rock reservoirs produce by hydrocarboqb_
expulsion across the microfracture face in response to a AP.
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Observations:
» 433 TMax is classified as “low maturity” yet produced oil of 38.8° api gravity. Q. How???

» RSP Permian landed properly and used a standard unconventional slick water frac which should

not have had frac growth out of zone resulting in no contact with conventional sands.

» 120,000+ BO in 6 years is non-commercial. Commonly, commercial lower Spraberry Shale wells

show ave. of 100+ ohms vs this well ave. of 30 ohms. Significant? L7
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Q. Are these high gravity crudes
produced from low TMax whole rock
unconventional reservoirs in-situ?

Answer: No, Migration occurs within the
source rock/unconventional reservoir. (See
URTeC # 2461914 - Migration Happens:
Geochemical Evidence for Movement of
Hydrocarbons in Unconventional Petroleum
Systems (Sonnenfeld et al))



Q. Iflow TMax doesn’t
explain the non-commercial
performance of the early
Dawson County unconventional
horizontal benches as per oll
gravity, What Does???

A. The Rock Facles — depositional
geomorphology - i.e. “old fashioned

geology”
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EXPLORATI ON

NORTH MIDLAND BASIN, WEST TEXAS

Note: modern day NE to SW detritus entrant across lows of the Wolfcampian/Pennsylvanian high stand Horseshoe Atoll.

Note: The Basinal Position of this region giving Radiolarins (- dominant plankton of Permian age organics) access to shelf
nutrients across lows in the high stand Atoll explains why this northern region is one of the most “Organic Rich” parts of the
Midland Basin

Note: Recent Wolfcamp “A” and Middle Spraberry Shale horizontal tests across the northern Midland Basin (i.e. the two
benches composed of interbedded conventional/unconventional “hybrid” systems)
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Note: Western basinal tilt/subsidence occurred during Wolfcampian/Leonardian time.

Note: Early light end hydrocarbon migration travels along brittle basinal micro-fracture

network and interbedded conventional pathways from basinal temp gradient max (S/SW) to

the NE trapped against heavy clay barriers and/or impermeable shelf facies in both the
22

WFMP A and Middle Spraberry Shale.




Regional Geomorphology
North Central Midland Basin

Two Geomorphologic features dominate this Region: 1. Deposition
and 2. early Light End Hydrocarbon Migration.

1. (Deposition) - Regional Geology comprised of basinal facies dominated by clastics
from the modern day western entrant point across lows of the high stand
Pennsylvanian/Wolfcampian Horseshoe Atoll. Modern day clastic source for the
Midland Basin was North East (NE) to South West (SW) into the Basin — see Figure on
Page 21.

2. (early light end Hydrocarbon Migration) - Early Permian Wolfcampian/Leonardian
western basinal tilt exaggerated depositional structure allowed early light end
hydrocarbon migration travels along brittle basinal micro-fracture network and
interbedded conventional pathways from basinal temp gradient max (S/SW) to the NE
trapped against heavy clay barriers and/or impermeable shelf facies in both the WFMP A
and Middle Spraberry Shale — See Figure on Page 22.



Area Core Observations

» Dominated by low Tmax pyrolysis trending lower SW to N-NE

» XRD minerology shows heavy clay % increasing on trend SW to N-NE

» High volumes of un-generated S2 as reflected in HI (Hydrocarbon Index) trend higher
SW to N-NE in all Wolfcampian/Leonardian intervals

Geologic Observations:

>

>

All conventional and unconventional production produces high gravity Crude generally
39°+api gravity crude - Migrated oil in both unconventional and conventional reservoirs???
Pyrite % is equivalent to NW Howard throughout Wolfcampian/Leonardian formations in
this area (measured by XRD minerology). Basinal Sulfide In-Situ Precipitation (Pyrite
generation) occurs under identical anoxic heat/temp/pressure conditions as hydrocarbon

hydrocarbon generation)

Petrophysics, mud log gas and sample shows, suggest good “live 0il” in our targeted zones.
Solving for Archie, we find that the non-commercial unconventional zones (WFMP “B”,
lower Spraberry Shale) have a high calculated Sw as compared to our targeted intervals????
Area operators have observed a slight but noticeable over-pressure to the WFMP A detritus
target. How would this occur in a low hydrocarbon generation environment????

24



S Central Dawson vs NW Howard
Core Mineralogy (XRD)

Core Sample CLAYS TOTALS Core Sample CLAYS TOTALS
Location Formation Depth (ft) | Chlorite II Smectite " llite/Mica " Mx US* Clays Il Carb. "Sllicatesletc, Location Formation Depth (ft) | Chiorite " Smectite " llite/Mica " Mx US* Clays H Carb. "Slllcates/eto
SW Dawson M Spra Shale @ 8656 13 5 18 43 39 NW Howard L SpraShale @ 7642 5 30 5 40 6 54
SW Dawson M Spra Shale - 8707 25 10 35 20 45 NW Howard L Spra Shale 7767 4 28 36 7 57

S Central Dawson | M Spra Shale - 8114 1 17 9 27 70 NW Howard
S Central Dawson | M Spra Shale - 8216 2 28 8 38 il 61 NW Howard
S Central Dawson | M SpraShale - 8236 1 33 9 43 ik 56 NW Howard
S Central Dawson | M SpraShale - 8260 2 27 7 36 63 NW Howard
S Central Dawson | M Spra Shale - 8270 1 24 6 31 10 59 NW Howard
S Central Dawson | M Spra Shale - 8296 1 <) 4 14 26 60 NW Howard
S Central Dawson NW Howard
S Central Dawson
S S Central Dawson Middle Spra. Clays = 22% ave.
S Central Dawson
NW Howard lower Spraberry Clays = 38 % ave.
S Central Dawson
S Central Dawson
5 Central Dawson S Central Dawson WFMP “A” Clays = 40 % ave.
Sl NW Howard WFMP “A” Clays = 26% ave.
S Central Dawson
Conclusions: the Middle Spraberry Shale in Southern Dawson County is on the top end of

“brittle” shales for commercial unconventional benches in the Midland Basin

The WFMP “A” is ‘brittle” and will benefit significantly from 3" generation frac designs.
Focusing your landing target on the bottom 100°+ conventional/unconventional Shale/Detritus

Hybrid will engage your best rock properties



S Dawson vs NW Howard Core TOC

Note: all samples are “Whole Rock Tmax pyrolysis on sidewall cores

*lost S1 (volatile hydrocarbons/gas and free oil) median > 35% (Jarvie) pending field handling
conditions, rock brittleness, max AP exposure time, etc.

Core location Dt O Formation Core location DeplE Formation
Top Top
SW Dawson 8656 M Spra Shale 264 186 16.65 0.08 : 434 NW Howard 7642 L Spra Shale 224 173 : 750 @ 0.62 : 441
SW Dawson 8707 M Spra Shale 417 3.14 2593 0.89 : 434 NW Howard pra 268 194 : 598 0.63 @ 448
S Central Dawson : 8114 M Spra Shale 539 - 212 :3246: 0.53 - 428 NW Howard ‘
S Central Dawson | 8216 M Spra Shale 495 152 30.80: 0.51 : 429 NW Howard
S Central Dawson . 8236 M Spra Shale 224 093 11.56: 043 @ 431 NW Howard
S Central Dawson | 8260 M Spra Shale 535 244 13228 059 428 NW Howard
S Central Dawson = 8270 M Spra Shale 484 208 2927 038 : 430 NW Howard
S Central Dawson NW Howard
S Central Dawson NW Howard

S Central Dawson

S Central Dawson

NW HoWard:'l Y2 mile I»aterals/vintage 1 fracs
Lower Spraberry Shale: 742 MBOE/EUR
WFMP “A”. 853 MBOE/EUR

S Central Dawson JEESESEEE N —

S Central Dawson JEESESES

S Central Dawson JESSESE

S Central Dawson JSEES

S Central Dawson JSSESGH

S Central Dawson SRS
SW Dawson
SW Dawson
SW Dawson

Southern Dawson M Spraberry ave S1 * : 1.9 mg HC/g rock  NW Howard L Spraberry ave S1 * : 1.83 mg HC/g Rock

Southern Dawson WCMP “A” ave S1 * : 2.68 mg HC/g rock NW Howard WCMP “A” ave S1 * : 2.05 mg HC/g Rock

Notes: S1 = volatile hydrocarbon content (i.e. free oil & gas) S2 =remaining hydrocarbon generating potential — hydrocarbons still in kerogen phase
Tmax — maximum temp which hydrocarbon generation occurs in S2 during pyrolysis — measured in C*



Weatherford TOTAL ORGANIC CARBON, PROGRAMMED PYROLYSIS DATA

SCAL INC.
Well Name : McCarty 23 No.2 Operator : SDX Resources, Inc. State : Texas Project No. :
API#: CDII]lt_Y : Daws=on BH-66154 / BH-66154
' ha > 0 q n oy [ 0 ot
ent 1T pth O ormation 1F ap : : R0.%0 [] 0 : . = [D
W e [ en . O ' ' 1 ECh 0gl 11
7 2249 Crushed Material.  NOPR 887 424) 6768 0 135 F 425 763 1 15 ¢ 501 48 0.06 | TOC RE i nilte2sh | 3403108338
8 8281 Crushed Material:  NOPR 471 234013763 ¢ 070 | 428 799 15 | 538 30 006 TOC n 3403108340
0 8295 Crushed Material:  NOPR 8.34 4.42) 0 6511 0.71 425 780: 9 91.7 53 0.06 : TOC n 3403108342

| TABLE 1. Semi-guantitative X-ray Diffraction Analysis

Ed.ﬂ;pany: SDX Resources, Inc. Pay Page: 11
Yell Name: McCany 23 #2 weight 3= TI2512013
Job ¥ 131363
Qlieldsp. | carbenates EXAF TRErats
@ | o 2 o
AR HEAHHHHHB A AR E
g : HE IR B EE EH HHHEHE
E g“aiéﬂsgﬂﬁwgff“?*g 2lEE|
h(YIKES!!!!)
T | #3328 | 40 | 15 3|2 20 5§[ 10 100
G | #384E| 40 [ 15 52 3 20 5 Y10 100
9 | ssse2| 20|10 3|2 ‘&5/ 200 7 N 100
DeRoen Mississipian Field — east Central Dawson Co.

WFEMP <A’ sidewall cores

Observations:  » Very low TMax but normal S1(free oil) in Pyrolysis

» Very high heavy clay content (smectite) due to differential sorting
dropping heavy clays nearer to source — poor unconventional frac
candidate. Y



SW Dawson 5 miles north of

Martin/Dawson Co. line

nt I b . -+ = ; I O : Aol
D[ pe EP [] - 00 E

30 9763 Powder Rock NOPR 271 330 12144 094 438 072 :791 : 35 : 228 122 1013 nlssh 3402913568
37 9800.4 PowderRock | NOPR 3.72 448 $2823: 119 437 : 4071 759 : 32 : 239 120 :0.14 alts2sh | 3402013571
39 9810.8 | WFMP A detritus target! Powder Rock NOPR 342 519 ' 17.85: 0.84 | 444/Y| 083 1 522 25 © 213 152 023 niltsdsh | 3402013573
o 98157 | WFMP A detritus target: Powder Rock NOPR 444 596 :2447: 09 443\ ) 081 :551: 21 : 258 134 :020: TOC | nlesdeh i 3402013575
46 9843 PowderRock | NOPR 3.07 399 1852 119 436 4069 604 39 | 156 130 ©0.18: RE © alsdsh | 3402013577
47 9847 8 Powder Rock NOPR 157 313 11251 104 434 065 {487 @ 40 i 120 122 1020 nlis2sh | 3402913579
48 9853 Powder Rock NOPR 521 657 3190 117\ 437 071 :612 22 : 273 126 0.17: TOC : niltedsh @ 3402013581
50 9863.5 PowderRock | NOPR 3.08 392 1975 107\ 434 ' )i 065 642 35 | 185 127 017 alssh | 3402013583
51 9869 2 PowderRock | NOPR 3.00 426 (1828 134 \437 / 1 071 :610; 45 | 136 142 (019! RE ! nis2sh | 3402913385

Observations:

Hypothesis:

generated S1 hydrocarbons (interbedded thin fractured detritus

> WFMP ‘A’

detritus target thins to only 60’

‘A’ detritus target surrounded above and

below by low maturity WEMP ‘A’ and

WFEFMP ‘B’ samples

Perhaps having readily accessible pathways to migration for

» Mature oil window TMax pyrolysis in WFMP

limes) allows the traditional maturity process to continue as tzr;e
organics never hit sorb saturation????



SCAL, Inc.
SPECIAL CORE ANALYSIS LABORATORIES

Drilled Sidewall Core Analysis Report

Company: Field: Spraberry (Trend Area)
File No.: Formation:
well : County: Dawson County, Texas
Location:
Sample | Depth Air Klinkenberg | Porosity | Grain Sw V/\S.‘o\ Gas |Fluorescence Sample Description
Number Permeability | Permeability Density Units
ft mD mD % g/cc % % | % | Description
Confining Pressure 2,825psi
1 8,064.0 6.44 5.88 15.09 270 294 19.2 487 100  YIGm Ss:tn vig Wi srt rnd
2 8,070.0 0.5441 0.4456 14.01 2,66 26.3 194 454 100 YIGm Ss:tn vig wi srt rnd

— :

S— .(\\-’mnflﬁdwz'lr(‘liﬂg# 1Y) _5. = 3

» Consistent Saturations throughout upper and
lower Jo-Mill Sands

» Interbedded organic shales for competent
landing targets

» Note: Higher porosities (closer to depositional
source) in Northern Midland Basin

29




Pyrolysis Examples of effects on TMax of abundant S1 (free Oil) in “Whole Rock”
vs “Extracted Rock” Samples - (free oil removed)

Whole rock sample Whole rock sample Whole rock sample
52

1

e

f ¥

| i |
| Extracted ! i

rock Fr WIF‘

sample '\. 3 \

(note shift . i .
WR WR  nTmax) | |}
7 | S i
i

i o é; Ff ol i

| it Pl i

1 ; 5

.'"._ i
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In the hydrocarbon generation process, the large molecule high polarity and low viscosity “bitumen” component — basically resins and asphaltenes — sorb hydrocarbons such

as the early migrated light end oils until pressure saturates the sorbtive capacity. When this occurs, light ends and hydrocarbon gases are released much more readily

resulting in fractionation of the black oil. This is actually positive as it cleans up the migrated oils. These adsorbed migrated oils bonded early in diagenesis in%ﬁg S2
scew Whole Rock Tmax pyrolysis almost always to the negative also resulting in high HI (Hydrocarbon Index) readings - Jarvie.



Q. So what accounts for the low TMax found
throughout this area trending towards the modern
day NE source points for the basin?

Hypothesis: In the hydrocarbon generation process, the large
molecule high polarity and low viscosity “bitumen” component —
basically resins and asphaltenes — sorb hydrocarbons such as the early
migrated light end oils until pressure saturates the sorbtive capacity.
When this occurs, light ends and hydrocarbon gases are released
much more readily resulting in fractionation of the black ol (i.e.
high gravity api crudes). This is actually positive as it cleans up the
migrated oils. These adsorbed migrated oils bonded early in diagenesis
In the S2 scew Whole Rock Tmax pyrolysis almost always to the
negative also resulting in high HI (Hydrocarbon Index) readings -
Jarvie.

Comments: “that fits what we are seeing”

31
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Increase of 6° C (Jarvie Bakken Study) 2




* Examples of horizontal partings connected by discontinuous vertical fractures to form a
reticulate network emphasized during drying of slab after initial spraying with water

* These partings may or may not be open in subsurface (more likely in overpressured
settings—no longer the case for Howard County, but perhaps the case at onset of
generation), but certainly demonstrate planes of weakness for hydraulic stimulation to take
advantage of with appropriate proppant program and with inhibition of proppant embedment

Cobra/(Manhattan) Guitar 1 # 3h - Cline Pay slabbed core photo

(Illustration of the “micro-fracture network present in
brittle hydrocarbon saturated WFMP “D”/Cline pay even
where no vertical and minimal horizontal fractures exist.) .,



Sample Depth 9049.5" 40X

Vertically-linked horizontal natural microfractures in an organic-rich shale.
Ptygmatic folding of the fractures indicates that fracturing occurred early in the
burial history, prior to significant compaction—similar features observed in
Bakken Shales (Sonnenfeld/Cantor). Rare microporosity is present within the
microfracture network (arrow). Note rare open vugs and/or molds in the matrix.

Cobra/(Manhattan) Guitar 1 # 3h - Cline Pay thin section

(Thin Section revealing a more detailed look at the “micro-fracture network”
present in brittle hydrocarbon saturated shales which provides pathways for
unconventional fracs to engage the reservoir. Notable Quote: “ptygmatic folding of
the fractures indicates that fracturing occurred early in the burial history....”)

Q. Why did fracturing occur early post deposition? A. Hydrocarbon generation occurs early (Friedman Kinetics).



« Multiple partings shown

Gutar13 9088.9' 40X
Cobra/(Manhattan) Guitar 1 # 3h - Cline Pay thin section

(Thin Section illustrating partings present along weak bedding planes in a
hydrocarbon saturated shale reservoir in the WFMP “D”/Cline)
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“Geo-Chem Conclusions”

Note: Not only captured S1 (volatile hydrocarbons/free oil)
but also lost S1 during core acquisition due to evaporation of volitiles.
S1 lost is 35% for 1 hr exposure of 38 gravity oil at 100° F - i.e. Trip out time for sidewall
cores. Lost S1 can range from 10% to over 200%. Obviously, the more brittle the
source rock the higher the S1-lost - Jarvie

The first or very early light end migrated oils can be
adsorbed with in-Situ S2 kerogens until saturation. These ' Su mma ry
early ‘adsorbed’ migrated oils may be more readily
produced when exposed to expulsion from maximum
Delta Pressure when the exposure to the movement of the
long chain hydrocarbon S1 overcomes the adsorptive bond
on the S2 kerogens.

The primary organic content of the deep water facies for
Permian Wolfcampian/Leonardian is siliceous shelled
Radiolarins (- i.e. plankton). The WFMP B and lower

Spraberry Shale facies is dominated by silicates and organic
silicates. While most of the poor “commerciality” of the

WFMP B and lower Spraberry Shale can be explained by

the high heavy clay content found in the illite/smectite %
of these formations, the adsorptive bond of the heavy

silicate organics may also play a significant roll particularly
in the long term production curve.

z Dan larvie, Worldwide Geochamistry AAPG ICE Calgary 14 September2010 37

Conclusions from: “Unconventional Oil Petroleum Systems:
/ Shales and Shale Hybrids” - Dan Jarvie - 2011
Note: The dominate facies of both the WFMP A and the
Middle Spraberry Shale is carbonate heavy brittle shales
interbedded with thin detritus micritic limes and basinal
hydrocarbon saturated turbiditic sands -
(i.e. conventional/unconventional “hybrid” systems).
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Observation and
Notes:

1. The Middle Spraberry Shale
shows limited growth in the Shales as
expected that the “micro-fracture
network” in the brittle hydrocarbon
saturated shales would be the
preferential frac path for an
unconventional frac or hybrid frac
(i.e. slick water tailed in with linear
gel pad????).

2. The Middle Spraberry Sand shows
limited growth most likely finding
the basinal turbiditic sand reservoir
paths.

3. The upper Middle Spraberry
Shale growth is limited and looks
limited on it’s contribution.

4. The Energen landing target 40’ to
60’ below the base of the Middle
Spraberry Sand is probably a good
target for an effective frac in the
lower Middle Spraberry Shale and

Middle Spraberry Sand. 37



SW Dawson “Type Log”

» The Middle Spraberry package is still
the obvious primary target due to the
consistent sand thickness interbedded in
the thickest brittle organic shale package

» Multiple “Bakken” targets emerge
noting the glacioeustatic seas of the
Permian Leonardian Spraberry
deposition of multiple basinal sands

( an mngargct)

2 #0 B0

uppenNiddlelSpraberryishale interbedded with brittle organic shale
i h‘;;"‘:{:—’ \hddl( Spl |hu.llv S uﬁls “ ‘;.5“35 “ E paCkageS' Most of these sands have
= j(candinggTiareeyy associated regional historical production.

» While the Middle Spraberry shale has
been cored extensively, few cores exist for
the thinner Spraberry shale members.

BEEAZ- SRR Eip TR L _
feeen il HETOSToTg U Knowing that the same source and

50XVl [Shale clinoform cycles should result in similar

, R L facies confidence is high that additional
il benches will achieve similar results
i » These targets are a perfect setup for
o Lok multiple “wine rack” spacing and zipper
b fracs. 38
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Six Targeted Benches

> upper Spraberry Shale/Sand (in) “
>Middle Spraberry Shale/Sand .2~
» upper Jo-Mill Sands (iower spraverry) "
» lower Jo-Mill Sands (wower spraberry)
»Dean Sands

»Wolfcamp “A” Shale/Detritus

Secondary Target
»\Wolfcamp “D”/Cline
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Q. So How is the “Midland
Bakken” Project in Southern

Dawson Co. going?

Great!!! Everyone is sleeping well.

Reliance/Pinon/(Midland Mafia): 2 years 7 horizontal wells (1%
commercial horizontals in Dawson County) currently drilling well 8.
One vertical Middle Spraberry Plugback test (very successful). 7 to

8 more horizontal wells planned for 2021 (various benches)

EOG/(CGS): drilled the Santorini # 1H Middle Spraberry
horizontal 6 miles north of the Martin/Dawson County line. Appears
to have a great confirmation well put on line in March. Currently

drilling (full time rig??) with 9 permits filed. s
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Diamondback/(Ajax)

EXL Crockett # 1H

very high water volumes/low oil volumes
(high landing target putting 3/4+ of well outside target)

(WFMP A Test) >

Vineyard “F” Lease
18 months/(3 wells)
\ 580,791 BO

o

393,084 MCFG
(WFMP A/LSpraberry Shale/
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Reliance Trigger # 1H "
(2 mile Middle Spraberry Test)f
(early oil/strong pressures)

\/

Reliance Cochise 27-. 34
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Early Strong Producer |

Reliance Caballo Azul
(2 mile Dean Test)
Producing - good oil
Strong pressures

Diamondback/(Ajax)
Vineyard “O” Lease
25 months/3 wells)
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Pinon English Pointer

(Dean Test)
oil on flowback

\u

Pmun Chocnlate Lab
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Activity plat map
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Midland Basin "Wolfberry' Play
Wsn:588950 WELL: 42-115-33810-0100 (42115338100100) [DEV]
1H
42-115-33810 EOG/(CGS) Santorini # 1H Middle Spraberry Test

5 OIL(BBL) _ .GAS(MCF) __ .
10 10

4 4
10 10

EOG/(CGS) Santorini # 1H Middle Spraberry Test
Cum: 226,533 BO - 10 Months

3 3
10 10

2 2
10 10
20 21 22
CUM OIL 226.533 (MBBL) CUM GAS 203.175 (MMCF)



Summary

Keep pursuing the
“Science” until your
nhypothesis answers
all observations



