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ABSTRACT

The Black Warrior basim northwestern Alabamachievednaximum burial,
maturation, and subsequent cessation of hydrocarbon generation during Late Permietmetime.
Chattanoogand Floyd/Neal Shales are viable potential source rackbe Carboniferous
sandstone reservoirs in the Black Warrior baBmdetermine which source rock produced the
crude oil in theCarboniferousagedNorth Blowhorn Creek and Chicken Swamp Branch O
Fields, this study uses Roé&lval Pyrolysis antiiomarkeranalysesThis study establishdetal
organic contentTOC) values ranging from 2.92 to 6.25% (4.29% average) iiCtiatanooga
Shale, and.62 to 3.16% (1.86% average) in fRleyd/NealShale.These values, in tandem with
RockEval Pyrolysis datadisplay previougxpulsionand potential future expulsion of
hydrocarbons fom both potential source rocky showing established maturation levels based
on Thaxvalues and ample amounts of organics necessary to expel hydrocarbons

Gas Chromatographylass Spectrometmesultsshowthat the Gr.,9 Sterandevelsand
pristane/phytane ratiage similarin the Cartesandstonerude oils, thdPottsvilleA sandcrude
oils and the-loyd/NealShale sampledo discernible similarities or patterbstween the crude
oils and shale samplesuld be identified from the biomarker resuitish the exceptin of the
sterane angristane/pytane resultsThe Floyd/Neal Shale sampleavea pristane/fhytane
averageof 1.23, while the Chattanoo@halesampls havean average of 0.34. The Carter

sandstone and Pottsville sand crude oils have averages of 1.46 and 1.53, respectively. A



positive correlatiorwas noted betweehickness and %TOC levels tife Floyd/Neal
Shale.Theevidencesuggestthe Floyd/NealShale as the likely source rock of the crods in
the North Blowhorn Creek and Chicken Swamp Branch oilfields in the Black Warrior basin of

western Alabama.



DEDICATION

To mybeautifulwife Amanda, thank you falwayspushing me tde the best | can be. |
could nothave done this without your persistent encouragement and patience.
To my family and friends, thank you for the nexegrding support. Without it, this would

not have been aatved.



LIST OF ABBREVIATIONS AND SYMBOLS

AL  Alabama

BWB  Black Warrior basin

°C Degrees Celsius

GSA Geological Survey of Alabama
HI Hydrogen Index

IDW Inverse Distance Weighting
Ol Oxygen Index

Pl Production Index

Ro Vitrinite Reflectance

TOC Total Organic Content



ACKNOWLEDGMENTS

| would like to thank The University of Alabama Department of Geological Sciences,
The University of Alabama Graduate Schdagological Sciences Advisory Boa@ulf Coast
Association of Geological SocietieAlabama Geological Society, Johnson Travel Fund, Hooks
Fund, andAmerican Association of Petroleum Geologi&isntsin-Aid for their financial
support. | would also like to thank GeoMark for analyzing the sanipidhis project, as well as
Land and Natural Resource Development, amdHughes Eastern Corporatifor donating
crude oil samples. | would also like to extend my gratitude to SynTerra for their understanding
during this project.

| would also like tahank my advisor, Dr. Delores Robinson, for her support, guidance,
and understanding throughout graduate sci\dgldeep appreciation goesnoy committee
members, Dr. Ibrahinemen, Dr. Ernest Mancini, Denise Hills, and Chris HoMa&ny thanks
also goeso Marcella McintyreRedderand Camilla Musgrove of the Geological Survey of
Alabamaand State Oil and Gas Board of Alabamespectivelyfor their assistance in obtaining
samples.

Finally, 1 would like to thank my family and friends for theelentless support and care
throughout time in graduate school. Of course, | would like to end by thanking Caleb Essex and
Lexie Taggart for their support, guidance, and friendship during graduate school. You two kept

me sane throughoutlaf our strugyles and triumphs.

Vi



CONTENTS

LY S I8 o PRSPPI i
DEDICATION L.ttt eee e e e e e e e e e e e s emmes s e e e e e e nnn e e e e eennnnnns IV
LIST OF ABBREVIATIONS AND SYMBOLS........oii ittt vemme e \Y,
ACKNOWLEDGMENTS. .. .eiiiiiiiiieeeeeeeeeeeeeieees e e e e e e e e e eeeeeeeeeessssimnnseseeeeeeesssssssssnnnnnsmmsesssssss VI
LIST OF TABLES ... e ettt e e e e et rb e e e e e e aaa e Xi
LIST OF FIGURES. ...t ee e m et e et e e ame e e e e e nen e Xii
1.0 INTRODUCGTION ...ttt e e mm o e e e e e e e et e e e e e emaneeeennnn e e e e 1
1.1 Tectonic History of the Black Warrior basin..................oovvveeiiiiiiecece e 4
1.2 Geochemical History of the Potential Source ROCKS.............cceevviiieeeiiiiiiiiiiiiieeee, 10
2.0 METHODS ...t ee e e et e e e et e e e eneee e e e e e eaa e e e e eeneaans 12
2.1 SAMIPIING. .ttt 12
2.2 LECO TOC Analysis and Rodkval PYrolySiS.......cccooeeeeeeeiiiiiiiiieeee e 17
2.3 BIOMAIKEIS ...ttt ettt e ettt e e e ettt e s e e e e e e 18
B0 RESU LT S ettt e e et ettt e e e e et et b e et e e e e e eeaa e e aaeee 19
3L DALASELS. ...ttt 19

vii



R I R R Y AN B F 1 = 1<) £ TR 19

3.1.1.1 GSA CIICUIAN 18T 19

3. L. L 2 RP S E A e e eees 20
3.1.2 USGS DALASEL.......ccevviiiiiiiiiiiii i 22
3. 1.3 NEW DALAL......ccoiiiiiiiiiiiiiiiimmr e e 23
3.2 SNAIE RESUILS. .. ...ttt e e e e e e e e e e e e e e s rmmme e e e e e e e e e e 26
3.2.1 Chattan0o0oga Shale...........oooiieee e 26
3.21.1 RockEval Pyrolysis and LECO TOC........couiiiiiiiiiiiiiiiieeeeeeeeee e 26
B.2.1.2 GOMS ..o 34
3.2.2 FIoyd/Neal Shale..........oooviiiiiiiiiee e e e e e e e e e aeeer s 38
3.2.2.1 RockEval Pyrolysis and LECO TOC........ooiiiiiiiiiiieeii i 38
B.2.2.2 GOMS .. et e eaas 43

3.3 Crude Oll RESUIS....cuiiiiiiiiiiie e e 44
3.3.1 Carter SANASIONE Qll.......cooiiiiiiiiie e 44
3.3.1.1 BUIK PrOPEIIES. .....coeeeeeieeieii e e e e e e e e e e e e e e aeee s 44
3.3.1.2 BIOMAIKEIS. ...ttt ettt m e e e e et e e e e e s ammne e 44
3.3.2 PotVille A SANA Ol....eeeeiiiiiiiiiiiieee s 45
3.3.2.1 BUIK PAr@mMetersS.......ccoiiiiiieiiiieie it 45

viii



3.3.2. 2 BIiOMAIKEIS. e ettt and 45

4.0 INTERPRETATION....ccutii it eeeme et eemene e et eeeennn e e amenneeeeenenn T
4.1 Source ROCK POENTIAL...........uviiiiiiiieee e 47
4.1.1 Chattan00ga Shale..........ccoiiiiiiie e eeee e 47
I 1t R I L PSRRI PSRPY 47
4.1.1.2 Kerogen TYpPe and MaAUNILY...........uuueeriiiiiiiieeeiiieeeeee et e e e e e e e e e e s e e e e 48

4.1.2 Floyd/Neal Shale........coooiiiiiiiee e 53
A.1.20 TOQC .t er e e ettt e e aenne e e e e e e 53
4.1.2.2 Kerogen Type and MatUNLy...........coovvviiiiiiiimmmree e emrnnnnn s 54

4.2 Oil to Oil and Oil to Source Correlation.............couuuiiriieeeiee e 57
5.0 DISCUSSION....eee ettt e et emme ettt e e e e e eetaa e e e e e annneaeeessan e eaeeennes 62
5.1 SoUrce RACPOENTIAL. ......ceiiiiiiiiiiiee e e 62

S 00 01 A 1 PP 62
5.1.2 Kerogen Type and MatUrity........ccccoeeeeeiiiiiiieeeiie e eeeeeetmeme e 62

5.2 QOil to Oil and Oil to Source COrTelation..............occuviiiiieenee e 65
6.0 CONCLUSIONS . ...t eree e e e et e e e e e e et emee e e e e e nernnn s 67
REFERENGCES.... .ottt e e e e et et st e e e e e eata e e e aeeee 69
APPENDICES . ...t e e ettt e e e e e e eet s ar e e e e e e tbn e e e eeaaes 74



Appendix AT GEOMARK ANALYTICAL METHODS..........coooiiiiiiiiieeee e d D

Appendix Bi DATA TABLES ...ttt 80
Appendix Ci MATURATION FIGURES.........cooiiiiiiiiieeeeemiee e rmmee e 99
Appendix DI BIOMARKER/GCMS RESULTS........ooiiiiiiiieee i 103
AppendixET GCMS GRAPHS AND GEOCHEMICAL SUMMARY SHEETS............ 124



LIST OF TABLES

Table 1.Samples collected for this study and analyses conducted in this.study.............. 16
Table 2.Summary table of average values from Carroll et al. (1995)...........cccovvvrvieeernnn. 20
Table 3.Summary table of average values from Pashin et al. (2011)............cccccvvvimemnnnnnne 21
Table 4.Summary table of average values from Hatch and Pawlewicz (2007)................ 23
Table 5.Summary table of average uak from this Study............ccccooiiiiiiiiccc e 25

Table 6.Summary table of calculated vitrinite reflectance values for Chattanooga Shale samples
LLC0 LT N L=V B - | = S 34

Table 7.Summary table of calculated vitrinite reflectance values for Floyd/Neal Shale samples
LLC0 LT N LoV B - | = 43

Table 8.Summary of bulk parameters of crude oil samples from this study..................... 44

Table 9.Summary table of measured and calculated vitrinite reflectance values for Black
Warrior basin samples from Carroll et al. (1995)............uuiiiiiiiiieeececee e eeeeeen 65

Table B1.Carroll et al. (1995) samples (Bulkeachemical parameters of the samples analyzed in
101 ESRS] (0T 1Y) T PSP 81

Table B2.Pashin et al. (2011) samples (Bulk geochemical parameters of the samples analyzed in
101 ESRS] (0T 1Y) T PSP 94

Table B3.Hatch and Pawlewicz (2007) samples (Bulk geochemical parameters afrthkes
analyzed iN thiS STUAY).......uuii e ere e e e e e e ernnr e e e e e eaeaans 95

Table B4.New Data samples (Bulk geochemical parameters of the samples analyzed in
L1 ESTEST 11 [0 1Y TR PSPPI 96

Table B5.Lu (2015) Chattanooga Shale outcrop samples (only TOC values used from
L1 ESTEST 11 [0 1Y TR PSPPI 98

Xi



LIST OF FIGURES

Figure 1.Geographical map of hydrabon producing areas in Alabama............................ 2
Figure 2.Area of interest denoted in Figure 1 with a red DOX............ooooiiiiiiiccc 4.
Figure 3.Structural map of Black Warrior basin..........cccccoeeeeeiiiieeeiiii e 5
Figure 4.Generalized stratigraphic column of the Blaiglarrior basin..............ccooooiiiiiieee. 6
Figure 5.Isopach map of Chattanooga Shale in the Black Warrior basin..........................7

Figure 6.The shoulder effect of the S2 peak is circled on the pyrogram

OF LWD-2128 001 ... i iiiiiiiie e e e et ieeetie e e e e e e sttt et e e e e e maes e e e e e e e assteeeeeessmmne e s ennsnneeeeeaanns 24
Figure 7The prominent S2 peak is ded on the pyrogram of LWR2191002...................... 25
Figure 8.IDW map of % TOC values for the Chattanooga Shale................ccccovcceevvvvrrnnnns 27

Figures 9a and 9bi Pseudo van Krevelen diagrams for the Chattanooga Shajtesaoh the
entire dataset a.nd..t.hi.s..s.t.udyd.s..s.amp.l.e.g9

Figure 10Kerogen qality plot for the Chattanooga Shale samples from each dataset....30
Figurell Organic facies histogram detailing the classification of each shale sample....31
Figure 12 Kerogen Conversion and Maturity plot for Chattanooga Shale samples......... 32
Figure 13.Cross plo of ThaxVvs. Depth for the Chatt@oga Shalend Floyd/Neal Shale....... 33
Figure 14 C,5+ composition of New Data samples submitted for GGCahalysis.................. 35

Figurel5. A ternary diagram of New Data samples submitted for GCMS analysis.......... 35

Xii



Figure 16 Histogram of New Data sgrtes submitted for GCMS analysisplaying percentages
Of Co7-Cog Steranes With €rTOr DALS.......cociiiiiii e eeeee e e e e e 36

Figure 17 Histogram of New Data sartgs submitted for GCMS analysissplaying pristane vs
phytane results With €rror DarS...........oooo oo eemees 37

Figure 18A hi st ogram of Okey ratiosd identified by
submitted for GCMS @NAIYSIS..........ceuviiiiiiiii i eerrn e e e e e e e e e e e e e e eeaeenne s 38

Figure 191DW map of %TOC values for the Floyd/Neal Shale..............cccccoiiiiie. 39

Figures 20a and 20bPseudo van Krevelen diagrams for the Floyd/Neal Shalelsarofihe
entire dataset aun.d..t.hi.s..s.t.udy.ds..s.amp.l.e.d40

Figure 21 Kerogen quality plot for the Floyd/Neal Shale samples from each dataset.....41
Figure 22 Kerogen Conversion and Maturity plot for Floyd/Neal Shale samples............. 42
Figure 23.Cross plot of S1 values 98TOC ValUues.............covvviviiiiiimeeeeeeeee e 49
Figure 241DW map of HI values for the Chattanooga Shale................ooooiccee s S0
Figure 25lsopach map of Chattanooga Shale in the Black Warrior basin...................... 54
Figure 261DW map of HI values for the Floyd/Neal Shale................cccvvieeeiiiiiiiiiiiene. 56
FigureAl. GeoMark RockEval Pyrolysis Methods...............uvviiiiiiiicceeeeicee e 76
FigureA2. Geomark GCMS Methods..........cccuuiiiiiiiiiieceiiiiiiiiieeeeeee e D
FigureCL. Carroll et al. (1995) Burial HiStory 2191............ovvviiiiiiiiieeeieiiieeee e 100
FigureC2. Carroll et al. (1995) Burial HiStory 178Q............cuuuuriiiiiiieeeiiiiiiiieieieceeee e eeae 100
FigureC3. Legg (2014) Burial HiStory 2191..........oiiiiiiiiieeeeceeeecieeee e eeeeeeeeeeeeee e 101
FigureC4. Legg (2014) Burial HISTOrL780........uuuuuiiiiiiiiiiiiiieeeiieieeeeeee e 101
FigureC5. Legg (2014) Burial HisStory 15668................ccovvviiiimmmeeeeeieeeeieiiiee e smmmeennnnens 102
FigureD1. Biomarker Quantitation Report NBCU BA#3..........cooviiririieiiiiiceemneeee e 104
FigureD2. Biomarker Quantitation Report NBCU B L.........ccooeeeiiiiiiiiiiiceeee e, 106
FigureD3. Biomarker Quantitation Report Hickman-35 #1............cccccceviiiiiiimeniiieneeeens 108
FigureD4. Biomarker Quantitation Report Weyerhauser@8L..............cccocevvvivviiecciieeeennn, 110
FigureD5. Biomarker Quantitation Report LWBlartselle001...............ccovvveeeiiiicemninnnnenn. 112

Xiii



FigureD6. Biomarker Quantitation Report LWB35002...........cuuuuueiiiiiniee i 114

FigureD7. Biomarker Quantitation Report LWR128002..........ccceeeiiiiieeeeiiiiieeeiice e 116
FigureD8. Biomarker Quatitation Report LWD15668004..............coovvvivivivmiineeeeeeennenns 118
FigureD9. Biomarker Quantitation Report LWD5668002...............coevvvvvvvvviimmmeeeeeeeennnnnns 120
FigureD10. Biomarker Quantitation Report LWHR337-002...........ccovvvevvivivireimmmeeeeeeeeeieees 122
FigureEL Raw GCMS Graph NBCU 3B #3........uciiiiiiiie e eeeeeeeeeiiie et nene e 125
FigureE2. Raw GCMS Graph NBCU B #L.........uuuiiiiiiiiiiiiiiiieeeiieeeeeeeeee e 125
FigureE3. Raw GQVIS Graph Hickman 385 #1..........ccooiiiiiiiiiiieeee e e 126
FigureE4. Raw GCMS Graph Weyerhauser-88#L..............viiiiiiiieeeiiiiiieeeeeeeee e 126
FigureE5. Raw GCMS Graph LWEHartselle00L...........ccoeeiieeieeeiiiiieeeiece e 127
FigureE6. Raw GCMS Graph LWEB35-002.........cuuuiiiiiiiiiiiiiiiieemieeeeeeeeee e 127
FigureE7. Raw GCMS Graph LWERL128002...........coovieiiieeiiiiiimmmeeeeeeeeeesiennnnss s e s emrnnnes 128
FigureE8. Raw GCMS Graph RepotlWD-15668004..........ccovviiiiiiiiiiiiiiieeeeeeeeeeeees 128
FigureE9. Raw GCMS Graph LWELS668002............uceiiiiiiieeeeecceeiiiiiieeee e e eeeeeeeens 129
FigureE10 Raw GCMS Graph LWER337-002.......cccouiiiieiiiiiiiiiiiicme e 129
FigureE11l Geochemical Summary Sheet NBCUBHL...........cccoeveeviiiiiiiiicceicieeee e 130
FigureE12 Geochemical Summary Sheet NBCUG@L............oovviiiiiiiiiiiicemiiiiiiiieeeeeeen 132
FigureE13 Geochemical Summary Sheettkinan 3515 #1..............ccoovvviiiiiiiimee e, 134
FigureE14 Geochemical Summary Sheet WeyerhauseB 28..............ccccceeviiiiiiiccnnnn. 136
FigureE15 Geochemical Summary Sheet L\AHArtselleO01.............vvvieeeiieeeieceeenn, 138
FigureE16 Geochemical Summary Sheet LME35-002...........c.ccovveiiiiiiiiiiieeeeece e 140
FigureE17. Geochemical Summary Sheet L\AAL28002...........ccoieeiiiiiiiiiiiceeer e 142
FigureE18 Geochemical Summary Sheet LMIB668004............ccoeeeeiiiiiiiiiicceeeeeeeeeeee 144
Figure E19Geochemical Summary Sheet L\AAIBE68002............ccevvviiieiiiiiiimmeiiiieeeeeeens 146
Figure E20Geochemical Summary Sheet LMAA337-002...........ccccovvvvvviiieiieeeiiiiivnieeeeee 148

Xiv



1.0 INTRODUCTION
Hydrocarbon exploration in Alabama has been active for over 100 years with the
di scovery of natural gas occur rTheawgomajor t he
geographical regions for hydrocarbon exploratoethe Black Warrior basi(BWB) in
northwest Alabamandthe southwest Alabameegion The Black Warrior basin (Fige 1)
contains conventional oil and gas fields as well as coalbed methane fields. Oil production is
dominated by tw fields, the North Blowhorn Creek Oil Field and the Chicl8vamp Branch

Oil Field (Figurel).
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Figure 1i Geographical map of hydrocarbon producing areas in Alabama. The northern red star
is the North Blowhorn Creek Oil Field, and the southern red star is the Chicken Swamp Branch
Oil Field (Modified from Pashin, 2008).
North Blowhorn Creek Oil Field wadiscovered in 1978 Lamar County, AL AL Oil

and Gas Board (OGB) Permit N&751) andhas produced over 6.6 million barrels of oil and
over3.1 million cubic feet of gasut of he Cartersandstone
(http://www.ogb.state.al.us/ogb/fields/details/fieldprod/250/80/17899/North%20Blowhorn%20C
reek%200i). Southof Lamar Countythe Chicken Swamp Branch Oil Figklin Pickens
County The Chicken Swamp Branch Oil FieMhs originally discoveredi1l989 however,
because dthelow volume of oil being produced from the Lewis Sandst@neductiorwas

halted in 2006. In 2011, oil production commenced when a new discoveryAvgllGB Permit

No. 16269) targeted the Pottsvillesand Since 2011, théeld has produced ov&million
2



barrels of oiland 1.3 million cubic feet of gas.
(http://www.ogb.state.al.us/ogb/fields/details/fieldprod/75/253/3039/Chicken%20Swamp%20Bra
nch%200i).

As of 2016, there are 147 active oil wells in the Black Warrior bestording to the
State Oil and Gas Boadtf Alabama(https://www.gsa.state.al.us/ogb/well8jthough the
source rocks are presumed to be widespreadt of thel47oil wells arelocdized inLamar,
Fayette, and Picker@@ounties(Figure 2. This study focuses on this highly productive region.
While geochemical data such as Rdtkal Pyrolysis and vitrinite reflectance analyses are
available from the potential source rocks, crude oilsfidorth Blowhorn Creek and Chicken
Swamp Branch have yet to be analyzed for geochemical properties. To determine which source
rock produced the crude oil in the North Blowhorn Creek and Chicken Swamp Branch Oil

Fields, this study uses Roé&lval Pyrolysisand Biomarker analysis.
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Figure 2i Area of interest denoted in Figure 1 with a red box. The orange box in this
delineates the North Blowhorn Creek Oil Field and the green box delineates the Chicken Swamp
Branch QOil Field. Shown on the map are the padag oil wells as of 2016.

1.1 Tectonic History of the Black Warrior basin

The Black Warrior basin of Alabama and Mississippi is a hydrocalpeaning foreland
basin that is 190 miles by 220 miles in size or 3500imsurface are@Hatch andPawlewicz,
2007) and dips 2° to the southwest away from the Nashville dome (Thomas, TB88)asin is
located betweethe Ouachita and Appalachian orogeraed the Nashville Dom@ashin et al.,

2011)(Figure 3.
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Figure 3i Structural map of BlackVarrior basin (Modified from Hatch and Pawlewicz, 2007).

The Black Warrior basin contaisgdimentaryocks from Precambrian to Pennsylvanian
in ageon top of Precambrian basement r@€lgure 4) During Late Precambriao tEarly
Cambrian timemixed siliciclastic sedimeatweredepositediue to the rifting of the lapetus
Oceanto form the Rome Formatio(Thomas et al., 2004Middle Cambrian through Early
Mississippian timavasdominated by carbonatkepositionand various shale layers depodite
ashallowmarinepassive margienvironmen{Thomas, 1988 The Conasauga Formatitn
comprised of shale, limestone, and dolostone deposited on a carbonate ramgt{A5t2000;
Thomaset al, 2000) Stratigraphically, the Conasauga Formatioarbes the Rome Formation
and isbelow the Ketona Dolomitd.he Ketona Dolomite, Knox Group, afdones River Group

span from Middle Cambrian to Midd@rdoviciantime andcontaindolomite, dolomitic

Black Warrior
Basin Province

Thrust fault, teeth in
upper plate

Alabama

limestone, and limestor{élatch and Pawlewicz, 207



ocY| HC
ERA|SYSTEM SERIES | GEOLOGIC UNIT | (ohO% | o e
“Coal zones ol
§ §
y{ “Nason' sandstone z 2‘5;‘| Lo}
S | middie g E—
z | and SEN_ Fayeoe sincsions B ©
E Lower | =
& £ | Berton sancutone | = ©°
- g “Robinson” sandstone [& P e}
P PSP “Chandier” sandstone ot TR o
g S | "Cous' sancstone = = ©
2 E Gimer sandstone = ©
:‘g E Cooper” sandstone
_E Q| “Miereta” imestone
3 8 2 | “Muereta" sandstone SR e
a E [ Coner sncione. gl o
% Upper a Sancers” sandsione - __..gq,g [
©
a Bangor Limestone I
s Hartselle Sandstone | & % o}
L § Tows" imesions | o
8 b :,jl “Lewis’ sandstone o)
8 Tuscumbia Limestone
© Lower Fort Payne Chert
a Mg & 3
e =
S unnamed N AT A
? cherty imestone |0 o
o 1',.5,.._::‘_
g .
. undifferentiated
5 Tocks P
7} -
c Upper & undifferentiated
a Middle rocks
o k2?2
> Stones River
8 Middle Group — °
o Lower ek o
& Upper SRy LI
5 Middle Ketona Dolomite  EEsiets
g Conasauga Formation
O Lower Rome Formation PSS
Precaibrian basement complex l

Explanation

]
g

Bl & N

[

B

- - B

|- 2

Shale or claystone
Siltstone

Shaly sandstone
Sandstone
%smsmm
Limestone

Oolitic limestone

Cherty limestone
Argillaceous limestone
Dolomitic limestone

Dolomite

Undifferentiated
igneous rocks

Gas
Oil and gas

Rock Samples

Crude Oil Samples

Figure 4i Generalized stratigraphic column of the Black Warrior basin (Modified from Hatch

and Pawlewicz, 2007).

The Stones River Group @verlainby undifferentiated roclof Late Ordovicianand

Silurianage An unnamed cherty limestone uoitcupies Early to Middle Devonian tighich

is overlain by theChattanoog&hale, also sometimes referred to as Devonian undifferentiated.

The Chattanoog&hale is an organic richlack shale deposited in either a shallow

marine/marine shelf environmefConant and Swanson, 1961; Pashin et al., 2011) or a deep



marine environment (Ettensohn, 1985; Ettensohn et al., 1988; Pashin et al., 2011).
Stratigraphically, th€hattanooga/DevonigBhale is dime equivalent of many other
hydrocarborbearing Devoniablack shale units located in d¢eal and eastern United States
such as the Ohio Shale, Marcellus ShafelSkaneateles Shafe.g.,Roen, 1984de Witt et al.,

1993;Boswell, 1996; Schieber and Lazar, 2004; Over, 2007).

EXPLANATION

[ ]1-25h _
Contour interval = 5 ft
:] 26-50ft + Well control
~*] 51-75ft 455 ft Gross thickness of
[ ]76-100ft radioactive shale
> 350 ft "
: ) ) 9 2 ?‘:‘m

Figure 5i Isopach map o€hattanooga Shain the Black Warrior basin.g@nple locations are
denoted by red stars (modified from Pashin et al., 2011).



TheChattanoog&hale has a high total organ&rbonpercentag€TOC), a measure of
the carbon present in a roakkerogen anditumen @Allen and Allen, 2013)The%TOC of the
Chattanoog&hale is as high as 18% in Limestone County, AL (Rheams and Neathery, 1988).
The%TOC levelsin the study aresange from 0.27 to 12.68%arroll et al., 1995Hatch and
Pawlewicz, 2007; Pashin ak, 2011) TheChattanoog&hale thins ta10 feet thick in most of
the Black Warrior basin, compared to thicknesses260 feet in southern and easterih A
(Figure 5. The Chattanoog&hale is overlain by the Fort Payne Chert, a Lower Mississippian
unit dominated by thin beds of chert and siliceous limestone (Thdi@g).

Duringthe Ouachita orogeny Mississippian timethe deposition of both carbonate and
siliciclastic sedimenteccurredn successioim the basiHatch and Pawlewicz, 20p{Figure
4). TheTuscumbia Limestonevhich sits stratigraphically above the Fort Payne Clrettunder
the Floyd Shalgis a thickbedded limestone dfate Mississippian ageThe Neal Shale is an
organicrich black shale intervatithin the Floyd Shale (Pashetal., 2011; Legg, 2014). The
Neal Shale was deposited in slope and bsor environments invhat is nowthe southwestern
portion ofthe Black Warrior basi{Cleaves and Broussard, 1980; Pashin, 19934;1®&shin et
al, 2011).Locally, the Neal Shalenges from 70 to 320 feet thi@Rarroll et al., 1995; Pashin et
al., 2011) and is a likely source roakith %TOC valuesthatrange fron0.827 4.25% (Pashin et
al., 2011). Provehydrocarborbearing stratigraphic equivalents of the Neal Shale inclugle th
BarnettShale in the Fort Worth basin and the Fayetteville Shale in the Arkoma basin (Pashin et
al, 2011). Alternatively, the Floyd Shale is dominated by gray shale and limestone, and displays
little organic content (Pashin et al, 201TheFloyd Shales interpreted adeposited on the
ramp transitiorcausing fewer organiasithin the rock(Cleaves, 1983; Pashin, 1998or this

study, the Floyd Shale and Neal Shalegrouped together and called the Fldyeal Shale



becausé¢here is a lack of consattuse of theseparateermsin the literatureand core
description

The Floyd/Neal Shalenteffingers with the Lewis Sandstone in the southwest and the
Evans Sandstone in the northe&sith sandstone units are deltaic deposits and are overlain by
the Hatselle SandstongCleaves and Broussard, 1980he Hartselle Sandstone is a fine
grained quartarenite interpreted as a barrisland and shelbar system (Thomas and Mack,
1982). The Hartselle Sandstone crops out in northwestern Alabamachradasterized by
bitumen deposits from central Morgan County to central Colbert and Franklin Counties
however, the distribution of bitumes not predictabl¢Wilson, 1987). Because tlihattamoga
Shale thickens northwasghile the Floyd/NealShale thinsiorthward, Carroll et a(1995 state
that theChattanoog&hale is the likely source for the Hartselle oil sands.

Stratigraphically above the Hartselle SandstonefFdogh/NealShale is the Bangor
Limestone Figure 4. Due to the rapid increase of watlapth inMississippiartime, the Bangor
Limestone was deposited as a carbonate ramp (Kidd, ZD@8Parkwood Formation, a group
of mixed siliciclastic units, was deposited above the Bangor LimeéGareoll et al., 1995).
Among thehydrocarborbearingstrata(SandersandstoneCartersandstongMillerella
limestoneandsandstoneCoopersandstoneGilmersandstoneand Coatsandstongof the
Parkwood Formation, the Carsaindstonés the most productive, with over 85% of the total oil
produced from the Black Warrior basin being extracted from it as of 1996 (Pashin and Kugler,
1996). The Mississippian Carteandstonés a deltaic sandstone with a sediment source from the
north or nothwest (Cleaves and Broussard, 1980).

Deposition of coabearing siliciclastic successions derived fribra Appalachian

orogenyoccurred durind?ennsylvaniatime (Pashin, 1994 The youngestunit deposited in the



Black Warrior basin is the Pennsylvaniattsville Formation, which is a mixesiliciclastic unit
spanningrom Early to Middle Pennsylvanian time. Generally recognized for its abundance of
coal and related coalbed methane, the Pottsville Formation is a producer of crude oil since 2011.
An informal unit namedhePottsville Asandis the target of oil exploration in Chicken Swamp
Branch QOil Field, Pickens County, AL.

Extensive eosion occurred during Late Pennsylvanian to Early Mesozoic time due to the
uplift associated witthe Appalachian Orogeg (Montgomery, 1986; Telle et al., 1987). Rifting
which formed the present day Atlantic Ocean, occurred during Mesozoic time causing the basin
to dip 2° to the southwest, and led to the depositidghelflesozoic transgressive marine

sediments of th#lississippi embayment (Mancini et al., 1983)

1.2 Geochemical History of the Potential Source Rocks

Despite the differences TOC levels both theChattanoog&hale 0.277 12.68%)and
Floyd/NealShale 0.821 4.25%) are potential soura®cksin the Back Warrior basir{Hatch
and Pawlewicz, 2007; Pashin et al., 20C3rroll et al (2005)and Legg2014)modeled the
burial history ofthe Black Warrior basiby studying logged wells and calculating deposition
rates.Carroll et al (1995)and Legg2014)found thatthe ChattanoogandFloyd/NealShalesn
central Lamar Countseached a maximum depth-6f.0,000 feetn Late Permian timewhile
bothsource rocks in northeastern Greene Coudighed a maximum depth-61.5,000 feet.

Both theChattamogaandFloyd/NealShales containtype Il keroges, which aremainly
reworked remains of plankton formed in reducing environm@sasroll et al., 1995McCarthy
et al., 2011Pashin et al., 2011; Legg, 201Pawlewiczand Hatch(2007)statethat

characerizing the potential source rocks as type Il kerogeiso broadf acategory Their
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study utilizes the Jones (1987) method of classifying the source rocks based on the organic facies
displayed, which is determined by the hydrogen index (HI). JAr$8¥) labésevendifferent
organic faciesvith faciesA or AB source rockéikely oil producersMo st of t he wor | d¢
produced fromdcies B source rock&acies BC has the capability to produce oil and gas, while
facies C is generally condensatelaas. Organic facies CD commonly produces dry gas, while
facies D is considered nagenerative (Jones, 1987awlewiczand Hatch, 2007)he
Chattanoog&halesource rocks BC or C faies, while thé=loyd/NealShale iBC, C, CD, or D
facies(Pawlewiczand Hatch2007). These findings suggest that while@mattanoogand
Floyd/NealShales are classified as type Il kerogenRlogd/NealShale spans from oil and gas
prone to norgenerative while th€hattanoog&hale is capable of producing oil, gaslan
condensate.

In addition to conducting burial history analyses, Carroll 1895 studiedthe oils
produced from th€arter, Lewis, Millerella, Gilmer, Chandler and Sandensdstone<Carroll
et al.(1995 conclude that the oils found in Mississippian reservoirgrara a similarsourceby
comparing the kerogen types, Reekal pyrolysis data, gross chemical compositions, and
maturities of the sampled rocks and ollke discovery of the Pennsylvanian Buiite A
reservoir occurred aft€arroll et al. (1995)therefore, the oil from the Pottsville A was not

analyzed.
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2.0METHODS

2.1Sampling

To study theextent of genetic similarities between potential source rocks and crude oils
samples were chosdrased on the location of active oil welldl of the samplesvereobtained
from wells within thecentralBlack Warrior basirwhere there is a concentration of oil
production.Rock and crude oilanples were obtained frosix counties-- Lawrence Lamar,
Fayette, Rkens, Tuscaloosa, and Grediable 1) Because the Hartsella®&dtone is not
typically coredin the central part of the basin, this stuched a outcropsample from_awrence
County, A_. TwentythreeFloyd/NealShale samples arfdur Chattanoog&hale samplewere
obtainedfrom coresand well cuttingstored at the Geological Survey of Alabaf@SA) for the
State Oil and Gas Board of Alabama (OGBgwer Chattanoog@hale samples were collected
and analyzed because of a lack of availability of samples due to the shale beingtigh the
central BWB (Figure 5).

Of the 27 total rock samples collected for this study, 19 were used forER@tk
Pyrolysis ad five were used for GCMS analysis. The remairtimgerock samplegLWD-535
001, LWD-2191-001, LWD-2217002)were duplicates and were not used for analysestal
of five crude oil samples armhebitumen sample were obtained from operators and amaput

The crude oil samples includereecrude oil samples from the Cartearglstone reservoitwo

12



crude oil samples from the Pottsvillesandreservoir, anenebitumen sample from the

Hartselle Sandston@ablel).
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AL
OGB

Sample

Sample

Sample Name Permit| Weight (g) Type Rock Unit Lithology County Latitude | Longitude | Analysis
No.

LWD535-001 535 17.344 | CUTTING] FLOYD SHALE FAYETTE | 33.71148| -87.63953 X
LWD535-002 535 16.444 | CUTTING] FLOYD SHALE FAYETTE | 33.71148| -87.63953| GCMS
Rock

LWD535-003 535 CUTTING] FLOYD SHALE FAYETTE | 33.71148| -87.63953| Eval
12.16 Pyrolysis

Rock

LWD1764001 | 1764 CUTTING] FLOYD SHALE PICKENS | 33.28581| -87.87048 | Eval
6.921 Pyrolysis

Rock

LWD1792001 | 1792 CUTTING] FLOYD SHALE PICKENS | 33.44293| -87.91381| Eval
15.247 Pyrolysis

Rock

LWD1938001 | 1938 CUTTING] FLOYD SHALE LAMAR | 33.68299| -88.16516| Eval
10.218 Pyrolysis

Rock

LWD2128001 | 2128 CUTTING] FLOYD SHALE PICKENS | 33.47301f -88.0787 Eval
13.915 Pyrolysis
LWD2128002 | 2128 15.049 | CUTTING] FLOYD SHALE PICKENS | 33.47301) -88.0787 | GCMS
Rock

LWD2167-001 | 2167 CUTTING] FLOYD SHALE | TUSCALOOSY 33.35563| -87.52818 | Eval
5.422 Pyrolysis

Rock

LWD2171-001 | 2171 CUTTING] FLOYD SHALE | TUSCALOOSY 33.48763| -87.64199 | Eval
20.04 Pyrolysis

LWD2191-001 | 2191 9.48 CUTTING] FLOYD SHALE LAMAR 33.8409 | -88.03758 X
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AL

Sample Name Pce)erBit V\/Se ?g;ﬁl(eg) S?;rgzle Rock Unit Lithology County Latitude | Longitude | Analysis
No.

Rock

LWD-2191-:002 | 2191 CUTTING] FLOYD SHALE LAMAR 33.8409 | -88.03758 | Eval
8.969 Pyrolysis

Rock

LWD2217-001 | 2217 CUTTING] FLOYD SHALE PICKENS | 33.50903| -87.89898 | Eval
12.383 Pyrolysis

LWD2217-002 | 2217 14.692 | CUTTING] FLOYD SHALE PICKENS | 33.50903| -87.89898 X
Rock

LWD2307001 | 2307 CUTTING] FLOYD SHALE | TUSCALOOSY 33.22169| -87.74551| Eval
11.675 Pyrolysis

Rock

LWD2307-002 | 2307 CUTTING| CHATTANOOG SHALE | TUSCALOOSY 33.22169| -87.74551 | Eval
6.677 Pyrolysis

Rock

LWD2337-001 | 2337 CUTTING] FLOYD SHALE LAMAR | 33.83343| -88.04378| Eval
7.659 Pyrolysis
LWD2337002 | 2337 10.66 CUTTING] FLOYD SHALE LAMAR | 33.83343| -88.04378 | GCMS
Rock

LWD2574001 | 2574 CUTTING] FLOYD SHALE | TUSCALOOSY 33.51202| -87.50838 | Eval
5.323 Pyrolysis

Rock

LWD2617001 | 2617 CUTTING] FLOYD SHALE | TUSCALOOSY 33.08649| -87.52853 | Eval
4.163 Pyrolysis

Rock

LWD2617-002 | 2617 CUTTING| CHATTANOOG SHALE | TUSCALOOSY 33.08649| -87.52853 | Eval
4.395 Pyrolysis

LWD3606001 | 3606 14.604 | CUTTING] FLOYD SHALE PICKENS | 33.48502| -87.98402 | Rock

15



AL
OGB Sample Sample : . . : .
Sample Name Permit| Weight (g) Type Rock Unit Lithology County Latitude | Longitude | Analysis
No.
Eval
Pyrolysis
Rock
LWD3644001 | 3644 CUTTING! FLOYD SHALE PICKENS | 33.49456| -87.98286 Eval
6.258 Pyrolysis
CORE Rock
LWD15668001 | 15668 FLOYD SHALE GREENE | 33.00451| -87.74112 Eval
BILLET :
74.9 Pyrolysis
LWD15668002 | 15668 84 ;E)FEI%I' FLOYD SHALE GREENE | 33.00451] -87.74112 | GCMS
CORE Rock
LWD15668003 | 15668 CHATTANOOG SHALE GREENE | 33.00451| -87.74112| Eval
BILLET .
96.7 Pyrolysis
CORE
LWD15668004 | 15668 105.2 BILLET CHATTANOOG SHALE GREENE | 33.00451| -87.74112 | GCMS
CRUDE
NBCU 18 #1 | 3133 X OIL CARTER X LAMAR | 33.85645| -87.98814 | GCMS
CRUDE
NBCU 346 #3 | 10541 X OIL CARTER X LAMAR | 33.88794| -87.99944 | GCMS
HICKM#?N 385 17145 X CglIJLDE POTTSVILLE X PICKENS | 33.43956| -87.96824 | GCMS
WEYERHAEUS 16994 X CRUDE POTTSVILLE X PICKENS | 33.46494| -88.10235 | GCMS
28-8 #1 OIL
LWD
HARTSELIID1 X X OUTCROlI HARTSELLE| SANDSTON LAWRENCE 34.598 -87.48 GCMS

Table 1i Samples collected for this study and analyses conducted in this study.
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2.2LECO TOC Analysis and RockEval Pyrolysis

LECOTOC and RockEval pyrolysis wer@nalyzedon a total of 1¥hattanoogand
Floyd/Neal Shalsamples collected from various weltsLamar, Fayette, Pickens, Tuscaloosa,
and Greeneountiesn Alabama(Tablel). Samples were analyzed by GeoMark Research at
thar Source Rock Lab in Humble, TX. Sample sizes ranged from 4.163 grams (well cuttings) to
96.7 gramsdore bille). The LECOTOC analyses were conducted with a LECO C230
instrument, which requires samples to be treated with concentrated hydrochlorta@itb( at
least two hourso decarbonizéhe sampleAfter remowng the acid by rinsing and flushing the
sample, theemaindemwas driedin a low temperature oveat 110°C for at leasfour hours.
Samples wre then weighed to obtain a #rlbonate value, whiclwascalculated based on the
weight loss due to the HCI treatment. The LECO C230 instrument md&sunen carbon
contents based on calibrated standards, wiiarieaccomplished by the combustion of the
standards at 1200°C. Upon comtiois, carbon monoxide and carbon dioxidereproducedAn
infraredcell measure the carbon dioxide produceAfter this step, the combustion of unknowns
wascompleted and compared to the calibration stangeddterminghe TOC.

RockEval pyrolysiswasconducted with a RoeEval Il instrument. This instrument
requires roughly 100 milligrams of sample to be washed and ground to 6Qusiegla 5 mm
sieve sizeThe operating conditions for the ReEkal 1l instrumentvereas follows:

S1: 300°C for 3 miates

S2: 300°C to 550°C at 25°C/min; hold at 550°C for 1 minute

S3: Trapped between 300°C to 390°C

17



where Sldetermineghe free oil content in the rock in milligrams hydrocarbon per gram of rock
(mg HC/g rock) S2determineshe remaining generation poteitof the rock in mg HC/g rogk
andS3determineshe amount of carbon dioxide (GAn milligrams CQ per gram of rock (mg
CO,/g rock). Thax (temperature at maximum evolution of S2 hydrocarbaes)determined by
the temperature at which the S2 pesds reached.

Other useful criterion from LECO@OC analyses and Rodkval pyrolysis include
hydrogen index (HI; mg HC/§OC), oxygen index (Ol; mg Cfg TOC), and production index
(PI). The acceptable standard deviation is £ 2°C g, = 10% for S1 and S2nd = 20% for

S3, in comparison to the standé@&eoMark Research, LL2016.

2.3 Biomarkers

Gas ChromatographiyMass Spectrometry (GCMS) anatgsvereconducted to
determine the biomarkers i1 samples five shalesfive crude ois, andonebitumen
impregnatedock (Tablel) by GeoMark Researcfihe rock samples were analyzed at GeoMark
Re s e ar c h 6BumbleaT,iwhile the/cruderoil samples were analyzed at their facility in
Houston TX. The biomarker analyses twoth the rock samplesd crude oil samples were

carried out foll owing GeoMar k @RpepsndigA).c hods
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3.0RESULTS

3.1Datasets

This study utilizes four datasets to compile one cumulative dataset. The four datasets are
sourced from the Geological Survey of Alabama (Carroll et al., 1995; Pashin et al., 2011), the
United States Geological Survey (Hatch and Pawlewicz, 2007), ancsé&nmples collected for
this study. From the four datasets, a total of 39 Chattanooga Shale samples and 360 Floyd/Neal

Shale samples were analyzed.

3.1.1GSA Datasets

3.1.1.1 GSA Circular 187

Carroll et al. (1995) analyzed six Floyd/Neal Sheienplesandone Chattanooga Sleal
samplefrom a shallow well in the northern part of the basin (AL OGB Permit No. 2191), and
one Floyd/Neal Shaleampleand one Chattanooga Shale sample were taken from a deep well in
the southern part of the basin (AL OGB Permit NIOD) (Table B). Average values for this
dataset are summarized in TaBlé-loyd/Neal Shale samples havd @C from 0.47 to 3.94%
with an average of 2.11%, while Chattanooga Shale samples range from 0.5 to 3.05% with an
average of 1.78%.

The Floyd/Neal Shale samplesvy&aS1 values from 0.04 to 1.15 mg HC/g rock with an

average of 0.51 mg HC/g rock. S2 values range from 0.40 to 9.10 mg HC/g rock with an average
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of 4.82 mg HC/g rock. S3 values range from 0.90 to 2.46 mggd0Ock with an average

of 1.46 mg CQ/g rock. Thaxresults range from 432 to 450°C with an average of 441°C.

Additional parameters from these results include HI (6848327 mg HC/g TOC; 214.22 mg

HC/g TOC average), Ol (38.1202.13 mg C@g TOC; 87.67 mg C@g TOC average), ardl

(0.050.19; 0.11

The Chattanooga Shale samples analyzed have S1 values from 0.07 to 0.54 mg HC/g

rock, with an average of 0.31 mg HC/g rock. S2 values range from 0.31 to 7.41 mg HC/g rock

average).

with an average of 3.86 mg HC/g rock. S3 values rémge 0.74 to 1.37 mg C£y rock with an

average of 1.06 mg Gy rock. Thaxresults range from 433 to 454°C, with an average of 444°C.

Additional parameters from these results include HiZ62.95 mg HC/g TOC; 152.48 mg HC/g

TOC average), Ol (44.9248mg CQJ/g TOC; 96.46 mg C&g TOC average), and PI (007

0.18; 0.13 average).

: TOC S1 S2 S3
Formation | Carbonate Tiiesz
Name (Wt %) (wt °C) (mg | (mg (mg Pl HI Ol
%) HC/g)| HC/g)| CQ/qg)
Chattanooga X 1.78| 44350 0.31 | 3.86 | 1.06 | 0.13| 152.48| 96.46
Floyd/Neal X 2.11| 440.71| 0.51 | 4.82 1.46 | 0.11| 214.22| 87.67

Table 2i Summary table of average values from Carroll et al. (1995)

3.1.1.2 RPSEA

The RPSEA (Research Partnership to Secure Energy for America) datapevduct of

a 2011 study conducted by Pashin eREMSEA is a noiprofit organization that identifies,

f unds,

database goes to the Geological Survey of Alabama. Dr. Jack Pashin, a former associate director

of the Gedogical Survey of Alabama, has allowed the use of these data to further evaluate the

and faci

itates

t he

devel opment

of

potential source rocks (personal communication). Data areFa@loyd/Neal Shale samples
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from 74 wells, and 26 Chattanooga Shale samples from seven Wedsaveragealues for this
dataset are summarized in TaBle

The RPSEA samples were not analyzed for their carbonate content. The Floyd/Neal
Shale samples range in %TOC frot80to 6.8B%, with anaverage value of 2.70%. The
Floyd/Neal Shale S1 values range frod2do 5.92 mg HC/g rock, with an average d80mg
HC/g rock. S2 values range fron06 to 18.16ng HC/g rock with an average 8f17mg HC/g
rock. S3 values range from 0.07 to 9.41 mgQ@ock with an average of @4ng CQy/g rock.
Tmaxresults rangerdm 375 to 540°C with an average4#fC. Additional parameters from
these results include HB(72427.29 mg HC/g TOC106.97mg HC/g TOC average), O100
140.24 mg C@g TOC; 1727 mg CQ/g TOC average), and Pl (0:0556; 0.24 average).

The 26Chattanooga Shale samples range in TOC from 0.27 to 6.98%, with an average of
2.94%. S1 values range from 0.05 to 3.43 mg HC/g rock, with an average of 0.49 mg HC/g rock.
S2 values range from 0.09 to 16.24 mg HC/g rock with an average of 2.69 mg HC/g3ock.
values range from 0.08 to 0.89 mg £Zifrock with an average of 0.33 mg &@rock. Tnax
results range from 379 to 523°C, with an average of 453°C. Additional parameters from these
results include HI (3.7319.27 mg HC/g TOC; 61.48 mg HC/g TOC avera@d)(1.9666.67

mg CQJ/g TOC; 16.92 mg Ce&g TOC average), and Pl (0-0:48; 0.28 average).

Formation | Carbonate e Tiiesz =L =2 =
Name (Wt %) (wt °C) (mg | (mg | (mg Pl HI ol
%) HC/g)| HC/g)| CQ/qg)
Chattanooga X 2.86|452.96| 049 | 269 | 0.33 |0.27| 61.48 | 16.92
Floyd/Neal X 2.68|449.08| 091 | 3.21 | 0.43 |0.24| 110.70| 17.30

Table 3i Summary table of average values from Pashin et al. (2011)
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3.1.2 USGS Dataset

Hatch and Pawlewicz (2007) published a USGS study on the undiscovered oil and gas
resources of the Black Warrior basin, which analyzed 17 Floyd/Neal Shale samples from six
wells and8 Chattanooga Shale samples from five wells for thermal maturity and #&vefs
(Table B9. The average values for this dataset are summarized in 4.akhe Floyd/Neal Shale
samples have a % TOC range from 0.32 to 4.39% with an average of 1.69%, while the
Chattanooga Shale samples range from 0.50 to 12.68% with an averag#o6f 5

TheFloyd/Neal Shale samples haS# values from 0.01 to 1.20 mg HC/g rock with an
average of 0.32 mg HC/g rock. S2 values range from 0.25 to 8.41 mg HC/g rock with an average
of 2.64 mg HC/g rock. S3 values range from 0.18 to 3.43 mggdOck withan average of 1.35
mg CQJ/g rock. Thaxresults range from 437 to 497°C, with an average of 453°C. Additional
parameters from these results include HI (22388.27 mg HC/g TOC; 138.15 mg HC/g TOC
average), Ol (15.6859.38 mg C@g TOC; 97.47 mg Cg&qg TOC average), and Pl (0-0219;
0.09 average).

In the8 Chattanooga Shale samples analyzed, S1 values range from 0.07 to 2.58 mg
HC/g rock, with an average of 1.01 mg HC/g rock. S2 values range from 0.31 to 40.54 mg HC/g
rock with an average of 17.10g HC/g rock. S3 values range from 0.70 to 1.80 mg/@@ck
with an average of 1.19 mg G/ rock. Thaxresults range from 433 to 454°C, with an average of
444°C. Additional parameters from these results include HBEE2mg HC/g TOC; 248.20 mg
HC/g TOCaverage), Ol (7.0248 mg CQ/g TOC; 44.42 mg Cg&g TOC average), and PI

(0.040.18; 0.07 average).
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: TOC S1 | s2 S3
Formation | Carbonate Trmax (mg | (mg | (mg | PI HI ol

(wt °

0

Name | (Wt%) | o0 | () | herg)| Helg)| calg)
Chattanoogd x| 5.84|444.13| 1.01 | 17.10| 1.19 | 0.07| 248.20| 44.42
Floyd/Neal | x| 1.69| 452.65 032 | 2.64 | 1.35 | 0.09| 138.15| 97.47

Table 4i Summary table of average values from Hatch and Pawlewicz (2007)

3.1.3 New Data

This studyobés dataset anal yzed 3Chdttanbogd of
Shale samples (TabE4). The average values for this dataset are summarized in 3.aliie
Floyd/Neal Shale samples display % carbonate values ranging from 538%%, with an
average carbonate content of 16.12%. Chattanooga Shale sérapéea low % carbonate value
of 4.75% and a high of 23.15% with an averagé®#5%. The Floyd/Neal Shale %TOC values
are from 0.62 to 3.16% with an average of 1.86%, while the Chattanooga Shale %TOC values
are from 2.926.25% with an average of 4.29%.

RockEval Pyrolysis evaluates the thermal maturity and organic richness of potential
source rocks (Langford and Blaialleron, 1990). Because samples were gathered from 16
different wells at varying sttigraphic intervals, there igriability in the geohemical results.

Of the 16 Floyd/Neal Shale samples analyzed, S1 values range from 0.09 to 1.53 mg HC/g rock
with an average of 0.68 mg HC/g rock. S2 values range from 0.35 to 5.92 mg HC/g rock with an
average of 2.3 mg HC/g rock. S3 values range fromh ta@.33 mg C&g rock with an average

of 0.19 mg CQ@g rock. Thax results range from 439 to 505°C, with the average being 455°C.

Tmax results must be interpreted with caution because some samples generated a low S2 peak or a
shoulder (Figur®). Ideal pyrograms display a prominent S2 peak (Figureshich allows for a

more accurate Jaxresult. When there is a low S2 peak, the middle of the S2 shoulder is taken as

the Thax value. Additional parameters from these results include HR&lLlmg HC/g TOC; 112
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mg HC/g TOC average), Ol{24 mg CQ/g TOC; 13 mg C@g TOC average), and Pl (0:13

0.34; 0.22 average] éble B4.

Figure 6i The shoulder effect of the S2 peak is circled on the pyrogram of-RAI3-001. The
lack of a prominent peak h#se potential to skew the S2 value.

S1 values from th8 Chattanooga Shale samples range from 0.26 to 0.88 mg HC/g rock
with an average of 0.49 mg HC/g rock. S2 values range from 0.39 to 1.81 mg HC/g rock with an
average of 1.32 mg HC/g rock. S3 valuesgefrom 0.014 to 0.33 G rock with an average
of 0.2 CQJ/g rock. Thaxresults are skewed by the high value of one sample. Wighv@lues of

438°C, 468°C, and 545°CT .« average for the Chattanooga Shale is 484°C. Additional
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parameters from these wits include the HI (1319 mg HC/g TOC; 30 mg HC/g TOC average),

Ol (1-11 mg CQ/g TOC; 6 mg C@g TOC average), and Pl (0-0640; 0.30 average).

a

Figure 7i The prominent S2 peak is circled on the pyrogram of -®21D1-002. The presence
of a prominent pak ensures the accuracy of the S2 value.

: TOC S1 | 82 S3
Formation | Carbonate Trax (mg | (mg | (mg | PI H ol

wt | o

[0)

Name | (Wt%) | o0 | CO) | bl Heg)| carg)
Chattanoogd  16.45 | 4.29| 483.67| 0.49 | 1.32 | 0.20 | 0.30| 30.11 | 5.88
Floyd/Neal | 1612 | 1.86| 454.88 0.68 | 2.30 | 0.19 | 0.22| 112.37| 13.22

Table 51 Summary table of average values from this study




3.2 Shale Results
3.2.1 Chattanooga Shale

3.2.1.1 Rock-Eval Pyrolysis and LECO TOC

When considering all data sets previously mentioned, there are a total of 39 Chattanooga
Shale samples with %TOC data available. %TOC values of the Chattanooga Shale samples range
from 0.27t0 12.68% with a straight average 8t52% TOC models and trendgere developed
using the ArcMap progr am §). The mvelSesDistaiics WelghtiongG1 S s
(IDW) method was used to generate contour maps of the TOC levels. TOC levels from this study
were supplemented with reported TOC levels fron{2@15) (Table BY. The utilization of data
from Lu (2015) allowed for further understanding of the %TOC trend of the potential source

rock.
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Figure 8i IDW map of %TOC values for the Chattanooga Shale. The values shown are derived
from this study and previeuwork [Pashin et al. (2011), Carroll et al. (1995), Hatch and
Pawlewicz (2007), and Lu (2015)]. The extent of the Black Warrior basin is denoted by the red
outline.

IDW is a deterministic spatial interpolation model, whadlows for the evaluation and
estimation of norsampled locations by using a weighted average of the measured values nearby
(Lu and Wong, 2008). The IDW method utilizes distance as a key parameter, meaning that the
closer a data point is to the intergeld location, the more impact it has on the estimated value.

The IDW method was selectedpart due to its simplicity, as well as its tendency to not produce

estimated values outside of given measuremést©C valus of the Chattanooga Shale
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increases tthe eastwith the highest values located outside of the Black Warrior basin
boundaries (Figur8). Due to the small sample size of the Chattanooga Shalepntour map
shows an aretyief iedifa@lctb wlhlexs e circl easvaods. equal
This is a result offte distance weighting technigaad could be mitigated with denser sample
locations

A modified van Krevelen diagram, or pseudo van Krevelen diagram, compares HIl and Ol
(Espitalié et al., 1977; Katz, 1983). The HI valueabck shows the hydrogen richness of the
sample. The Ol value of the rock shows oxygen richness of the sample. When comparing the
two, the pseudo van Krevelen diagram determines the kerogen type of potential source rocks.
The Chattanooga Shale samplespthly type Il and type IV kerogen (Figuda). The results

from the new dataRigure9b) cluster close to the origin
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Figures 9a (left) and 9b (right)Pseudo van Krevelen diagrams for the Chattanooga
Shale samples of the entire dataset (left) andsthisu d y 6 s

sampl es

Kerogen quality plots (Figurg0) group the potential source rock into the measured

kerogen type based on the TOC available in the rock in comparison with the remaining

hydrocarbon potential of the rock (SRl values are usea iscern the boundaries between the

(ri gt

kerogen types. The Chattanooga Shale samples plot in the mixed type II/lll kerogen zone (oil/gas

prone) and

dry gas prone zone (Figudg 1
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Figure 10i Kerogen quality plot for the Chattanooga Shale samples fromdegabet.

An alternative to the pseudo van Krevelen diagram/kerogen types is the Jones (1987)

method, which evaluates the rocks based on organic faciesof@b# Chattanooga Shale

samplesareD organic facies (hegenerative), withhe remainindl8%in facies BC ¢il/gas,

13%in facies C€ondensate/gasand 8%in facies CD(dry ga$ (Figure 11) Both the pseudo

van Krevelen and Jones methods are influenced by the overall maturity of the source rock.

Within the Black Warrior basin, the southern sampbgserienced deeper burial than the

northern samples; therefore, the southern samples display higher maturity (Figi@@gs C3
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Figure 11i Organic facies histogram detailing the classification of each shale sample.

Utilizing Tmax vValues in comparisonith their kerogen conversion values determines the
stage of the hydrocarbon production cycle (Figite The Chattanooga Shale samples span
from immature to dry ga with samples also plotting in th@w level conversiozone.The new

data samples sparofn thre oil zone to the dry gas zone (Figure 12).
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Chattanooga Kerogen Conversion and Maturity
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Figure 12 Kerogen Conversion and Maturity plot for Chattanooga Shale samples.

Maturation patterns develophen comparing Jax Values against the depthhe
Chattanooga Shale displays a lineandbetween @ 8,000 feet, with the samples straying from
the trend at the 8,000 foot mark (Figli®. While the majority of the Chattanooga Shale
samples plot within the established oil window based gpvialues(435470°C) there is a
notable anomaly #t occurs at ~8,000 feefith the sharp rise inJax values (Peters and Cassa,

1994)
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Figure 13/ Cross plot of T.axvs. Depth for the Chattanooga Shale (red) and Floyd/Neal

(2) for the Duvernay Shale:

Shale (blue).

From the RoclkEval pyrolysis data, vitrinite reflectancejRan be calculated utilizing

an equation (1) by Jarvie et al. (2001):

Cal c u%2at =3dp e X® o (1)

where measuredRAnd Thax vValues define a regression line. However, Wst et al. (2013)

suggests that equation (1) may only be applicable to @nee® Shale, and established equation

Cal cub2at m8dp 124 v v (2
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Using calculated Rvalues is useful when measuregMalues are sparse or unavailable.
Few R, values were measured for the samples used in this $itBn usingequation 1, the
new dataChattanoog&halesamples hav®, values from0.72to 2.63%. Using Equation 2, the

new data&Chattanooga Shale sampRsvaluesrange from 0.68 to 2.2% (Table6).

Formation | Thax | Equation| Equation| Equation
Name (°C) 1 2 4
LWD2307-001 | Chattanoogal 438 0.72 0.68 0.90
LWDB2617001 | Chattanoogal 545 2.65 2.27 2.20
LWD15668001 | Chattanooga, 468 1.26 1.12 1.27

Table 6/ Summary table of calculatedtrinite reflectance values for Chattanooga Shale
samples from New Data

Sample Name

3.2.1.2 GCMS
One Chattanooga Shale sample was submitted for GCMS analysis at the GeoMark
Laboratory in Humble, X. The sample, LWEL5668004, has a fgux 0f NnCo4 (Appendix E).
SampleLWD-15668004 has a ¢+ composition of 18.7% saturated, 43.8% aromatic, 37.5%
resin (NSO), and 0% asphalteffregurel14). The saturated/aromatic ratio of the Chattanooga
Shale sample is 0.43ppendixE). The Chattanooga Shale sample has a sterane diginb

(C27, C28, C29) of 37%, 29%, and 34% respectively (Figures 15 and 16).
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m Aromatic
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Figure 14i C;5+ composition of New Data samples submitted for GCMS analysis.

C28
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>, . "
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Figure 15 A ternary diagram of New Data samples submitted for GCMS analysis. The ternary
diagam displays percentages of£C,g Steranes.
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Figure 16/ Histogram of New Data saptes submitted for GCMS analysissplaying

percentages of 7C,g steranes with error bars.

Pristane (Pr) and Phytane [Pévels in GCMS analyses are often utilized to determine

depositional environments, as well as to correlate samples. Samplelb¥A3004 has a Pr/Ph

ratio of 0.34 and a Pr/(Pr+Ph) ratio of O(Zgure 17)
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Figure 171 Histogram of New Data sargs sulmitted for GCMS analysidisplaying pristane
vs phytane results with error bars.

Another useful ratio is Ts/Tm, whichtise ratio of steranes to triterpanes within the
sample. The Ts/Tm ratio of the Chattanooga Shale sample i§Flg6®@e 18) The Carba
Preference Index (CPI) of the sample, which indicates the maturity of the sample, can be

calculated by utilizing the equation

#0) )

(Bray and Evans, 1961)he Chattanooga Shale sample has a CPI value ofth2gemainder
of the GCMS dataan befound in Appendix Ewhile Figurel8depictst he o6 Key Rati os 6
identified by the | aboratory. O0Key Ratiosd ar

create corelations between the samples.
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Figure 188 A hi stogram of Okey ratiosd identifi

submitted for GCMS analysis.

3.2.2 Floyd/Neal Shale

3.2.2.1 Rock-Eval Pyrolysis and LECO TOC
By utilizing all previously mentioned data sets, there are a to&8 oFloyd/Neal Shale
samples with %TOC data available. %TOC values ofthgd/NealShale samples range from
0.32t0 6.90% with a straight average 8f59% A Floyd/Neal Shale contounap was created
by using the IDW methogdreviously describe(Figure19). With more samples available than
the Chattanooga Shale, the Floyd/Neal Shale IDW map is more accurate. The Floyd/Neal Shale

%TOC values increase to the west, and are highest iretitieatpart of the Black Warrior basin.
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Figure 197 IDW map of %TOC values for the Floyd/Neal Shale. The values shown are
derived from this study and previous work [Pashin et al. (2011), Carroll et al. (1995), and Hatch
and Pawlewicz (2007)]. The extesftthe Black Warrior basin is denoted by the red outline.
The majority of the Floyd/Neal Shale samples display typeype 11l kerogen when
plotted on the pseudo van Krevelen diagram (Fig@oa. The Floyd/Neal Shale samples
obtained for this studglot along the type Il boundary as well@stting in the type Il zone

(Figure20b).
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Figures 20a and 20bPseudo van Krevelen diagrams for the Floyd/Neal Shale samples

of the entire

dat aset

(left) and

When utilizing the kerogen quality plots (Figt® to classify the Floyd/Neal Shale

t hi

samples into kerogen type, the samples mainly plot in the type Il zone, or gas prone zone. A

smaller number of samples plot in the mixed II/Ill zone (oil/gas prone)rendry gas zone

(Figure2l).
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Floyd/Neal Kerogen Quality Plot
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Figure 21i Kerogen quality plot for the Floyd/Neal Shale samples from each dataset.

The Jones (1987) method classifies the majority of the Floyd/Neal Shale (73%) as either
facies C or CD (condensate/gas to dry gas), 28% displaying facies Dhprrgenerativg, 4%
displaying facies BCdil/gag, and <1% displaying facies Bi() (Figurell).

By comparing the Jaxvalues of the samples with their kerogen conversion values, this
study establishes that the Floyd/Neal Sisal@ples mainly plot in the oil zone, with a lesser
number of samples plotting in the condensate wet gas zone (BRulgreeing with the
previous comparison, the comparison betwegg dnd depth establishes the Floyd/Neal Shale
samples as plotting witth the oil window as well. A linear trend, similar to the Chattanooga
Shal ebds trend, i3Alsodsimdaptd theyChatdtanooga Skalegthe Fleyd/Meal

Shale samples experience a sharp deviation from the trend. The Floyd/Neal Shale samples pl
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anywhere from122to 540°C at a depth of ~10,000 feet. A lesser anomaly occurs at ~3,000 feet

with values ranging from 432 to 497°C

Floyd/Neal Kerogen Conversion and Maturity
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Figure 22 Kerogen Conversion and Maturity plot for Floyd/Neal Shale samples.

In using Equation 1 to calculate Ralues for the Floyd/Ne&hale, the samples range
from 0.74to 1.93 Using Equation 2, the Floyd/Neal Shale samplggdRies range frorf.69to

1.67 (Tabley).

Formation | Thax | Equation| Equation| Equation

Sample Name Name °C) 1 5 4

LWDB535-003 Floyd 439 0.74 0.69 0.92
LWD1764001 Floyd 457 1.07 0.96 1.13
LWD1792001 Floyd 449 0.92 0.84 1.04
LWDB1938001 Floyd 463 1.17 1.05 1.21
LWD2128001 Floyd 453 0.99 0.90 1.08
LWDB2167-001 Floyd 452 0.98 0.88 1.07
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Formation | Thax | Equation| Equation| Equation

Sample Name Name (°C) 1 5 4

LWDB2171-001 Floyd 449 0.92 0.84 1.04
LWD2191-002 Floyd 440 0.76 0.71 0.93
LwWDB2217-001 Floyd 444 0.83 0.77 0.98
LWD2307-002 Floyd 458 1.08 0.97 1.14
LWD2337-001 Floyd 440 0.76 0.71 0.93
LWD2574001 Floyd 458 1.08 0.97 1.14
LWD2617-002 Floyd 505 1.93 1.67 1.71
LWDB3606:001 Floyd 443 0.81 0.75 0.96
LWD3644001 Floyd 444 0.83 0.77 0.98
LWD15668003 | FloydNeal | 484 1.55 1.36 1.46

Table 7i Summary table of calculated vitrinite reflectance values for Floyd/Neal Shale samples
from New Data

3.2.2.2 GCMS

FourFloyd/NealShale sampkeweresubmitted for GCMS analysis at the GeoMark
Laboratory in Humble, X. Theshale samples have& values oinC;7(LWD-535002), nGs
(LWD-2128002), nG7(LWD-2337-002), and ng; (LWD-15668004)(Appendix E). The
Floyd/Neal Shale samples have an avefage composition oR7.36 saturated?4.1%
aromatic44.3%6 resin (NSO), an8.9% asphaltené~igure 14) The saturated/aromatic ratio of
theFloyd/NealShale sampkis 1.41 (AppendixE). TheFloyd/Neal Shale samples have an
averagesterane distribution (C27, C28, C29)3#. 7%, 25.8%, and40.8% respectively (Figuse
15 and 1% The Floyd/Neal Shale samples have an avelafeh ratio ofL..23 and an average
Pr/(Pr+Ph) ratio 00.57 (Figurel17). Theaveragel's/Tm ratio of thé=loyd/Neal Shalsampleis
1.9%6 (Figure 1§. TheFloyd/NealShale sampkehave an averageCPI value of 116. The
remainder of the GCMS data can be found in Appendix E, with FiRidee pi ct i ng t he 0Ol
Ratiosd identified by the | aboratory. o606Key Ra

together to create correlations between the samples.
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3.3 Crude Oil Results

3.3.1 Carter sandstone oil

3.3.1.1 Bulk Properties
Two Carter sangtone oils were submitted for GCMS analysis at the GeoMark
Laboratory in Humble, TX. Samples NBCU-831 and NBCU 34 #3 display similar bulk
properties, which summarize the compositional characteristics of the crude oils. Along with the
C,s+ compositiorof the sample, the bulk parameters of crude oils include API Gravity, % < C

% Sulfur, ppm Vanadium, and ppm Nickel. The bulk properties of the Carter sandstone oils are

in Table8.
Well Name Pool | Sat/Aro| API| %<C15 %S p‘\)/m pl‘\)lri“
NBCU 168 #1 Carter 1.05 (264 34.1 |0.68| 30 13

NBCU 34 #3 Carter 1.02 |32.4| 409 |052| 4 4
Hickman 3515 #1 Pottsville Al 2.2 [39.3| 51.2 |0.15| O 2
Weyerhauser 28 #1 | Pottsville A| 2.64 |39.9| 51.3 |0.12] O 3
Table 81 Summary of bulk parameters of crude oil samples fromsthidy

3.3.1.2 Biomarkers

Along with identifying the bulk parameters of the crude oils, GCMS analysis of the
Carter sandstone oils assessed the biomarker distribution within the two samples. The Carter
sandstone oil samples havgsvalues onCs (NBCU 34-6 #3)andmethylcyclohexane (MCH)
(NBCU 108 #1)(AppendixE). The C15+ composition of the oils are similar, with the raake
of sample NBCU 16 #1 being 39.1% saturated, 37.0% aromatic, 13.6% NSO, and 10.3%
asphaltene (Figurg4). The ratio of saturatd to aromatic is 1.08able8). NBCU 346 #3 is
made up of 43.7% saturated, 42.9% aromatic, 13.3% NSO, and 0.2% aspliadereeld. The

ratio of saturated to aromatic is 1.(0Aable8).
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The distribution of steranes in the Carter sandstone oil gmgpélso similar, with the %
of Cy7, Cog, and Gg in sample NBCU 1 #1 being28%, 23% and50% respectivelySample
NBCU 346 #3 is constituted 7% Gy, 22% Gg, and 51% Gs. The average of the sterane
distributions for the two oils is 27.5%£22.5% Gg, and 50.5% & (Figures 15 and 16)The
average Pristane and Phytane ratituefor the Carter sandstone ois1.53. The average
Pr/(Pr+Ph) value for the Carter sandstone 0ils58 (Figure 17. The last ratio focused on by
this study $ theTs/Tm ratio. The Carter sandstone oils have an average Ts/Tm ratio of 0.79
(Figure18). By calculating the CPI for the Carter sandstone oils using equtimih samples

have a CPI valuef 1.09.

3.3.2 Pottsville A sand oil

3.3.2.1 Bulk Parameters
Two Pottsville A sand oils were submitted for GCMS analysis. Samples Hickmih 35
#1 and Weyerhauser B#1 display similar bulk properties to each other. The bulk properties of

the Pottsville A sand oils are in Talde

3.3.2.2 Biomarkers
The Pottsvile A sand oil samples have.&values ofMCH (AppendixE). The C15+
composition of the oils are similar, with thempositionof sample Hickman 385 #1 being
62.3% saturated, 28.3% aromatic, 9.4% NSO, and 0% asphaltene (HEyurke ratio of
saturatedo aromatic is 2.2(QTable8). Weyerhauser 28 #1 is made up of 65.4% saturated,
24.8% aromatic9.8% NSO, and 0% asphaltenég(ffe 14). The ratio of saturated to aromatic is

2.64(Table8).
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The distribution of steranes in the Pottsvills#&nd oil samples is also similar, with the %
of Cy7, Cyg, and Gg in sample Hickman 385 #1 being 30%, 26%, and 44féspectively.
Similarly, sample Weyerhauser-88#1 is constituted of 29%¢ 28% Gs, and 49% &,. The
average of the sterane distrilous for the two oils is 29.5%; 27% Gs, and 46.5% &
(Figurel5 and 1% The average Pristane and Phytane ratio value for the Pottsville A sand oils is
1.46. The average Pr/(Pr+Ph) value for the Pottsville A sand oils igRgi0e17). The last
ratio focused on by this study is the Ts/Tm ratio. The Pottsville A sand oils have an average
Ts/Tm ratio 0f4.09, much higher than any other samijfégure18). By calculating the CPI for

the Pottsville A sand oils using equati@rthe samples hawePl vduesof 1.06 and 1.08
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4.0INTERPRETATION

4.1 Source Rock Potential

4.1.1 Chattanooga Shale

41.1.1TOC

The IDW diagram of the Chattanooga Shale (Figyrehows % TOC values increasing
from west (0.5%) to east (9.34%). The data points utilized in the IDW diagram are derived from
the 39 Chattanooga Shale samples previously mentioned. Of the 39 Chattanooga Shale samples,
23 different sample locations were mdiéied. As % TOC values are not uniform throughout rock
intervals, this study took the average %TOC value from the rocks sampled from the same
location to obtain a % TOC value. 56% of the Chattanooga Shale sarplesthe 5% %TOC
range, with 26% of theamples registering >5% %TOC. This range is considered fao)1
and/or good (%) for source potential, while very good is a rock with >5% and poor is a rock
with <1% (McCarthy et al., 2011). The average for the Chattanooga Shale samples is 3.52%,
which falls into the 0go ddvwkeveg sotiree gatential isihhaonlys our c e
derived from organic content. The source rock also has to have volume to produce a significant

amount of hydrocarbons.
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When comparing the IDW diagraffigure8) t o Pashin et al . o6s (20
the Chattanooga Shale (Figure 5), the Chattanooga Shale lacks thickness within the Black
Warrior basinwhichseverely limits the possibility of high hydrocarbon produttDespite its
thinness within th basin, the Chattanooga Shale still has source potential due to high %TOC

levels.

4.1.1.2 Kerogen Type and Maturity
By comparing S1 values with %TOC values, one can determine whether the
hydrocarbons produced from the rock are autochthonous (source and reservoir are the same unit)
or allochthonous (source and reservoir are different units) (El Nady, 2015). The three
Chatanooga Shale samples obtained fall within the autochthonous zoriel(thg HC/Q)
(Figure23). This establishes that the hydrocarbons sampled from the Chattanooga Shale came
from within the rock itself. If the samples plot in the allochthonous rediehydrocarbons

from the samples are derived from different rocks.
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Figure 23/ Cross plot of S1 values vs %TOC values.

The pseudo van Krevelen diagram suggests that the Chattanooga Shale contains type Il to
type IV kerogen (Figur@a). Type Il kerogen suggests a marine origin for the shale, while type
lIl kerogen suggests a higher plant contardicating aterrestrial oigin (Carroll et al., 1995).
Type IV kerogen is indicative of reworked/oxidized material, which can reflect various
depositional settings (McCarthy et al., 2011). The Chatige&hale sampleduster in the
undefned zone close to the origiRigure9b). This suggests the source rock may have been
exhausted of its source potential or that the rock is comprised of organic material that is inert, or
not able to produce hydrocarbons. Analyzing the Jori&/)Tesults, the Chattanooga Shale
samples are clas®d in the organic facies D, meaning the samples aregearrativgFigure
11). This correlates to the results of the pseuao Krevelen diagram (Figu@), which

establishes the Chattanooga Shale asgsmerative
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The Chattanooga Shale samples digplarend of increasing HI values towards the
northern Black Warrior basin (FiguBd), demonstratindess mature rock®tthenorth.
Corresponding to the mattyj % TOC decreasmorthwardsTherefore, there are less mature

and less organic rich rockstime northern portion of the Black Warrior basin.
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Figure 24i IDW map of HI values for the Chattanooga Shale. The values shown are
derived from this study and previous work [Pashin et al. (2011), Carroll et al. (1995), and Hatch
and Pawlewicz (2007)]. Thextent of the Black Warrior basin is denoted by the red outline.
The burial history plots from Legg (2014) illustrate the maturity of the basin by showing

the increasing maximum burial of the source rocks moving northward (Figurf€s)C3he

kerogen quality of the potential source rocks is closely related to theityafuhe rocks. As
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source rocks mature, the HI and Ol measurements are no longer diagnostic of the original
kerogen quality due the maturation process, in which the values decrease. The change in HI and
Ol values across the maturity spectrum of the samipldicates that the Chattanooga Shale is
slightly more mature than the Floyd/Neal Shale. This is expbeteaus¢he Chattanooga Shale

is older than the Floyd/Neal Shale.

Pl is a ratio of generated hydrocarbons to potential hydrocarbons remainingaokhe
sample. Pl values that are < 0.10 are immature, while values from 0.10 to 0.40 are within the oil
generation window, and > 0.40 indicate gas generation (Peters and Cassa, 1994). The
Chattanooga Shale samples from this study have an average PI, ofliicd0is towards the end
of the oil generation windowhe average PI of all Chattanooga Shale sanfpes all datasets
is 0.22.This result shows the Chattanooga Sheemature source rock capable of producing
crude oil.

The maturity of source roskhelps to identify when potential hydrocarbon generation
could have occurred, and whether hydrocarbon generation remains a future po3ibéity.
comparing TaxVvalues to depth (Figurg3), the Chattanooga Shale samples plot mainly within
the oil genergon window.With Tnaxvalues reflecting the maximum rate of hydrocarbon
generation during pyrolysis, the majority of the samples are oil maturse Thg results agree
with the PI results, which establish the rock samples as oil mature. Increasingti depth is
expected because depth is a nfactor in determiningource rock maturity. While there is no
evidence of analytical errors, data points outside the general trend could be due to unseen
anal yti cal errors, a < bpeakseodaladksohsgnificadtenganief f ect 0

material. Figurel2, a kerogen maturity and conversion plot, shows no clear trend for the
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Chattanooga Shale. This again may be due to
samples.

Both equations 1 @2 are inaccurate for use in the Black Warrior basin because both
equations assume uniformity of maturation for all shales. By comparing meaw&uBs from
Carroll et al. (1995) with results from equations 1 and 2 using the sample data, the resolts are
completely analogous. For the Chattanooga Shale sample from Carroll et al. (1995), the equation
(1) result (0.63) deviates from the measured value (1.1) by 0.48. The equation (2) result (0.60)
deviates from the measured value (1.1) by 0f6deviation value of 0.48 can meadalifference
between immaturity (0:-P.6) and peak oil generation (0-63) (Peters and Cassa, 1994). By
utilizing the measured vitrinite reflectance and R&slal dataof the entire stratigraphic column
from Carroll et al. (1995)his study proposesreewequation 4) to predict the Rof samples

from the Black Warrior basin:

# Al AOB2A O A p @ T8 W

When using equation 4o calculate Rvaluesthe Chattanooga Shakamplesbtained
in this studyrange from 0.9 2.2%.Using equation4) with the Chattanooga Shale sample from
Carrol |l et al . 6s dis@r&anby)fronstheumdaguregl Rhe tiftesenca 0. 2 8
between tk discrepancies for equations 1, 2, ansl &@tributed to the differemhaturation trends
of regions, as equations (1) and (2) were developed for specific units in Texas and western
Canada, respectfully. Equatiof) {vas calculated from Carroll et al. (1995) using 11 data points
from multiple units from within the Black Waan basin, rather than one specific unit, which

may impact the validity of the equation when analyzing a specific unit. Also, the calcujated R
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values are dependent on thg,Jvalues produced from the Roé&lkval pyrolysis.Due to this, the

calculated Rvalues may be impacted by poorly defined S2 peaks.

4.1.2 Floyd/Neal Shale

41.2.1TOC
The IDW diagram of th&loyd/Neal Shale (Figur&9) shows %TOC values increasing
from east (0.62%) to west (4.33%)he data points utilized in the IDW diagram are deriveoh
the 98 Floyd/NealShale samples. Of tl857 Floyd/NealShale sample€8 different sample
locations were identifiedsimilar to the Chattanooga Shale IDW diagram, the Floyd/Neal Shale
samples % TOC values were averaged based on their spatial location 367 FHeyd/Neal
Shale samples fromill the dataset93% samples fall within the-5% %TOC range, witR% of
the sarples registering >5% %TOThesample size of thEloyd/Neal Shalés nine timeghat
of the Chattanooga Shalthe average for theloyd/NealShale samples B.5%6, whichfalls
into the 6goodé category for source potenti al
When comparing the IDW diagra(Figurel9) t o Pashin et al . dés (2C
theFloyd/NealShale (Figure5), theFloyd/NealShalehas lateral continuity and good thickness
throughout the Black Warrior basifihe Floyd/Neal Shale reaches a thickness of over 300 feet
in the Black Warrior basin, which is approximately coincident with the high %TOC values
(~4%). This means that per area, there is a large volume of rock that contains high amounts of
organic matter. Higher amounts of organic matter found in the source rocks gerarallates
to higher production volume$he overall volume and %TOC level of the Floyd/Neal Shale

within the Black Warrior basin classifies Floyd/Neal Shale as a good potential source rock.
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Figure 25/ Isopach map of Chattanooga Shale in the Blackrifaoasin. Sample
locations are denoted by red stars (modified from Pashin et al., 2011).
4.1.2.2 Kerogen Type and Maturity

By utilizing the S1 vs % TOC plofFigure23) to determine the source of the

hydrocarbons from within the shale, the majority of the Floyd/Neal Shale samples plot in the
autochthonous zonadicating that the hydrocarbons samptagne from witim the rock
However, five Floyd/Neal Shale samples piothe allochthonous zon&herefore, it is possible

that the Floyd/Neal Shale contains hydrocarbons derived from a rock other thaitlitisedfives
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reason to consider the potential for Chattanooga Shale derived hydrocarbons mixing with
Floyd/Neal Shalelerived hydrocarbons.

The pseudo van Krevelen diagram (FigR@e shows the Floyd/Neal Shale samples
clustered in the type Il window, which suggests a marine origin (Carroll et al., 1995).
Alternatively, when utilizing the Jones (1987) method, the Fidgdl Shale samples range from
organic facies BC to D, meaning some samples have oil and gas productive potential, while
others are nogenerative (Figure 20).

Coinciding with the results from the Chatt
values increasto the north, with the %TOC values decreasing along the saméRrgark26).

With the maturity and % TOC values at the high points in the central part of the basin for the
Floyd/Neal Shale, this is the area that is likely to be the most productikgdaycarbons. The
average PI ratio of the Floyd/Neal Shale samples obtained for this study is 0.22, which is within
the oil generation window (0.10 to 0.40). The average PI ratio of all Floyd/Neal Shale samples
from all datasetss 0.23. The PI ratios ohé Floyd/Neal Shale prove the rock to be within the oil

generation window, and capable of producing hydrocarbons based on maturity.
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Figure 26/ IDW map of HI values for the Floyd/Neal Shale. The values shown are derived from
this study and previous wofRashin et al. (2011), Carroll et al. (1995), and Hatch and
Pawlewicz (2007)]. The extent of the Black Warrior basin is denoted by the red outline.

Figure1l3 shows the Floyd/Neal Shale within the oil generation window, which agrees
with the Pl ratioresut. As mentioned with the Chattanooga Shale, the data points outside of the
generakrend are interpretedasn al yt i c al errors, a skewed O6shol
lack of significant organic materialhe kerogen maturity and conversion fléigure22) shows
a clear cluster in the oil and condensate/wet gas zones for the Floyd/Neal Shale samples. The
Floyd/Neal Shale displays samples with mature kerogen capable of being converted to crude oil

or wet gas/condensate.
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The maturity calculatedyhutilizing the vitrinite reflectance equations are inaccurate for
the Floyd/Neal Shale, just as they are for the Chattanooga Shale. Of the two Floyd/Neal Shale
samples analyzed for both Bnd Tnaxin theCarroll et al. (1995) study, equation (1) res(lts'6
average) deviate from the measured values (0.97 average) by an average of 0.21. Results from
equation (2) (0.71 average) deviated from the measured values (0.97 average) by an average of
0.26.When using equatior] to calculate Rvalues for the Flyd/Neal Shale obtained in this
study, the results range from 0.92 to 1.71. Using equatjonith theFloyd/Neal Shalsample

from Carroll et an avebage disciepadcy @04 Famuhe sneasure@R d s a

4.2 QOil to Oil and Oil to Source Correlation

The four oil samples are paired depending on the reservoir from which they were
extracted. Compositionally, the oils from the Carter sandstone (North Blowhorn Creek Oil Field)
and the oils from the Pottsville A sand (Chicken Swamp Branchi€ld)rdiffer drastically. The
Carter sandstone oil is medium crude oil with API values of 26.4° and 32.4° @)ablee
Pottsville A sand oils are light crude oil with API values of 39.3° and 39.9° (Babldartinez
et al. (1984) relate the API valuesdquantitative characteristics; light, medium, heavy, and extra
heavy oils. The difference between the oil reservoirs may be from the difference in source rocks,
biodegradation, the result of extensive water injection of the reservoir, microbial infloeace,
combination of these factors. Because the Pottsville A sand started production only in 2011, it
has not experienced the-§8ar extraction history of the Carter sandstone, suggesting that the
Pottsville A sand has not experienced large amountssiifig related to the extraction process,
while the Carter sandstone reservoir has.

Sulfur content can indicate source origin (Moldowan et al., 1985). Marine derived crude

oils generally display sulfur values of > 0.5%, while fmarine are generally < @& While
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both potential source rocks are considered dominantly marine influenced (Conant and Swanson,
1961; Legg, 2014), the sulfur values of the Pottsville A sand oils do not reflect this. The
Pottsville A sand oils have a sulfur content of 0.12% and0, ithile the Carter sandstone oils
are 0.68% and 0.52% (Tal8® The low sulfur content of the Pottsville A sand oils may be
correlated to the abundant coal seams throughout the Pottsville Formation. Coal deposits are
linked with terrestrial plants, whicsuggest that the reservoir was influenced by terrestrial
material. With the terrestrial influence of coal on the migrating hydrocarbons, this would lower
the sulfur content of the crude oils in the Pottsville A sand reseiMugrcoal seams within the
Patsville Formation may have had a geochemical impact on the crude oil if the oil continued to
mature within the reservoir, rather than ceasing maturation once being reservoired.

The G-Cyg steranes (Figure )%re clustered together with a slight cortiela between
the Floyd/Neal Shale samples and the crude oil samples. An igleat&nary diagram would
show the genetic groups clustering tightly together with a strong separation between each group.
While the Floyd/Neals slightly younger than the @ttanooga Shale, they sharsimilar
depositionahistory. There is no clear separation betwé®s results of the Floyd/Neal Shale and
the Chattanooga Shalius this ternary diagram is not conclusive regarding the source of the
oils. The distributiorof C,7-Cyg (Figure16) shows a similarity between the crude oils and the
Floyd/Neal Shale rock samples, whereas the Chattanooga Shale rock sample is greasedin C
Cos, and less in gg than the oil samples. The abundance gfi€the crude oils, alongith the
high sulfur content in the Pottsville A crude oil samples, suggests a terrestrial influenced source,
which does not agree with previous studies (Conant and Swanson, 1961; Pashin et al., 2011,
Legg, 2014). This, again, may be due to the abundafresrestrialderived materials in the

Pottsville Formation and the Carter sandstone, the reservoir rocks. The Pottsville A sand oils
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display the highest levels 0£,§§50.5%), while the Carter sandstone oils display slightly lower
Cyg levels (46.5%). Theottsville Formation is well known for its coal deposits throughout the
Black Warrior basin, which potentially increased thel€vels in the sampleSimilarly, Pashin
and Kugler (1996) state that the Carter sandstone has root structures and planifossased
Cyg levels suggest terrestrial influence, which is shown by all crude oil samples. Terrestrial
material found in both reservoirs may have impacted the@ls in the samples, as it is
possible the oils continued to mature within the resiesy

The ratio of pristane (Pr) and phytane (Ph) is used to determine a terrestrial or marine
source rock. Both the Chattanooga and Floyd/Neal Shales are interpreted as marine source rocks
(Conant and Swanson, 1961; Legg, 2014). The histogram of piitytane ratios shows
differences between the two potential source rocks in comparison with the crude oils I#gure
The ratios of the crude oils are more similar to the ratios of the Floyd/Neal Shale than the ratios
of the Chattanooga Shale, supportihg idea that the oil is derived from the Floyd/Neal Shale
(Figurel?7). The Chattanooga Shale has an average Pr/Ph ratio of 0.34, while the Floyd/Neal
Shale has an average Pr/Ph ratio of 1.23. Pr/Ph ratios <1 suggest anoxic conditions, while ratios
>1 sugyest oxic conditions (Peters et al., 2005). If the Chattanooga and Floyd/Neal Shales were
marine shales, both should be anoxic. However, as the shales are not uniform throughout the
entire section, the ratio results may be impacted by interval of theaghalech the sample was
taken. The amount of pristane and phytane is dependent on maturity variations, petroleum
generation, and biomolecule input (Peters et al., 2005). Thus, establishing a correlation solely
from this ratio is not recommended due toltkelihood of increased pristane levels in crude oil
over time because of an increase in maturity levels; corroborating data is needed to support any

claims when relying on Pr/Ph ratio values from-8.8@ (Peters et al., 2005). The Pr/(Pr+Ph)
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ratios of pdential source rocks and crude oils also display similarities between the Floyd/Neal
Shale samples and the crude oil samples (FigdreNhile the standalone results of the pristane
and phytane analyses do not prove conclusive, when paired with the stesalts, the

similarities between the Floyd/Neal Shale and the crude oils is strengthened.

By analyzing the remainder of the 6key rat
correlation between the crude oils and potential source rock samplee(@@gu The Okey
ratioso have similar values with the exceptio
dominant peaks in FigurE8 are mainly from the Pottsville A sand oils. This is likely due to the
ratios in Figurel8 being affected by maturity and/degradation. Because the Pottsville A sand
oils only began production in 2011 and the Carter sandstone oils have been produced since 1979,
the Carter sandstone may have more water and other foreign substances in the reservoir. The
introduction of the sutfances can causesiiu biodegradation. The most prominent peak in
Figurel8, Ts/Tm, is highly dependent on the maturity of the sample. While Ts is a stable
compound in terms of thermal maturity, Tm is less stable. Therefore, as the maturity of a sample
increases, the value of the ratio increases as well. The Ts/Tm data presented in this study shows
the Floyd/Neal Shale as having a maximum of 1.75 difference from the crude oils, while the
Chattanooga Shale has a maximum of 2.25 difference. The grapksdepiight similarity
between the Floyd/Neal Shale and the crude oils.

As noted previously, CRistablishes the maturiby utilizing constituents from the
samples (equatioB) (Bray and Evans, 1961)he Chattanooga Shale sample has a CPI value of
1.25,while the Floyd/Neal Shale samples have values of 1.04, 1.13, 1.20, and 1.25, for an
average of 1.16. The Carter sandstone crude oils have values of 1.09 and 1.09, while the

Pottsville A sand crude oils have values of 1.06 and 1.08. These values atevmdicaature
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source rocks indicated with values of close to 1, which is consistent with the kerogen data and
Tmaxdata, but does not help with the correlation of oil to oil, or oil to source rock.

The values obtained by the GCMS analysis on the Chatjar®loale and Floyd/Neal
Shale samples may be affected by the state of the samples analyzed. The potential source rock
samples were either cuttings from a well or billets from a cored interval. The samples analyzed
in this study range anywhere in age froéb% to 2008. With up to 70 year old unpreserved
samples being analyzed, it is likely the peaks and ratios are not diagnostic of the potential source
rock today. While the lighter hydrocarbons may have volatized, the heavier constituents likely

remain in tle samples.
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5.0DISCUSSION

5.1 Source Rock Potential

5.1.1TOC
With %TOC levels as high as 3.16% and 6.25%, the Floyd/Neal and Chattanooga Shales
have 6gooddé to O6very gooddéb source rock qualit
isopach maps of Pashin et al. (2011) with the %TOC maps (Figure8 &nd25vs. 19), the
Floyd/Neal Shale is thicker and more uniformly distributed compared to the thin Chattanooga
Shale. While the hydrocarbon potential of the Chattanooga Shale is still viable, the Floyd/Neal
Shale would be a more likely target for conventional exgpion due to its consistent TOC

levels, thickness, and lateral continuity.

5.1.2 Kerogen Type and Maturity

The proxies used to determine the type of hydrocarbon generation the potential source
rocks are expected to produce are heavily depermhetite maturity of the rocks. The
Floyd/Neal and Chattanooga Shales are assumed to have similar depositional histories as
established by previous studies (e.g., Conant and Swanson, 1960; Pashin et al., 2011; Legg,

2014), as well as thermal maturationtbiges. However, the Chattanooga Shale samples in this
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study are classified as organic facies D (FidLie which is norgenerative. Pawlewicz
and Hatch (2007) conclude the Chattanooga Skalghin organic facies BC and C, which
contradict the resultsf this study. The disagreement is most likely the result of the maturation
differencesasPawlewicz and Hatch (2007) have samples from both moderate and high maturity
regions. However, this study has samples solely from a high maturity region. Pavédadicz
Hatch (2007) state that the Floyd/Neal Shale samples ranged from organic facies BC to D, which
agrees with the results of this study. The agreement between the Floyd/Neal Shale results can be
interpreted aanalyzing samples from similar maturity regs, unlike the Chattanooga Shale
samplesThis study establishes a Black Warrior basin maturation trend increasing from north to
south, and agrees with the conclusions of Carroll et al. (1995) and Legg (2014) (Appendix C).

With the maturity of source ois affecting the majority of the Rodkval Pyrolysis
results, such asykx Ro, Ol, and HI, it is imperative to determine the burial history of the rocks.
Legg (2014) generated depth profiles for three wells in the Black Warrior basin by studying the
RockEval Pyrolysis results of Floyd/Neal Shale samgfegures C3C5). From these profiles,
it is clear that the deepest modeled depth the potential source rocks reached was ~ 15,000 feet
(AL OGB Permit No. 15668), while the maximum burial in the shallowettwas ~ 10,000
feet (AL OGB Permit No. 2191). Carroll et al. (1995) established a temperature gradient of
16°F/1,000 ft for the Black Warrior basin. The temperature gradient of the Black Warrior basin
is comparable to the Arkoma basin in Oklahoma, wiisplays a range of temperature
gradients from 13°F/1,000 ft to 21°F/1,000 ft (Harrison et al, 1983). Using the depths of Legg
(2014), temperature gradient of Carroll et al. (1995) and assuming an ambient ground
temperature of ~24°C, a maximum temperatir#60°C would have been reached at the

maximum depth of 15,000 feet. The oil window is from 60°C to 160°C (Allen and Allen, 2013);
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thus, both potential source rocks did not exit the oil window at their maximum depth. Therefore,
based on the ok results the potential source rocks are mature rather than overmature, as stated
by Legg (2014) and Carroll et al. (1995). This is confirmed by the majority of the samples
plotting within the oil window (Figuréd.3).

The vitrinite reflectance equations (1) and4® not accurate for the data presented in
Carroll et al. (1995). Uniform maturation of rocks throughout the entire world is farfetched,;
therefore, having a blanket equation for maturation of source rocks is not appropriate. Equation
(4) is more represeative of the Black Warrior basin samples, and the results are within the oil
generating window (60 to 160°C), with the exception of one Chattanooga Shale sample. This
outlier value is likely due to a skewed,kvalue derived from the low S2 shoulder fréme
pyrogram (Figures). Further confirming results can be established by utilizing measured
vitrinite reflectance values from Carroll et al. (1995.utilizing samples from Carroll et al.

(1995), Table9 shows the comparison of the three equationsiitkshby this study. Of the three
equationsequation4),r ef er r ed Qal cawsl theDeoshégearatw for the Black
Warrior basin sample$Vhile the difference between the values calculated using equd}iane(
approximately inaccurate by aeasure of 17% on average, equation (1) is approximately 22%
off on average and equation (2) is approximately 26% off on avdfagéer e of this

equation willlimit or nullify the need to conduct costly vitrinite reflectance analyses within the

Black Warrior basin.

Jarvie et Wist et Drago
Measured | Measured| al. (2001) al. (2013) Calculated
s R Calculated 9% off | Calculated % off % off Formation
464 1.12 1.19 6.23 1.06 5.17 1.22 8.34 Pottsville Fm
Lewis
459 1.61 1.10 37.46 0.99 47.78 1.16 32.74 Sandstone
447 0.71 0.89 22.06 0.81 13.19 1.01 35.06| Pottsville Fm
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Jarvie et Waist et Drago
Measured | Measured| al. (2001) al. (2013) Calculated
Tmax R Calculated % off | Calculated % off % off Formation
456 0.69 1.05 41.20 0.94 31.13 1.12 47.57| Pottsville Fm
445 0.91 0.85 6.82 0.78 15.32 0.99 8.18 | Pottsville Fm
442 0.89 0.80 11.15 0.74 18.97 0.95 6.66 | Pottsville Fm
445 0.91 0.85 6.82 0.78 15.32 0.99 8.18 | Parkwood Fm
437 0.95 0.71 29.47 0.66 35.83 0.89 6.43 Floyd Shale
443 0.98 0.81 18.51 0.75 26.50 0.96 1.71 Floyd Shale
Lewis
446 0.96 0.87 10.07 0.80 18.75 1.00 4.05 Sandstone
Chattanooga
433 1.12 0.63 55.42 0.60 60.21 0.84 28.29 Shale
447 0.99 0.89 22.29 0.81 26.20 1.01 17.02 Average

Table 9i Summary table of measured and calculated vitrinite reflectance values for Black
Warrior basin samples from Carroll et al. (1995)

5.2 QOil to Oil and Oil to Source Correlation

By takinginto account the results of the New Data, in addition to previous studies
conducted on various source rocks and oils within the Black Warrior basin (Carroll et al., 1995;
Hatch and Pawlewicz, 2007; Pashin et al., 2011; Legg, 2014), it is clear that¢cké\Bleior
basin contains potential source rocks with high TOC levels and adequate maturity levels for
producing hydrocarbons, and good reservoir rocks. Along with the abundant production and
recent discoveries, it is likely that untapped potential renvaitinén this basin. The Floyd/Neal
Shale has &-Cyg and pristane/phytane correlations to both the Carter sandstone crude oils and
the Pottsville A sand crude oils (FigurB8and17), which suggests that the Floyd/Neal Shale is
the direct source of hydratbons for those crude oils.

The Chattanooga Shale samples have an average pristane/phytane level (0.34) that is 0.89
less than the Floyd/Neal Shale average (1.23), and 1.12 less than the average crude oil results

(1.46 and 1.53), which illustrates ledsadrend between the Chattanooga Shale and the crude
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oils. The bulk parameters of the crude oils suggest that the oil samples are of different genetic
compositionsor that they experienced differing maturation processes. A clear distinction
between thewto oil reservoirs is noted in the API, % <$s5C%S, ppm V, and ppm Ni (Tab&.
While this suggests unigueness between the

not display any noticeable patterns between the oils or the potential socks€Figurels).

This may be due to thegeof the samples, and could potentially be remedied with fresh samples.

With more localized and tdepthstudies, it igpossible to further correlate the potential source

rocks to the crude oils extracted from the reservoir rocks.
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6.0 CONCLUSIONS

In the Black Warrior basin of northwestern Alabanh@ €hattanooga Shakas an
average@oTOC of 3.52%andthe Floyd/Neal Shalehas an averagéTOC of 2.59% Based on
the Chattanoog&haleand Floyd/Neal Shalaveragerl nax valuesof 484°Cand455°Candthe
calculated vitrinite reflectance valuesing equatiori4) of 0.9-2.2%and0.92-1.71%
respectivelyas well as utilizing the burial history pldt®m Carroll et al. (1995) and Legg
(2014), the potential source rockachieved proper maturation levels to expel crudeBeitause
the rocks remained in the oil windothe rocksmaintaincrude oilproductionpotentialtoday
Thepseudo van Krevelen diagrams and Jones (1987) metticdte that th€hattanoogand
Floyd/Neal Shaleeangeanywherefrom nongenerative to oil prone due to the differences in
maturation and organic material.

The Floyd/Neal Shale is likely the main source of both the Carter sandstone and
Pottsville A sand crude oils extracted from the North Blowhorn Creek and Chicken Swamp
Branch because the Floyd/Neal Shale is laterally continuous, is consistently thicktuioting
basin (~106800 ft), and maintains adequate TOC levels4%d) throughout a majority of the
basin. This conclusion takes into account the composition of the crude oils and source rock
samples, as well as the %TOC and thickness trends of theiglosenice rocks.

Bulk property averagesuch as API gravit{29.£ vs. 39.8), %<C15(37.5 vs. 51.3)

%ulfur (0.60 vs. 0.14)ppm Vanadium(17 vs. 0) and ppm Nikel (8.5 vs. 2.5)of the Carter
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sandstonand Pottsville Asandcrudeoils, respectively,showa clear separation between
the two oilfields (North Blowhorn Creek and Chicken Swamp Branulhile thed k e y
r at OilMedadtios Figure 18 and AppendixXE) appear tdhave no discernible patterfihe
differences in bulk properties between tve oil groups maybeexplained by post generation
biodegradation through natural causeaterwashing of the reservoir for enhanced hydrocarbon
recovery,microbial influence within the reservowr geochenual influence from the reservoir
rock itself With the Cartersandston@nd Pottsville Asandcrude oils displayingliffering bulk
property valuebut similardé k e y /Oildodiratics this suggestthatno correlation between
the two oils can be made rdadently.

Moving forward, a better understanding of migration pathways within the Black Warrior
basin will facilitate further correlations between potential source rocks and crude oils produced

in the basin.
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Procedures — GeoMark Research, LLC.

1. Sample Requirements for a Typical Geochemical Program

For geochemical analysis a teaspoon (ca. 10 g.) of sample matenal is needed when TOC, Rock-Eval, vitrinite reflectance and residual
hydrocarbon fluid fingerprinting i1s to be completed. If possible, a tablespoon is preferred. However, it is possible to complete a
detailed program with even less sample, although there is dependency on the sample characteristics (e.g., organic richness, abundance
of vitrinite, amount of staining).

2. Total Organic Carbon (TOC) = LECO C230 instrument

Leco TOC analysis requires decarbonation of the rock sample by treatment with hydrochloric acid (HCI). This is done by treating the
samples with Concentrated HCL for at least two hours. The samples are then rinsed with water and flushed through a filtration
apparatus to remove the acid. The filter is then removed, placed into a LECO crucible and dried in a low temperature oven (110 C)
for a minimum of 4 hours. Samples may also be weighed after this process in order to obtain a % Carbonate value based on weight
loss.

The LECO C230 instrument is calibrated with standards having known carbon contents. This is completed by combustion of these
standards by heating to 1200°C in the presence of oxygen. Both carbon monoxide and carbon dioxide are generated and the carbon
monoxide is converted to carbon dioxide by a catalyst. The carbon dioxide is measured by an IR cell. Combustion of unknowns is
then completed and the response of unknowns per mass unit is compared to that of the calibration standard, thereby the TOC is
determined.

Standards are analyzed as unknowns every 10 samples to check the variation and calibration of the analysis. Random and selected
reruns are done to verify the data. The acceptable standard deviation for TOC 1s 3% variation from established value.

3. Rock Eval

Approximately 100 milligrams of washed, ground (60 mesh) whole rock sample is analyzed in

the Rock-Eval Il instrument. Organic rich samples are analyzed at reduced weights whenever the 52 value exceeds 40.0 mg/g or TOC
exceeds 7-8%. Samples must be re-analyzed at lower weights when these values are obtained at 100 mg.

RE-IT Operating Conditions

S1: 300°C for 3 minutes

S2: 300°C to 550°C at 25°C/min;
hold at 550°C for 1 minute

S3:  trapped between 300 to 390°

RE-VI Operating Conditions
S1: 300°C for 3 minutes
s2: 300°C to 600°C at 25°C/min;
hold at 600°C for 1 minute
S3: measured between 300 to 400°
HAWK Operating Conditions

S1: 300°C for 3 minutes

s2: 300°C to 650°C at 25°C/min;
hold at 650°C for 0 minute

S3: measured between 300 to 400°

Measurements from Rock-Eval are:
51: free oil content (mg HC/g rock)
52: remaining generation potential (mg HC/g rock)

Tmax: temperature at maximum evolution of S2 hydrocarbons (°C)
53: organic carbon dioxide yield (mg CO4f g rock)

Figure A1l Summary of GeoMark Research, LLC Rdekal Pyrolysis analytical methods.
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Procedures — GeoMark Research, LLC.
Several useful ratios are also utilized from Rock-Eval and TOC data. These are:

Hydrogen Index (HI): S2/TOC x 100 (in mg HC/g TOC)
Oxygen Index (OI): S3/TOC x 100 (in mg CO2/g TOC)
MNormalized Oil Content: S1/TOC x 100 (in mg HC/g TOC)
S2/83:

Production Index (PI): SIA(S1+82)

Instrument calibration is achieved using a rock standard. Its values were determined from a calibration curve to pure hydrocarbons of
varying concentrations. This standard is analyzed every 10 samples as an unknown to check the instrument calibration. If the analysis
of the standard ran as an unknown does not meet specifications, those preceding data are rejected, the instrument recalibrated, and the
samples analyzed again. However, normal variations in the standard are used to adjust any variation in the calibration response. The
standard deviation 1s considered acceptable under the following guidelines:

Tmax: +2°C

S1: 10% vanation from established value
§2: 10% variation from established value
83: 20% variation from established value

Analytical data are checked selectively and randomly. Selected and random checks are completed on approximately 10% of the
samples. A standard is analyzed as an unknown every 10 samples.

4. Turnaround Time:

The standard turnaround time for sample orders over the past 12 months is approximately 2 to 3 weeks, depending on number of
samples in the order.

Figure Al Continued
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GEOMARK RESEARCH
CRUDE OIL EXPERIMENTAL METHODS

Whole Crude Gas Chromatography:

Standard {'Whole Oil’) Method: Whole crude oils or extracts are injected (split mode
75/1; 350°C) on a 30m x 0.32mm J&W DB-5 column (0.25 pm film thickness) and
temperature programmed from -60°C to 350°C at 12°C/min using an Agilent 7890A gas
chromatograph with a FID detector. Helium is used as the carrier gas.

High Resolution/Quantitative Method (HRGC): Crude oils or extracts are dissolved in
(CS2 and an internal standard (1-hexene) is added and injected (split mode 50/1) on a 50m
x 02mm HP-PONA column (0.50 pm film thickness). The temperature ramp is
programmed at 35°C for 4 min, followed by 1.5°C/min to 50°C, followed by 4°C/min to
300°C, and finishing at 1°C/min to 350°C using an Agilent 7890A gas chromatograph.
Hydrogen is used as the carrier gas.

High Temperature Method: Crude oils, waxes or extracts are dissolved in CS2 and
injected (split mode 50/1) on a 15m x 0.320mm DB-1HT column (0.10 pm film
thickness). The column oven is temperature programmed from 35° C to 400° C at 8°/min
using an Agilent 7890A gas chromatograph. Hydrogen is used as the carrier gas.

Dionex ASE 350 Quantitative Extraction

~10 grams of powdered sample are weighed into a stainless steel cell then sealed with
stainless steel caps. The cells are then loaded onto the Dionex ASE 350 instrument
where each cell is individually filled with dichloromethane and pressurized up to 1400
psi for 5 min; the solvent is then flushed into a collection vial. This process is repeated
two additional times before the extraction is complete. The extract is air dried at room
temperature and weighed after all solvent has evaporated in order to obtain the total
extract amount.

API Gravity: 1-2mL of crude oil is injected using a syringe into an Anton Par DMA 500
density meter and calculated using the “API Gravity @60°F” method. This process is
triplicated for each oil in order to validate accuracy and reproducibility.

Whole Oil Wt % Sulfur: Whole oils are measured on a vario ISOTOPE select elemental
analyzer for Wt % sulfur via the process of dumas combustion.

Liquid Chromatography (LC): Subsequent to determining the <C15 fraction (light
ends) by evaporation in a stream of nitrogen for 30 min, and asphaltene precipitation
using excess n-hexane (overnight at room temperature), the C15+ deasphalted fractions
are separated into saturate hydrocarbon, aromatic hydrocarbon, and NSO (nitrogen-
sulfur-oxygen compounds or resin) fractions using gravity-flow column chromatography
employing a 100-200 mesh silica gel support activated at 400° C prior to use. Hexane is
used to elute the saturate hydrocarbons, methylene chloride to elute the aromatic
hydrocarbons, and methylene chloride/methanol (50:50) to elute the NSO fraction.
Following solvent evaporation, the recovered fractions are quantified gravimetrically.

Figure A2i Summary of GeoMark Research, LLC Gas Chromatograpfigss Spectrometry
analytical methods.
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The C15+ saturate hydrocarbon fraction is subjected to molecular sieve filtration (Union
Carbide S-115 powder) after the technique described by West et al. (1990) in order to
concentrate the branched/cyclic biomarker fraction.

Stable Isotope Analyses: Bulk stable carbon isotopic compositions (13¢/12€) of whole
oils and C15+ saturate and aromatic hydrocarbon fractions are measured on an Isoprime
vario ISOTOPE select elemental analyzer and VisION isotope ratio mass spectrometer
(IRMS). Resulis are reported relative to VPDB. Bulk stable sulfur isotope compositions
{345;’325) of whole oils and NSO fractions are measured on the same system with results

reported relative to VCDT. Compound-specific carbon isotopic compositions (13C/12C)
of whole oils are measured on an Agilent 7890B GC (split injection) interfaced to an
Isoprime GCS5 combustion interface and VisION IRMS. Compound-specific results for
the n-alkane envelope in whole oils, specifically C9-C30 are reported as standard along
with selected light hydrocarbon compounds, depending upon the sample.

Gas Chromatography/Mass Spectroscopy (GC/MS): GC/MS analyses of Cl15+
branched/cyclic and aromatic hydrocarbon fractions (in order to determine sterane and
terpane biomarker distributions and quantities) are performed using an Agilent 7890A or
7890B GC interfaced to a 5975C or 5977A mass spectrometer. He is kept at a constant
flow rate throughout the analysis. The J&W HP-5 column (50 m x 0.2 mm; 0.11 pm film
thickness) is temperature programmed from 150°C to 325°C at 2°C/min for the
branched/cyclic fraction and 100°C to 325°C at 3°C/min for aromatic fraction. The mass
spectrometer is run in the selected ion mode (SIM), monitoring ions m/z 177, 191, 205,
217, 218, 221, 231 and 259 (branched/cyclic) and m/z 133, 156, 170, 178, 184, 188, 192,
198, 231, 239, 245, and 253 (aromatics). In order to determine absolute concentrations of
individual biomarkers, a deuterated internal standard (d4-C29 20R Ethylcholestane;
Chiron Laboratories, Norway) is added to the C15+ branched/cyclic hydrocarbon fraction
and a deuterated anthracene standard (d10) is added to the aromatic hydrocarbon fraction.
Response factors (RF) were determined by comparing the mass spectral response at m/z
221 for the deuterated standard to hopane (m/z 191) and sterane (m/z 217) authentic
standards. These response factors were found to be approximately 1.4 for terpanes and
1.0 for steranes. Concentrations of individual biomarkers in the branched/eyelic fraction
were determined using the equation shown below:

Cone.(ppm) = [(ht. biomarker)(ng standard)]/[(ht. standard)(RF)(mg b/cy fraction)]

GC/MSMS: A proprietary method using an Agilent triple quadrapole mass spectrometer
(QQQ) interfaced with an Agilent 7890 GC provides quantitative analyses of whole
oils/extracts for a variety of terpane/sterane biomarkers as well as diamondoids,
carotenoids, and a series of alkyl aromatics, all with a single run. The alkyl aromatics
allows for a prediction of the level of thermal maturity (in units of vitrinite reflectance
equivalent-VRE), even for light oils/condensates that have lost the usual biomarkers.

Figure A2 Continued
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AL OGB I\El)ee(:)';]n Formation | Carbonate] TOC | Tmax (;t] (;Zg (;Z P HI ol

Permit No. (ft) Name (wt %) (wt %) | (°C) HClg) | HClg) | Calg)

1780 6270 Floyd X X X X X X X X X
1780 6450 Floyd X 222 | 450| 0.31 1.35 1.00 |0.19| 60.81 | 45.05
1780 6470 Floyd X X X X X X X X X
1780 6600 | Chattanooga X 0.50 |454| 0.07 0.31 0.74 |0.18| 62.00 | 148.00
2191 2740 Floyd X 1.60 |437| 0.53 3.84 1.92 |0.12] 240.00( 120.00
2191 2770 Floyd X 245 |439| 0.60 8.41 1.66 | 0.07|343.27| 67.76
2191 2780 Floyd X X X X X X X X X
2191 2820 Floyd X 1.74 |438| 0.29 5.78 1.36 | 0.05|332.18| 78.16
2191 2855 Floyd X 2.36 | 443| 0.68 4.89 0.90 |0.12| 207.20| 38.14
2191 2920 Floyd X 3.94 |446| 1.15 9.10 2.46 |0.11|230.96| 62.44
2191 3010 Floyd X 0.47 |432| 0.04 0.40 0.95 |0.09| 85.11 | 202.13
2191 3180 | Chattanooga X 3.05 |433| 0.54 7.41 1.37 |0.07|242.95| 44.92

TableB1i Carroll et al. (1995) sampléBulk geochemical parameters of the samples analyzed in this study)

AL OGB I\/IIDeecgf;]n Formation Carbonate, TOC | Thax (ilg (rSnZg (;:; P H ol
Permit No. () Name wWt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
1087 543.5 Floyd (Neal) X 6.71 | 422| 056 | 11.33| 9.41 |0.05|168.85| 140.24
1087 543.5 Floyd (Neal) X 1.96 | 432| 0.24 0.73 0.69 |0.25| 37.24 | 35.20
1087 543.5 Floyd (Neal) X 1.93 | 540| 0.23 0.51 0.38 |0.31| 26.42 | 19.69
1087 543.5 Floyd (Neal) X 205 |487| 0.21 0.67 0.65 |0.24| 32.68 | 31.71
1087 543.5 Floyd (Neal) X 1.74 | 538| 0.25 0.40 0.31 |0.38]| 2299 | 17.82
1087 543.5 Floyd (Neal) X 1.37 | 451 | 0.15 0.22 0.22 |0.41| 16.06 | 16.06
1087 10145 Floyd (Neal) X 1.02 | 434| 0.14 0.15 0.37 |0.48| 14.71 | 36.27
1087 543.5 Floyd (Neal) X 1.13 | 437 | 0.09 0.21 0.16 |0.30| 18.58 | 14.16
1087 543.5 Floyd (Neal) X 1.14 | 379| 0.08 0.18 0.18 |0.31] 15.79 | 15.79
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
1087 543.5 Floyd (Neal) X 1.10 | 375| 0.09 0.22 0.19 |0.29| 20.00 | 17.27
1087 10170 Floyd (Neal) X 0.81 |423| 0.10 0.08 0.32 | 0.56| 9.88 | 39.51
1634 6435 Chattanooga X 0.90 |446| 0.26 0.56 0.41 |0.32| 62.22 | 45.56
1634 817 Floyd (Neal) X 2.86 | 443 | 1.27 1.28 0.45 |0.50| 44.76 | 15.73
1634 6120 Floyd (Neal) X 1.71 | 447 1.08 2.03 0.43 |0.35|118.71| 25.15
1634 817 Floyd (Neal) X 2.75 | 458 | 0.50 0.75 0.15 |0.40| 27.27 | 5.45
1634 6140 Floyd (Neal) X 264 | 446 | 1.26 2.33 0.41 |0.35| 88.26 | 15.53
1634 817 Floyd (Neal) X 277 | 449 | 1.03 2.05 0.42 |0.33| 74.01 | 15.16
1634 6160 Floyd (Neal) X 1.80 | 449 | 0.81 1.57 0.36 |0.34| 87.22 | 20.00
1634 817 Floyd (Neal) X 2.48 | 453| 093 | 1.77 | 050 |0.34| 71.37 | 20.16
1634 817 Floyd (Neal) X 1.19 | 459 | 0.16 0.42 0.23 |0.28| 35.29 | 19.33
1634 817 Floyd (Neal) X 1.20 | 454 | 0.17 0.49 0.19 |0.26| 40.83 | 15.83
1634 817 Floyd (Neal) X 1.27 | 454 | 0.26 0.90 0.22 |0.22| 70.87 | 17.32
1634 6265 Floyd (Neal) X 5.78 | 459 | 2.59 5.59 0.48 |0.32]| 96.71 | 8.30
1634 6290 Floyd (Neal) X 3.59 |458| 1.48 3.11 0.53 | 0.32| 86.63 | 14.76
1634 817 Floyd (Neal) X 3.01 [459| 1.23 2.18 0.48 |0.36| 72.43 | 15.95
1634 6310 Floyd (Neal) X 3.69 |455| 1.66 2.94 0.49 |0.36| 79.67 | 13.28
1764 5585 Floyd (Neal) X 096 |452| 0.11 0.37 0.21 |0.23| 38.54 | 21.88
1764 5595 Floyd (Neal) X 2.30 | 456 | 0.75 1.65 051 (031 71.74 | 22.17
1764 5605 Floyd (Neal) X 1.93 | 456 | 0.62 1.51 0.44 |0.29| 78.24 | 22.80
1764 5615 Floyd (Neal) X 0.65 | 466| 0.08 0.22 0.18 |0.27| 33.85 | 27.69
1764 5625 Floyd (Neal) X 1.22 | 451 | 0.17 0.52 0.25 |0.25| 42.62 | 20.49
1764 5655 Floyd (Neal) X 2.33 | 455| 0.63 1.52 0.31 |0.29| 65.24 | 13.30
1764 5665 Floyd (Neal) X 249 | 457 | 0.76 1.68 0.47 |0.31| 67.47 | 18.88
1764 5675 Floyd (Neal) X 1.87 | 451 | 0.46 1.03 0.34 |0.31| 55.08 | 18.18
1764 5725 Floyd (Neal) X 1.39 | 452 | 0.39 0.91 0.26 | 0.30| 65.47 | 18.71

82




AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
1774 887 Floyd (Neal) X 2.47 | 448 | 0.96 3.32 0.27 |0.22|134.41| 10.93
1774 887 Floyd (Neal) X 2.16 | 448 | 0.89 2.82 0.27 |0.24|130.56| 12.50
1774 887 Floyd (Neal) X 3.63 | 450| 0.96 3.96 0.37 |0.20|109.09| 10.19
1780 6415 Floyd (Neal) X 1.59 | 456 | 0.12 0.35 0.14 |0.26| 22.01 | 8.81
1780 6425 Floyd (Neal) X 3.27 | 454 | 0.53 1.28 0.26 |0.29| 39.14 | 7.95
1780 6435 Floyd (Neal) X 259 | 453| 0.34 0.91 0.12 |0.27| 35.14 | 4.63
1780 6445 Floyd (Neal) X 295 | 456 | 0.67 1.42 0.20 |0.32| 48.14 | 6.78
1780 6455 Floyd (Neal) X 295 | 457 | 0.45 1.21 0.17 |0.27| 41.02 | 5.76
1780 6465 Floyd (Neal) X 356 |454| 058 | 1.70 | 0.17 |0.25| 47.75| 4.78
1780 6475 Floyd (Neal) X 2.89 | 451 | 0.47 1.37 0.13 |0.26| 47.40| 4.50
1780 6485 Floyd (Neal) X 3.98 |[456| 0.90 2.44 0.24 |0.27| 61.31| 6.03
1780 6495 Floyd (Neal) X 4,12 | 453| 0.29 1.20 0.48 |0.19| 29.13 | 11.65
1780 6505 Floyd (Neal) X 3.42 | 458| 0.72 1.94 0.21 |0.27| 56.73 | 6.14
1780 6515 Floyd (Neal) X 2.04 | 458 | 0.45 1.08 0.07 |0.29| 52.94 | 3.43
1780 6270 Neal X 0.82 | 454 | 0.05 0.06 0.15 |0.45| 7.32 | 18.29
1780 6300 Neal X 0.99 |465| 0.07 0.27 0.10 |0.21| 27.27 | 10.10
1780 6330 Neal X 1.87 | 448 | 0.23 0.56 0.29 |0.29| 29.95| 1551
1780 6340 Neal X 1.97 | 451 | 0.45 0.98 0.27 |0.31| 49.75 | 13.71
1780 6350 Neal X 1.21 | 451 | 0.06 0.17 0.15 |0.26| 14.05| 12.40
1780 6360 Neal X 1.13 | 467 | 0.06 0.19 0.10 |0.24| 16.81 | 8.85
1780 6370 Neal X 1.26 | 467 | 0.06 0.24 0.12 |0.20| 19.05| 9.52
1780 6380 Neal X 1.09 | 468 | 0.07 0.23 0.12 |0.23| 21.10| 11.01
1780 6390 Neal X 1.54 | 454 | 0.09 0.31 0.07 |0.23]| 20.13 | 455
1780 6410 Neal X 159 | 456 | 0.12 0.35 0.14 |0.26| 22.01 | 8.81
1780 6420 Neal X 3.27 | 454 | 0.53 1.28 0.26 |0.29]| 39.14 | 7.95
1780 6430 Neal X 259 | 453| 0.34 0.91 0.12 |0.27| 35.14 | 4.63
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
1780 6440 Neal X 295 | 456 | 0.67 1.42 0.20 |0.32| 48.14 | 6.78
1780 6450 Neal X 295 | 457 | 0.45 1.21 0.17 ]0.27| 41.02| 5.76
1780 6450 Neal X 242 | 452 | 0.47 1.05 0.28 |0.31| 43.39 | 11.57
1780 6460 Neal X 3.56 |454| 0.58 1.70 0.17 |0.25| 47.75| 4.78
1780 6460 Neal X 293 | 455| 0.79 1.72 0.27 |0.31| 58.70 | 9.22
1780 6470 Neal X 2.89 | 451 | 0.47 1.37 0.13 |0.26| 47.40 | 4.50
1780 6470 Neal X 2.69 |461| 0.62 1.51 0.20 |0.29| 56.13 | 7.43
1780 6480 Neal X 3.98 |456| 0.90 2.44 0.24 |0.27| 61.31| 6.03
1780 6480 Neal X 3.73 | 458 | 1.28 3.06 0.29 |0.29| 82.04 | 7.77
1780 6490 Neal X 4,12 | 453| 0.29 1.20 0.48 |0.19| 29.13 | 11.65
1780 6500 Neal X 3.42 | 458| 0.72 1.94 0.21 |0.27| 56.73 | 6.14
1780 6510 Neal X 2.04 | 458 | 0.45 1.08 0.07 |0.29| 52.94 | 3.43
1780 6550 Neal X 2.08 | 453 | 0.08 0.45 0.17 |0.15| 21.63 | 8.17
1780 6560 Neal X 2.63 | 436| 0.10 0.49 0.41 |0.17| 18.63 | 15.59
1792 5130 Floyd (Neal) X 258 | 441| 1.10 4.29 0.36 | 0.20| 166.28| 13.95
1792 5140 Floyd (Neal) X 2.62 | 442| 1.15 4.79 0.38 |0.19|182.82| 14.50
1792 5170 Floyd (Neal) X 222 | 444 | 1.01 3.08 0.46 |0.25|138.74| 20.72
1792 5203 Floyd (Neal) X 2.78 | 443 | 1.35 5.13 0.50 |0.21|184.53| 17.99
1792 5248 Floyd (Neal) X 4.35 | 445 1.99 8.00 0.44 ]0.20]183.91| 10.11
1792 5263 Floyd (Neal) X 3.95 |447| 1.62 6.76 0.58 |0.19|171.14| 14.68
1800 900 Floyd (Neal) X 2.72 | 460 | 0.48 0.99 0.19 |0.33]| 36.40| 6.99
1800 900 Floyd (Neal) X 3.05 |466| 0.68 1.37 0.29 |0.33| 4492 | 951
1800 900 Floyd (Neal) X 3.37 | 462| 0.86 1.62 0.32 | 0.35| 48.07 | 9.50
1800 900 Floyd (Neal) X 3.58 |463| 0.78 1.42 0.28 |0.35| 39.66 | 7.82
1800 900 Floyd (Neal) X 3.61 |468| 0.85 1.65 0.27 |0.34| 45.71 | 7.48
1800 900 Floyd (Neal) X 3.24 | 464| 0.72 1.44 0.23 [0.33| 44.44 | 7.10
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
1800 900 Floyd(Neal) X 3.64 |466| 0.84 1.69 0.28 | 0.33| 46.43 | 7.69
1800 900 Floyd (Neal) X 4.01 | 469| 0.99 1.96 0.28 | 0.34| 48.88 | 6.98
1800 900 Floyd (Neal) X 438 | 468| 0.91 1.84 0.38 | 0.33]| 42.01| 8.68
1800 900 Floyd (Neal) X 421 | 463| 0.62 1.62 0.33 |0.28| 38.48 | 7.84
1800 900 Floyd (Neal) X 2.80 | 458 | 0.44 0.96 0.50 |0.31| 34.29 | 17.86
1810 8455 Chattanooga X 446 | 455| 0.50 0.55 0.49 |0.48| 12.33 | 10.99
1810 8500 Chattanooga X 5.08 |449| 0.73 1.20 0.41 |0.38| 23.62 | 8.07
1810 8520 Chattanooga X 1.96 | 457 | 0.24 0.54 0.13 |0.31| 2755 | 6.63
1810 8535 Chattanooga X 2.16 | 456| 0.32 0.52 0.13 |0.38| 24.07 | 6.02
1810 8543 Chattanooga X 2.38 | 455| 0.35 0.73 0.19 |0.32| 30.67 | 7.98
1944 3365 Floyd (Neal) X 284 |439| 1.19 6.05 0.48 |0.16|213.03| 16.90
2032 1016 Floyd (Neal) X 261 |440| 1.13 6.82 0.36 |0.14|261.30| 13.79
2064 3012.5| Floyd (Neal) X 5.25 |441| 3.01 17.97 | 0.65 |0.14|342.29| 12.38
2064 3062.5| Floyd (Neal) X 294 | 439 | 1.16 6.33 0.49 |0.15|215.31| 16.67
2191 3010 Floyd X 0.46 | 478| 0.02 0.16 0.30 |0.11| 34.78 | 65.22
2191 2740 Neal X 1.71 | 442 | 0.88 4.78 0.34 |0.16| 279.53| 19.88
2191 2780 Neal X 425 | 440| 252 18.16 0.54 ]0.12]427.29| 12.71
2191 2820 Neal X 2.07 |441| 0.72 3.97 0.29 |0.15|191.79| 14.01
2191 2920 Neal X 419 |441| 165 | 15.67| 0.49 |0.10|373.99| 11.69
2423 3145 Chattanooga X 540 | 433| 1.27 15.71| 0.89 |0.07|290.93| 16.48
2423 3155 Chattanooga X 410 |434| 0.96 | 13.09| 0.84 |0.07|319.27| 20.49
2492 1246 Floyd (Neal) X 1.72 | 450| 0.74 2.49 0.36 | 0.23|144.77| 20.93
2492 1246 Floyd (Neal) X 1.58 | 451 | 0.82 2.25 0.23 | 0.27|142.41| 14.56
2492 1246 Floyd (Neal) X 1.14 | 446 | 0.39 1.17 0.31 |0.25|102.63| 27.19
2492 1246 Floyd (Neal) X 262 |449| 0.11 0.48 0.21 |0.19| 18.32 | 8.02
2580 1290 Floyd (Neal) X 0.75 | 474| 0.16 0.42 0.30 | 0.28| 56.00 | 40.00
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
2580 7525 Floyd (Neal) X 1.33 | 471| 0.11 0.23 0.36 |0.32| 17.29 | 27.07
2580 1290 Floyd (Neal) X 250 |465| 0.72 1.09 0.25 | 0.40| 43.60 | 10.00
2580 1290 Floyd (Neal) X 3.40 | 470| 0.95 1.47 0.19 |0.39| 43.24 | 5.59
2580 7585 Floyd (Neal) X 3.49 | 467| 1.07 1.40 0.60 |0.43| 40.11 | 17.19
2594 1297 Floyd (Neal) X 2.85 | 445 1.07 3.04 0.46 |0.26|106.67| 16.14
2594 1297 Floyd (Neal) X 3.24 | 447| 1.64 4.85 0.38 | 0.25|149.69| 11.73
2594 1297 Floyd (Neal) X 451 | 446| 2.22 6.36 0.36 |0.26]|141.02| 7.98
2617 7795 Chattanooga X 4.02 | 474 | 0.45 0.60 0.39 |0.43| 14.93| 9.70
2617 7835 Chattanooga X 2.03 | 49| 0.14 0.39 0.59 |0.26| 19.21 | 29.06
2617 7470 Floyd (Neal) X 1.33 | 472| 0.14 0.37 0.43 |0.27| 27.82 | 32.33
2617 7495 Floyd (Neal) X 1.36 | 470| 0.19 0.44 0.28 |0.30| 32.35| 20.59
2617 7595 Floyd (Neal) X 1.13 | 474 0.10 0.29 0.32 | 0.26| 25.66 | 28.32
2748 1374 Floyd (Neal) X 3.06 |445| 0.70 3.31 0.45 |0.17|108.17| 14.71
2748 1374 Floyd (Neal) X 3.17 | 442 | 0.64 2.81 0.56 |0.19| 88.64 | 17.67
2748 1374 Floyd (Neal) X 3.96 |445| 0.93 4.41 0.58 |0.17|111.36| 14.65
2794 750 Chattanooga X 6.98 | 432| 3.43 | 16.24| 0.71 |0.17|232.66| 10.17
2794 770 Chattanooga X 6.27 | 438| 2.76 | 14.10| 0.66 |0.16|224.88| 10.53
2875 1437.5| Floyd (Neal) X 291 | 448 | 2.08 6.44 0.41 |0.24|221.31| 14.09
2875 1437.5 Floyd (Neal) X 3.00 | 449 1.60 4.43 0.24 |0.27|147.67| 8.00
2875 1437.5| Floyd (Neal) X 479 | 448 | 2.56 7.91 0.22 |0.24|165.14| 4.59
2917 1458.5 Floyd(Neal) X 2.89 | 447 1.30 4.45 0.27 ]0.23]153.98| 9.34
2917 1458.5 Floyd (Neal) X 2.77 | 445 1.21 5.02 0.26 |0.19]181.23| 9.39
2917 1458.5 | Floyd (Neal) X 2.63 | 447 | 0.97 451 0.28 |0.18|171.48| 10.65
2917 1458.5 | Floyd (Neal) X 3.62 |450| 1.35 6.28 0.29 |0.18|173.48| 8.01
3010 1505 Floyd (Neal) X 249 | 440| 0.57 2.15 0.52 |0.21| 86.35 | 20.88
3010 1505 Floyd (Neal) X 2.87 | 444 | 0.48 1.74 0.59 |0.22| 60.63 | 20.56
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
3097 1548.5 | Floyd (Neal) X 2.19 | 442 | 0.65 2.45 0.60 |0.21|111.87| 27.40
3097 1548.5 | Floyd (Neal) X 1.51 | 447 | 0.07 0.63 0.40 |0.10| 41.72 | 26.49
3097 1548.5 | Floyd (Neal) X 257 | 446| 0.72 2.58 0.38 | 0.22]100.39| 14.79
3097 1548.5 | Floyd (Neal) X 1.66 | 449 | 0.34 1.18 0.32 |0.22| 71.08 | 19.28
3101 1550.5 Floyd (Neal) X 2.70 | 441 1.21 3.78 0.54 |0.24|140.00| 20.00
3101 1550.5| Floyd (Neal) X 244 | 445| 1.35 3.87 0.46 |0.26|158.61| 18.85
3101 1550.5| Floyd (Neal) X 1.39 | 444 | 0.48 1.41 0.34 |0.25|101.44| 24.46
3132 1566 Floyd (Neal) X 283 | 449 | 1.39 4.60 0.27 |0.23]|162.54| 9.54
3132 1566 Floyd (Neal) X 438 | 447 | 2.48 8.65 0.27 |0.22]|197.49| 6.16
3132 1566 Floyd (Neal) X 2.68 | 445| 1.56 5.46 0.29 |0.22|203.73| 10.82
3157 1578.5| Floyd (Neal) X 1.14 | 451 | 0.20 0.69 0.77 |0.22| 60.53 | 67.54
3157 1578.5| Floyd (Neal) X 3.97 |451| 1.08 3.78 0.32 |0.22]| 95.21 | 8.06
3157 1578.5| Floyd (Neal) X 3.72 |452| 1.21 4.39 0.34 |0.22]|118.01| 9.14
3162 1581 Floyd (Neal) X 1.97 | 447 | 0.83 3.00 0.33 | 0.22| 152.28| 16.75
3162 1581 Floyd (Neal) X 259 | 445| 1.06 3.62 0.44 |0.23|139.77| 16.99
3170 1585 Floyd (Neal) X 1.69 | 447 | 0.63 1.99 0.34 |0.24|117.75| 20.12
3170 1585 Floyd (Neal) X 271 | 441| 0.35 2.61 0.25 |0.12]| 96.31 | 9.23
3170 1585 Floyd (Neal) X 3.24 | 448| 154 3.61 0.43 |0.30|111.42| 13.27
3221 1610.5| Floyd (Neal) X 290 | 440| 0.60 3.40 0.66 |0.15|117.24| 22.76
3221 1610.5| Floyd (Neal) X 2.27 | 442 | 0.57 3.05 0.42 |0.16|134.36| 18.50
3221 1610.5| Floyd(Neal) X 2.05 | 444 | 0.59 3.30 0.37 | 0.15|160.98| 18.05
3225 1612.5| Floyd (Neal) X 2.12 | 447 | 0.66 3.16 0.33 | 0.17|149.06| 15.57
3225 1612.5| Floyd (Neal) X 2.69 | 445| 0.88 4.01 0.42 |0.18| 149.07| 15.61
3225 1612.5 Floyd (Neal) X 3.50 | 444 | 0.89 4.19 0.55 ]0.18]119.71| 15.71
3225 1612.5| Floyd (Neal) X 294 | 446| 0.94 3.95 0.48 |0.19|134.35| 16.33
3528 1764 Floyd (Neal) X 2.01 | 449| 0.74 3.15 0.31 |0.19]156.72| 15.42
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
3528 1764 Floyd (Neal) X 411 | 446| 1.82 7.70 0.32 |0.19|187.35| 7.79
3528 1764 Floyd (Neal) X 3.83 |446| 1.55 6.73 0.28 |0.19|175.72| 7.31
3528 1764 Floyd (Neal) X 2.02 | 444 | 0.89 2.96 0.31 |0.23|146.53| 15.35
3553 1776.5| Floyd (Neal) X 0.79 |445| 0.24 0.50 0.89 |0.32| 63.29 | 112.66
3553 1776.5 | Floyd (Neal) X 1.98 |442| 1.21 3.19 0.36 |0.28|161.11| 18.18
3553 1776.5| Floyd (Neal) X 1.83 | 445| 0.74 2.34 0.39 |0.24|127.87| 21.31
3553 1776.5| Floyd (Neal) X 253 | 443 | 1.28 4.49 0.36 [0.22|177.47| 14.23
3556 1778 Floyd (Neal) X 1.31 | 437 | 0.40 3.07 0.35 |0.12|234.35| 26.72
3769 1884.5 | Floyd (Neal) X 287 |445| 1.21 3.57 0.48 |0.25|124.39| 16.72
3769 1884.5 | Floyd (Neal) X 2.33 | 447 | 0.99 3.15 0.52 |0.24|135.19| 22.32
3769 1884.5 | Floyd (Neal) X 1.81 | 449 | 0.28 1.34 0.37 |0.17| 74.03 | 20.44
3788 1894 Floyd (Neal) X 1.85 | 439 | 0.52 1.96 0.43 | 0.21|105.95| 23.24
3788 1894 Floyd (Neal) X 3.02 |444| 0.50 1.98 0.59 |0.20| 65.56 | 19.54
3788 1894 Floyd (Neal) X 2.23 | 444 | 0.88 3.34 0.31 |0.21|149.78| 13.90
3871 1935.5| Floyd (Neal) X 2.70 | 442 | 0.30 1.40 0.72 |0.18| 51.85 | 26.67
3871 1935.5| Floyd (Neal) X 3.20 |439| 1.12 3.02 0.34 |0.27| 94.38 | 10.63
3871 1935.5| Floyd (Neal) X 6.90 | 448 | 2.97 10.70 | 0.30 |0.22|155.07| 4.35
3874 1937 Floyd (Neal) X 1.35 | 442 | 0.29 1.22 0.28 |0.19| 90.37 | 20.74
3874 1937 Floyd (Neal) X 1.17 | 443 | 0.17 0.93 0.26 | 0.15| 79.49 | 22.22
3874 1937 Floyd (Neal) X 2.02 | 442| 0.83 3.82 0.49 |0.18|189.11| 24.26
3874 1937 Floyd(Neal) X 2.04 | 443 1.00 3.47 0.56 |0.22]170.10| 27.45
3999 1999.5 | Floyd (Neal) X 1.84 | 440| 0.62 2.56 0.29 |0.19|139.13| 15.76
3999 1999.5| Floyd (Neal) X 1.84 | 445| 0.55 2.12 0.26 |0.21|115.22| 14.13
3999 1999.5 | Floyd (Neal) X 474 | 441 2.09 10.03| 0.80 |0.17|211.60| 16.88
3999 1999.5 | Floyd (Neal) X 512 | 439| 1.41 7.20 1.06 |0.16] 140.63| 20.70
4016 2008 Floyd (Neal) X 1.03 | 452 | 0.13 0.70 0.19 |0.16| 67.96 | 18.45
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
4016 2008 Floyd (Neal) X 1.04 | 448 | 0.12 0.62 0.18 |0.16| 59.62 | 17.31
4016 2008 Floyd (Neal) X 1.03 | 454 | 0.11 0.60 0.20 |0.15| 58.25 | 19.42
4039 2019.5| Floyd (Neal) X 1.83 | 440 | 0.56 3.36 0.50 |0.14|183.61| 27.32
4039 2019.5| Floyd (Neal) X 242 | 443 | 0.89 5.01 0.60 | 0.15|207.02| 24.79
4039 2019.5| Floyd (Neal) X 292 |439| 1.62 8.34 0.57 |0.16| 285.62| 19.52
4055 2027.5| Floyd(Neal) X 1.95 | 444 | 0.66 2.24 0.29 |0.23|114.87| 14.87
4055 2027.5| Floyd (Neal) X 1.96 | 442 | 1.37 4.82 0.35 |0.22|245.92| 17.86
4055 2027.5| Floyd (Neal) X 3.83 |444| 1.92 5.67 0.43 | 0.25|148.04| 11.23
4064 5885 Floyd (Neal) X 2.36 | 447 | 1.13 2.67 0.69 |0.30|113.14| 29.24
4064 5915 Floyd (Neal) X 3.10 |447| 1.43 3.70 0.72 |0.28|119.35| 23.23
4064 5945 Floyd (Neal) X 3.92 [450| 1.66 3.96 0.45 |0.30|101.02| 11.48
4064 5975 Floyd (Neal) X 229 | 451| 0.73 1.77 0.47 |0.29| 77.29 | 20.52
4076 3065 Floyd (Neal) X 486 | 440| 1.81 15.41| 0.65 |0.11|317.08| 13.37
4076 3125 Floyd (Neal) X 3.20 | 441 1.34 9.64 0.51 |0.12] 301.25| 15.94
4076 3165 Floyd (Neal) X 391 |438| 1.31 11.96 | 0.57 |0.10|305.88| 14.58
4102 2051 Floyd (Neal) X 211 | 442| 0.72 2.99 0.41 |0.19|141.71| 19.43
4102 2051 Floyd (Neal) X 254 | 442 | 0.71 3.35 0.48 |0.17]131.89| 18.90
4102 2051 Floyd (Neal) X 280 | 442 | 1.43 6.61 0.51 |0.18| 236.07| 18.21
4102 2051 Floyd (Neal) X 1.69 | 445| 0.21 1.20 0.45 |0.15| 71.01 | 26.63
4140 2070 Floyd (Neal) X 1.31 | 448 | 0.15 0.84 0.10 |0.15| 64.12 | 7.63
4140 2070 Floyd (Neal) X 254 | 445| 1.33 3.90 0.40 | 0.25|153.54| 15.75
4140 2070 Floyd (Neal) X 443 | 443 | 2.68 6.66 0.49 |0.29|150.34| 11.06
4155 2077.5| Floyd (Neal) X 1.86 | 442 | 0.66 2.90 0.40 |0.19|155.91| 21.51
4155 2077.5 Floyd (Neal) X 2.78 | 442 1.34 5.69 0.54 |0.19]| 204.68| 19.42
4155 2077.5| Floyd (Neal) X 2.00 | 445| 0.66 3.31 0.48 | 0.17|165.50| 24.00
4171 2085.5 Floyd (Neal) X 1.47 | 446 | 0.44 1.54 0.34 |0.22|104.76| 23.13
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
4171 2085.5| Floyd (Neal) X 3.00 |446| 1.35 3.81 1.42 |0.26|127.00| 47.33
4171 2085.5 Floyd (Neal) X 3.97 | 446 1.86 551 0.49 |0.25|138.79| 12.34
4192 2096 Floyd (Neal) X 1.73 | 442 | 0.45 1.64 0.33 | 0.22| 94.80 | 19.08
4192 2096 Floyd (Neal) X 4.02 | 441 1.56 6.06 0.49 |0.20|150.75| 12.19
4192 2096 Floyd (Neal) X 4.09 | 449| 0.09 0.51 1.06 |0.15| 12.47 | 25.92
4340 2170 Floyd(Neal) X 245 | 441 | 0.45 2.28 0.46 |0.16| 93.06 | 18.78
4340 2170 Floyd (Neal) X 435 | 442 1.45 6.74 0.53 |0.18|154.94| 12.18
4340 2170 Floyd (Neal) X 410 | 444 | 1.50 6.00 0.43 |0.20| 146.34| 10.49
4370 2185 Floyd (Neal) X 1.71 | 438| 0.31 1.73 0.29 |0.15]101.17| 16.96
4370 2185 Floyd (Neal) X 2.75 | 442 | 0.60 3.50 0.49 |0.15|127.27| 17.82
4370 2185 Floyd (Neal) X 3.01 |440| 0.49 3.27 0.54 |0.13|108.64| 17.94
4370 2185 Floyd (Neal) X 351 | 442 0.92 5.47 0.62 |0.14|155.84| 17.66
4402 2201 Floyd (Neal) X 1.79 | 442 | 0.64 2.51 0.33 | 0.20| 140.22| 18.44
4402 2201 Floyd (Neal) X 2.78 | 445 141 4.72 0.45 ]0.23]169.78| 16.19
4402 2201 Floyd (Neal) X 3.44 | 445| 1.67 5.86 0.53 |0.22]|170.35| 15.41
4435 2217.5| Floyd (Neal) X 1.44 | 447 | 0.34 1.32 0.39 |0.20| 91.67 | 27.08
4435 2217.5| Floyd (Neal) X 1.64 | 449 | 0.45 1.63 0.31 |0.22]| 99.39 | 18.90
4435 2217.5| Floyd (Neal) X 1.61 | 447 | 0.43 1.53 0.22 |0.22| 95.03 | 13.66
4492 2725 Floyd (Neal) X 2.28 | 443 | 0.25 2.62 0.34 |0.09]|114.91| 14.91
4507 2253.5| Floyd (Neal) X 2.05 | 447 | 0.79 2.45 0.57 |0.24|119.51| 27.80
4507 2253.5| Floyd (Neal) X 240 | 448 | 1.00 3.14 0.50 |0.24|130.83| 20.83
4507 2253.5| Floyd (Neal) X 2.28 | 447| 1.01 3.21 0.54 |0.24|140.79| 23.68
4516 2258 Floyd (Neal) X 1.39 | 441| 0.11 1.07 0.39 | 0.09| 76.98 | 28.06
4516 2258 Floyd (Neal) X 1.33 | 442 | 0.09 0.51 0.32 | 0.15| 38.35 | 24.06
4516 2258 Floyd (Neal) X 2.37 | 441| 0.48 3.72 0.34 |0.11| 156.96| 14.35
4526 6385 Chattanooga X 1.22 | 449 | 0.12 0.57 0.28 [0.17| 46.72 | 22.95
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
4526 6145 Floyd (Neal) X 1.95 | 457 | 0.18 0.92 0.60 |0.16| 47.18 | 30.77
4526 6155 Floyd (Neal) X 2.22 | 447 | 0.22 1.02 0.45 |0.18| 45.95 | 20.27
4526 6170 Floyd (Neal) X 257 | 451 | 0.45 1.84 0.47 |0.20| 71.60 | 18.29
4526 6185 Floyd (Neal) X 3.20 |453| 0.55 2.46 0.40 |0.18| 76.88 | 12.50
4526 6195 Floyd (Neal) X 2.20 | 450| 0.26 1.13 0.37 |0.19| 51.36 | 16.82
4526 6205 Floyd (Neal) X 3.01 |453| 0.59 2.37 0.34 |0.20| 78.74 | 11.30
4526 6215 Floyd (Neal) X 3.67 |454| 0.62 | 299 | 0.44 |0.17| 81.47 | 11.99
4533 2266.5| Floyd (Neal) X 289 |442| 1.01 4.29 0.46 |0.19|148.44| 15.92
4533 2266.5| Floyd (Neal) X 3.71 |441| 1.33 5.45 0.53 | 0.20| 146.90| 14.29
4533 2266.5| Floyd (Neal) X 3.38 |442| 0.84 3.53 0.60 |0.19|104.44| 17.75
4555 2277.5| Floyd (Neal) X 296 | 445| 1.23 5.47 0.55 |0.18|184.80| 18.58
4555 2277.5 Floyd (Neal) X 4.87 | 441 1.18 6.47 0.73 ]0.15]132.85| 14.99
4555 2277.5| Floyd (Neal) X 5.46 | 446| 1.83 9.01 0.71 |0.17|165.02| 13.00
4608 2304 Floyd (Neal) X 2.33 | 439| 0.86 3.56 0.45 |0.19|152.79| 19.31
4608 2304 Floyd (Neal) X 2.79 | 438| 1.59 7.33 0.41 |0.18|262.72| 14.70
4608 2304 Floyd (Neal) X 484 | 441 2.02 8.13 0.41 |0.20|167.98| 8.47
4629 2314.5| Floyd (Neal) X 296 |442| 1.62 5.03 0.55 |0.24|169.93| 18.58
4629 2314.5| Floyd (Neal) X 240 |442| 1.12 3.21 0.48 | 0.26| 133.75| 20.00
4629 2314.5 Floyd (Neal) X 2.25 | 446 1.05 3.31 0.51 |0.24|147.11| 22.67
4691 2345.5| Floyd (Neal) X 3.20 |454| 154 2.52 0.46 |0.38| 78.75 | 14.38
4691 2345.5| Floyd (Neal) X 3.58 |455| 1.72 2.82 0.45 |0.38| 78.77 | 12.57
4691 2345.5| Floyd (Neal) X 475 | 457 | 2.16 4.33 0.50 |0.33| 91.16 | 10.53
4691 5807.5| Floyd (Neal) X 3.71 | 454 | 1.72 2.89 0.45 |0.37| 77.90 | 12.13
4691 5812.5 Floyd (Neal) X 2.37 | 445 1.37 2.47 0.54 |0.36|104.22| 22.78
4691 5825 Floyd (Neal) X 270 | 450| 1.20 2.33 0.48 |0.34| 86.30 | 17.78
4691 5835 Floyd (Neal) X 246 | 459 | 0.74 1.45 0.47 |0.34| 58.94 | 19.11
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
4691 5845 Floyd (Neal) X 1.77 | 454 | 0.50 1.04 0.35 |0.32| 58.76 | 19.77
4691 5855 Floyd (Neal) X 299 | 457 | 1.16 1.95 0.46 |0.37| 65.22 | 15.38
4691 5865 Floyd (Neal) X 3.10 |455| 1.38 2.54 0.51 |0.35| 81.94 | 16.45
4691 5875 Floyd (Neal) X 3.54 | 456 | 1.47 2.83 0.53 | 0.34| 79.94 | 14.97
4691 5885 Floyd (Neal) X 283 | 457 | 1.24 1.84 0.49 |0.40| 65.02 | 17.31
4691 5895 Floyd (Neal) X 3.21 |457| 1.40 2.44 0.38 | 0.36| 76.01 | 11.84
4691 5905 Floyd (Neal) X 3.19 |462| 1.23 2.03 0.60 |0.38| 63.64 | 18.81
4691 5915 Floyd (Neal) X 3.42 | 456| 1.38 2.36 0.49 |0.37| 69.01 | 14.33
4691 5925 Floyd (Neal) X 4.47 | 458 1.44 2.21 0.47 ]0.39| 49.44 | 10.51
4767 2383.5| Floyd (Neal) X 258 | 443 | 1.24 3.78 0.42 |0.25|146.51| 16.28
4767 2383.5| Floyd (Neal) X 247 | 445| 1.21 3.99 0.52 |0.23|161.54| 21.05
4767 2383.5| Floyd (Neal) X 1.71 | 450| 0.56 1.82 0.32 |0.24|106.43| 18.71
4783 2391.5| Floyd (Neal) X 279 | 447 | 1.41 3.61 0.62 |0.28]|129.39| 22.22
4783 2391.5| Floyd (Neal) X 3.01 |446| 1.77 4.37 0.60 |0.29|145.18| 19.93
4783 2391.5| Floyd (Neal) X 455 | 447 | 2.95 8.04 0.74 |0.27|176.70| 16.26
4789 2394.5| Floyd (Neal) X 2.23 | 443 | 0.26 0.95 0.56 |0.21| 42.60 | 25.11
4789 2394.5| Floyd (Neal) X 1.72 | 447 | 0.30 1.48 0.52 |0.17| 86.05 | 30.23
4789 2394.5| Floyd (Neal) X 2.78 | 440| 0.74 2.80 0.71 |0.21|100.72| 25.54
4812 2406 Floyd (Neal) X 2.89 | 443 1.47 4.79 0.42 |0.23|165.74| 14.53
4812 2406 Floyd (Neal) X 3.20 |442| 1.79 6.01 0.36 |0.23|187.81| 11.25
4812 2406 Floyd (Neal) X 5.77 | 442 | 3.49 12.16 | 0.38 |0.22|210.75| 6.59
4879 2439.5 | Floyd (Neal) X 3.76 |446| 253 | 554 | 0.65 |0.31|147.34| 17.29
4879 2439.5| Floyd (Neal) X 3.17 | 448| 2.18 4.37 0.64 |0.33|137.85| 20.19
4879 2439.5 Floyd (Neal) X 4.06 | 447 1.70 5.07 0.57 ]0.25|124.88| 14.04
5051 2525.5| Floyd (Neal) X 3.00 [441| 1.78 6.02 0.51 |0.23|200.67| 17.00
5051 2525.5| Floyd (Neal) X 3.11 | 443| 1.60 5.72 0.46 |0.22]|183.92| 14.79
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AL OGB N[I)ee(:)'a]n Formation Carbonate, TOC | Thax (;19 (;Zg (;Z P H ol
Permit No. () Name Wt%) | (wt%) | (°C) HClg) | HClg) | CQlg)
5051 2525.5| Floyd (Neal) X 411 | 445| 1.96 9.15 0.48 |0.18|222.63| 11.68
5051 2525.5| Floyd (Neal) X 1.81 | 449 | 0.67 2.38 0.39 |0.22|131.49| 21.55
5080 2540 Floyd (Neal) X 2.10 | 445| 0.66 2.57 0.37 |0.20|122.38| 17.62
5080 2540 Floyd (Neal) X 2.37 | 446| 0.92 3.66 0.46 |0.20|154.43| 19.41
5080 2540 Floyd (Neal) X 3.46 |445| 1.14 5.82 0.48 |0.16|168.21| 13.87
5173 2586.5| Floyd (Neal) X 1.13 | 442 | 0.26 1.71 0.20 |0.13|151.33| 17.70
5173 2586.5| Floyd (Neal) X 1.63 | 442 | 0.56 3.22 0.35 |0.15|197.55| 21.47
5173 2586.5| Floyd (Neal) X 2.35 | 444 | 0.85 4.06 0.26 |0.17|172.77| 11.06
5347 2673.5| Floyd (Neal) X 1.85 | 443 | 0.60 2.24 0.35 |0.21]121.08| 18.92
5347 2673.5| Floyd (Neal) X 235 |441| 1.22 4.62 0.53 |0.21|196.60| 22.55
5347 2673.5| Floyd (Neal) X 573 | 441| 5.92 14.87 | 0.73 |0.28|259.51| 12.74
5347 2673.5| Floyd (Neal) X 281 | 442| 2.20 6.52 0.54 | 0.25|232.03| 19.22
5373 2686.5| Floyd (Neal) X 1.31 | 439| 0.23 1.29 0.22 |0.15| 98.47 | 16.79
5373 2686.5| Floyd (Neal) X 2.67 | 443 | 0.94 5.23 0.43 | 0.15|195.88| 16.10
5373 2686.5| Floyd (Neal) X 2.80 | 444 | 0.77 5.06 0.40 |0.13|180.71| 14.29
5428 2714 Floyd (Neal) X 2.18 | 448 | 0.69 2.75 0.48 |0.20|126.15| 22.02
5428 2714 Floyd (Neal) X 3.55 | 445| 0.87 3.83 0.69 |0.19|107.89| 19.44
5428 2714 Floyd (Neal) X 473 | 451 0.77 4.37 0.73 |0.15| 92.39 | 15.43
5576 2788 Floyd (Neal) X 1.81 | 439 | 0.37 3.54 0.31 |0.09|195.58| 17.13
5631 2815.5| Floyd (Neal) X 1.15 | 442 | 0.57 1.67 0.71 | 0.25|145.22| 61.74
5631 2815.5| Floyd (Neal) X 1.44 | 453 | 0.60 1.53 0.35 |0.28|106.25| 24.31
5631 2815.5| Floyd (Neal) X 2.33 | 453 | 0.98 2.58 0.33 |0.28|110.73| 14.16
5760 2880 Floyd (Neal) X 3.07 |444| 1.20 4.70 0.45 |0.20| 153.09| 14.66
5760 2880 Floyd (Neal) X 3.11 |442| 110 | 525 | 0.46 |0.17|168.81| 14.79
5760 2880 Floyd (Neal) X 1.14 | 443 | 0.18 0.83 0.22 |0.18| 72.81 | 19.30
9903 4951.5 | Floyd (Neal) X 1.67 | 440| 0.16 0.98 0.23 | 0.14| 58.68 | 13.77
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Median . S1 S2 S3
AL OGB Formation Carbonate, TOC | Tmnax (mg (Mg (mg P HI ol

Permit No. | DoPth Name W) | Wt%) | CO) o) | Helg) | calg)

(ff)
1.90 | 444| 0.83 | 291 | 0.47 |0.22|153.16| 24.74

9903 4951.5 | Floyd (Neal)
201 | 444| 0.84 | 3.07 | 0.46 |0.21|152.74]| 22.89

9903 49515 | Floyd(Neal)
3.48 |[442] 190 | 6.66 | 061 |0.22]191.38] 17.53

9903 4951.5 | Floyd (Neal)
9903 4951.5 | Floyd (Neal) 3.72 | 444] 330 | 1055| 0.70 |0.24]283.60| 18.82

14673 8312 | Chattanooga ? 0.36 | 391| 0.06 0.14 0.10 |0.30| 38.89 | 27.78
14673 8315 | Chattanooga ? 537 |513| 0.13 1.17 0.14 |0.10| 21.79 | 2.61
14673 8329 | Chattanooga ? 4.20 | 509| 0.05 0.89 0.08 |0.05| 21.19 | 1.90
14673 8340 | Chattanooga ? 285 | 512| 0.05 0.56 0.13 | 0.08| 19.65 | 4.56
14673 8444 | Chattanooga ? 424 |523| 0.14 0.87 0.13 |0.14| 20.52 | 3.07
14673 8458 | Chattanooga ? 0.27 | 379| 0.06 0.09 0.18 | 0.40| 33.33 | 66.67

14673 7336.5 | Chattanooga ? 2.23 | 483 | 0.12 0.21 0.31 |0.36| 9.42 | 13.90

14673 7336.5 | Chattanooga ? 2.69 |401| 0.05 0.10 0.50 |0.33] 3.72 | 18.59

14673 7336.5 | Chattanooge? 1.32 | 432 | 0.08 0.41 0.26 |0.16| 31.06 | 19.70

14673 7336.5 | Chattanooga ? 1.24 | 495| 0.07 0.26 0.18 |0.21| 20.97 | 14.52

14673 7336.5 | Chattanooga ? 0.64 | 439| 0.08 0.17 0.18 |0.32| 26.56 | 28.13

14673 7336.5 | Chattanooga ? 1.05 | 392 | 0.08 0.09 0.18 |0.47| 857 | 17.14

14673 7336.5 | Chattanooga ? 095 | 434| 0.12 0.13 0.16 |0.48| 13.68 | 16.84

XX XXX |X|X|X[IX|X[X[X|X|X|X[X[X[X[X[X]|X]|X

15668 9013.45 Neal 225 | 482 | 0.21 0.70 0.99 |0.23]| 31.11 | 44.00
15668 9016.75 Neal 3.96 | 475| 0.13 0.82 0.40 |0.14| 20.71 | 10.10
15668 9020.85 Neal 284 | 468 | 0.15 0.69 0.16 |0.18| 24.30 | 5.63
15668 9023.05 Neal 3.78 | 477| 0.25 1.24 0.26 |0.17| 32.80 | 6.88
15668 9024.45 Neal 3.80 | 469| 0.26 1.08 0.15 |0.19| 28.42 | 3.95

TableB21 Pashin et ali2011)samples (Bulk geochemical parameters of the samples analyzed in this study)
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AL OGB N[I)ee(:)'a]n Formation Carbonate] TOC | Thax (ilg (;Zg (;Z P HI ol
Permit No. () Name (wt %) (wt %) | (°C) HClg) | HCig)| calg)
1780 6450 Floyd X 222 |450| 0.31 1.35 1.00 |0.19| 60.81 | 45.05
1780 6600 Chattanooga X 0.50 | 454 | 0.07 0.31 0.74 |0.18| 62.00 | 148.00
1836 2563 Floyd X 0.65 |451| 0.01 0.38 0.66 |0.03| 58.46 | 101.54
1836 2583.5 Floyd X 0.55 |493| 0.01 0.46 0.28 |0.02| 83.64 | 50.91
1836 2601 Floyd X 0.67 | 497 | 0.01 0.46 0.23 | 0.02| 68.66 | 34.33
1836 2628.8 Floyd X 1.13 | 452| 0.02 0.29 1.17 |0.06| 25.66 | 103.54
1836 2650 Floyd X 0.76 | 449 | 0.03 0.57 0.35 |0.05| 75.00 | 46.05
1836 2740 Floyd X 1.15 | 446| 0.11 1.70 0.18 |0.06|147.83| 15.65
1836 2985.5| Chattanooga X 12.68 | 443| 258 |37.30| 0.89 |0.06|294.16| 7.02
1836 2986.8 | Chattanooga X 12.07 | 443 | 1.78 | 40.54| 150 |0.04|335.87| 12.43
1836 2995 Chattanooga X 6.82 |444| 121 |17.83| 1.08 |0.06|261.44| 15.84
1836 3002 Chattanooga X 580 |448| 1.21 |20.30f 0.70 |0.06|350.00| 12.07
2171 4140 Floyd X 1.84 | 446| 0.36 2.16 2.29 |0.14|117.39| 124.46
2191 2740 Floyd X 1.60 |437| 0.53 3.84 1.92 |0.12]| 240.00| 120.00
2191 2770 Floyd X 245 | 439| 0.60 8.41 1.66 |0.07|343.27| 67.76
2191 2820 Floyd X 1.74 | 438| 0.29 5.78 1.36 | 0.05|332.18| 78.16
2191 2855 Floyd X 2.36 | 443 | 0.68 | 4.89 0.90 |0.12|207.20| 38.14
2191 3180 Chattanooga X 3.05 [433| 0.54 7.41 1.37 | 0.07| 242.95| 44.92
2745 4690 Floyd X 3.15 | 445| 0.50 2.97 2.65 0.14| 94.29 | 84.13
2745 4740 Floyd X 439 | 446 | 1.20 6.14 3.43 |0.16|139.86| 78.13
2745 4760 Floyd X 3.15 | 443| 0.65 4.43 2.24 0.13| 140.63| 71.11
2745 4930 Chattanooga X 2.37 |449| 0.18 | 4.20 1.47 |0.04|177.22| 62.03
3083 810 Floyd X 0.62 | 451| 0.05 0.84 1.48 |0.06|135.48| 238.71
3083 890 Floyd X 0.32 | 469 | 0.01 0.25 1.15 |0.04| 78.13 | 359.38
3083 1510 Chattanooga X 3.39 [439| 0.50 8.88 1.80 |0.05|261.95| 53.10

Table B3i Hatch and Pawlewicz (2007) samples (Bgdochemical parameters of the samples analyzed in this study)
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AL

OGB W, Formation | Carbonate Toc Trnax S1 S2 S3
Sample Name Permit Depth Name (Wt %) (wt °C) (mg (mg (mg Pl HI Ol
NO. (ft) %) HC/g)| HC/g) | CQJlg)

LWD535003 | 535 2830 Floyd 27.70 155|439 | 0.60 | 2.72 0.18 0.18 | 175.00| 12.00
LWD1764001 | 1764 | 5680 Floyd 17.36 1.81| 457 | 0.70 | 1.36 0.15 0.34 | 75.00 | 8.00
LWD1792001 | 1792 | 51125 Floyd 5.29 1.59 | 449 | 0.53 1.64 0.14 0.24 | 103.00| 9.00
LWD1938001 | 1938 | 4190 Floyd 12.88 | 0.71| 463 | 0.10 | 0.56 0.24 0.15 | 78.87 | 33.80
LWD2128001 | 2128 | 5070 Floyd 16.75 | 0.89| 453 | 0.10 | 0.43 0.24 0.19 | 48.00 | 27.00
LWD2167-001 | 2167 | 4740 Floyd 16.70 2.37 | 452 | 1.22 2.70 0.27 0.31 | 114.00| 11.00
LWD2171-:001 | 2171 | 4176.5 Floyd 16.57 147 | 449 | 057 | 1.55 0.25 0.27 | 105.00| 17.00
LWD2191-002 | 2191 | 2907.5 Floyd 15.52 2.33| 440 | 0.89 | 5.92 0.18 0.13 | 254.00| 8.00
LWD2217001 | 2217 | 4520 Floyd 12.97 2.27 | 444 | 1.32 | 4.13 0.18 0.24 | 182.00| 8.00
LWD2307-001 | 2307 | 6755 | Chattanooga 21.44 | 3.69| 438 | 0.88 | 1.81 0.22 0.33 | 49.00 | 6.00
LWD2307-002 | 2307 | 6530 Floyd 11.77 | 3.08| 458 | 1.38 | 2.66 0.15 0.34 | 86.00 | 5.00
LWD2337-001 | 2337 | 2862.5 Floyd 20.12 142 | 440 | 0.38 | 2.22 0.12 0.15 | 156.00| 8.00
LWD2574001 | 2574 | 3945 Floyd 3055 | 0.62| 458 | 0.09 | 0.35 0.18 0.20 | 56.00 | 29.00
LWD2617001 | 2617 | 7830 | Chattanooga 23.15 292 | 545 | 0.26 | 0.39 0.33 0.40 | 13.00 | 11.00
LWD2617-002 | 2617 | 7485 Floyd 22.54 1.12 | 505 | 0.09 | 0.35 0.18 0.20 | 31.00 | 16.00
LWD3606001 | 3606 | 4670 Floyd 12.27 | 3.16| 443 | 1.29 | 4.58 0.30 0.22 | 145.00| 9.00
LWD3644001 | 3644 | 4800 Floyd 1092 | 3.16| 444 | 153 | 4.98 0.28 0.24 | 158.00| 9.00
LW%%EGGS 15668 | 9149.8 | Chattanooga  4.75 6.25| 468 | 0.34 | 1.77 0.04 0.16 | 28.32 | 0.64
LW%%)F;G% 15668 | 9018.1| Floyd/Neal 7.93 2.26 | 484 | 0.14 | 0.70 0.04 0.17 | 30.97 | 1.77

Table B4i New Data samples (Bulk geochemical parameters adahles analyzed in this study)
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AL

. . S1 S2
Sample| OGB | Height | Formation | Carbonate Tmax S3 (m
Narr?e Permit (mg) Name (wt %) IO ({7 (°C) (mg | (mg CQEg)g P! Hi 2
No. HC/g)| HC/q)

CH1-1 X 0.00 | Chattanooga X 11.40 X X X X X X X
CH1-2 X 0.25 | Chattanooga X 9.10 X X X X X X X
CH1-3 X 0.50 | Chattanooga X 10.20 X X X X X X X
CH1-4 X 0.75 | Chattanooga X 8.50 X X X X X X X
CH1-5 X 1.00 | Chattanoogal X 9.30 X 0.20 | 3.40 0.55 X 37.00 | 6.00
CH1-6 X 1.25 | Chattanooga X 10.90 X 0.10 | 1.10 | 0.25 X 10.00 | 2.00
CH1-7 X 1.50 | Chattanooga X 8.80 X 0.60 | 480 | 0.46 X 54.00 | 5.00
CH1-8 X 1.75 | Chattanooga X 12.00 X 0.20 | 2.00 | 0.25 X 17.00 | 2.00
CH1-9 X 2.00 | Chattanoogal X 7.80 X X X X X X X
CH1-10 X 2.25 | Chattanoogal X 9.70 X X X X X X X
CH1-11 X 2.50 | Chattanoogal X 7.70 X X X X X X X
CH1-12 X 2.75 | Chattanoogal X 2.80 X X X X X X X
CH1-13 X 3.00 | Chattanooga X 8.40 X 0.30 | 3.30 | 0.60 X 39.00 | 7.00
CH1-14 X 3.25 | Chattanooga X 8.20 X X X X X X X
CH1-15 X 3.50 | Chattanooga X 9.10 X X X X X X X
CH1-16 X 3.75 | Chattanooga X 3.40 X 0.30 | 1.20 | 0.18 X 34.00 | 5.00
CH1-17 X 4.00 | Chattanooga X 4.90 X 0.30 | 1.30 | 0.10 X 27.00 | 2.00
CH1-18 X 4.25 | Chattanooga X 2.60 X X X X X X X
CH1-19 X 4.50 | Chattanooga X 8.30 X 0.20 | 280 | 0.27 X 34.00 | 3.00
CH1-20 X 5.50 | Chattanooga X 6.50 X 0.50 | 400 | 0.62 X 62.00 | 10.00
CH1-21 X 6.50 | Chattanooga X 6.00 X 0.30 | 3.80 | 0.57 X 62.00 | 9.00
CH1-22 X 7.50 | Chattanoogal X 6.20 X 0.50 | 450 | 0.22 X 72.00 | 4.00
CH1-23 X 8.50 | Chattanooga X 6.30 X 0.40 | 440 | 0.33 X 70.00 | 5.00
CH1-24 X 9.50 | Chattanooga X 7.10 X 0.20 | 3.80 | 0.29 X 54.00 | 4.00
CH1-25 X 10.50 | Chattanooga X 5.20 X 0.20 | 1.70 | 0.19 X 33.00 | 4.00
CH2-1 X 0.24 | Chattanooga X 7.20 X 0.10 | 1.50 | 0.04 X 21.00 | 1.00
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AL

. . S1 S2
Sample| OGB | Height | Formation | Carbonate Tmax S3 (m
Narr?e Permit (mg) Name (wt %) IO ({7 (°C) (mg | (mg CQEg)g P! Hi 2
No. HC/g)| HC/q)

CH2-3-1 X 1.40 | Chattanooga X 6.50 X 0.30 | 6.70 | 0.38 x |103.00| 6.00
CH2-4 X 2.50 | Chattanooga X 4.60 X 0.10 | 2.20 | 0.17 X 49.00 | 4.00
CH2-5 X 2.80 | Chattanooga X 9.10 X 0.80 | 16.60| 0.19 x | 124.00| 3.00
CH2-7 X 4.00 | Chattanooga X 12.10 X X X X X X X
CH2-9 X 4.60 | Chattanooga X 7.50 X 0.70 | 9.30 | 0.23 x | 124.00| 3.00
CH2-10 X 5.00 | Chattanooga X 9.60 X 0.70 | 9.50 | 0.28 X 99.00 | 3.00
CH2-11-

1 X 5.20 | Chattanooga X 2.10 X X X X X X X
CH2-11-

5 X 6.00 | Chattanoogal X 12.00 X 0.40 | 8.50 0.35 X 71.00 | 3.00
CH2-11-

8 X 6.60 | Chattanoogal X 9.10 X X X X X X X
CH2-11-

10 X 7.00 | Chattanooga X 8.90 X 0.60 | 11.00| 0.45 x | 124.00] 5.00
CH2-11-

12 X 7.40 | Chattanooga X 9.90 X X X X X X X
CH2-11-

15 X 8.00 | Chattanooga X 8.80 X 0.70 | 16.60| 0.37 x |139.00] 3.00
CH2-11-

18 X 8.60 | Chattanooga X 7.60 X 0.50 | 3.60 0.40 X 48.00 | 5.00
CH2-11-

22 X 9.40 | Chattanooga X 4.60 X X X X X X X

TableB571 Lu (2015) Chattanooga Shale outcrop samples (only TOC values used from this study)
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Figure C1- Burial history plot for AL PN 2191. AL PN 2191 is located in the northern portion of
the Black Warrior basin (Carroll et al., 1995).
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Figure C2- Burial history plot for AL PN 1780. AL PN 1780 is located in the southern portion
of the Black Warrior basin (Carroll et al., 1995).
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Figure C3- Burial history plot for AL PN 2191. AL PN 2191 is locatiedthe northern portion of
the Black Warrior basi(Legg, 2014)

1780

Tuscaloosa Group
Pottsville Formation

£000% | Parkwood Formation

eal Shale
vonian Limestone

Depth (ft.)

) —  cossm
10000+ | i 0.0 05 10 15 20
4 Vitrinite Reflectance (%Ro)
300 200 100 0
Time (Ma)

Figure C4- Burial history plot for AL PN 1780. AL PN 1780 is located in the southern portion
of the Black Warrior basin (Legg, 2014).
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Figure C5- Burial history plot for AL PN 15668AL PN 15668 is located in the southern portion
of the Black Warrior basin (Legg, 2014).
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Biomarker Quantitation Report
Data file Name  ABOOBTS.D
Date Acquired  8/13/2016
Sample Name  ABOO0&T
Misc Info. 2.7 mg branched/cyclic hydrocarbon fraction

Peak # mi'z Compound RT {min.) Amount {ppm)}

Tricyclic Terpanes height

1 191 c1gT 2594 590 1
2 191 C20T 2924 5767 3
3 191 C21T 3282 11167 g
4 191 C2eT 36.21 3594 z 14 - =
5 191 c2ar 4015 2132 14
[ 194 C2AT 4227 10488 10 12 1
7 191 £oss 4559 8713 5 10 4
3 191 C25R 4569 5713 5 o ]
g 191 TET 49.42 4316 z
10 191 £265 4978 9917 z 6 1
11 191 C28R 50.04 5243 g s
14 191 ET-C285 5688 11389 g
15 191 ET-C28R 5737 12317 8 2]
16 191 ET-C295 58 91 12010 [ 0 iy i
17 191 ET-C29R 5947 12004 6 sRnARsalEREERS
18 191 ET-C305 5274 5903 5
19 191 ET-C30R §3.25 2264 1
20 191 ET-C3S 6559 7306 4
1 191 ET-C31R 8527 10871 g

TRICYCLICS 95

Pentacyclic Terpanes

1 191 Ts 5029 5240 5
22 177 CoTT 6142 3085 2
24 191 ™™ 6219 11500 [
29 177 C2Z80M £3.00 1042 1 -
34 191 C28H 8527 3917 z
37 177 C290M 65.70 1004 1 36
40 191 C29H 6664 36306 19 20 |
41 191 £280 6683 12596 [ =
42 191 C30X 8735 5951 3
43 191 oL £3.90 1008 1 20 -
44 191 C30H 6930 7735 38 15 A
45 191 C30M 70.50 7791 4
45 191 £31s 72.40 32525 17 1 7
47 191 C31R 7277 17854 9 5 -
43 191 GA 73.20 5186 3 o
49 191 £3zs 7482 18448 10 D ET T ST 0 g 0w om0
50 191 C32R 7533 12236 6 CFERASERCHB 38
51 191 £33s 7762 177090 9
52 191 £33R 7833 115885 [
53 191 £345 2052 10820 [
4 191 C34R 21.41 7764 4
13 191 £358 23.40 6765 3
56 191 £35R 84 45 5051 3

PENTACYCLICS 162

Figure D1i Biomarker Quantitation report for sample NBCU-@4#3.

104



Biomarker Quantitation Report (Cont.)

ABOOBT
Peak # mi'z Compound RT {min.) Amount (ppm)
Steranes height
12 217 g1 5333 18030 14
13 217 52 456 11740 g
14 217 53 5360 80RO g
15 217 54 FO.09 28767 21
16 218 S4B 59.07 21936 16
17 217 55 5939 13224 10
18 218 558 5939 15733 11 =
19 217 56 5012 11400 e 50
20 217 S7 BOS5 15436 11
23 217 S8 51.90 3570 3 15
25 217 50 B2.46 7250 5
26 218 So0B G246 0026 7 1
27 217 510 274 13277 10 c
28 218 5108 274 12757 g
30 217 511 B3.66 3615 3 o
31 217 512 B4.63 13806 10 ca7 c2g €29
32 217 513 B5.95 2R453 10
33 218 5138 525 31543 23
35 217 514 B5.47 22920 17
36 218 5148 B5.47 20634 21
38 231 ISTD BF.49 25640 19
39 217 515 BE.ED 17438 13
STERAMES 156
Key Ratios
Height Height
C19/C23 0.04 TsMTm 0.80
C2M/C23 041 29D/29 0.35
C22/C23 013 C27Tr27 0.19
c24/C23 072 DMH 0.01
C26/C25 1.02 C27TH 0.29
Tet/C23 0.16 C28H 0.05
XH 0.08
51756 1.66 C29/H 0.50
WC2T 27 M/H 0.10
WC28 22 QLH 0.01
WC29 51 GAH 0.09
20520 079 CH/H 0.25
SIT 1.05 C35/C34 0.63
C23H 0.37

Figure D1 Continued
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Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

height

1
3
)
3
23
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[ e |
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Data file Name  ABOOGBS.D

Date Acquired 8M3/2016

Sample Name ABOOBS

Misc Info. 0583

Peak # miz Compound RT (min.) Amount {ppm)

Tricyclic Terpanes
1 191 C19T 2553 204
2 191 C20T 2821 5150
3 191 C21T 3279 9675
4 191 C22T 36.18 3054
5 191 C23T 4012 23882
] 191 C24T 4224 17363
7 191 C255 45 57 2483
2 191 C25R 4668 3113
5 191 TET 45.40 3810
10 191 C265 4875 Tai4d
11 191 C26R 50.01 7770
14 191 ET-CZ285 56.87 10065
15 191 ET-CZER 57.34 10067
16 191 ET-C285 58.88 9893
17 191 ET-CZ5R 59.45 5780
18 191 ET-C305 52.71 8258
19 191 ET-C30R 63.35 2044
20 191 ET-C315 65.56 5830
21 181 ET-C31R 55.24 a362
TRICYCLICS
Pentacyclic Terpanes
el 191 Ts 60.87 Ta04
22 177 C27T 61.39 3633
24 191 Tm 62.16 10065
28 177 C2aDM 62.96 687
34 191 CZ&H 65.25 3327
37 177 CZ50DM 65.67 244
40 191 CZ5H 66.61 30183
41 191 CZ50 66.80 10276
42 191 C30X §7.34 4704
43 191 oL 68.88 242
44 191 C30H 6928 61887
45 191 C30M 7043 5770
45 191 C315 7237 26755
47 191 C3MR 7274 14659
43 191 GA TIAT 4501
49 191 C3z2s 7479 14707
50 191 C3ZR 7532 10104
51 191 C33s 7759 13475
52 191 C33R 78.32 9574
53 181 C345 &0.51 8559
54 191 C34R 81.38 6307
55 181 C355 83.38 5544
56 191 C35R 24.41 4755
PENTACYCLICS

246

15 1

10 1

M oB 5 8 &

'_'_'_'_'_'_-'_".I_J'_'_'_'_'_
sHAaN A - AAARR

Ts
Tm
2H
28H
oL
30H
s
GA
28
Jas
s
F5S

Figure D2i Biomarker Quantitation report for sample NBCU-8&1.
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Biomarker Quantitation Report (Cont.)

ABOOGS
Peak # miz Compound RT (min.) Amount {(ppm)
Steranes height
12 217 51 5330 15441 20
13 217 52 454 9743 13
14 217 53 5868 G244 g
15 217 54 OO0 23564 31
16 218 548 OO0 17858 24
17 217 55 936 10983 15
18 218 S5B FO3F 13543 18 3=
19 217 56 009 9215 12 E']
20 217 57 052 12926 17 35
23 217 58 5189 2847 4 20
25 217 50 G244  BO42 g i
26 218 508 G245 7452 10
27 217 510 6273 11486 15 2
28 218 5108 273 11084 15 5
30 217 511 B35 2038 4 o
31 217 512 459 11718 16 cz7 c2g c29
32 217 513 522 22323 30
33 218 5138 B522 26784 36
35 217 514 G544 18958 25
36 218 5148 G544 24604 33
38 291 ISTD BE49 71140 04
30 217 515 BES7 15217 20
STERAMES 238
Key Ratios
Height Height
C19/C23 0.04 Ts/Tm 0.78
cC2iC23 0.4 290729 0.34
C22/C23 013 C2TTi27 0.20
Cc24/C23 073 DM/H 0.01
C26/C25 092 C27MH 0.29
Tet/C23 0.16 C28MH 0.05
XM 0.08
S1/56 168 C29/H 0.49
%WC27 28 M/H 0.09
WC28 23 OLMH 0.01
%C29 50 GAM 0.08
205/20R 077 C3M/MH 0.24
SIT 1.06 C35/C34 0.68
C23H 0.39

Figure D2 Continued
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Data file Name
Date Acquired
Sample Name
Misc Info.

Peak #

1= - T R I T S L 6

21

SEBRMN

40
41
42
43

45
a7
49
)]
51
52
53

35

miz
Tricyclic Terpanes

181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181

Biomarker Quantitation Report

ABOOTOS.D
8132016

ABOOT70
3

mg branched/cyclic hydrocarbon fraction

Compound RT (min.) Amount (ppm)

c18T
c20T
2T
C2T
C23T
C24T
C235
C25R
TET
C285
C2ER
ET-C285
ET-CZER
ET-C285
ET-CZ28R
ET-C305
ET-C30R
ET-C315
ET-C31R

Pentacyclic Terpanes

181
177
181
177
181
177
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181

Ts
C2TT
Tm
CZ2EDM
C28H
C23DM
C29H
C2a0
C30X
oL
C30H
C30M
Ccais
C31R
GA
cazs
CIZR
C33s
C33R
C345
CI4R
Cass
C3sR

25.84 240

2822 1528
2.8z 3456
36.19 1258
40.13 8591
4225 TBTT
45.58 3Fsd
45.69 3766
45.42 395

45.78 4140
50.02 3591
56.68 350
97.35 3812
58.50 6374
39.45 &150
62.73 4518
63.35 4700
65.58 3550
66.25 287

TRICYCLICS

60.88 2778
61.39 184

8217 i

63.06 348

65.25 625

65.69 130

65.60 2452
65.80 2638
67.34 2718
63.91 381

G927 3671
T0.48 610

7237 oT44
7275 1208
73.20 T43
74.81 1395
75.32 &92
77.60 1353
78.32 1158
&80.52 a07
81.38 1001
83.38 M

84.45 1569

PENTACYCLICS

height

0

1

2

1 5

s 5

4 F

2 F

2 3

0 3

2 2

2 2

3 1

3 1

4 ] =

5 =~ il e TR =

) EHAEHNEBERA -~ ABARE

3

2

3

47

2

0

1

0

0 4

0 3

1

’ 3

2 2

0

5 2

0 1

3

1 1

0 o =
o I T o I @ oW W W

1 "FRAORROHE A4

-1

1

0

1

0

1

20

Figure D3i Biomarker Quantitation repbfor sample Hickman 335 #1.
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Biomarker Quantitation Report (Cont.)

ABOOTO0
Peak # miz Compound RT (min.) Amount {(ppm)
Steranes height
12 217 51 83.32 G434 ]
13 217 32 54 54 3838 3
14 217 53 58.69 1462 1
15 217 =4 50.07 Ga70 5
16 218 548 59.06 4965 4
17 217 35 59 36 3302 3
18 218 558 59 36 3789 3 5
19 217 =6 60.11 2305 2 2
20 217 57 60.52 4081 3
23 217 38 G1.89 GE3 1 3
25 217 34 6244 1499 1
26 218 5498 G245 1855 1 z
27 217 510 G273 I7e3 3 1
28 218 3108 G273 3210 3
30 217 511 G3.65 712 1 0
Ky 217 512 G4.60 2628 2 ca7 cz2a Czg
32 217 513 G522 5223 4
33 218 5138 G522 G159 ]
35 217 514 65 44 4156 3
36 218 5148 65 44 5482 4
38 21 ISTD 66.47 20971 17
39 217 515 G6.57 2953 2
STERANES 40
Key Ratios
Height Height
cC19/c23  0.03 TsiMm 3.14
C2/C23 040 290729 1.06
C22iC23 015 C2TT127 0.04
-~ ‘Steranes C24iC23 092 DM/H 0.02
i‘u. . : C26/C25 110 C27TH 0.65
b e eriacsial: Tet/C23  0.07 C28/H 0.11
k__m“ e X/H 0.48
: S51/56 279 C29/H 044
%C2T7 30 MH 0.1
%WC28 26 OLMH 0.06
%C29 44 GAM 0.13
205720 089 CI/H 0.1
SIT 227 C3I5C34 0.66
C23H 1.1

Figure D3 Continued
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Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

height

0

1

2

1 B -

5

5 51

2

2 1

0 3 4
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3 2
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0

0

0
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1
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Data file Name  ABOOT1S.D

Date Acquired 8M3/2016

Sample Name ABOOT1

Misc Info. 1.7

Peak # miz Compound RT (min.} Amount {ppm)

Tricyelic Terpanes
1 191 C15T 2552 414
2 191 C20T 2822 1692
3 181 c21T 32.80 3504
4 191 C22T 36.18 1055
5 191 c2ar 4012 7793
] 191 C24T 4224 7652
7 191 C255 45 57 3380
8 181 C25R 45.68 3382
5 191 TET 4547 405
10 191 C265 49.76 374
11 191 C26R 50.02 3535
14 191 ET-CZ285 56.87 4665
15 181 ET-CZ2R 7.4 4854
16 191 ET-C285 58.83 54538
17 191 ET-CZOR 50.45 5410
18 191 ET-C305 52.71 4150
19 191 ET-C30R 63.35 4375
20 181 ET-C31& 65.56 3452
21 191 ET-C31R 55,24 4153
TRICYCLICS
Pentacyclic Terpanes
21 191 Ts 60.87 2003
22 177 C27T 61.37 93
24 191 Tm 62.16 359
pra) 177 C2a80M 63.07 362
34 191 CZ2&H 65.25 457
37 177 CZaDM 65.74 57
40 191 C25H 66.53 969
41 191 C250 66.79 1500
42 191 C30X 67.33 2181
43 191 oL 68.92 224
44 191 C30H 6927 2009
45 191 C30M 70.50 1596
45 191 C315 7237 3573
47 191 C3MR T2.75 323
43 191 GA T3AT 287
49 191 C325 T4T9 413
50 191 C3ZR 75,32 245
51 191 C33s T7.60 S48
52 191 C33R 78.31 27
53 191 C345 20.50 282
o4 191 C34R 81.38 352
55 191 C355 83.36 329
56 191 C35R 2445 1310
PENTACYCLICS

13

Figure D4i Biomarker Quantitation report for samMéeyerhauser 28 #1.
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Biomarker Quantitation Report (Cont.)

ABOOT1
Peak # miz Compound RT (min.) Amount {(ppm)
Steranes height
12 217 51 53.30 5109 5
13 217 52 5453 3159 3
14 217 53 58.68 1294 1
15 217 =4 59.06 5AT3 ]
16 218 S4B 59.06 3920 4
17 217 55 5935 2571 2
18 218 558 5935 2850 3 >
19 217 56 G0.09 1903 2 s
20 217 57 60.51 3452 3
23 217 58 61.89 571 1 3
25 217 59 6244 1223 1
26 218 S9B G244 1532 1 z
27 217 310 G273 3317 3 1
28 218 5108 G273 2738 3
30 217 511 63.65 611 1 0
31 217 S12 6457 2094 2 czy cza cx
3z 217 513 65.21 4117 4
33 218 513B 65.21 4305 5
35 217 514 65.43 3350 3
36 218 514B G543 4300 4
33 221 ISTD G6.46 304585 28
39 217 315 66.57 2405 2
STERAMES 39

Key Ratios
Height Height
C19/C23  0.05 TsTm 5.02
C21/C23 046 29D/29 1.96
C22/1C23 014 c2imir 0.04
et C24/C23 0.98 DM/H 0.03
r\&“ C26/C25 112 C27TH 1.20
iy Tet/C23 005 C28MH 0.23
L X/H 1.08
o 51756 268 C29/H 0.48
Pentacydics WC27 29 M/H 0.10
%WC28 28 OL/H 0.11
%C29 43 GAH 0.13
205/20R  0.87 C3MMH 0.16
5m 354 C35/C34 1.26
C23H 3.88

Figure D4 Continued
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Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

height
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Data file Name HXABOOOBS.D
Date Acquired Q/21/2016
Sample Name XABOOOB
Misc Info. 0.4
Peak # miz Compound RT (min.) Amount (ppm)
Tricyclic Terpanes
1 191 C18T 25.81 106
2 181 C20T 2911 60
3 181 CHT 3267 289
4 181 C2aT 36.10 1200
5 181 C2aT 38,57 1817
& 181 C24T 42.05 413
7 181 C255 46,51 662
a3 191 C25R 46.61 507
g 181 TET 4928 10031
10 191 C2E65 4962 1123
11 181 C26R 49.85 356
14 181 ET-CZ235 56.71 o43
15 181 ET-CZ2ER 57.20 362
16 181 ET-C285 58.80 1823
17 181 ET-C25R 55.34 1048
18 181 ET-C305 6257 1024
19 181 ET-C30R 63.25 1432
20 181 ET-C315 65.43 2260
P 191 ET-C31R 66.10 3861
TRICYCLICS
Pentacyclic Terpanes
21 191 T= 60.74 3049
22 177 C27T 61.27 4763
24 191 Tm 62.04 2238
29 177 C280M 62.85 73719
34 181 C2eH 65.11 1081
37 177 C290M 65.55 2385
40 181 CZ8H 66.49 1202
41 181 C2an 66.68 5652
42 181 Ca0x 67.20 5533
43 181 oL 68.75 713
44 181 C30H 69.13 31
45 191 C30M 70.33 109
465 181 C3s 7227 734
47 191 C31R T287 1232
45 181 GA 73.04 9158
49 181 Cazs 74.71 320
50 181 C3ZR 75.25 258
51 181 £33s 77.55 728
52 181 C33R 78.25 33
53 181 C345 80.35 288
54 191 CI4R 81.26 430
55 181 C355 83.25 202
56 191 C35R o437 61
PENTACYCLICS

243

Figure D5i Biomarker Quantitation report for sample L\AHartselle001.
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Biomarker Quantitation Report (Cont.)

XABOOOS
Peak # miz Compound RT (min.) Amount (ppm)
Steranes height
12 217 31 53.26 a7 2
13 217 52 54 50 937 3
14 217 33 5B.63 alats] 2
15 217 S4 56.94 281 1
16 218 348 55.94 278 1
17 217 S5 59.23 1081 3
18 218 558 59.23 22 1 z
14 217 36 59.93 400 1 -
20 217 57 60.43 570 2 1
23 217 38 G1.78 171 0 1
25 217 58 62.32 439 1 1
26 218 598 62.32 300 1 1
27 217 510 G263 717 2 0
28 218 3108 G263 556 2 0
a0 217 511 63.53 244 1 0
31 217 312 G4 .44 1618 5 .z Czs Czs
32 217 513 65.11 430 1
33 218 3138 65.11 429 1
35 217 514 65.33 533 2
36 218 5148 65.33 256 1
38 221 ISTD 66.35 35380 100
39 217 315 66.42 433 1
STERAHNES 26
Key Ratios

Height
C19/C23 0.06 TsTm
C21/C23 016 290429
C22/C23 0.66 C27TI27
C24/C23 023 DM/H
C26/C25 1.70 C27T/H
Tet/C23 542 C28/H

XH
5156 218 C29/H
%WC27 39 M/H
%C28 42 OLH
%C29 19 GA/H

205/20R 374 C31/H
ST 0.54 C35/C34
C23/H

Figure D5 Continued
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Height
4.00
474
043
7.86
AT
3.59
18.38
3.99
0.36
237
3043
4.09
0.70
6.04



Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

height

koW s =
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Data file Name  XABOOO7S.D
Date Acquired /2172016
Sample MName XABOOOT
Misc Info. 049
Peak # miz Compound RT (min.) Amount (ppm)
Tricyclic Terpanes
1 181 C18T 25.81 343
2 181 C20T 25.10 681
3 181 C21T 32.68 1435
4 181 CZ22T 36.08 T4z
5 181 C23T 40.00 3295
8 181 C24T 4212 2058
7 181 C255 46.44 1087
8 181 C25R 46.55 1051
9 181 TET 4928 3212
10 181 C265 4982 1565
11 181 CZ6R 4989 1334
14 181 ET-C225 5673 1618
15 181 ET-C22R 5722 1655
16 181 ET-C235 5874 1754
17 181 ET-CZ3R 5632 1569
18 181 ET-C305 62.57 1524
19 181 ET-C30R 63 1565
20 181 ET-C315 6543 1518
21 181 ET-C31R 66.10 2148
TRICYCLICS
Pentacyclic Terpanes
21 181 Ts 60.73 6748
22 177 C2TT 51.25 1187
24 181 Tm 52.02 2265
25 177 C220M 52.82 18528
34 181 C28H 65.12 a5
37 177 C250M 65.54 653
40 181 C25H 66 .45 5744
41 181 C250 6667 6515
42 181 C30X 67.19 4285
43 181 oL 68.73 325
44 181 C30H 69.13 18012
45 181 C30M T0.33 1702
45 181 C315s T2.23 T407
47 181 C31R T2.80 4353
48 181 GA 73.03 2651
49 181 C3zs 7465 5145
50 181 C32R 75.18 3629
51 181 C335 FrAT 3813
52 181 C33R 7817 27N
53 181 C345 80.37 2383
54 181 C34R 8124 1785
55 181 C355 8324 1360
56 181 C35R 8429 979
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Figure D6 Biomarker Quantitation report for sample L\AE35-002.
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Biomarker Quantitation Report (Cont.)

XABOOOT
Peak # miz Compound RT (min.) Amount {(ppm)
Steranes height
12 217 51 5316 4049 11
13 217 52 54.40 2617 T
14 217 53 5354 1361 4
15 217 =4 882 4122 11
16 218 S4B 58.82 3142 a3
17 217 55 59.21 2001 5
18 218 558 5923 2271 ] 8
19 217 56 5994 13497 4 7
20 217 57 60.37 2171 G E
23 217 58 61.75 332 1 5
25 217 59 62.30 931 2 4
26 218 S9B G2.31 1112 3 3
27 217 310 G2.59 1588 4 2
28 218 3108 G2.59 1563 4 1
30 217 311 63.51 393 1 0
31 217 S12 6445 1941 5 czy cza cx
32 217 513 65.08 2600 T
33 218 513B 65.08 3122 3
35 217 514 65.29 2043 5
36 218 514B G5.29 2917 3
33 221 ISTD G6.33 21099 56
39 217 315 G6.43 1583 4
STERAMES T
Key Ratios
Height Height
C19/C23 010 TsTm 297
C21/C23 044 290729 1.13
C22iC23 023 C2TT27 0.13
cC24/C23 062 DM/H 0.04
C26/C25 144 C27TH 0.50
Tet/C23 0.97 C28MH 0.05
XH 0.24
S1/56 2.90 C29/H 0.32
%WC2T 34 M/H 0.09
%C28 23 OLfH 0.02
%®C29 43 GAH 0.15
205200 1.23 CHMMH 0.24
ST 0.55 CI5/C34 0.57
C23H 0.18

Figure D6 Continued
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Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

height
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Data file Name  XABOODSS.D

Date Acquired 9/23/2016

Sample Name XABOOOS2

Misc Info. 049

Peak # miz Compound RT {(min.) Amount {ppm)

Tricyclic Terpanes
1 191 C15T 2579 139
2 191 Cz20T 25.08 265
3 191 C21T 3267 318
4 191 C22T 36.07 165
5 191 C23T 3958 548
[ 191 C24T 4210 438
7 191 C255 45 43 155
F:] 191 C25R 46.55 161
5 191 TET 4525 203
10 191 C285 49861 268
11 191 C28R 45987 266
14 191 ET-CZ85 56.72 3159
15 191 ET-C2ER 57.20 363
16 191 ET-C285 58.70 327
17 191 ET-CZ5R 59.31 325
18 191 ET-C30& 62.57 243
19 191 ET-C30R 63.19 241
20 191 ET-C315 65.43 324
21 181 ET-C31R 66.09 280
TRICYCLICS
Pentacyclic Terpanes
21 191 T 80.71 415
22 177 C27T §1.24 102
24 191 Tm §2.00 188
25 177 C23DM 62.79 741
34 191 C28H 65.11 145
37 177 CZ50M 65.51 69
40 191 CZ5H 66.43 385
41 191 CZ5D 66.65 252
472 191 C30X 67.18 618
43 191 oL 68.75 42
44 191 C30H 69.12 595
45 191 C30M 70.30 66
46 191 C31s 7222 463
a7 191 C3R T2.58 164
43 191 GA 73.00 140
49 191 C325 T4.64 191
50 191 C3ZR 757 119
a1 191 C33s T7.44 142
52 181 C33R 7817 102
53 191 C345 30.36 50
4 191 C34R 21.20 80
55 191 C355 28322 82
o5 191 C35R 2429 592
PENTACYCLICS

1

Figure D71 Biomarker Quantitation report for sample LWD21Q@&2.
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Biomarker Quantitation Report (Cont.)

XABOODS8
Peak # miz Compound RT (min.}) Amount (ppm})
Steranes height
12 217 51 5317 787 2
13 217 52 5439 505 2
14 217 =X 5a.52 102 0
15 217 54 5892 G14 2
16 218 348 58.90 Cxlal 1
17 217 ttal 5920 221 1
18 218 358 59.21 216 1 1
14 217 36 59.94 209 1 1
20 217 57 60.36 374 1 B
23 217 38 61.73 78 0 1
25 217 58 6228 124 0 0
26 218 598 6228 128 0 o
27 217 310 6257 207 1 1]
28 218 3108 6257 178 1 1]
a0 217 3511 63.50 7 ] o
31 217 512 Gd.42 123 0 cz C2B c23
32 217 513 65.07 223 1
33 218 5138 65.05 261 1
35 217 514 6527 161 0
36 218 5148 6527 244 1
38 221 ISTD 6632 18288 56
34 217 515 G642 204 1
STERAMNES 12

Key Ratios
Height Height
C19/C23 025 Ts/Tm 221
C21/C23 058 29D/29 0.65
_ C22/C23 030 (wiavri| 017
= 20 ed C24/C23  0.80 DM/H 0.12
f, C26/C25 1.73 C27H 1.01
| Tet/C23 037 C28/H 0.25
X/H 1.04
51/S6  3.81 C29/H 0.65
%C27 34 M/H 0.11
%C28 28 OLH 0.07
%C29 38 GAMH 0.24
205/20R 060 C31/H 0.28
SIT 162  C35/C34 0.69
C23/H 0.92

Figure D7 Continued
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Biomarker Quantitation Report

mg branched/cyclic hydrocarbon fraction

Data file Name  XABOD0D9S D
Date Acquired  9/21/2016
Sample Name XABOOO®
Misc Info. 0.1
Peak # miz Compound RT (min.) Amount (ppm})
Tricyclic Terpanes
1 191 C15T 25.80 0
2 191 C20T 25.04 100
3 191 C21T 3254 34
4 191 C22T 36.04 22
5 191 C23T 3954 169
] 191 C24T 4208 108
7 191 C255 45.41 61
2 191 C25R 4551 70
5 191 TET 4524 230
10 191 C285 45958 75
11 191 C28R 4524 58
14 191 ET-C285 56.69 49
15 191 ET-CZ2ER 57.16 59
16 191 ET-C255 58.70 a0
17 191 ET-CZ5R 5928 T2
18 191 ET-C305 62.55 61
19 191 ET-C30R 63.18 Te
20 191 ET-C315 65.38 74
21 191 ET-C31R 66.05 111
TRICYCLICS
Pentacyclic Terpanes
21 191 Tz 60.69 303
22 177 C27T §1.21 161
24 191 Tm 61.98 179
28 177 C28DK 8277 1805
34 191 C28H 65.01 85
37 177 CZ5DK 65.49 73
40 191 C25H 55,42 4M
41 191 CZ5D 66.62 243
42 191 C30X 67.16 161
43 191 oL 88.72 24
44 191 C30H 69.09 663
45 191 C30M 70.30 82
45 191 C315 7218 31
47 191 C3MR T2.58 211
43 191 GA 73.00 28&0
49 191 C325 7481 193
50 191 C3ZR 7514 155
51 191 C33s T7.44 152
52 191 C33R 78.15 110
53 191 C345 80.35 104
54 191 C34R 21.20 69
55 191 C355 28322 24
56 191 C35R 2424 80
PENTACYCLICS
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Figure D8I Biomarker Quantitation report for sample L\AII3668004.
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Biomarker Quantitation Report (Cont.)

XABOOO9
Peak # miz Compound RT (min.) Amount (ppm)
Steranes height
12 217 31 5314 123 2
13 217 52 54 38 a1 1
14 217 53 5a.549 53 1
15 217 54 5a.88 132 2
16 218 548 55.88 131 2
17 217 b 1a] 5917 104 2
1a 218 S5B 59.19 111 2 2
14 217 S6 59.92 148 2
20 217 S7 60.35 36 1 2
23 217 S8 61.71 36 1
25 217 s8 6226 60 1 1
26 218 588 G226 T3 1
27 217 310 6255 a0 1 1
28 218 3108 62.55 ar 1
20 217 211 G347 i) 1 1]
N 217 512 G4 .41 94 1 cz c2a cx
32 217 513 65.04 115 2
33 218 5138 65.04 120 2
35 217 514 65.25 a1 1
36 218 5148 65.25 103 1
38 221 I3TD 66.31 34610 500
29 217 518 G6.39 138 2
STERANES 19
Key Ratios
Height Height
C19/C23  0.00 TsTm 1.69
c21/C23  0.20 29029 0.61
C22/C23 013 C27TI27 0.33
C24/C23 064 DM/H 0.1
C26/C25 123 C27TH n.vz2
Tet/C23 1.36 C28H 013
X/H 0.24
S1/56 0.83 C29/H 0.60
WC2T a7 MH 0.09
WC28 29 OLMH 0.04
WC29 34 GAH 042
205/20R  0.68 CH/H 0.32
ST 0.58 C35/C34 0.23
C23H 0.25

Figure D8 Continued
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Data file Name XABOO1OS.D
Date Acquired Q/22/2016
Sample Name XABOO10
Misc Info. 0.1
Peak # miz Compound RT (min.) Amount (ppm)
Tricyclic Terpanes
1 181 Ci18T 2574 5
2 191 C20T 25.03 28
3 181 C21T 3254 93
4 181 Cz2T 36.04 ]
5 191 C2ar 39.97 a7
G 181 C24T 42.08 271
7 181 C255 45 41 156
a3 191 C25R 4652 163
9 181 TET 45.24 455
10 181 C265 45,58 158
11 191 C26R 45.86 135
14 181 ET-C285 56.71 114
15 181 ET-C2ER 5717 130
16 191 ET-C205 58.70 170
17 181 ET-C25R 59.26 181
18 181 ET-C305 62.55 138
19 191 ET-C30R 63.18 150
20 181 ET-C315 65.41 145
b 181 ET-C31R 66.06 21
TRICYCLICS
Fentacyclic Terpanes
b 181 Ts 60.59 665
22 177 C2rm 61.21 303
24 181 Tm 61.98 423
29 177 C280M 6278 3282
34 191 C28H 65.05 205
37 177 C290M 65.51 162
40 181 C2gH 66 .44 1065
41 191 C2oD 66.64 4259
42 181 Ca0x 67.18 351
43 181 oL 63.70 68
44 191 C30H 69.10 1671
45 181 C30M 70.30 172
465 181 Cas 7220 739
47 191 C3MR 7258 451
45 181 GA 73.00 531
49 181 Cazs 7451 663
50 191 C3ZR 75.15 306
51 181 C335 T7.44 355
52 181 C33R 78.15 268
53 191 C34S5 80.35 241
54 181 C34R 81.21 178
55 181 £3s5 8322 125
56 191 C35R 84.26 128
PENTACYCLICS

Biomarker Quantitation Report
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Figure D9i Biomarker Quantitation report for sample L\AII3668002.
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Biomarker Quantitation Report (Cont.)

XAB0O10
Peak # miz Compound RT (min.) Amount (ppm)
Steranes height
12 217 31 5314 294 1
13 217 52 54 38 174 1
14 217 53 58.50 221 1
15 217 54 58.88 302 1
16 218 S4B 58.88 M2 1
17 217 558 59149 250 1
18 218 558 59149 261 1 1
19 217 56 59.93 387 1 1
20 217 a7 G60.34 149 1
23 217 58 G172 100 0 1
25 217 54 G227 138 1
26 218 598 6226 174 1 o
27 217 310 G2.56 181 1 o
28 218 5108 6256 219 1
30 217 511 G63.48 166 1 0
Ky 217 212 G4.41 220 1 cI7 cza cz
32 217 513 65.04 2438 1
33 218 5138 65.04 264 1
35 217 514 65.26 213 1
36 218 5148 G5.26 260 1
38 221 |STD G6.36 132226 500
39 217 515 G642 416 2
STERANES 13
Key Ratios
Height Height
cC19/Cc23 0.1 TsiTm 167
c21C23 022 29029 0.46
[ C221C23 014 C2ITi27 0.28
P v C24/C23 065 DM/H 0.10
C26/C25 1.02 C27TH 0.65
Tet/C23 119 C28/H 012
XMH 0.21
S1/56 0.76 C29H 0.64
WC27 35 M/H 010
%WC28 30 OLMH 0.04
%C29 35 GAMH 0.32
205/20R 053 C3MH 027
ST 0.61 C35/C34 052
C23H 0.25

Figure D9 Continued
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Data file Name XABOOM1S.D

Date Acquired Q21,2016

Sample Name XABOO11

Misc Info. 0.1

Peak # miz Compound RT (min.) Amount (ppm)
Tricyclic Terpanes
1 191 C18T 2576 23
2 191 C20T 2507 96
3 181 C21T J2.64 352
4 191 C22T 36.06 175
5 191 C23T 39.97 1456
6 191 CzaT 4209 1152
T 181 C255 45,44 241
a 191 C25H 4653 612
9 191 TET 4524 250
10 191 C265 45980 o459
11 181 C26R 40,85 &40
14 191 ET-CZ85 56.71 1173
15 191 ET-CZER 57.19 1273
16 191 ET-CZ255 S8T2 1115
17 181 ET-CZ5R 59.30 1053
18 191 ET-C30S 62556 855
19 191 ET-C30R 63.13 883
20 191 ET-C313 65.41 a7l
21 181 ET-C31R 56.09 813
TRICYCLICS
Pentacyclic Terpanes
21 191 Ts 60.70 1333
22 177 C27T 61.22 107
24 181 Tm §2.00 1212
20 177 C22DM 62.80 155
24 191 C28H 65.11 36T
&7 177 CZ28DM 65.52 TG
40 181 CZ8H 66.43 2758
41 191 C2a0 66.64 2139
42 191 C30x 67.16 2009
43 191 oL 58.54 184
44 181 C30H §9.10 2852
45 191 CIoM T0.30 054
46 191 C3s 7220 3725
47 191 C3R T2.53 2093
43 181 A 73.00 339
49 191 Cizs T463 2455
50 191 CI3ZR 75.15 1664
51 191 C3i3s T7.44 1960
52 181 C33R 78.16 1240
53 191 Ci4s 80.35 1187
54 191 CI4R 81.23 211
35 191 C3s5s 83.18 1211
56 181 C3sk 2425 541
PENTACYCLICS

Biomarker Quantitation Report
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Figure D10 Biomarker Quantitation report for sampe/D-2337-002
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Biomarker Quantitation Report (Cont.)

XABOO11
Peak # miz Compound RT (min.) Amount (ppm)
Steranes height
12 217 51 5315 3050 38
13 217 52 5438 1861 23
14 217 53 53.51 526 g
15 217 54 53.91 3132 39
16 218 S4B 5390 1970 25
17 217 55 5920 1149 14
18 218 S5B 5920 1308 16 =
19 217 SE 59.93 gas 12 -
20 217 57 G034 1700 21
23 217 58 5173 238 3 15
25 217 59 5227 513 B
26 218 508 5228 518 g 1
27 217 510 5257 gas 12 c
28 718 5108 5257 896 11
30 217 514 53.49 225 3 o
31 217 512 442 1113 14 cz? 28 c29
3z 217 513 B5.08 1740 22
33 218 5138 505 2004 25
35 217 514 526 1525 19
36 218 5148 526 1912 24
38 224 ISTD 6632 40025 500
39 217 515 G640 1229 15
STERAMNES 251
Key Ratios
Height Height
c19/C23 002 Ts/Tm 1.10
cHic23 027 290729 0.7va
C22/C23 012 C2TTI27 0.04
" Stersnes C24/C23 079 DM/H 0.01
r\ C26/C25 157 C27TH 0.29
| Tet/C23 0.21 C28MH 0.04
- X/H 0.23
51/56 3.07 C29MH 0.31
%C27 32 M/H 0.11
WC28 22 OLH 0.02
%C29 46 GAM 0.04
205/20R  0.91 C31MH 0.24
ST 0.84 C35/C34 1.02
C23MH 016

Figure D10 Continued
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Appendix Ez GCMSGRAPHSAND GEOCHEMICAL SUMMARY SHEETS
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FDLA Front Signal (C\DATA TO BE PROCESSEDWABO067.0)
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Flgure E2i Raw GCMS graph of sampMaBCU 108 #1
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FDLA Front Signal (C\DATA TO BE PROCESSEDWABO070.0)
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Flgure E3' Raw GCMS graph of samplackman 3515 #1

FIDLA Front Signal (C\DATA TO BE PROCESSEDWABO071.D)
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Flgure E4i Raw GCMS graph of sampWeyerhauser 28 #1
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Figure E6i RawGCMS graph of sample LWA335-002
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Tel: (281) 856-9333

GEOCHEMICAL SUMMARY SHEET  info@geomarkresearch.com

www.geomarkresearch.com

Country: U. Depth (ft): Lab ID: ARBDGT
State/Prov: Alabama L. Depth (ft): Sample [D:
Basin: Res. Age: Chent ID: PN 10541
Field: Res. Formation: Carter Sandstone Lat: 33.88794
Well: NBCU 34-6 #3 APL #: Long: -87.9994
BULK PROPERTIES Stable Isotope Composition
C15 + Composition Relative % API Gravity: 32.4 C15+ 513C Saturate: -31.02 % VPDB
% Sat: 43.7 wazph %< C15:40.9 10154 513C Aromatic: 2990 % VPDB
Ya Aro: 42.9 bl = % 51 0.52 Canonical Variable: 0.45
% NSO: 13.3 e :.:.;‘l ppm V:4 Whole Oil 513C: -30.51 % VPDB
% Asph: 0.2 e ppm Niz4 Whole il §34S: % VCDT
Sat/Aro: 1.02 o 30 40 &0
EOM: Miscellaneous:
B WHOLE CRUDE
- GAS CHROMATOGRAPHY
- Pr/Ph: 1.49
- PrinC17: 1.05
= w Ph/nCI18: 0.87
" nC27/nC17: 027
- nC19*2/(nC18+nC20): 1.02
|| ;Il“”]llj’iu..-u . CPI: 1.09

QilMod Ratios

QUANTITATIVE SATURATE BIOMARKERS ppm C30 Hopane: 38 C19/C23: 0.04
e C22/C21: 0.32
o 4 S T e 4 L o S A C24/C23: 0.72
C26/C25: .99
Tet/C23: 0.16
C27T/C27: 0.19
C28/H: 0.05
C29/H: 0.50
C30X/H: 0.08
OL/H: 0.01
C31R/H: 0.25
GASC3IR: 0.35
e e e e T aoas aaTSs Folas TaTSS BalSS C358/C345: 0.63
Ster/Terp: 1.05
Dia/Reg: 1.66
%C27:27.1
%C28: 21.9
%C29: 51.0

C29 208/R: 0.79
C29 bbS/aaR: 1.31

Terpanes

miz 191

A

ey 2 A F O (S FO o 2 F LS00 AuEROOnE F R e e v
peisls slat

p——

SR

P

SO

—

") 3 I
Steranes 'meoeo
miz 217 ey

1 =o

roeen C27 Ts/Tm: 0.80
i C29 Ts/Tm: 0.35
— DM/H: 0.01
A teeae—e = M=ls) e == == s me=] [ N ] A L LT onte fs] For.Oo czms: 2.0‘?
Projected Source Rock Type: Age:
Thermal Maturity Level: Degree of Biodegradation:
1 of2 22-Aug-16

Figure E11i Geochemical Summary Sheet of sample NBCL53#8.
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Country: U. Depth (ft): Lab ID: ABOOGT

State/Prov: Alabama L. Depth (ft): Sample ID:
Basin: Age: Client ID: PN 10541
Field: Formation: Carter Sandstone Lat: 33.88794
Well: NBCU 34-6 #3 AP #: Long: -87.9994
QUANTITATIVE AROMATIC BIOMARKERS Kev Aromatic Ratios
Aanclmnce MPL: 0.62
troo lon T31.00 (TI0.TO L0 TIT-I0): ASDOOT IR Chclmte. - Fl: 0.37
I F2:0.21
. P/DBT: 2.48
Trisromatic =©® DBT/C4N: 1.03
Steranes Teo MDE: 2.50
iz 231 J— TASL: 0.68
=O TAS2: 0.41
a0 TAS3(CR): 0.29
ET-1 TAS4: 0.15
=00 Jl ”, M TAS5: 0.32
B[00 2200 54000 Sa.00 SR00 S0.00 G200 G400 SE.00 SR.oo Dlnﬁ 5"9: 0-05

Ao
Ion 17000 (17770 io 1 70.30) ADGCGETSA. Didnta.ms o O I T o e O A e Dt
pres Ion 19E-00 (18170 10 182300 B0 T SA Dhdnte me — lan 0060 HEF-T8 o 18830 ARMUNFRA Dhdeie me
pras as00]
4800| a0
4000] oo
1m0
amo0)
1o
an00|
14
s 120
S| A D0
1500, A
1000, oo
P
=00
P
o
30 S0 1 D0 G IR SO, D013 S e ek 1A EROCh, 1 3 O C1M S5 TG0 27100 GAO0 SRG0 =000 5160 2200 3000 5450 AE00 5000
Tirna—= Tirra—=
Phenanthrenes Dibenzothiophenes
miz 178 + 192 miz 184 + 198
Al PP

I AL (e T e SR V) SRR . b e
lan 133,00 (132,70 = 133,305 ABDOSTSA. Dicdata.m
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2of2 22-Aug-16

Figure E11Continued
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Tel: (281) 856-9333

(@O IN:V"® GEOCHEMICAL SUMMARY SHEET  info@scomarkrescarch.com

www.geomarkresearch.com

Country: U. Depth (ft): Lab ID: AB006S
State/Prov: Alabama L. Depth (ft): Sample 1D:
Basin: Res. Age: Client ID: PN 3133
Field: Res. Formation: Carter Sandstone Lat: 33.85645
Well: NBCU 10-8 #1 API #: Long: -87.9881
BULK PROPERTIES Stable Isotope Composition
C15 + Composition Relative % API Gravity: 26.4 C15+ §13C Saturate: -30.86 % VPDB
% Sat: 39.1 wasen [ %=Cl5: 3.1 1ey54 5130 Aromatic: -29.83 % VPDB
% Aro:37.0 wweo [ 1 %35: 0.68 Canonical Variable: 0.20
% NSO: 13.6 gl —— ppm V: 30 Whole Oil §13C: -30.32 % VPDB
% Asph: 10.3 e ' ppm Ni: 13 Whole Oil 534S: % VCDT
Sat/Aro; 1.05 0 10 40 &0
EOM: Miscellaneous:
= WHOLE CRUDE
_ GAS CHROMATOGRAPHY
= Pr/Ph: 1.56
_ Pr/nC17: 1.02
Ph/nC18: 0.81
- nC27/mC17: 0.21
. J | I ] -I» nC19*2/(nC18+nC20): 1.02
[ T . CPI: 1.09
OilMod Ratios
QUANTITATIVE SATURATE BIOMARKERS ppm C30 Hopane: 59 C19/C23: 0.04
e C22/C21: 0.32
P - C24/C23: 0,73
C26/C25:0.94
S Tet/C23: 0.16
~mooa C27T/C27:0.20
Terpanes === C28/H: 0.05
miz191 D000 C29/H: 0.49
C30X/H: 0.08
OL/MH: 0.01
I C31R/H: 0.24
oo GASC3IIR: 0.33
L e R R N TS inTan antas Tolad TANS Anlos C35S/C345: 0.68
T tenr s (o e e 4 e AR oAttt Ster/Terp: 1.06
Dia/Reg: 1.68
%C27:27.5
%C28: 22.5
%C29: 50.0
Steranes €29 20S/R: 0.77
miz 217 29 bbSfaaR: 1.25
C27 TTm: 0.78
C29 TsTm: 0.34
DM/H: 0.01
Projected Source Rock Type: Age:
Thermal Maturity Level: Degree of Biodegradation:
1of2 22-Aug-16

Figure E12 Geochemical Summary Sheet of sample NBCLB ¥1.
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Country: U. Depth (ft): Lab ID: AB00GS

State/Prov: Alabama L. Depth (ft): Sample ID:
Basin: Age: Client ID: PN 3133
Field: Formation: Carter Sandstone Lat: 33.85645
Well: NBCU 10-8 #1 APL #: Long: -§7.9881
QUANTITATIVE AROMATIC BIOMARKERS Kev Aromatic Ratios
P MPL: 0.61
o I RS P ——— Fl-0.37
S F2:0.21
e P/DBT: 2.42
Triaromatic ™<= DBT/C4AN: 0.97
Steranes s MDR: 2.58
mzzn TASI: 0.68
— TAS2:0.42
saszes TAS3(CR): 0.29
P TAS4:0.15
e M TAS5:0.32
S e e e i e e e e el aal Dino 3/9:0.05
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Tiiva—= Tirrne—
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e 132500 (13270 1@ 133.50) ARDOGRSA. Dvdata. me. — m—— e =
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Ao
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miz 133 miz 245
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Figure E12Continued
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Country: U. Depth (ft): Lab ID: AB0OOTO0
State/Prov: Alabama L. Depth (ft): Sample [Dx:
Basin: Res. Age: Client ID: PN 17145
Field: Res. Formation: Pottsville A Sand Lat: 33.43956
Well: Hickman 35-15 #1 API #: Long: -87.9682
BULK PROPERTIES Stable Isotope Composition
C15 + Composition Relative % API Gravity: 39.3 C15+ §13C Saturate: -31.18 % VPDB
% Sat: 62.3 Saspn %= Cl5:512 |54 513C Aromatic: -30.40 % VPDB
% Aro: 28.3 wnso 7] % 5: 0.15 Canonical Variable: -0.25
% NSO: 9.4 wae L] ppm V: 0 Whole Oil §13C: -30.74 % VPDB
% Asph: 0.0 e ‘ ppm Ni: 2 Whole Oil 534S: %a VCDT
Sat/Aro:; 2.20 o 50 100
EOM: Miscellaneous:
= WHOLE CRUDE
- GAS CHROMATOGRAPHY
- Pr/Ph: 1.48
- PrmC17: 0.75
- Ph/nC18: 0.61
- nC27mC17: 0.21
. nC19*2/(nC18+nC20): 0.99
= CPI: 1.08

OilMod Ratios

QUANTITATIVE SATURATE BIOMARKERS ppm C30 Hopane: 3 C19/C23: 0.03
C22/C21: 0.36

e 4 ChS £ 8o hn €34 AR Y SR R A cate i C24/C23: 0.92
C26/C25: 1.08
Tet/C23: 0.07
C27T/C27: 0.05
C28/H: 0.11
C29/H: 0.44
C30X/H: 0.48
OL/H: 0.06
C3IR/H: 0.21
m GASC3IR: 0.62
B R T e e e e e e e oo o C355/C345: 0.66
Ster/Terp: 2.27
Bemin 21 PO (S . FO o 21 LS00 A O P O e T . T DIEJ‘JR_CE: 2_79
%WC27:30.4
%C28: 25.7
%C29: 43.9

C29 205/R: 0.89
C29 bbS/aaR: 1.41
C27 Ts/Tm: 3.15
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e

Ee s T el
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1000 sonday DM/H: 0.02
o meoe ason dolon amoo  soeo | aelon | eclon | asoo | soloo C26/Ts: 2.93
Projected Source Rock Type: Age:
Thermal Maturity Level: Degree of Biodegradation:
I of2 22-Aug-16

Figure E13 Geochemical Summary Sheet of sample Hick@&a5 #1.
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Country: U. Depth (ft): Lab ID: ABOOTO

State/Prov: Alabama L. Depth (ft): Sample ID:
Basin: Age: Client ID: PN 17145
Field: Formation: Pottsville A Sand Lat: 33.43956
Well: Hickman 35-15 #1 AP #: Long: -§7.9682
QUANTITATIVE AROMATIC BIOMARKERS Kev Aromatic Ratios
T Baprn SRR 8 oCRCE (SEIRCE. FOD tmm SRR TRED IR TSR PR . e e e T MPI: “-El
- Fl: 0.44
o F2:0.24
oo P/DBT: 4.13
Triaromatic p— DBT/C4AN: 0.52
Steranes E:': MDR: 5.05
iz 231 TASL: 0.95
TAS2: 0.9
TAS3(CR): 0.88
: TAS4:0.74
- TASS: 0.90
T [ e e T T e T T e e e e e e e e I L e T T =y Dlnﬁ 3"’9:
Abauncmncs Abwsrediarica
lon 17800 (177.70 to 17830k ABDOTOSA. Dcints. ma lan 184.00 (18370 i 184.30) ABOOSSS A Dhdala.ms
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miz 133 miz 245
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Figure E13Continued
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Country: L. Depth (ft): Lab ID: ABOOT1
State/Prov: Alabama L. Depth (ft): Sample 1D:
Basin: Res. Age: Client ID: PN 16994
Field: Res. Formation: Pottsville A Sand Lat: 33.46494
Well: Weverhauser 28-8 #1 AP #: Long: -88.1024
BULK PROPERTIES Stable Isotope Composition
CLS + Compositinn Relative % API Gravity: 39.9 C15+ 513C Saturate: -31.07 % VPDB
% Sat: 65.4 "asan %<Cl5:51.3 0|54 513C Aromatic: -29.86 % VPDB
% Aro: 24.8 wnso [ % 5:0.12 Canonical Variable: 0.65
% NS0:9.8 wae 1 ppm V: 0 Whole 0il §13C: -30.53 % VPDB
% Asph: 0.0 e ! ppm Ni: 3 Whole 0il §34S: % VCDT
Sat/Aro: 2.64 0 50 100
EOM: Miscellaneous:
- WHOLE CRUDE
~ GAS CHROMATOGRAPHY
= Pr/Ph: 1.43
= Pr/nC17: 0.70
- Ph/nCI18: 0.54
B nC27mCI17: 0.23
. nC19*2/(nC18+nC20): 0.97
e w CPL 1.06
QilMod Ratios
QUANTITATIVE SATURATE BIOMARKERS ppm C30 Hopane: 1 C19/C23: 0.05
P C22/C21:0.29
e A [ €5 e 12 A 4 e e €24/C23: 0.98
p— C26/C25: 1.10
S Tet/C23: 0.05
T C27TIC27: 0.04
Terpanes «oce C28/H: 0.23
mz19l oo C29/H: 0.48
I C30X/H: 1.08
OL/H: 0.11
S C31R/H: 0.16
e GAJC3IR: 0.83
N C358/C348: 1.26
I Ster/Terp: 3.54
Dia/Reg: 2.68
%C27:29.4
%C28: 27.8
%C29: 42.8
Steranes €29 208/R: 0.87
miz 217 €29 bbSfaaR: 1.39
C27 TsTm: 5.02
C29 TsTm: 1.96
DM/H: 0.03
_— C26/Ts: 3.70
Projected Source Rock Type: Age:
Thermal Maturity Level: Degree of Biodegradation:
1 of2 22-Aug-16

Figure E14i Geochemical Summary Sheet of sample Weyerhaus8r#28
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Country: U. Depth (ft): Lab ID: AB0OOT1
State/Prov: Alabama L. Depth (ft): Sample ID:
Basin: Age: Client ID: PN 16994
Field: Formation: Pottsville A Sand Lat: 33.46494
Well: Weyerhauser 28-8 #1 APL#: Long: -88.1024
QUANTITATIVE AROMATIC BIOMARKERS Kev Aromatic Ratios
T MPI: 0.91
. S P S N P Fl: 0.49
P F2:0.26
= P/DET: 4.00
Trizromatic = DBET/C4N: 0.63
Steranes - _?'1:;1? !:;:
miz 231 — Ast L
e TAS2: 0.9
e TAS3(CR): 0.89
o TAS4:1.22
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Figure E14Continued
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Country: USA U. Depth (ft): Lab ID: XABOOOG
State/Prov: Alabama L. Depth (ft): Sample ID: RUOQA-160801-001
Basin: Res. Age: Chient ID:
Field: Res. Formation: Hartselle Lat: 34,598
Well: LWD-Hartselle-001 API #: Long: -87.48
BULK PROPERTIES Stable Isotope Composition
C15 + Composition Relative % AP Gravity: C15+ 513C Saturate: -30.46 % VPDB
% Sat: 7.7 %azpn | Y= C15: C15+ 613C Aromatic: % VPDB
% Aro: 5.0 bl == Y S Canonical Variable:
% NSO:22.3 ware 1] ppm V: Whole Oil §13C: %e VPDB
% Asph: 65.0 e ppm Ni: Whole Oil 5348: % VCDT
Sat/Aro: 1.54 o 0 100
EOM: 36293 Miscellaneous:
. WHOLE CRUDE
- GAS CHROMATOGRAPHY
. Pr/Ph:
- PrinC17:
. Ph/nC18:
w nC27/nCI17:
‘ nC19*2/(nC18+nC20):
“ CPI:
L A 1y -y r .
QilMod Ratios
QUANTITATIVE SATURATE BIOMARKERS ppm C30 Hopane: 1 C19/C23: 0.06
e C22/C21: 4.15
PEmE B N LEARE £ R AR R S B T SR RN S e B S o B e e £ C24J’C23: “.23
C26/C25:1.27
Tet/C23: 5.52
C27T/C27:0.43
Terpanes C28/H: 3.59
miz 191 C29%H: 3.99

C30X/H: 18.38

OL/H: 2,37
l' ”l ' C31R/H: 4.09
GAJC3IR: 7.43

o T e T TS TR R e R TR TR TS C355/C345:0.70

mmmme— e e Ster/Terp: 0.54

- mm e e T Dia/Reg: 2.18

mec %C27: 39.1

amo %C28: 41.7

%C29: 19.2

Steranes === C29 208/R: 3.74

miz2l7 e C29 bbS/aaR: 1.23

- C27 To/Tm: 4.00

e C29 T</Tm: 4.74

‘_UJL DM/H: 7.86

I RS S ER L E-rarETy o=y Yy =T ey [Treyr=y=y CErarey T ERE c2m5:0.|7
Projected Source Rock Type: Age:

Thermal Maturity Level: Degree of Biodegradation:

l of 2 29-Sep-16
Figure E15 Geochemical Summary Sheet of sample L\Martselle001.
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