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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 11,40% 
feet,  indicate  the following: 

- 

Zone A (5,200+ feet to 6,1002 feet) contains rocks which have a 

character and a fair  ttdry" methane gas  source  character. 

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

0 moderately  immature,  poor oil and associated ttwet't gas  source 
- 

e - 

e 
Zone C (9,600+ feet  to 10,5002 feet)  contains rocks which have a 
mature to very  mature,  poor condensate and associated "wet" 
gas  source  character and a fair  Itdrytt methane gas  source  charac- 
ter. 

- 

In order of priority,  exploration  plays in the  local area 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 (7,50% feet to 9,200t - feet) 

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

- 
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2. The Davey, Morrow, Mississippian and  Woodford Formations 
within Zone C (9,600+ - feet to  10,5002  feet) 

This  section should be considered  non-prospective for any 
quantities of indigenously generated  oil, condensate and as- 
sociated  t'wetl' gas. However, this  section should be con- 
sidered  prospective  for  fair  quantities of "dry" methane 
gas. 

- 

3. 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. 

Paul J. Cernock 
GEOCHEM LABORATORIES, INC. 
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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 1002 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 o r  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 *ID" 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: 
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Type of Analysis 
Exxon Cow. 

Prisor Unit Fed. #1 Well 

Organic  carbonanalyses ....................... 59 

CIS quantitative  liquid  chromatographic 

C15+ nonquantitative  micro-liquid  chro- 
matographic  separation.. .................... 3 

CIS paraffin-naphthene (P-N) analysis ......... 16 
Kerogen  isolation,  slide  preparation and 

visual  assessment........ .................. 18 
Vitrinite  reflectance .......................... 4 

C15+ soxhlet  extraction w/deasphaltening.. ...... 16 
separation. ................................ 13 

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

Al l  the  analytical  data  obtained in this study,  whether used in the ultimate  interpre-, 
tation or not, are  documented in the appropriate  Tables I-A through MI 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 111 and VI and in  Figure 1, the C15+ extraction,  deasphaltening 
and liquid  chromatographic  separation  data are  presented in Tables IV-A, -B  and -C, 
the C15+ paraffin-naphthene (P-N) compositional  data are  presented  in  Tables V-A and 
-B and  the vitrinite  reflectance  data  are  presented in Table VI1 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  the  hydrocarbon  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 Oil 
Company, Oklahoma City, Oklahoma, who authorized and coordinated this study. 
GeoChem retains one (1) report copy for  reference  purposes  in  discussions with au- 
thorized  Beard Oil Company personnel on specific  details of this study. 
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A l l  remaining  used and unused well cuttings, the C15+ 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,  interpretations,  sample  materials and all other matters  pertaining  to this 
well s t u e  have  been treated in a highly confidential  manner and are considered  pro- 
prietary  to  Beard Oil Company. 
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RESULTS AND INTERPRETATIONS 

A. 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 Verde..... ............. 
Yeso... ..................... 
Tubb............ ............ 
Abo.. ....................... 
Wolfcamp.. .................. 
Bo... ....................... 
Cisco... ..................... 
Canyon ...................... 
S t r a w n . . . . . . . . . . . . . . . . . . . . . . .  
Davey. ...................... 
Morrow. ..................... 
Mississippian ................ 
Woodford .................... 
Fusselman.. ................. 
Montoya..................... 
Ellenburger.. ................ 
Bliss. ....................... 
Precambrian.. ............... 

4,750' 
5,492' 
6,092' 
6,400' 
6,802' 
7,298' 
8,150' 
8,442' 
8,840' 
9,767' 

10,160' 
10,360' 
10,542' 
10,594' 
10,886' 
11,470' 
11,596' 

10,100' 

B. Geochemical Zonation 

The stratigraphic  section,  penetrated by the Exxon  Corp. Prisor Unit Fed. #1 
Well, over  the  interval  from 4, BOO+ 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 CIS solvent ex- 
tractable  bitumen and  (21% 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 
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hydrocarbon  source  generating, wil l  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  Depth Interval  Formations 

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

Zone B 

Zone C 

7,500+' - to 9,200+? - Bo, Cisco, Canyon & 
Upper Strawn 

9,600+? to 10,5OOt1 - Davey, Morrow, Miss- 
issippian & Woodford 

Thermal  Maturity and Hydrocarbon Source  Character of Sediments 

1. Zone A Sediments (5,200+_ feet  to 6,1002  feet) 

The grayish  red to  medium gray  shales'and  gray dolomites and limestones 
within  Zone A have a moderately  immature, poor oil and associated "wet" 
gas  source  character and a fair "drv" methane  gas source  character. The 
entire Zone A section,  overall,  has  generated minute amounts of moderate- 
ly mature paraffino-naphthenic oil  andassociated  gas in the  local area 
of the Exxon Corp. Prisor Unit Fed. #1 Well. The amounts and composi- 
tion of generated  hydrocarbons 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  sediments, 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 l'dryll methane  gas source. It is interpreted  that a 
"dry" methane  gas  generating zone is present within  the  Zone A section 
from 5,2002 feet  to 6,100+ feet, and this  section should be considered  to 
be prospective  for  fair  quantities of *'dryt1 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 
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immature  Maturation Index of Stage 2- to 2 for the kerogen  isolated  from 
most of the samples  from 5,330+ feet  to 5,9705 feet  (Tables III and VI; 
Figure 1) and  by the  moderate  percentage of paraffin-naphthene (P-N) 
hydrocarbon fraction making up the  total C15+ bitumen extract (18.2% 
to 25.7%, mean 20.8%; Table IV-C; Figure 2). 

The overall  poor  oil and associated  rfwettt  gas  source  character  assigned 
to the Zone A Sediments is based primarily on the  ,overall  poor to fafr 
organic  carbon contents (0.15% t o  0.43%, mean 0.28%; Tables I-A, I, II and 
III; Figure l), the overall  poor C15+ solvent  extractable bitumen contents 
(319  ppm to 542  ppm, mean 400 ppm; Tables I-A and IV-B; Figure l), and 
by the overall  fair C15+ total hydrocarbon  contents (94  pprn 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 pser 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 
- fair 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. 

2. 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 associated "wet" gas  source  char- 
acter.  This  section,  overall  has  generated fair amounts of m a ~ e  paraffino- 
naphthenic oil and associated ttwet" 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 to be in a mature, pro- 
gressive  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 ftwetlt gas. 
Essentially, the section containing  the Bo, Cisco, Canyon  and Upper 
Strawn Formatione  appears  to  be  the  most optimum source encountered 
in  this well.  Any available reservoir  traps in juxtaposition to these  sedi- 
ments should  be considered  prospective for - minor to fafr quantities of 
indigenously  generated mature  oil and associated "wet" gas. 

The mature  character of these  rocks is based on the moderately  mature 
Maturation Index of Stage 2 to 2+ grading  to a mature  Maturation Index 
of Stage 2+ to 3- for the kerogen  isolated from  most of the samples  from 
6,400+ feet  to 9,1302 feet  (Tables I-A, 111 and VI; Figure l), the m-e 
appearance of the CIS+ 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 m p e r c e n t a g e  of paraf- 
fin-naphthene (P-N) hydrocarbons  making up  the  C15+ solvent  extractable 
bitumen (9.4% to 40.7%, mean 24.7%; Table IV-C; Figure 2), and  by the 
=paraffin-naphthene/aromatic hydrocarbon ratios [(P-N/AROM) from 
2.35 to 3.18, mean 2.89; Table IV-C; Figure 11. 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, with a 
mean of 1.94. This  value  represents a very  mature  thermal state for 
the  sediments as  exemplified in the  geothermal  diagenetic  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- 
gested 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,  condensate and associated "wetft 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, 
I, I1 and JII; Figure l), the overall  fair C15+ solvent  extractable bitumen 
contents (364 ppm to 1,305 ppm, mean 632 ppm;  Tables I-A and  IV-B; 
Figure l), and by the overall  fair to good C15+ hydrocarbon  contents 
(55 ppm to 756 ppm, mean 243 ppm; Tables I-A and IV-B; Figure 1). The 
oil and associated 71wet1f 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, I11 and VI; Figure l).. The Zone B section is 
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similar  to the  upper Zone A section, 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 Cow. Prisor Unit Fed.  #1 Well. This 
section should be considered  prospective  for m r  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 o r  mud additives.  The gas  chromatogram could also  suggest 
a residual  hydrocarbon 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 8,2305  feet (998-021D  and  -023D) represent good quality, 
mature, paraffino-naphthenic oils. Thus, the  author  interprets  the Zone B 
section to be a fair oil,  condensate and associated "wettf gas  source. 

3. Zone C Sediments  (9,6002 feet to 10,5002  feet) 

Before  defining  the thermal  maturity and hydrocarbon  source  character of 
the  Zone C Sediments,  the reader is referred to the  transitional zone (from 
9,2002 feet  to  9,6002  feet) which separates Zone B from Zone C section. 
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 as  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 t7wettT gas  source  character and a 
fair "dryT1 methane  gas  source  character.  This  section,  overall  has  gener- 
ated m r  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 hydrocarbons a re  such that the 
Zone C Sediments a re  considered to be in an advanced stage of petroleum 
generation.  This  section  has been  subjected to a thermal regime such 
that the  oil  generating window has been either  passed or is in the process 

-10- 



of being passed.  That is, liquid hydrocarbons and associated "wettt 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 ttdrytf 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- 
erate primarily a "dryll 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 toi0,480+ feet  (Tables I-A, III  and VI; Figure 1) 
and  by the =paraffin-naphthene/aromatic hydrocarbon  ratios [(P-N/ 
AROM) from 2.33 to 3.42, mean 2.88; Table IV-C; Figure 11. An ex- 
tremely high thermal  regime is suggested from the vitrinite  reflectance 
data  (see  Table VI1 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 a s  being in a thermally advanced stage, whereby no liquid hydro- 
carbons would be present. 

The poor, mature oil,  condensate and associated  gas  source  charac- 
ter attributed to the Zone C Sediments is based primarily on advanced 
maturity of the section, and the presence of predominant  amounts of the 
gas-prone woody type kerogen. Thus, this  section is considered to be 
non-prospective for any quantities of indigenous11 generated  mature oil, 
condensate and associated "wet" gas.  The Zone C section is considered 
to represent a fair  4tdry't 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, 
11 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 ttdrytt  thermal  gas  generated  from woody type 
kerogens at a thermal  maturation above a Stage 3 to 3+. 
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D. 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 4,8002 
feet  to 11,4002 feet,  contains  zones with varying  degrees of exploration  potential 
for indigenously sourced  oil, condensate, associated "wetlt gas and "dry" methane 
gas. In order of priority,  exploration  plays are  interpreted  as follows: 

Locally 

1. Zone B (7,500+_ feet  to  9,2002  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 .wettt 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  10,5002 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 flwet" 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 
a re  available. 

3. Zone A (5,200+ - feet to  6,1002 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- 
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oil and associated "wett' gas  source  character and a fair  "drytt 
methane  gas  source  character.  This  section should be  considered 
non-prospective for any quantities of indigenously generated  oil 
and associated "wet1' 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. 
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1 GeoChem 

Table I 

Summarv of Organic Carbon Analyses of Small Picked Samples 

Percent 
Well  Depth 

(feet) 
Organic 
Carbon Gross Litho Description 

I 998-001 998-002 
998-003 

1 998-004 
1 999988::;: 

I z;;; 
1 999988:::: 

998-007 
998-008 
998-009 
998-010 
998-011 I 

998-017 
998-016 
996-019 
998-020 

998-022 
998-021 I 
I ,";:::,": 
I yz;; 
I 
I ,"",,":E 
1 

I 

998-028 
998-029 
998-030 
998-031 
998-032 

998-038 
996-039 

996-041 
998-040 

998-042 

4,800-  4,810 
4,950-  4,960 
5,100-  5,110 

5,250-  5,260 

5,410- 5,420 

5,700- 5,710 
5,550- 5,560 

5,850-  5,860 
6,000- 6,010 
6,200- 6,210 
6,350-  6,360 
6,500-  6,510 
6,650-  6,660 

6,950- 6,960 
6,800- 6,810 

7,100- 7,110 
7,250-  7,260 
7,400- 7,410 
7,550-  7,560 
7,700- 7,710 
7,850-  7,860 
6,000- 8,010 
8,150-  8,160 
8,310-  8,320 
8,450-  6,460 
8,600-  8,610 
8,740-  8,750 

9,050-  9,060 
8.900-  8,910 

9,200-  9,210 
9,360-  9,370 
9,500-  9,510 
9,650-  9,660 
9,800-  9,810 

10,100-10,110 
9,950-  9,960 

10,360-10,400 
10,400-10,480 
10,600-10,610 
10,750-10,760 
10,900-10,910 
11,020-11,030 
11,200-11,210 
11,350-11,360 

0.09 
0.15 
0.15 

0.21 

0.43;  0.43R 
0,22 
0.17 
0.15 
0.23 

0.23 
0.12;  0.13R 

0.13 
0.04 
0.09 
0.06;  0.05R 
0.06 
0.09 
0.12 
0.19 
0.15;  0.17R 
0.25 
0.06 
0.42 
1.10 
0.21;  0.15R 
0.30 
0.27 

0.63 
0.13 

0.30;  0.29R 
0.17 
0.15 
0.50 
0.32 
0.58 
0.46 
0.15 
0.23 
0.16 ' 

0.09 
0.18 

0.05 
0.19; 0.22R 

0.12 

Sandstone, grayish  red  shale, medium gray  shale. 
80% Grayish red  shale, 20% medium gray shale. 

50% Medium gray  shale, 40% grayish  red  shale, 10% 

50% Medium gray  shale, 30% sandstone, 20% grayish 

Sandstone, medium dark  gray  shale. 
Limestone. 

Dolomite. 
Limestone. 

Limestone. 
Limestone, dolomite, medium dark  gray  shale. 
Medium gray shale. 
Grayish red shale. 
Grayish red shale. 
Grayish red shale. 
Grayish red shale. 
Grayish red shale. 

Medium dark  gray  shale and limestone. 
Grayish red shale. 

Medium dark  gray  limestone. 
Limestone, dolomite. 

Medium dark  gray limestone. 
Limestone 
Limestone, medium dark  gray  shale,  grayish red  shale 
Shale, dolomite, limestone. 

Medium dark  gray  shale and limestone. 
Limestone, medium dark  gray  shale 

Dark gray  shale. 
Limestone and dark  gray  shale. 
Limestone and dark  gray shale. 
Limestone and dark  gray  shale. 

Limestone and dark gray shale. 
Limestone and dark gray shale. 

Dark  gray shale and limestone. 
Limestone and dark  gray  shale. 
Dark gray  shale and limestone. 
Dark  gray  shale and limestone. 
Dark gray  shale (has been run earlier). 
Dark gray  shale (has  been run earlier). 
Siltstone, dolomite, dark  gray  shale. 
Dolomite, dark  gray shale. 
Dark gray  shale and dolomite 
Dolomite, dark  gray  shale, limestone. 
Dolomite. 
Limestone, dolomite. 

sandstone. 

red shale. 

I R = Repeat sample. 
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T A B L E  If 
ORGANIC  CARBON  ANALYSES  AND GROSS LITHOLOGICAL  DESCRIPTION 

39a-004i 
-h 

-8 

998-0065 
-A 

99a-oow 
-A 

. h  

39d-0110 
-A 

-8 

-C 

19d-0190 
- A  

-8 

-C 

998-0210 
-A 

993-023J 
-A 

-8 

99d-0240 
-A 

-8 

-c 

6330' 

5680' 

5970' 

6400' 

7640' 

7910' 

8230' 

8380' 

5R 412 to  
h5 

h4 t o  
N7 

IN4 t o  
116 

h9 

N 5  io h6 

SR 612 

h2 

0.41 

0.30 

0.39 

0.12 

0.13;  0.1% 

0.20 

0.17 

0.41 

998-0260 
-A 

-8 

998-0270 
-A 

-8 

398-0290 
-A 

-8 

998-0335 
-A 

-8 

-c 

998-0350 
-A 

-8 

998-0360 
-A 

-8 

-C 

998-0370 
-A 

-8 

998-0380 
-A 

998-0420 
-A 

-0 

-c 

8670' 

8840' 

9130' 

9700' 

10050' 

10203' 

10400' 

10480' 

11100' 

h3 TO 
hil 

N3 Eo 
N4 

N4 

N 5  

N5 

ha 

ti5 

N4 

N6 

hi 

x4 

h4 

h i  

N6 

h4 

h i  

h4 

h4 

h3 

h6 

0.25 

0.61 

0.56; 0.52R 

0.17 

0.47 

0.31 

0.15 

0.23 

0.24 
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Table Ill 

Summary of Organic Carbon and Visual  Kerogen  Analysis 

GeoChem Well Organic  Visual  Kerogen 
Sample Depth Carbon Type 
Number Interval (% of Rock) 

Alteration 
(1-5 Scale) 

998-004D 
998-006D 
998-009D 
998-011D 
998-019D 
998-021D 
998-023D 
998-024D 
998-026D 
998-027D 
998-0291) 
998-033D 
998-035D 
998-036D 
998-037D 
998-038D 
998-042D 
998-043D 

5,200-  5,330 
5,500-  5,680 
5,900-  5,970 
6,340-  6,400 
7,550-  7,640 
7,850-  7,910 
8,150-  8,230 
8,310-  8,380 
8,600-  8,670 
8,740-  8,840 
9,050-  9,130 
9,640-  9,700 
9,950-10,050 

10,100-10,203 
10,360-10,400 
10,400-10,480 
11,020-11,100 
11,200-11,210 

0.41 
0.30 
0.39 
0.12 
0.13; 0.15R 
0.20 
0.17 
0.41 
0.25 
0.61 
0.56;  0.52R 
0.17 
0.47 
0.31 
0.15 
0.23 
0.24 
0.05 

H; W; C 

H;W;C 
W;C;H 

W,H;C 
W;H;C 

W;H;C 

H;W,C 

H;W-C;- 

W;H-C;- 

H-W;C;- 

H-W;C;- 

H;C;- 
W;H-C;- 
W,H;C 
W,H;Al-C 
W;H;C 
* Note * 
Am(A1);-;C 

1+ to 2- 
2- to 2 

2 to 2+ 
2 to 2+ 
2+ 
2 to 2+ 
2 to 2+ 
2+ to 3- 

2+ to 3- 
3- 
3- to 3 
3- to 3 
3- to 3 
3- to 

2- to 2 

2+ to 3- 

3+ to 4- 

* Note * Predominantly caved Devonian  and Mississippian  materials. 

R = Repeat  Sample 

Kerogen Key A1 = Algal 

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

Am = Amorphous-Sapropel 
H = Herbaceous-Spore/Cuticle 

C = Coaly 
U = Unidentified Material 

w = woody 
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Table I V  

S m r y  of C15+ Soxhlet  Extraction,  Lkasphaltening 
and Liquid Chromatography 

A. Weights of Extracts  and Chromaccqraphic Fractions 

GeoChem 
Sample 

Weight of Total   Precipitated N-C5 

Number Well I n t e r v a l "  (grams)  (grams)  (grams)  (grams) (grams) 
Rock Extd. Extract  Rsphaltenes  Soluble  Sulfur 

8 .  Concenmation  of  Extracted 

90.0 0.0488 
95.0 0.0322 

100.0 0.0319 
75.0 0.0168 

100.0 0.0364 

95.0 0.0621 
95.0 0.0554 

85.0 0.1109 
100.0 0.0426 
80.0 0.0402 

100.0 0.0592 
100.0 0.0262 

100.0 0.0470 
85.0 0.0282 

65.0 0.0451 
95.0 0.0425 

Materials i n  Pack 

GeoChem Total 
Sample 
Number Well In t e rva l  * (ppn)  

Extract  

998-004D 
998-0060 
998-009D 
998-011D 
998-0190 
998-021D 
998-023D 
998-024D 
998-026D 

998-029D 
998-027D 

998-0351) 
998-033D 

998-036D 
998-038D 
998-042D 

5200- 5330 
5500- 5680 
5900- 5970 

7550- 7640 
6340- 6400 

7850- 7910 
8150- 8230 
8310- 8380 
8600- 8670 
8740- 8840 
9050- 9130 

9950-10050 
9640- 9700 

10100-10203 
10400-10480 
11020-11100 

542 
339 
319 
224 
364 

654 
583 

1305 
426 

592 
503 

332 
262 

470 
694 
447 

0.0329 0.0159 
0.0189 0.0133 

N.D. 
N.D. 

0.0185 
0.0121 

0.0134 N.D. 
0.0047 

0.0220 0.0144 
N.D. 

0.0256 
N.D. 

0.0320 
0.0298 N.D. 
0.0301 N.D. 

0.0412 0.0697 N.D. 
0.0303 0.0123 
0.0287 0.0115 

N.D. 

0.0343 0.0249 
N.D. 
N.D. 

0.0183 0.0079 
0.0212 0.0070 

N.D. 

0.0370 0.0100 
N.D. 

0.0245 
N.D. 

0.0195 
0.0206 
0.0230 

N.D. 
N.D. 

Table I V  (Continued) 

"""" 

Paraffin- 
Hydrocarbons------- 

Naphthene Aromatic m d  
( p p n )  (Ppn) ( m m )  

99 
63 
82 

50 
31 

149 

36 118 
94 

79  27 106 
188 
187 

61 249 
59 246 

531 
40 

226 756 

74 
15 
24 

55 

138 
98 

48 186 

41 
97 

139 

12  53 
42 
56 

138 
195 

Table N (Continued) 

Naphthenes  Aromatics W ' S  
Paraffins-  Eluted 

(grams)  (grams) 

0.0089 
0.0060 
0.0082 

N.D. 
0.0079 
0.0179 
0.0178 
0.0451 
0.0040 
0.0059 
0.0138 

N.D. 

0.0041 
N.D. 

0.0063 
0.0132 

0.0045. 
0.0029 
0.0036 

N.D. 
0.0027 
0.0058 
0.0056 
0.0192 
0.0015 

0.0048 
0.0019 

N.D. 
N.D. 

0.0012 
0.0027 
0.0053 

(grams) 

0.0022 
0.0028 
0.0016 

0.0022 
N.D. 

0.0043 
0.0042 
0.0054 
0.0020 
0.0020 
0.0039 

N.D. 
N.D. 

0.0023 
0.0025 
0.0038 

"""""_ -Norhydrocartons------------- 
Preciptd.  Eluted  Mneluted 
Asphaltene NSO'S  NSO'S Total 

(ppn)  (Ppn) (PPn) (Ppn) 

366 
199 
185 
161 
220 
269 
337 
485 
303 
359 
343 
183 
249 
370 
377 
205 

24 
29 
16 

22 
45 
44 
64 
20 

39 
25 

- 

- - 
23 
38 
40 

17 
3 

0 

16  
19 
26 

48 
0 

21 
24 

- 

- 
- 
24 

140 
7 

18.2 
18.6 
25.7 

21.7 
32.3 
28.7 
40.7 

14.7 
9.4 

23.3 

- 

- 
- 

14.0 
8.7 

31.1 

9.2 
9.0 

11.3 

10.5 
7.4 

17.3 
9.0 

3.5 
4.7 
8.1 

- 

- 
- 

2.6 

12.5 
6.0 

1.98 
2.07 
2.28 

2.93 
3.09 
3.18 

2.67 
2.35 

3.11 
2.88 

- 

- 
3.42 
2.33 
2.49 

- 

Mneluted 

(grams) 
NSO'S 

0.0003 
0.0016 
0.0000 

0.0016 
N.D. 

0.0018 
0.0025 
0.0000 
0.0048 
0.0017 
0.0024 

N.D. 
N.D. 

0.0024 
0.0091 
0.0007 

C. Composition  of  Extracrs 

Hydrocarbons-------- Nonhydrocarbons----------- 
-hem Paraffin-  Eluted  Nonelured  Precipitd. 
sample Naphrhene Aramatic 
Number Well Interval* % 

Sulfur W ' S  NSO'S Asphaltene 
% pN/Aram % % % % Esph/Nso % 

HC'S 

* I n  feet. 

Note: ppm values are expressed on a weightlweight  basis. 

4.5 0.6 
8.7 5.0 
5.0 0.0 

6.0 4.4 
7.8 3.2 
6.8 4.0 
4.9 0.0 
4.7 11.3 
5.0 4.2 
6.6 4.1 

4.9 5.1 
5.5 20.2 
8.9 1.6 

67.4 
58.7 
58.0 
72.0 
60.4 
46.2 
51.5 
37.2 
71.1 
71.4 
57.9 

75.2 
69.8 

78.7 
54.3 
45.9 

13.16 27.5 
4.30 27.6 

11.56 37.0 - - 
5.79 29.1 
4.20 42.8 
4.78 37.7 
7.63 58.0 
4.46 12.9 
7.76 19.4 
5.44 31.4 

7.87 11.3 
2.11 20.0 
4.33 43.5 

393 
245 
201 

258 
334 
407 
548 
371 
405 
406 

- 

- 
- 

417 
555 
253 

HC/Non HC 

0.38 
0.38 
0.59 

0.41 
0.75 
0.60 
1.38 
0.15 
0.24 
0.46 

- 

- 
0.13 
0.25 
0.77 

- 
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Table VI 

+ Re1 ictamorphous (algal ) and f lu f fy  amorphous. 
~ ~ ~ .. 



Table VI1 
Vitrinite  Reflectance Summary 

GeoChem 
Sample Depth 
Number 

of Minimum Maximum Average 
( f e e t )  Readings Reflectance ( %  Ro) Reflectance (% Ro) Reflectance (% Ro) 

Number 

998-01 1 D 6340'-6400' ** 
998-024D 8310'-8380' ** 
998-027D 8740'-8840'  12 

998-029D 9050'-9130'  10 

998-0350 9950'-10050' 29 

998-037 10360'-10400' 7 

- 
- 

1.48 

1.67 

1.87 

1.49 

- 
- 

2.06 

2.68 

3.79 

2.82 

- 
- 

1.83 

2.06 

2.97 

2.19 

** Insufficient kerogen return for plug. 
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