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HYDROCARBON SOURCE ROCK EVALUATION STUDY

ORGANIC GEOCHEMICAL ANALYSES OF DRY WELL CUTTINGS

EXXON CORP. PRISOR UNIT FED, #1 WELL

SIERRA COUNTY, NEW MEXICO

SUMMARY

Organic geochemical analyses run on a suite of dried paleo cuttings, collected from the
Exxon Corp. Prisor Unit Fed. #1 Well, over the interval from 4, 800+ feet to 11,400+
feet, indicate the following:

Zone A {5,200+ feet to 6,100+ feet) contains rocks which have a
. moderately immature, poor oil and associated "wet!' gas source
character and a fair "dry" methane gas source character.

Zone B (7,500+ feet to 9,200+ feet) contains rocks which have a
. mature, fair oil, condensate and associated "wet!' gas source
character,

Zone C (9,600+ feet to 10,500+ feet) contains rocks which have 2
. mature to very mature, poor condensate and associated ""wet"

gas source character and a fair "'dry" methane gas source charac-

ter,

In order of priority, exploration plays in the local arez of the Exxon Corp, Prisor
Unit Fed. #1 Well are interpreted as follows (providing that reservoir traps are availa-

ble):

1. The Bo, Cisco, Canyon and Upper Strawn Formations within
Zone B (7,500+ feet to 9,200+ feet)

This section should be considered prospective for minor to fair
quantities of indigenously generated mature paraffino-naphthenic
oil, condensate and associated "wet" gas.



2,

3.

The Davey, Morrow, Mississippian and Woodford Formations

within Zone C (9, 600+ feet to 10,500+ feet)

This section should be considered non-prospective for any
quantities of indigenously generated oil, condensate and as-
sociated "wet'' gas, However, this section should be con~
sidered prospective for fair quantities of '"dry' methane
gas.

The Lower Mesa Verde and Yeso Formations within Zone B

{5,200+ feet to 6,100+ feet)

This section should be considered non-prospective for any
quantities of indigenously generated oil and associated ""wet"
gas, However, this section should be considered prospec-
tive for fair quantities of "dry' methane gas.

03280, Coock
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INTRODUCTION

This report summarizes the results of a source rock evaluation study carried out on

a suite of dry paleo cuttings collected over the gross well interval 100+ feet to 11,400+
feet from the Exxon Corp. Prisor Unit Fed. #1 Well located in Sierra County, New
Mexico, :

The purpose of this study has been to:

_— investigate the richness, type (oil, condensate or gas),
and state of thermal maturity of the hydrocarbon source
rocks, and their stratigraphic distribution within the
sedimentary sequence penetrated by the Exxon Corp.
Prisor Unit Fed. #1 Well,

- characterize geochemical zones within the stratigraphic
section of this well as a basis for any subsequent crude
oil - parent rock correlations which may be required in
the future.

- define the exploration significance of this study with re-
spect to future drilling in the local area of the Exxon
Corp. Prisor Unit Fed. #1 Well.

Analytical

On arrival at GeoChem's Houston laboratory, the Exxon Corp. Prisor Unit Fed, #1
Well was assigned the GeoChem Job No. 998-. Small samples (2-4+ grams) were
hand-picked by a geologist at intervals of approximately 150+ feet throughout this well,
Each of these samples was identified by the suffix -001 through -044 in order of in-
creasing depth,

Each of the forty-four (44) samples was analyzed for total organic carbon content. On
the basis of these results, plus the geological zonation and lithology of the samples,
various single or composited samples were selected for more detailed geochemical
analyses. Eighteen (18) different samples were selected for detailed geochemical
analyses and were identified by the same suffix numbers as mentioned above, but in
each case a "D" was added after the three-digit number (example, 998-004D).

The following lists the number and type of geochemical analyses carried out on the
dried well cuttings which were collected from the Exxon Corp. Prisor Unit Fed. #1
Well:



Exxon Corp.
Type of Analysis Prisor Unit Fed, #1 Well

Organic carbon analyseS..evievescscnssnsesasse 59
C15+ soxhlet extraction w/deasphaltening........ 16
Cis+ quantitative liquid chromatographic

SEPATAtion s ieeeresnscvsssersssesncsesasssess 13
C1s54+ nonguantitative micro-liquid chro-

matographic separation..c.csveveecssccocsesss 3
C15+ paraffin-naphthene (P-N) analysis ,........ 16
Kerogen isolation, slide preparation and

visual assessment c.oveocierencoscsuarnssaces 18
Vitrinite reflectance .v.vvvevncesriosvsscenans 4

A brief description of the standard analytical procedures used by GeoChem in this
study is presented in Appendix A.

All the analytical data obtained in this study, whether used in the ultimate interpre~
tation or not, are documented inthe appropriate Tables I-A through VII of this report,
The organic carbon values from the screen analysis are presented in Table I and in
Figure 1, the gross lithologic description and organic carbon values are presented

in Tables I and II and in Figure 1, the kerogen organic matter type and alteration data
are presented in Tables III and VI and in Figure 1, the Cy5, extraction, deasphaltening
and liquid chromatographic separation data are presented in Tables IV-A, -B and -C,
the Cq5, paraffin-naphthene (P-N) compositional data are presented in Tables V-A and
-B and the vitrinite reflectance data are presented in Table VII and in Figures 3 and 4.
The gas chromatographic traces, showing the molecular distribution of the C15, par-
affin-naphthene (P-N) hydrocarbons, are reproduced in Figure 2, Table I-A, which
summarizes thehydrocarbon source character of the rocks examined in this particular
well, is placed immediately after the text in this report.

An additional set of all Figures is appended in a pocket at the rear of this report in

order to aid the reader in cross-referencing the text with the well-profile data illu-
strated.

General Information

Nine (9) copies of this report have been forwarded to Mr. David Martino, Beard Qil
Company, Oklahoma City, Oklahoma, who authorized and coordinated this study.
GeoChem retains one (1) report copy for reference purposes in discugsions with au-
thorized Beard Oil Company personnel on specific details of this study.



All remaining used and unused well cuttings, the C;5; hydrocarbon and non hydrocar-
bon chromat fractions, vitrinite reflectance plugs and other data will be forwarded
under separate cover to Mr. David Martino, Beard Oil Company, Oklahoma City,
Oklahoma, in the near future,

The data, inferpretations, sample materials and all other matters pertaining to this
well study have been treated in a highly confidential manner and are considered pro-
prietary to Beard Oil Company.




RESULTS AND INTERPRETATIONS

Geological Zonation

The sedimentary sequence penetrated by the Exxon Corp. Prisor Unit Fed. #1
Well in Sierra County, New Mexico, has been divided into a number of discrete
geological formations or groups. Specific tops which were provide to GeoChem
by Beard Oil Company include the following:

Mesa Verdeevseesssvencoanses 4,750
YES0 eeveranaeserorsnennsnres 5,492
TUDD «vovevereessroonassanncs 6,092
ADO verivnennsvnssorassncsnnns 6,400
WolfcampP..vesereseassosaness 6,802
BO tesrresrrnssasntssssssnese 1,298
CiSC0sutinseirnrnrancersssoes  B,150
CaAnYoIl v eunvasasreascnseannes 8,442
SraWNeieerorsvsosssnasnsness 8,840
Davey vioeevessssossosnsseneee 9,767
MOTrToOW,. i eeeensnssasosasnanss 10,1007
Mississippian ceveeesrneroaess 10,160"
Woodford «ivevvnecasenrsncess 10,360
Fusselman..ec.ceecesseessse. 10,542
Montoya eeeansassssnannsssos 10,594
Ellenburger..cveeeeoeencsesss 10,886
BliSS.eeesssssccssscessssnaee 11,470
Precambrian,...e.aovvee0ees. 11,596!

Geochemical Zonation

The stratigraphic section, penetrated by the Exxon Corp. Prisor Unit Fed. #1
Well, over the interval from 4,800+ feet to 11,400+ feet, can be subdivided into
three (3) hydrocarbon source generating zones which are separated by strati-
graphic section defined as non-source, The subdivision of these various zones
is based primarily on the organic carbon contents, organic matter (kerogen)
type and predominance, and the content and composition of the Cy5, solvent ex-
tractable bitumen and Cq5, total hydrocarbons of the fine-grained sediments ex-
amined throughout this well profile. The geochemical parameters which define
each of the interpreted source zones and non-source section are identified in
Table I-A, For simplicity's sake, just the three (3) zones interpreted to be



hydrocarbon source generating, will be described in detail within this report,
The three (3) geochemical zones which are of interest from a probable hydro-
carbon generating standpoint are identified as follows:

Geochemical Zone Depih Inferval Formations

Zone A 5,200+' to 6, 100+ Lower Mesa Verde, &
Yeso

Zone B 7,5600+' to 9,200+ Bo, Cisco, Canyon &
Upper Strawn

Zone C 9,600+' to 10,500+ Davey, Morrow, Miss-

issippian & Woodford

Thermal Maturity and Hydrocarbon Source Character of Sediments

1, Zone A Sediments (5, 200+ feet to 6,100+ feet)

The grayish red fo medium gray ghales and gray dolomites and limestones
within Zone A have a moderately immature, poor oll and associated "wet!
gas source character and a fair "dry" methane gas source character. The
entire Zone A section, overall, has generated minute amounts of moderate-
ly mature paraffino-naphthenic oil andassociated "wet™ gas in the local area
of the Exxon Corp. Prisor Unit Fed. #1 Well., The amounts and composi~
tion of generated hydrocarbong are such that the entire Zone A section is
considered to be in an initial stage of petroleum generation. Due primari-
ly to the moderately immature thermal regime, and the organic carbonleanness
in oil-prone kerogen material within these sedimenis, the entire Zone A
section is considered to be non-source for the generation of any producible
quantities of oil and associated "wet' gas., However, since the sediments
do contain poor to fair quantities of organic carbon which is made up of
significant portions of gas-prone kerogen types, the Zone A section is con-
sidered to be a fair "dry" methane gas source. It is interpreted thata
"dry" methane gas generating zone is present within the Zone A section
from 5,200+ feet to 6,100+ feet, and this section should be considered to

be prospective for fair quantities of "dry" methane gas, provided that re~
servoir traps are available in the local area of this well.

The moderately immature character of these sediments is based on the
immature Maturation Index of Stage 1+ to 2~ grading to a moderately




immature Maturation Index of Stage 2- to 2 for the kerogen isolated from
most of the samples from 5, 330+ feet to 5, 970+ feet (Tables III and VI;
Figure 1) and by the moderate percentage of paraffin-naphthene (P-N)
hydrocarbon fraction making up the total Cq154+ bitumen extract (18,2%

to 25, 7%, mean 20.8%; Table IV-C; Figure 2).

The overall poor oil and associated "wet" gas source charactier assigned
to the Zone A Sediments is based primarily on the overall poor to fair
organic carbon confents (0.15% to 0.43%, mean 0.28%; Tables I~A, I, II and
III; Figure 1), the overall poor Cy5. solvent extractable bitumen contents
(319 ppm to 542 ppm, mean 400 ppm; Tables I-A and IV-B; Figure 1}, and
by the overall fair Cq54 total hydrocarbon contents (94 ppm to 149 ppm,
mean 120 ppm; Tables I-A and IV~B; Figure 1). The oil and associated
"wet' gas source character of the Zone A Sediments is suppressed due to
the presence of more gas-prone kerogen types, i.e. herbaceous, woody
and coaly type kerogen. This type of kerogen, combined with the moder-
ately immature thermal history experienced by these sediments, limits
the oil and associated "wet' gas generating capability of them, However,
since the organic carbon contents are considered to be poor to fair and
comprised primarily of gas-prone kerogen types, this section is inter-
preted to represent a fair "dry'" methane gas source. Any available re-
servoir traps in juxtaposition to this methane gas source in the local area
of the Exxon Corp. Prisor Fed, Unit #1 Well should be prospective for
falr quantities of "dry" methane gas.

This Zone A section, if encountered laterally downdip, and in a thermally
more advanced state, may generate fair quantities of mature, paraffino-
naphthenic oil from the herbaceous type kerogen present within these sam-
ples. Ideally, the Zone A section would be most prospective if encountered
in a position whereby these sediments would contain predominant amounts
of the oil-prone kerogen type ~- amorphous-sapropel-algal.

Zone B Sediments (7, 500+ feet to 9, 200+ feet)

The medium dark gray to dark gray limestones and shales within Zone B
have a mature, fair oil, condensate and agsociated "wet" gas source char-
acter. This section, overall has generated fair amounts of mature paraffino-
naphthenic oil and associated "wet" gas in the local area of the Exxon Corp.
Prisor Unit Fed. #1 Well. The amounts and composition of hydrocarbons

are such that the Zone B Sediments are considered fo be in a mature, pro-
gresgive stage of petroleum generation. This section offers the most op-
timum exploration prospectiveness to the exploration geologist in the




local, as well as regional, area surrounding the Exxon Corp. Prisor Unit
Fed. #1 Well for indigenously generated oil and associated "wet" gas.
Essentially, the section containing the Bo, Cisco, Canyon and Upper
Strawn Formationg appears to be the most optimum source encountered
in this well. Any available reservoir traps in juxtaf)osition to thege sedi-
ments should be considered prospective for minor to fair quantities of
indigenously generated mature oil and associated "wet' gas.

The mature character of these rocks is based on the moderately mafture
Maturation Index of Stage 2 to 2+ grading to 2 mature Maturation Index

of Stage 2+ to 3~ for the kerogen isolated from most of the samples from
6,400+ feet to 9,130+ feet (Tables I~-A, III and VI; Figure 1), the mature
appearance of the Cy5+ paraffin-naphthene gas chromatograms (see typi-
cal gas chromatograms of Zone B in Figure 2; samples 998-019D, -021D,
-023D, -026D, and -029D), by the moderate to high percentage of paraf-
fin-naphthene (P-N) hydrocarbons making up the C15+ solvent extractable
bitumen (9.4% to 40. 7%, mean 24,%%; Table IV-C; Figure 2), and by the
high paraffin-naphthene/aromatic hydrocarbon ratios [(P-N/AROM) from
2.35 o 3,18, mean 2.89; Table IV-C; Figure 1]. A very mature ap-
pearance is suggested for these sediments on the basis of vitrinite reflec-
tance data. The vitrinite reflectance ranges from a 1,48 to 2,68, witha
mean of 1,94, This value represents a very mature thermal state for

the gsedimentis as exemplified in the geothermal diagenetfic criteria diagram
illustrated in Table I-A. On re-examining vitrinite reflectance plugs and
the kerogen slides, GeoChem is convinced that the thermal regime sug-
geated by the kerogen is more representative of insitu thermal conditions.
The vitrinite particles examined in the plugs most probably represent re-
worked vitrinite material deposited with the sediments, Thus, the author
feels that thermally Zone B is still within the oil, condensate and asso-
ciated "wet" gas generating window.

The fair oil, condensafe and associated ""wet' gas source character as-
signed to the Zone B Sediments is based primarily on the overall poor to
fair organic carbon contents (0.06% to 1.10%, mean 0,34%; Tables I~A,
1, I and IIl; Figure 1), the overall fair Ci5.4 solvent extractable bitumen
contents (364 ppm to 1,305 ppm, mean 632 ppm; Tables I-A and IV-B;
Figure 1), and by the overall fair to good Cy5.4 hydrocarbon contents

(55 ppm to 756 ppm, mean 243 ppm; Tables I~A and IV-B; Figure 1), The
oil and associated "wet" gas source character of these sediments is en-
hanced by the fact that most of the samples do contain primary or secon-
dary amounts of the second best oil-prone kerogen type ~- herbaceous
kerogens (Tables I-~A, III and VI; Figure 1} The Zone B gection is




3.

similar to the upper Zone A gection, but differs in the fact that it has exper-
ienced a sufficient thermal regime to generate moderate quantities of liquid
petroleum from the herbaceous kerogen present within the samples. Also,
the organic carbon contents of the Zone B section are slightly better than
the overlying Zone A section, It is interpreted that the section consisting

of the Bo, Cisco, Canyon and Upper Strawn Formations has generated
minor to fair quantities of indigenously generated oil and associated "wet”
gas in the local area of the Exxon Corp, Prisor Unit Fed. #1 Well, This
section should be considered prospective for minor to fair quantities of
these petroleum by-products, provided that reservoir traps are available.

The reader should be cognizant of the gas chromatogram 998-024D found

in Figure 2. This chromatogram may represent contamination from possi-
ble pipe dope or mud additives. The gas chromatogram could algo suggest
a residual hydroecarbon and may be defined as a show, Regardless of the
possible contamination, the two samples overlying this (that is, those at
7,910+ feet and 8, 230+ feet (998-021D and -023D) represent good quality,
mature, paraffino-naphthenic oils, Thus, the author interprets the Zone B
gection to be a fair oil, condensate and associated "wet' gas source,

Zone C Sediments (9, 600+ feet to 10, 500+ feet)

Before defining the thermal maturity and hydrocarbon source character of
the Zone C Sediments, the reader is referred to the transitional zone (from
9, 200+ feet to 9,600+ feet) which separates Zone B from Zone C gection,
This transitional zone is made up of dark gray limestones and shales simi-
lar to the rocks in the overlying Zone B section and underlying Zone C sec~
tion, These dark gray limestones and shales were only examined for total
organic carbon contents., Thus, it is difficult to suggest that this section is
either similar to Zone B or to Zone C. The author has chosen to define this
zone ag a transitional zone between the overlying Zone B and underlying
Zone C section,

The dark gray limestones and shales within Zone C have a mature to very
mature, poor condensate and associated "wei'' gas source character and a
fair "dry" methane gas source characfer, This section, overall has gener-
ated minor amounts of very mature paraffino-naphthenic oil, condensate and
associated "wet" gas in the local area of the Exxon Corp. Prisor Unit Fed.
#1 Well, The amounts and composition of hydrocarbong are such that the
Zone C Sediments are considered o be in an advanced stage of petroleum
generation, This gection has been subjected to a thermal regime such
that the oil generating window has been either passed or is in the process




of being passed. That is, liquid hydrocarbons and associated "wet' gas
would be themselves altered to a thermally "dry" methane gas by-product,
The Zone C section is considered to be non-prospective for any quantities
of indigenously generated, mature oil, condensate and associated "wet"
gas. This section is, however, considered to be prospective for fair
quantities of "dry" methane gas, In addition, the Zone C Sediments con-
tain predominant amounts of the gas~prone woody type kerogens. These
kerogens, even if subjected to a sufficient thermal regime, would gen~
erafe primarily a "dry" methane gas,

The mature to very mature character of these rocks is based on the
mature Maturation Index of Stage 3- to 3 grading to a very mature Matura-
tion Index of Stage 3- to 3 for the kerogen isolated from most of the sam-~
ples from 9, 700+ feet to 10,480+ feet (Tables I-A, IIT and VI; Figure 1)
and by the high paraffin-naphthene /aromatic hydrocarbon ratios [(P-N/
AROM) from 2,33 {0 3.42, mean 2, 88; Table IV-C; Figure 1]. An ex-
tremely high thermal regime is suggested from the vitrinite reflectance
data (see Table VII and Figures 3 and 4). The vitrinite reflectance ranges
from a minimum of 1,49 to a maximum 3.79, with a mean of 2,58, These
values suggest that these sediments are definitely within a dry gas ther-
mal state, The author, after re-examining both the kerogen and vitrinite
reflectance slides and plugs, is of the opinion that the vitrinite represents
reworked material, Whether this is correct or not, this section still is
defined as being in a thermally advanced stage, whereby no liquid hydro~
carbons would be present,

The poor, mature oil, condensate and associated "wet' gas source charac~
ter atiributed to the Zone C Sediments is based primarily on advanced
maturity of the section, and the presence of predominant amounts of the
gag-prone woody type kerogen., Thus, this section is considered to be
non-prospective for any quantities of indigenously generated mature oil,
condensate and associated "wet" gas. The Zone C section is considered
to represent a fair '"dry" methane gas source on the basis of poor to fair
organic carbon contents (0.15% to 0.58%, mean 0, 32%; Tables I~A, I,

II and III; Figure 1) and the presence of predominant amounts of the gas-
prone kerogen type -- woody kerogen, The reader is referred to the
geothermal diagenetic criteria graph shown in Table I-A which illus-
trates predominantly a "dry" thermal gas generated from woody type
kerogens at a thermal maturation above a Stage 3 to 3+,

-11-



Exploration Significance of This Source Rock Evaluation Study

An examination of the richness, type (oil, condensate or gas) and state of
thermal maturity of the hydrocarbon source rocks penetrated by the Exxon Corp,
Prisor Unit Fed. #1 Well, shows that the stratigraphic interval from 4, 800+

feet to 11,400+ feet, contains zones with varying degrees of exploration potential
for indigenously sourced oil, condensate, associated "wef'' gas and "dry' methane
gas., In order of priority, exploration plays are interpreted as follows:

Locally

1. Zone B (7,500+ feel to 2,200+ feet)

The Zone B section is made up of the Bo, Cisco, Canyon and Upper
Strawn Formations. The medium dark gray to dark gray limestones
and shales within Zone B have a mature, fair oil, condensate and
associated ~wet!' gas source character. Any available reservoir
traps within this section should be prospective for minor to fair
quantities of indigenously generated oil, condensate and associated
“wet' gas in the local area of the Exxon Corp. Prisor Unit Fed.

#1 Well, provided that reservoir traps are available. ”

2. Zone C (9,600+ feet to 10, 500+ feet)

The Zone C section is made up of the Davey, Morrow, Mississippian
and Woodford Formations, The dark gray limestones and shales
within Zone C have a mature to very mature, poor condensate and
associated '"wetl!' gas source character and a fair "dry' methane

gas source character. This section should be considered non-pro-
spective for any quantities of indigenously generated oil, condensate
and associated "wet!" gas. However, the Zone C section should be
considered prospective for fair quantities of "dry" methane gas in
the local area of the Unit Fed. #1 Well, provided that reservoir traps
are available,

3. Zomne A (5,200+ feet to 6,100+ feet)

The Zone A section is made up of the Lower Mesa Verde and Yeso
Formations. The grayish red to medium gray shales and gray dolo-
mites and limestones within Zone A have a moderately immature, poor

~12~



oil and agsociated ''wet' gas source character and a fair "dry"
methane gas source character. This section should be considered
non-prospective for any quantities of indigenously generated oil
and associated "wet'" gas. The section is considered, however,
to be prospective for fair quantities of "dry' methane gas pro-
vided that reservoir traps are available in the local area of the
Exxon Corp. Prisor Fed. #1 Well,

-13-
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TABLE [-A
SUMMARY OF HYDROCARBOR SOURCE CHARAGTER
EXXON CORP, FRISCR UNIT FED. KO, L WELL
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Carbonalas Clastiex 0~ 260 ppre » Very Poor

250 « 500 ppm | Poor

Very pooT Lo poor V00.23% 0tod5% 500 - 1000 ppm. 1 Fair

Fair to good 02550 0.90% 0,502,008 1000 - 2000 ppm 3 Good
Good Lo very good €.50t01.0 % 1.0t04,0% 2084 = 4040 ppim 1 Very good
Excellent > 1.00% >0l Qreater than 4000 ppa ¢ Excallent

XEROCEX TYPE & PREDOMINANCE KEY

ALTERATION INDE X

Cy3+ TOTAL HYDROCARBON RICHNESS SCALE

Predominent; Seccondary) Trice 9~ 50 pym 1 Vary poor

S100% 20-40%  1-30% = 50~ 10¢ ppm 3 Poor

2 100~ 200 fpm 1 Fur

Al =aAlgal = 200 - 400 ppm ¢ Goad
Al = Atndrphous-Sipropel . 446 » 800 pom ¢ Vory good
H = HarbaceoarEpore/Cuticle Gredler than 800 ppm r Exceliont
W = Roody
<

= Caaly
U = Unidentified Nater1al
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Summary of Organic Carbon Analyses of Small Picked Samples

GeoChem Percent

Sample Well Depth Organic

Number (feet) Carbon Gross Litho Description

998-001 4,800- 4,810 0.09 80% Grayish red shale, 20% medium gray shale.

998-002 4,950~ 4,960 0.15 Sandstone, grayish red shale, medium gray shale.

998-003 5,100~ 5,110 0.15 50% Medium gray shale, 40% grayish red shale, 10%
sandsione,

998-004 5,260~ 5,260 0.21 50% Medium gray shale, 30% sandstone, 20% grayish
red shale.

998-005 b,410- 5,420 0.43; 0.43R Sandstone, medium dark gray shale,

998-006 5,550- 5,560 0,22 Limestone,

998-007 5,700~ 5,710 0.17 Limestone.

998-008 5,850~ 5,860 0.15 Dolomite.

998-009 6,000~ 6,010 0,28 Limestone.

998-010 6,200~ 6,210 0.12; 0. 13R Limestone, dolomite, medium dark gray shale,

998-011 6,350~ 6,360 0.23 Medium gray shale,

998-012 6,500~ 6,510 0.13 Grayish red shale,

898-013 6,650~ 6,660 0.04 Grayish red shale,

998-014 6,800~ 6,810 0.09 Grayish red shale.

998-015 6,950~ 6,960 0.06; 0.05R Grayish red shale,

998-016 7,100- 7,110 0.06 Grayish red shale,

998-017 7,250~ 7,260 0.09 Grayish red shale,

998-018 7,400~ 7,410 0.12 Medium dark gray shale and limestone,

2998-019 7,550~ 7,560 0.19 Limestone, dolomite,

998-020 7,700~ 7,710 0.15; 0.17R Medium dark gray limestone,

998-021 7,850~ 7,860 0.25 Medium dark gray limestone,

968-022 8,000~ 8,010 0.06 Limestone

298-023 8,150~ 8,160 0.42 Limestone, medium dark gray shale, grayish red shale

998-024 8,310~ 8,320 1.10 Shale, dolomite, limestone.

998-025 8,450~ 8,460 0.21; 0,15R Limestone, medium dark gray shale

908-026 8,600~ 8,610 0.30 Medium dark gray shale and limestone.

998-027 8,740~ 8,7h0 0,27 Dark gray shale.

998-028 8,900~ 8,910 0.13 Limestone and dark gray shale,

998-029 9,050~ 9,060 0.63 Limesione and dark gray shale,

998~030 9,200- 9,210 0.30; 0,29R Limestone and dark gray shale.

998-031 9,360~ 9,370 0.17 Limestone and dark gray shale,

988-032 9,500~ 9,510 0.15 Limestone and dark gray shale,

998-033 9,650~ 9,660 0.50 Dark gray shale and limestone,

998-034 9,800~ 9,810 0.32 Limestone and dark gray shale,

998-03b6 9,950~ 9,960 0.b68 Dark gray shale and limestone,

998-036 10,100-10,110 0.48 Dark gray shale and limestone,

998-037 10,360-10,400 0.15 Dark gray shale (has been run earlier).

998-038 10,400-10,480 0.23 Dark gray shale (has been run earlier).

998-039 10,600-10, 610 0.16 Siltstone, dolomite, dark gray shale.

D98-040 10,750~10,760 0.09 Dolomite, dark gray shale,

908041 10,900-10,910 0.18 Dark gray shale and dolomite

998042 11,020~11,030 0.19; 0.22R Dolomite, dark gray shale, limestone.

998-043 11,200~11,210 0.05 Dolomite,

898~044 11,350-11, 360 0.12 Limestone, dolomite,

R = Repeat sample,



ORGANIC CARBON ANALYSES AND GROSS LITHOLOGICAL DESCRIPTION

TABLE II

Sgeire neli 3ross Litkological Description G5 Total Organic Geotnes vell Sross Litnolegical Description oY) Totai Organic
Sample Interval Color Carnon Sample Interval Cotor Zarbon
Ha-ber Code (% of Roek) Humber Code (", of Rock)
99¢-0040 533¢* 0.41 898-0260 B&70" 0.25
A 70% Shale, very sligntiy calcareous, -A 70% Limestone graging into micrite,
slightty silty, moderately hard, finely crystalline to micro=-
blocky to fissile, grayisn rec 5R 4/2 to crystaiiine, pcor poresity,
10 medivm gray. 45 hard, no snow, gark gray to N3 to
-8 30% Sandstone, very sligntiy medium dark gray. ha
calcareous, sana is fine to -B 30% Snale, noncalcareous, silty,
medivm grain, svbangular to blocky to fissile, nara, no
sebrounded, clear to frosted, snhow, dark gray to medfum N3
poorly serted, well consolidated, dark gray. it}
moderately hard, no show, Trace sparite.
varied colors, Trace strawd.
998-0060 £630' 0.30 993-6270 8s40- 0.61
-A 1805 Limestone grading into micrite, -A 70% Shale, slightly calcareous,
finely crystaliine to micro- silty, olocky to fissile,
crystalling, poor porostty, nard, medium dark gray. N4
maderately hard, no show medium N to -B 30% Limestone, finely crystaliine,
dark gray to light gray. K7 poor porosity, hard, no show,
medium gray. NS
993-0097 5870" 0,39 Trace anhydrits.
A 80% Oolomite, finely erystalling, Trace straw,
poor porasity, nard, no SNow,
medium cark gray to medium N4 to 998-02a9D 9130" ¢.565 G.52R
tignt gray. i3 -A 80% Limestone, finely crystaliine,
-k 2G% Annyarite, finely crystailine, poor porosity, hard, no show,
excellent porosity, soft, no medium gray. N5
shon, white, 9 -B 20% Snale, sligntly cazlcareous,
silty, blocky te Fissile,
394-011D £400" 0.12 nard, medium dark gray. N
-4 50% Dolomite, finely crystailine, Trace anhydrite.
nard, poor porosity, no show,
medim gray to mediut dark gray, NS to NG 998-0330 a706! 0.17
-B 305 Sandstone, noncalcareous, silty, =8 40% Limestone, finely crystalline,
sand is very fine grain, peer porosity, hard, ng snQw,
subrounaed, clear to frosted, medium gray. N5
moderately conselidated, -B 30% Snaie, slightly calcarecws,
exceilent porosity, no show, silty, blocky to fissila,
pale red, 3R 6/2 hard, medium dark gray. n4
-C 10% Snale, noncalcareoss, silty, =G 30% Cnalk, argitlaceous, soft,
fissite, nard, grayisn bBlack. W2 no show, medium 1ight gray. 113
493-0190 7640 0.13; 0.15R 998-035D loos0' . 0.47
-A 60% Limestone grading inte micrite, -A 70% Limestone, finelty crystalline,
finely erystalline to micro- poor poresity, mard, ne Show,
crystatline, poor porosity, medium gray, H5
hard, no show, medium dark gray N4 to -B 30% Smale, slightly calcareous,
to medium Jight gray. k& sf1ty, blocky to fissile,
~B 20% Dolomite, finely erystaliine, hard, medium dark gray. b
hard, poor porosity, no show,
medjum gray to medium dark gray. K5 ta 6 998-036D 10203' 0.31
-G 20% Shale, very slightly calcareous, -A 50% Shale, slightly calcareous,
very sligntly silty, moderately silty, pblocky to fissile,
seft, goou porosity, no show, hard, medium cark gray. 1
grayish red. i0R 4f2 -B 30% Limestone, finely crystalline,
Trace shzle. poor porosity, hard, no 5now,
mediuim gray. hs
998-021D 7010 0.20 ~C 20% Chalk, argillaceous, soft, no
-A 100% Limestone grading into micrite, show, meatum Tight gray. 16
finely crystalling to micro-
crystalline, poor porosity, 998-037D 19400 . 0.15
hard, no show, dark gray to k% to =A 505 Shate, very caleareouws, silty,
medium dark gray, 4 blocky, hard, medium aark gray. ha
-8 50% Limestone, micrite, argillaceous,
893-023) 8230’ 0.17 hard, poor porosity, no show,
-A 80% L imestone grading into micrite, mediut gray. 113
finely crystalline to micro-
crystailfne, poor porasity, 995-038D 10480' 0.23
hard, no show, dark gray to N3 to =A 100 Shale, calcareous, silty,
medium dark gray. 14 blecky, nard, medium dark gray. na
-B 20% Shale, noncalcareous, silty,
fissile, nard, no show, ark h3 to 998-0420 11100 G.24
gray to light bromnish gray. SYR 6/1 -A 40% Limestone, finely crystailine,
pocr porosity, hard, no show,
998-0241 8380' D.41 medium dark gray. N
-A 60% Limestone grading into micrite, =B 40% Shale, very slightiy calcareous,
finely crystaliine to micro- silty, blocky to fissile, hara,
crystalline, peor poresity, dark gray. N3
hard, no show, dark gray to N3 to = 20% Dolomite, finely crystalline,
medium dark gray. N4 hard, poor porosity, no shom,
-8 30% Shale, ron¢alcareses, silty, medium Tight gray. NG
bloeky to fissile, hard, no
show, dark gray to medium N3 to .
aark gray. " i B = Detailed description,
-C 104 Dolomite, finely crystalline, .
poor porasity, RO SNOw, R Repeat sample.
hard, wnite. 9



Table IIT

Summary of Organic Carbon and Visual Kerogen Analysis

GeoChem Well Organic Visual Kerogen
Sample Depth Carbon ' Type Alteration
Number Interval (% of Rock) (1~5 Scale)
998-004D 5,200~ 5,330 0.41 H;W;C 1+ to 2~
998-006D 5,500~ 5,680 0.30 H;W-C;- 2-to 2
998-009D 5,900~ 5,970 0.39 H;W;C 2-to 2
998-011D 6,340- 6,400 0.12 W;C;H 2 to 2+
998-019D 7,550~ 7,640 0.13; 0.15R W;H-C;- 2 to 2+
998-021D 7,850~ 7,810 0.20 W;iH;C 2+
998-023D 8,150- 8,230 0.17 W;H;C 2 to 2+
998-024D 8,310~ 8,380 0.41 H-W;C;- 2 to2+
998-026D 8,600~ 8,670 0.25 W;H;C 2+ to 3-
998-027D 8,740~ 8,840 0.61 H-W;C;- 2+ to 3-
998-029D 9,050~ 9,130 0.56; 0.52R H;W;C 2+ to 3-
998-033D 9,640~ 9,700 0.17 H;Cs- 3-
998~-035D 9,950-10,050 0,47 W;H-C;- 3-1t0 3
998-036D 10,100-~10,203 0.31 W;H;C 3-t03
998-037D 10, 360-10, 400 0.15 W;H;AL-C 3-to3
998-038D  10,400-10,480 0.23 W;H;C 3-103
998-~042D 11,020-11,100 0,24 * Note *

998~043D 11,200-~11,210 0,05 Am(Al);-;C 3+ to 4-

* Note * Predominantly caved Devonian and Mississippian materials,

R = Repeat Sample

Algal -

m = Amorphous-Sapropel
Herbaceous-Spore/Cuticle
Woody

= Coaly

= Unidentified Material

Kerogen Key

o
ok
H

Predominant; Secondary; Trace -
60-100% 20-40%  1-20%

cosgm
|



Table IV

Summary of Cl5+ Soxhlet Extraction, Deasphaltening
and Liguid Chromatography

A. Weights of Extracts and Chromatographic Fractions

GeoChem Weight of ‘Total Precipitated N-C5 Paraffins- Bluted Noneluted
Sample Rock Extd. Extract Asphaltenes Soluble Sulfur Naphthenes Aromatics NSO'S NSO'S
Ntmbex Well Interval * (grams} (grams) {grams) {grams) (grams) {grams) {grams) {grams) (grams)
998-004D 5200- 5330 90.0 0.0488 0,0329 0.015% N.D. 0.0089 0.0045, 0.0022 0.0003
9398-006D 5500~ 5680 95.0 0.0322 0.0189 0.0133 N.D. 0.0060 0.0029 0.0028 0.0016
998-009D 5900~ 5970 106.0 0.0319 0.0185 0.0134 N.D. 0.0082 0.0036 0.0016 0.0000
998-011D 6340~ 64400 75.0 0.0168 0.0121 0.0047 N.D. N.D. N.D. N.D. MN.D.
998-019D 7550- 7640 100.0 0.0364 0.0220 0.0144 N.D. 0.0079 0.0027 0.0022 0.0016
998-021D 7850~ 7910 95.0 0.0554 0.0256 0.0298 N.b. 0.0179 0.0058 0.0043 0.0018
998-023D 8150- 8230 95.0 0.0621 0.0320 0.0301 N.D. 0.0178 0.0056 0.0042 0.0025
998~024D 8310~ 8380 85.0 0.1109 0.0412 0.0697 N.D. 0.0451 0.0192 0.0054 0.0000
998-026D 8600~ 8670 100.0 0.0426 0.0303 0.0123 N.D. 0.0040 0.0015 0.0020 0.0048
998-027D 8740~ 8840 80.9 0.0402 0.0287 0,0115 N.D 0.0059 0.0019 0.0020 0.0017
998-025D 9050- 9130 100.0 0.0592 0.0343 0.0249 N.D. 0.0138 0.0048 0.0039 0.0024
998-033D 9640~ 9700 100.0 0.0262 0.0183 0.0079 N.D. N.D. N.D. N.D. N.D.
998-035D 9850-10050 85.0 0.0282 0.0212 0.0070 N.D. N.D. N.D. N.D. N.D.
998~036D  10100-10203 100.0 0.0470 0.0370 0.0100 N.D. 06.0041 0.0012 0.0023 0.0024
998-038D  10400-10480 65.0 0.0451 0.0245 0.0206 N.D. 0.0063 0.0027 0.0025 0.0091
998-042D  11020-11100 95.40 0.0425 0.0195 0.0230 N.D. 0.0132 0.0053 0.0038 0.0007

- Table IV (Continued)

B. Concentration of Extracted Materials in Rock

———————— Hydrocarbong——-w——— == mim e ———Nonhydrocarbong————————————v
GeoChem Total Paraffin- Preciptd. Eluted HNoneluted
Sample Extract Naphthene Aromatic Total Sulfur Asphaltene NSO'S NSO'S Total
Number — Well Interval™  (ppm) (ppm) {ppm) (ppm}  (pPm) (ppm) (pprm) {ppw) (pem)
998-004D 5200~ 5330 542 99 50 149 - 366 24 3 393
998-006D 5500~ 5680 338 63 3l 94 - 199 29 17 245
998-009D 5900~ 5970 319 82 36 118 - 185 16 0 201
998-011D 6340~ 6400 224 - - - - 161 - - -
998-019D 7550- 7640 364 79 27 106 - 220 22 16 258
998-021D 7850~ 7910 583 188 6l 249 - 269 45 19 334
998-023D 8150- 8230 654 187 5% 246 - 337 44 26 407
998-024D 8310- 8380 1305 531 226 756 - 485 64 0 548
998-026D 8600- 8670 426 40 15 55 - 303 20 48 371
998-027D 8740- 8840 503 74 24 a8 - 359 25 21 405
998-029D 9050~ 9130 592 138 48 186 - 343 39 24 406
998-033D 9640~ 9700 262 - - - - 183 - - -
998-035D 9950-10050 332 - - - - 248 - - -
998-036D 101006-10203 470 41 12 53 - 370 23 24 417
998-038D  10400-10480 694 a7 42 138 - 377 38 140 555
898-042D 11020-11100 447 139 56 195 - 205 40 7 253

Table IV (Continued)

C. Composition of Extracts

—————— —Hydrocarbong=—-——— ———— s e NOND YA L OCAY BONG === msr i e
GeoChem Paraffin- Eluted Noneluted Precipitd.
Sample Naphthene Aromatic Sulfur NSO'S NSO'S Asphal tene HC'S
Rumber Well Interval® % ] PN/Arom % % & % Asph/NSO % HC/Non
998--004D 5200- 5330 18.2 9.2 1.98 - 4.5 0.6 67.4 13,16 27.5 0.38
998-006D 5500~ 5680 18.6 9.0 2.07 - 8.7 5.0 58.7 4.30 27.6 G.38
998-009D 5900- 5970 25.7 11.3 2.28 - 5.0 0.0 58.0 11.56  37.0 0.59
998-011D 6340- 6400 - - - - - - 72.0 - - -
998-019D 7550~ 7640 21.7 7.4 2.93 - 6.0 4.4 60.4 5.79  29.1 0.41
998-021D 7850- 7910 32.3 16.5 3.09 - 7.8 3.2 46,2 4.20 42.8 0.75
998-023D 8150~ 8230 28,7 9.0 3.18 - 6.8 4.0 51.5 4.78  37.7 0.60
998-024D 8310- 8380 40.7 17.3 2.3% - 4.9 0.0 37.2 7.63 58.0 1.38
998-026D 8600- 8670 9.4 3.5 2.67 - 4.7 11.3 71.1 4.46 12.9 0.15
998-027D 8740~ 8840 4.7 4.7 3.1 - 5.0 4,2 71.4 7.76 19,4 0.24
998~029D 9050~ 9130 23.3 8.1 2.88 - 6.6 4.1 57.9 5.44 31.4 0.46
998-033D 9640~ 9700 - - - = - - 69.8 - - -
9958-035D §950-10050 - - - - - - 75.2 - - -
996-036D  10100-10203 8.7 2.6 3.42 - 4.9 5.1 78.7 7.87 11.3 0.13
998-038D 1040010480 14.0 6.0 2.33 - 5.5 20.2 54.3 2.11  20.0 0.25
998-042D  11020-11100 3.1 12.5 2.49 - 8.9 1.6 45.9 4.33 43.5 0.77

* In feet.

Note: ppm values are expressed on a weight/weight basis,

HC



Table V-&
Saturate Hydrocarbon Analyses

Summary of Paraffin-Naphthene Distribution

GeoChem
Sample 3 % % C-P c-p
Number  Well Interval* Paraffin Isoprencid Naphthene Index A Index B ipl9/ip20
998-004D  5200- 5330 9.5 1.6 88.9 1.09 1.28 0.82
998-006D  5500- 5680 9.9 0.8 89.3 1.06 1.19 0.54
998-009D 5900~ 597¢ 12.7 1.0 86.2 1.06 1.14 0.74
998-011D 6340~ 6400 10.4 0.9 88.8 1.05 1.16 0.57
998-019D 7550~ 7640 14.0 3.8 82,2 1.14 1.56 .60
998-021D 7850~ 7910 17.1 5.0 77.9 1.13 - 0.78 *
998-023D  B150- 8230 17.1 4.3 78.6 l.22 - 0.61
998-024p 8310~ 8380 2.7 0.4 96.9 1.24 1.44 0.71
998-026D  8600-— B67( 9.1 1.0 89.9 1.09 1.26 0.32
998-027D  8740- 8840 6.4 1.7 91.9 1.14 1.44 0.76
998-029D 9050~ 9130 19.4 3.2 77.3 1.06 1.09 1.08
998-033D 9640~ 9700 2.0 1.5 89.5 1.09 - 0.54
998-035D  9950-10050 8.4 1.9 89.7 1.13 - 0.69
998-036D 10100-10203 11.2 2.0 86.9 j.08 - 0.53
998-038D 10400-10480 5.9 0.7 93.4 1.03 - 0.42
998-042D 11020-11100 5.1 1.0 94.0 1.33 1.69 0.70
Table V-B
Saturate Hydrocarbon Analyses
Normalized Paraffin Distribution
GeoChem
Sample % % % % % % % 3 2 % 2 % % % % % % % 2 2 2 % 3

Number Well Interval* nCi5 nCl6 nCl7 ipl9 nCl8 ip20 nCl9 nC20 nC21 nC22 nC23 nC24 nC25 nC26 nC27 nC28 nC29 nC30 nC31 nC32 nC33 nC34 nC35

998-004D 5200- 5330 0.1 1.3 7.6 6,314.1 7.815.512.1 9.4 7.9 6.2 4.0 3.2 1,8 1.0 0.5 0.4 0.3 0.3 0.1 0.0 0.9 0.0
998-006D 5500- 5680 0.1 0.3 2.8 2.5 9.1 4.6 14.0 15.0 13.2 11.9 9.3 6.1 4.5 2.6 1.5 0.8 0.5 0.4 0.4 0.3 0.0 0.0 0.0
998-009D 5800~ 5970 0.1 1.0 4.7 3.2 9,3 4.3 12.0 12,8 11.8 11.0 9.1 6.3 5.2 3,3 2.0 1.4 1.0 0.7 0.5 0.3 0.0 0.0 0.0
998-011D 6340~ 6400 0.1 0.4 3.3 2.8 8.2 4,911.7 12.6 11,7 11.3 9.7 6.9 5.7 3.7 2.3 1.5 1.2 0.9 0.8 0.3 0.0 0.0 0.0
998-019D 7550~ 7640 0.1 1.3 7.5 8.0 14,6 13.3 16.3 14.0 8.9 6.9 4.4 1.7 1.4 0.4 0.3 0.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0
998-021D 7850~ 7910 0.4 3.2 8.9 5.9 13,6 12.8 15.2 14,2 9.8 6.6 3.6 1.0 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
998-023D 8150~ 8230 ¢.1 1.8 7.2 7.6 13.6 12.4 16.6 15.8 11.4 7.7 4.1 0.8 0.4 0.2 0.1 0.1 G.0 0.0 0.0 0.0 0.0 0.0 0.0
998-024D 8310~ 8380 0.4 2.1 6.0 5.110.3 7.310,510.1 7.5 7.3 7.5 3.6 5.8 3.4 4.3 3.0 0.9 0.6 2.4 1.1 €¢.4 0.2 0.2
298-026D 8600- 8670 0.1 0.2 2.9 2.4 9.3 7.313.414,813.312.2 9.6 55 3.9 2.1 1.1 0.5 0.4 0.2 0.4 0.2 0.0° 0.0 0.0
998-027D 8740~ 8840 0.1 2.7 8.5 8.8 13.3 11.7 13.5 11.7 7.8 7.0 5.3 2.3 2.2 1.2 1.4 0.5 0.4 0.4 0.5 0.4 0.3 0.0 0.0
998-029D 9050~ 9130 0.2 4.8 10.5 7.4 13.1 6.9 12,3 10.7 9.0 7.6 6.0 3.9 2,7 1.8 1.0 0.5 @.3 6.3 0.2 0.1 0.0 0.0 0.0
998-033D 9640~ 9700 0.1 1.1 7.4 5.116.6 9.517.4 13.7 9.6 7.9 5.5 2.9 2.0 0.8 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0€.0
998~-035D 9950~10050 0.1 2.2 9.3 7.415.110.8 15.3 12.1 9,5 7.6 5.1 2.4 1.5 0.6 0.3 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0
998-036D 10100-10203 0.1 1.2 5.3 5.212.6 9.8 15.8 14,2 10.9 9.0 6.9 4.0 2.4 1.2 0.5 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0
998-038D 10400~10480 .2 0.3 2.2 3.1 8,0 7.413.816,113.7 12.5 8.9 5.6 3.1 2.1 1.4 0.3 0.5 0.5 0.3 0.0 0.0 0.0 0.0
998-042D 11020-11100 0.8 3.0 7.5 6.611.9 9.5 14.3 13,3 9.7 7.1 5,2 1.8 2.2 1.4 2.9 0.8 0.3 0.4 0.7 0.4 0.1 0.0 0.0

* In feet.



Table VI

Visual Kerogen Assessment Worksheet

TYPE OF COLOR OF STATE OF DEPOSTTIONAL

ORGANIC MAT TERIORGANIC MATTERIORGANIC MATTER MATURATION  INDEX ENVIRONMENT
V+ 2 or more maturaﬁ;::iggg- é
~2% to 20% &

20% to 45% (8
N 457 to 80% SRl
E! 80% + P55 5% REMARKS
oLHEM No.  DEPTH
 998-004D | 5330 HiW;C

998-006D | 5680 | H3W-C3- (-)
998-009D | 5970° B H3WsC (-)
998-011D | 6400° ) WsCsH (-)
998-0190 | 7640' WsH-C;~ (~)
998-021D0 | 7910° WiH;C (-)
998-0230 | 8230 W3H;C (-)
998-024D | 8380’ H-WiC3- (=)
998-0260 | 8670° W3H;C (~)
998-027D | 8840 H-W;C;- (-)
998-0290 | 9130° ; HyW;C (=)
998-033D | 9700" | H3Cs- (=)
998-035D | 10050" W;H-C3- (-)
998-036D | 10203' 1] WiHsC {-)
998-0370 | 10400’ PI1i Y WiH:A1-C (-)
998-038D | 10480' | = W3H;C (-)
998-0420 | 11100 ’ Predominantly Devonian and Mississippian Materials (cavin s). ]
998-0430 | 11400 | Am(A1)3- 5C +

* Cretaceous cuttings.
+ Relictamorphous (algal) and fluffy amorphous.



Table VII
Vitrinite Reflectance Summary

GeoChem Number
Sample Depth of Minimum Maximum Average
Number (fegt) Readings Reflectance (% Ro) Reflectance (% Ro) Reflectance (% Ro)
998-011D 6340'-6400" ** i - - -
998-024D 8310'-8380" k& - - -
998-027D 8740'-8840" 12 1.48 2.06 1.83
998-029D 9050'-9130' 10 1.67 2.68 2.06
998-035D 9950'-10050" 29 1.87 3.79 2.97
998-037 10360'-10400" 7 1.49 2.82 2.19

** Insufficient kerogen return for plug.



APPENDIN A

Briel Description of Drganle Geochemical Analyses carvied y GicoChem

C,=C, Bydrocaroon
The C,-Cy by boa content and of sed reflects source type, soarce quality end thermal matarity.
17

The €,=C; hidrocarbon gontent of well cnttings is determined by anal zing both & sample of the cunngs and the afr Space at the 20p of the can, The resulis of the two analyses are
sammed to give an Inventory of the Cy=C; hydrocarbon content of the well cattings prior to uny losses from the cubtings during the Lapsed timo period between collection a2 the well-
slte and kabaratory analysis.

The air space C)-~C, hydrocarbon ansly sls mvolves t2king & measured volame of the air space gas out of the can with & syringe and Lnfeeting same into a pas ehromatograph, Geo-
Chemi uzes 2 Verian Aerograph Mode! 1400 msrratnent equipped with a Poripac § colamn, The gas sample 1s 1aken theosgh the ¢olumn by & carricr gas and before Tosching tne
detector i separated into §1s various €] (methane), Cg {cthane), Cj (prepane), ICy (1scbutane), nCy (nermal Btane), end €5, Cg. Cy hydrocarnon components. .
This particalar analy £i5 gives 2 complete separation of the Cp=C, gas=range hydrocarbons and a partial separation of the Cg=Cy gaseline«range hydrocarbons, (A detmiled C4-Cy
analyals, to be discussed later, involving a capillary eolumn, eflects a complete scparaticn of this molecular range Infa its several Indisidaz] melecular species. }

‘The electrical of the various hyd &5 thay reach the deiector 18 recorded on 2 paper strip chars az a peah.  This resp 15 slmal Ly fed to an

which computes the avea of ench peak. The concentration of €)=Cq hydrocarbons i the air space, expressed a3 \olames of gas per million volumes of cuttinga, i3 determined -0
& calculation Involving the volame of cuttings, volame of air space Lz the can, vol.me of sample isjeeted, volume of standard gas sample used in the calibration, calipration factor
for Cl. Cay Cpete. determined by ge analysis of & standard gas sample, and the ge peak response.

The €16, hydrocarbon eontent of the cutiings L5 detexrmined by degasification of 4 megs.yed volume of eartings {n a medidrt of & medsared Lclume of witter 1o a closed blender,
sampling of the air space at the top of the blender, and injoction of 3 measured valumo of gas Lnta the gas ¢hromatograph,

The €,-C; hydrocarbon dasa from the nir apace and cuttings gas analyscs are summed 22 give 4 "resored ' Cy=Cy hydrocarbon cestent of the cuttings.

Sanple Washing and Rand-Piching of Uncaved Lithology Samples

The cuttings sanples are washed to romove &ll drilling mad from the cuttinps. Care 1s tahen Ln the washing proceduro not to remoe any soft clays, claystones, ¢, and any
loese fine sand and silt.  The washed cuttings are usually kept ander witlor cover until plcked, 1o prevent loas of any gasoline=range hydrocarbons. Usng the Cy-Co nydrocaroon
daua proftle and the electrical well tog supplied to us and our viseal examination of the euttings material under the binocular microacope, wé carefully hind-pick and deseribe a
Baite of uncaved Lithologies representative of the varions stratigraphic zones penetrated by the well, The Lithologleal data €8 used to compile a gross ltho pereentage 1og which

ts shown on all Fegures, The 2=4 gram picked lithology samplea are stored wnder water fn small glass 1als in those Instances Where we uish to run detatled Cy4-C7 hydrocarnon
analyscs, Thia sample set 12 uaed not only for the C4-Cq hydrocarbor analysis, bat alse for the visual kerogen and tota] organlc cavbon analyaes, All remalning cuttings materinl
[s dried and packaged In labelled plastic bags for possible Cys. 8oxhlet cxtraction and/or eventaal return 10 tha chent. Sample material from this study will be retalned at Geos
Chem untlf advised of disposition.

Detgiled Cg-Cy Hydrocarnon

The C4+Cq ghsoline-range hydrocarbon content of sediments Tefiects source quatity, thermal maturztion and organic facies, Compositional data can be wsed I3 erade cfl-parent
rock eorrelation worh, ‘

The C4-Cy hydrocarbon content and detalled moleewdar composition of hydrocerbon, . hand-picked lithologies, 5 determined by & ge analyais of the light hydrocarbens extracted
from -2 gram tottings samples d in a mier by A ed volume of sample is placed 11 2 sealed microblender along with & measared val.me of hot wates, The
rock sample 15 pulierized oy the blades of the blender. A sample of the Iiberated Hght hy drocarbons which cotlect in the ar &pace at the top of the blender 1= Infected Into our
Variah Acrograph 2400 go wit which (8 cquipped with & ¢apltlary eolamn. Data At ete., arc ble to those used for the Cy~Cy analy 212 dlscussed
previously In thus report. Mydrocarbon concentration I3 expressed 65 volume gas per millicn velumos of cuitings.

Lrganic Carbon

The total organie carben content of @ Yook 18 2 measare of #a total organie richness. This data s used, In conjuiction with visual kerogen and €y-Cyy C4-Cq and £y5, Mydrocar-
bon content of a rogk, 1o indscate the iy drocarbes source quality of rocks.

The procedare for determialng the total organle carbon gontent of a rock lnvelves drying the sample, grinding to a powder, welghing out 0, 2729 gram sample info a craeivle,
acldizingw1th hot and eold hydrochioric acid to remove caleium and magnesiam carnonate, and carbon anzly $15 by comdustion in a Leco carbon analyzer,

W yun several blank erucibles, standards {iron rings of Jnown carbon content) and duplicato rock gamples in this analy 8ls at no addutfonal charge to the chient for purposes of
datd quality control,

Cys. FSoxhiet Extraction, Deasphaltening and Chromatographic Scparation

“The amount and compesition of the organie matter which can be solvent~extracted from a rock, roflects soarce quality and source type. 033/C12 earbor Esotople, high mass
speetrometnic and ge analy scs of the paraffin-naphthene and aromatie by drecarbon fractions of the seluble extract glves data which £8 used In crude cil-parent roch correlations.

This anclyais invalves grinding of a dry roch sample to a powder and removal of the soluble organte master by soahlet using a co-distzlled tol hanol pe
sohent. Where the emount of available aample material permits, we like Lo usc at teast 100 prams of rock for this anah sis,

The extracted bitumen [3 scparated into an asphaliene (ASPIH) and o pentane soluble fraction by normal pentane precipuation. The pentane soluble components are separated into

aCye, parailin-nzphthene (P-N) by drocarbon, Cpz. Aromatic hydrocarbon (AROM) and Cjg. nrtrogen-sdlfur-oayfen containing  {ractlon NSOy by adserprion chrematography
ona siliwa gal-alaming column wsing pentane, toluene and tol.cre-methanol azeotrope eluants,

GC Anzalysis of Cm_ Paraflin-Naphthéne {P-N) Hydrocarbons

The content and mokecular cemposition of the heavy Cpg, paradf h (P=X) Iyd bons of rochs, as determinced by ge analyais, reflects source guality, source type 2nd
degree of thermal maturation,

In this analysts, we subject a very small fraction of the total amount of the P-N {raction extracted from a rock sample to go analysis, The gas chromatogragh (9 o varian Acro-
graph Model 1400 equipped with a 3olid red injection sysiem and a eatoctic column,

The calcatated €. P, L. {carbon preference 1ndexy vatues for the normal paraffm data, is defined a5 the mean of o Fatiog which are determined by distding the sumt of concentra~

ttons of odd-caruon numbered neparaffing by the sum of %on Numbered The C. P. Indices A end B were obtaned by the formulas,
C21+Ca3+Cz8+Cay » CarCagrCpseCoy C25+Cap+C20*Cap + C25-Cay-Cag+Ca1
C.P. Index A = Cpp*Cyq+lgp*Cpg  Tzg*Cza~Cog Cog CuP.Indoex B = CppCra-CaqrCaz  CagqCageCadeCag
2 2z

Mis.a} Kerogen

Avisuil study of kerogen, the insoluble organle matter in rocks, can indicate the relstive abundance, size, and state of Fresgriation of the sarlous reeogilzable herogen fpes
and thercny Incticate the hydrocarbon source character of a rock. ‘The color of tho kerogen can bo used to Indicate the atato of thermal matarity of the sedimenta (L¢, ety tme-
1emperatare nlstory), Thermal mataration playa an tmportant zole 1k the generation of hydrocarbens from srganic matter, and 5150 affects the composition of resemoired nydro—
carbong,

Our procedure for vis.ual kerogen alide preparation invols es 1golation of the ergante matter of & rock by removal of the rock material with hydrochlorlc and hydrofluoric apid

heayy ligatd Thig preeeduare 1a comparable to that used by the palynologlst except i doss a0t Inelude an axidation stage.  (The oxidation treatment 1s
deleted from our procedare beciute It removes a great deal of herogen and blanches any remaining kerogen to an extent wherehy 1l (5 ustless for our herogen color obscrvations.)
“The kerogen residue Is mounted on 3 glass siide and 13 examined viscrlly under o high power microscope.

Antrintte Refloctorce

Measarement of the refiectivity of vatrinite particles (FRg) prezent in the kerogen 1sclated from sedmentary rocks provides = method of determining the sute of maturation, and
the diagenctic Qime=temperature) history of the organtic matter present i the sediments,

Tae kerogen, obtalned from & 25 gram sligact of 2rughed rock by the aeid procedare previousty discassed, (= dried and embedded tn a Bioplastic plug. The surface of the plug

15 polizhed asing 0. 05 micren alumna and the refleghivity determaned under oif using & Zicsa high resolution microscepe, A minimunt of 40 valuas are reqaired to adeq.ately
determine the haturation Rank.

Elusrescence Speetrophotometric Analysis

Fluoreaceace spectrophotometry can be used to characterize &ind fingerprint crade ouls, crude olb rock and 10 Tcasare the hydrocaroon aource
potentia] of finc-gruncd scdimenta. .

A eae (1; microliter aliguot of sither (1} a crude oll or {u) the solvent extractable rock bitumen, I3 passed threugh an alumina/etliea gel milcre column and the {10~ arematic
ocarbons 1solated. The aromatle hydrocarhon 18 diluted and the and spactra o d 21240 nm and 420 &M wWSng & PorkinaElmer Model 512 Double
Bean Fleorescence Specirephotometer,




	Title

	Summary

	Introduction

	Results and Interpretations

	Figures

	Figure 1

	Figure 2
	Figure 3
	Figure 4


	Tables

	Table I-A
	Table I
	Table II

	Table Ill
	Table I V
	Table V-A
	Table VI
	Table VII

	Appendix A

