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HYDROCARBON SOURCE ROCK EVALUATION STUDY

PETROLEOS MEXICANOS NO. 1 CHINOS WELL

CHIHUAHUA, MEXICO

- SUMMARY . ioaL s

Organic geochemical analyses run on a suite of dried cuttings samples collected from
the Pemex No, 1 Chinos Well, over the interval from Surface to 4,405+ meters, indicate
the following:

Zone A (Surface to 2, 850+ meters) contains medium gray dolomites
grading to grayish limestones interbedded with dark gray calcareous
shales. These sediments have a very mature, grading with depth to
severely altered, non~prospective oil, condensate and associated
"wet!" gas source character. Four (4) subzones within Zone A exhibit
fair to very good ""dry'* methane gas source character.

Zone B (2,850+ meters to 4,405+ meters) contains white to bluish
gray dolomites grading to dolomitic shales and dark gray limestones.
® These sediments have a severely altered, non-prospective oil, con-
densate and associated "wet' gas source character. One (1) subzone
within Zone B exhibits a good "dry'' methane gas source character.

In order of priority, exploration plays and significant geological comments for the
local area of the Pemex No. 1 Chinos Well are interpreted as follows (provided that
reservoir traps are available):

1. Zone A (Surface to 2,850+ meters)

This section should be considered non-prospective for indigenously
generated oil, condensate and associated ""wef'" gas. However, any avail-
able reservoir traps in juxtaposition to the four (4) subzone "dry" methane
gas sources, should be considered prospective for fair to significant quan-
tities of indigenously generated "dry" methane gas.

2. Zone B (2,850+ meters to 4,405+ meters)

This section should be considered non-prospective for indigenously
generated oil, condensate and associated ""wet'' gas, Any available
reservoir {raps associated with Subzone By, however, should be considered
overall prospective for moderate quantities of "dry" methane gas.
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INTRODUCTION

This report summarizes the results of adetailed organic geochemical source rock
evaluation study carried out on a suite of dried cuttings samples collected over the gross
well interval from Surface to 4,405+ meters from the Pemex No. 1 Chinos Well located .
in Chihuahua, Mexico. The purpose of this study has been to:

-- Investigate the rickiness, type (gas, condensate or oil); and state of-
thermal maturity of the fine~-grained rocks which were penetrated from
the surface to 4,405+ meters by the Pemex No, 1 Chinos Well,

- Characterize geochemical zones within the stratigraphic section of this
well over the above mentioned interval and establish correlations between
these zones and,

-- Define the exploration significance of this study with respect to future

drilling in the local area of the Pemex No. 1 Chinos Well.

ANALYTICAL

Dry bagged cuttings samples were collected during the drilling of the Pemex No. 1
Chinos Well at five (5) meter intervals. Fifteen (15) boxes of samples were provided
to GeoChem Laboratories, Inc. for analysis. Upon arrival at GeoChem all samples
collected from the No. 1 Chinos Well were identified by the GeoChem Job No. 1276.

A suite of one hundred thirty-nine (139} hand-picked lithology samples representing

6+ grams were analyzed for total organic carbon content. Utilizing these total organic
carbon contents, and a brief lithologic description of each sample, fifty-one (51) samples
were selected for visual kerogen examination as to kerogen {ype and maturation, It
should be emphasized herein that the original total organic carbon conient screen rep-
resented samples at approximately 30+ meter intervals. The 6+ gram samples were
ground and split into two samples. One sample was analyzed for total organic carbon
content, and the other sample was saved for possible future analyses as to kerogen
visual assessment. Thus, all kerogen data represents the identical sample which

was picked for total organic carbon content.

Utilizing the visual kerogen, total organic carbon content and brief lithologic description
data, as well as the formation tops, eight (8) samples were selected for detailed Cy5,
extraction analyses. Eight (8) samples were also selected for vitrinite reflectance
measurements,

All total organic carbon content data, lithologic descriptions, visual kerogen assessments
as to type and maturation, Cj5, extraction data and vitrinite reflectance measurements



are tabulated in table form in Tables I through VII, and are attached at the back of this
report. In addition, a table (Table I) summarizing the hydrocarbon source character

of the entire section penetrated by the Pemex No, 1 Chinos Well, is presented immediately
after the text of this report, Values of the most important parameters, which define the
hydrocarbon source character of the section of interest to Gas Producing Enterprises
personnel are presented in Table I. In addition, the prospectiveness for reservoired
hydrocarbons is also outlined in Table I for the various organic facies defined for this
well.

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 well study, whether
used in the ultimate interpretation in this report or not are documented in the appropriate
Tables I through VII in this report,

The results of the different geochemical analyses are presented in well profile format

in Figures 1 and 2, A litho percentage log, compiled from our gross lithological examin-
ation of the samples composited for detailed analyses, is also reproduced on Figure 1.

The formation tops have also been included on both Figures for reference by the reader.
The gas chromatographic traces showing the molecular distribution of the Cyg5, paraffin-
naphthene (P-N) hydrocarbons are reproduced in Figure 2 along with a well profile
illustrating the location of the individual samples, The vitrinite reflectance histograms
are presented as Figure 3, and a comparison of the visual kerogen maturation assessments
and the vitrinite reflectance measurements is presented as Figure 4.

General Information

Two (2) copies of this report have been delivered to Gas Producing Enterprises, Inc.,
C and K Petroleum Company, Dr. Sam Thompson, II of the New Mexico Bureau of
Mines and Mineral Resources, and three (3) copies to Petroleos Mexicanos. GeoChem
retains one (1) copy for possible future reference in telephone conversations with
authorized personnel of the above mentioned group on specific details of this well study.

All remaining used and unused, picked and unpicked cuttings materials will be returned
to the New Mexico Bureau of Mines and Mineral Resources in the near future, The C 154
liquid chromatographic fractions and a set of glass microscope slides of the kerogen con~
centrate analyzed in this study are available on request at GeoChem for examination.

The data, interpretations, sample materials, and all other matters pertaining to this
well study have been treated in a highly confidential manner and are considered propriety
to the above mentioned group.



A,

RESULTS AND INTERPRETATIONS

Formation Tops

Various formation tops were provided to GeoChem by the New Mexico Bureau of
These include the following:

Mines and Resources,

Concha Surface

Scherrer . . ..

Epitaph., . . .
Colina . . . .
Earp. . .« . .
Horquilla. . .
Pennsylvanian
Paradise . . .
Escabrosa . .
Percha. . . .,
Canutillo . . .
Montoya . . .
ElPaso . . .
Bliss . . . .
Pre Cambrian

Organic Geochemical Zonation

L]

Surface
82 meters
86 meters
396 meters
842 meters
1,034 meters
1,170 meters
1,925 meters
2,134 meters
2,671 meters
2,853 meters
3,425 meters
4,150 meters
4, 349 meters
4,381 meters

The stratigraphic section which was evaluated by GeoChem in the Pemex No, 1
Chinos Well has been subdivided into two (2) major zones based primarily on the
organic geochemical richness (both total organic carbon and total extracted
hydrocarbon) and on the organic matter kerogen type variations for cuttings
samples collected over the interval from surface to 4,405+ meters. The
geochemical zonation, which is independent of the formation tops, is as follows:

Zone A
Zone B

Zone A (Surface to 2,850+ meters)

Surface to 2,850+ meters
2,850+ meters to 4,405+ meters

Zone A is made up primarily of medium gray dolomites grading to grayish
limestones interbedded with dark gray calcareous shales,
overall, have fair organic carbon contents, with subzones of shales and carbon-
aceous limestones that have good to excellent organic carbon contents. These

subzones are identified as follows:

The Zone A Sediments,



Subzone A7 . . . . . . . Lower Earp, Upper Horguilla
930+ meters to 1085+ meters

Subzone Ag« « + + « . . Upper-Pennsylvanian
1240+ meters to 1335+ meters

Subzone Ag. . . .+ . « . Paradise, Upper Escabrosa
1930+ meters to 2175+ meters

Subzone Ay« « o . . . . Lower Percha
’ 2770+ meters to 2835+ meters

It is from these subzones that samples for Cy5, soxhlet extraction were chosen.
Unfortunately these composited samples contain very poor Cis, total bitumen
contents and poor Cys. total hydrocarbon contents. Thus, overall, this section
represents a non-gource section for the generation of any type of liquid hydro-
carbons., It should be stressed that the good to excellent organic carbon contents
for Subzones Ay, Ap, As and A4 within Zone A represent a predominance of the
gas-prone kerogen, herbaceous, woody and coaly type material. This herbaceous,
woody and coaly type of kerogen will most probably yield a "dry'' methane gas
under high thermal diagenetic conditions. Therefore the four (4) subzones are
interpreted as follows:

Subzone A; -
The lower Earp and upper Horquilla section contained in Zone A
represents a section that is identified as having an overall good
"dry" methane gas source character.

Subzone Ao
The upper Pennsylvanian section contained in Zone A represents a
section that is identified as having 2 good "dry" methane gas source
character.

" SBubzone Ag

The Paradise and upper Escalrosa section contained in Zone A rep-
resents a section that is identified as having a fair to good "dry"
methane gas source character,

Subzone Ay
The lower Percha section contained in Zone A represents a section
that is identified as having a very good ""dry” methane gas source
character.



Zone B (2,850+ meters to 4,405+ meters)

Zone B is made up primarily of white to bluish gray dolomites grading to
dolomitic shales and dark gray limestones. The Zone B Sediments, overall,
have fair organic carbon contents, with one subzone of limestone and shale
that has good to very good organic carbon contents. This subzone is identified
as follows:

Subzone Bl &« & 4 & & @ .' Upper and Middle El PaSO
4220+ meters to 4320+ meters

The samples selected for C;5, soxhlet extraction exhibited fair C5, total
bitumen contents and fair to good Cyg4 total hydrocarbon contents. The pre-
dominant kerogen type within these samples is the oil-precursor amorphous-
sapropel type kerogen. Unfortunately, the advanced degree of thermal maturity
(Stage 4- to 4) identifies this section as a non-source section for the generation
of any type of liquid hydrocarbons, It should be emphasized that the good to
very good organic carbon contents in Subzone By within Zone B identifies this
section as having a good "dry" methane gas source character,

Thermal Maturity of Sediments

The thermal maturify of the Zone A and Zone B Sediments is defined in this

report primarily on the kerogen coloration, vitrinite reflectance measurements

and on the composition of the Ci5. P-N (paraffin-naphthene) hydrocarbon con-

tained in the various samples. Important aspects of these geochemical criteria

are as follows:

i) Kerogen Color - The dark brown to black coloration of the kerogen,

as seen under 2 binocular microscope through transmitted light
(Table VI and Figure 1), indicates a narrow range in thermal
maturity of the sediments from surface to 4405+ meters. The
kerogen isolated from the samples throughout this interval are
rated at Stages 3+ to 4. These stages are defined as being very
mature to severely altered, At these stages of thermal maturation
any type of kerogen material present within this section has passed beyond
the "oil generating window" (see appendix A, Geothermal Diagenetic
Criteria chart). Any producible liquid hydrocarbons from this section
have already been generated and converted to ""dry" methane gas, This
section is, however, prospective for this end product - the thermally
derived "dry™ methane gas,

if) Vitrinite Reflectance Measurements - The vitrinite particles and asso-
ciated kerogen types processed from the drill cuttings were analyzed
under a high resolution microscope to measure the reflectivity of the
vitrinite particles. The measurements, expressed as %Ro, are in agree-
ment with the visual kerogen assessments (Figure 4, Figure 5 and Table

-8~



VIN), Vitrinite reflectance measurements in excess of 2,0 indicate a

very mature to severely altered sample. The mean reflectance for
samples in both Zone A and Zone B were in excess of 4,0 (4.73 and 5,78
respectively). An interpretation of these results defines the Zone A and

B section penetrated by the Pemex No, 1 Chinos Well as being non-sources
for the generation of any liquid hydrocarbon, but prospective for thermally
derived ""dry'" methane gas,

iii) Composition of Cy5, P~N (Paraffin-Naphthene) Hydrocarbon

A skewed molecular distribution of the normal paraffins and naph-
thenes toward a lower molecular weight range in the Cq5, paraffin-
naphthene gas chromatograms suggests maturity. The reader is
referred to the various gas chromatograms depicted in Figure 2.

A mature appearance is seen for the chromatograms by a skewedness
toward the lefthand side (lower molecular weight range Cy5. paraffin-
naphthene hydrocarbons).

As noted in the drilling log, diesel was added to the mud system
during the drilling of the Pemex No, 1 Chinos Well, The addition

of diesel has had little, if any, effect on the results of the examina-
tion of the composition of the Cy5, P-N hydrocarbon as evidenced

by the poor Cj5. total hydrocarbon content and the lack of visual
evidence in the gas chromatographic traces of the paraffin-naphthene
hydrocarbon character,

Hydrocarbon Source Character of Sediments

Zone A (Surface to 2,850+ meters)

The Zone A Sediments are rated as having a very mature to severely altered, non-

source character for the generation of oil, condensate and associated "wet" gas,

The non-source quality assigned to these sediments is based primarily on the
very poor Cjs. total hydrocarbon contents and the extreme diagenetic (time~temp-
erature) history experienced by this section ag evidenced by the visual kerogen
and vitrinite reflectance data, The predominance of the gas-prone kerogen
{herbaceous, woody and coaly type material), the good to excellent organic

carbon contents of the four (4} subzones present within Zone A and the intense
geothermal history of this section does identify these subzones as having a fair to
very good "dry" methane gas source character.

It is interpreted that any available reservoir traps within the Zone A section
in the local area of the Pemex No. 1 Chinos Well should be considered non-pros-
pective for indigenously generated oil, condensate and associated "wet'" gas,



Zone B (2,850+ meters to 4,405+ meters)

The Zone B Sediments are rated as having a severely altered, non-source
character for the generation of oil, condensate and associated "wet'" gas, The
non-source quality assigned to these sediments is based primarily on the ex~
treme diagenetic (ime-temperature) history experienced by this section as
evidenced by the visual kerogen and vitrinite reflectance data, Although the
Zone B Sediments have fair Cjg, total bitumen contents and fair to good Cys,
total hydrocarbon contents, the high degree of thermal maturity (Maturation
Index of Stage 4~ to 4) precludes the occurrence of any liquid hydrocarbons.
The good to very good organic carbon contents of Subzone B present within
Zone B, and the intense geothermal history of this section, does identify this
subzone as having a good "dry" methane gas source character. Any available
reservoir traps associated with Subzone B should be considered prospective
for moderate quantities of "dry" methane gas,

Exploration Significance of This Hydrocarbon Source Rock Evaluation Study

The examination of the richness, type (0il, condensate or gas) and state of

thermal maturity of the hydrocarbon source rocks penetrated by the Pemex

No, 1 Chinos Well in Chihuahua, Mexico, shows that the stratigraphic interval
from Surface to 4,405+ meters contains two zones with a rather unique degree of
exploration potential for indigenously generated hydrocarbons, In order of priority,
exploration plays and significant geological points are interpreted as follows:

Locally:

1, Zone A (Surface to 2, 850+ meters)

The dark gray to grayish black shales and black carbonaceous limestone
making up the four (4) subzones present within Zone A have a fair to

very good "dry" methane gas source character. Any available reservoir
traps found juxtaposition to these subzones should be considered prospect-
ive for fair to significant quantities of "dry' methane gas.

2. Zone B (2,8506+ meters to 4,405+ meters)

The dark gray to black shales and limestones making up the Subzone B3
present within Zone B has a good "dry' methane gas source character.
Any available reservoir traps found associated with this Subzone B
should be considered prospective for moderate quantities of "'dry'" methane
gas.




Semi-regionally:
(Laterally removed
from the Pemex
No. 1 Chinos Well)

It has been mentioned that the predominant kerogen type encountered in Zone B
Sediments is primarily the oil-precursor amorphous-sapropel type kerogen. The-
oil, condensate and associated ""wetl'' gas source character of this section could

be enhanced if this section were encountered in a laterally removed, less
thermally mature regime. Such a position would provide placing these sediments
within the oil~generating range as shown on the Geothermal Diagenetic Criferia
chart (Appendix A), thus significantly increasing the oil, condensate and associated
"wet" gas generating quality of these sediments.
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TABLE I

SUMMARY OF HYDROCARBON SOURCE FACIES

Potroleos Mexdcanos No. 1 Chinos Well, Chibuahus, Mexico

Visual Kerogen Vitrinite C15+ Extraction Data Hydrocarbon
Depth Organto Type Alteration Rallectance {ppm) Bource Character at
Organle Interval Lithology Carbon {Considered TRy . Total Present Level of Prospectiveness®
Facles {metersa) {% of Tock) in place) ‘Total P-N AROM  HC's Thermal Maturity R
i
Surface Madlum gray delomites 0.04 Woody-Coaly 3.90 116 18 20 38 Very mature to severely al- Non-proapeciive for indigen-
grading to grayish lime- predominates tered, non-source rocks for ously generaied oll, condensate
stones interbedded with to o o to to to tha genaration of oll, cond and 1sted “wet" gas. Four
derk gray calcareous W-C;H*Am Jtod sate and associnted "'wel” gus (4) subzones within Zono A pros-
A shales. 3.83 5.77 270 63 40 o4 source charactor. Four (4} pective for fulr to significant
Becondary subzones within Zone A exhibit  quantities of indigenously gen-
amounts of fair to very good "dry" methane arated “dry* methane gan,
28504 0,47 degraded 473 204 18 27 &8 gas source charscter.
Moean herbaceous Mean Mean Mesn Mean Mean
2850+ White to blutsh gray 0.05 Amorphous~ 5.18 443 "t 82 69 Severely altered, hon-source Nen-prospective for Indigenously
- dolomitas grading to sapropal rocks for the generation of oll, - gemarated ofl, condensate and
dolomitic shalea and to predomioates to to to to - condensats and associzted "wett  wamociated “wet't gas. Ona (1)
B dark gray limestones. 4~tod gos source character. One (1)  subzene within Zono B proapec-
143 Am;H%C 7.15 628 174 84 268 subzone within Zone B oxhibits tive for moderate quantities of
a good "dry" methane gas source Indigenously generated “dry®
Secondary character, methane gan,
amounts of
44051 0.34 degraded 5.78 535 125 83 208
Mean herbaceous Mean Mean  Mean Mean Mean

*Provided thsi reservolir traps sre available.
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FIGURE 2

PEMEX NO. 1 CHINDS WELL
CHIEUAHUR, MEXICO
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TABLE I-FA

SCREEN ANALYSIS SUMMARY

SecChm Sl
Sanple Depth nie Carbon Sample Papth nic Carbon
Momber Isterva]  Brisf Lithological Description 3 of Rock) fvmber Intervat  drief Litinlegical Description S of Rock)
{Keters) {Meters)
1276001 o5 Solamite, isestone and quertzose. D.05 1276-039  1100-1108  Limestone, micrite, dark gray and 0.26
0 potomt - o " shile, moncilcarequs, grayish dlack.
1276-002 35 omite, crystalline, wdersty blue 0.
greem, 5T * 1276-000  TIX0-1135  Liwsstoms, aicrite, dark dlufsh gray.  O.04
1276-003 $0-55  Dolomita, crystalline, greenish gray.  0.09 1276-081  1150-1155  Limtstooe, wicrite, dark dlyisk gray  0.26
oot ” . i o and shale, calcarecus, graytsh black.
1276+ 0~ Doieite, crystalline, medium blue 0,
green. ' 1296-02  TIB0-1385  Limwstone, wicrite, dark gray, snd 0.04
taly, s1ightly calcarsous, grayish
1276-005  120-125  Dolomite, crystalline, moderate blue 0,05 slack.
1a 2 1
1276.006 - :u . " - 1216043 1201215 Limmitone, wicrite, sadium datk gray. 0.10; 0.06R
comita, crystallione, medium blue A
green, 5 17604 ING-1MS  Skle, slightly calcareoss, dark gray.  0.92
1276-007 80-185  Dolomits, crystalline, medfum blue .10 1216-p5  1270=1575%  Shale, slightly calcareous, dark gray. 1.2
presn.
s276-008 o5 Dotost " 0.09 1776046 13001305  Shale, sMightly calcarecus, dark pray. 1.4
€ ooite, crystalline, madium gray. o
i ' ey 1276-00  TIO-13E  Shle, stightly calcarsons, dark gray. .42
1276.005  M0-245  Dolomtte, crystalline, medium gray. 0.1
1276048  1360«1345 1tewstone sad thele, mdiom gray. 017
1226-000  270-215  Dolomiee, crystailine, mediue to dark 0,06 D.0BR
griy. 1276049 1390-1353 L dmestone, micrite, bluish gray, 0.08
trace of shale,
§276-011 300-305  Dulowfie, crystalline, mediuw to dark D.05
gray. 1276-050  W20-1425  Shale, siigntiy calcarsous, dark gray.  0.95
1276-012  330-335  Dolomite, dark gray, 0.29 1276.051  USHMSS  Linestone, wicrtta, bleish gray, 0.08
race 3 E.
1276-013  360-265  Oolomite, dark gray. 010
' hnd 1276-082  TABO-JAZ5  Composfts: Timastone and e, 0.16
1276-014 390-395  Dolomite, dark gray, 0.20 aark gray.
1276015 420-425  Lismestone, dark Bluish gray. 0.07 1276.053  1510-1515  Limestone, micrite, blulsh gray and 0.08
shle, calearesus, dark gray.
1276-006  450-4%%  Limestone, dark gray. 0.25
1276056 1S40-1545  Limestone, migrits, bluish gray, 0.8
1276-017 480-435  Limestone, dark gray. 0.16 trace of shale.
1276018 SI0-515  Limestone, dark gray. 0.30 1276085 15701575 ::-.um micrite, bluish gray to 619
Tk gray.
1276-019  S40-545  Limestore, grayish blacx, 0.2
< grart 1296-056  1600-TR0S  Lwestone, wicefte, Bluish grey to 0.1
1276020 §70-575  Limestone, grayish black to dirk gray. 012 dark gray.
. 1206-057 V6301635 Smele, calcareous, dark gray snd 0,32
1276-021 0-505 H::wl\l. dark gray to grayish 0.20; 0.26% Tiaasione, dark !;U'
V276022 €30-635  Limestone, dark gray. 0.2 1088 1660-1685 l‘..i:sm icrite, 1ight to madiue 0.0
126023 663665 Lisestone, sparite, éark gray. ez 126055 1690-1695  Cimwstone, intramicrite, dart gray.  0.08
170 #9065 Limestone, dark grax. 0.4 126060 1201725 Limestone, Vgt to wedtem dark gray.  0.14; G2
V276-025  720-725  Limesione, Tight to dark gray. 0.2 1206 1ISO-1E5  Lamestone, wicrite, dar ray. 0.2
1276026 750755 cm"m:iu: wolomite, Taestont and 0.19 meos 17BN Saale, Hay, dark gray. 0.35
1276-027  7T80-TES  Limestone, dark Bluish gray. 0.09 1062 10165 SMle, My, derk gray. .22
1276-064  TBA0.I85 Composite: mestone, mediue yray 0.26
1276-028 B10-815  Limestone, wedium to dark gray. 0.13 o shale, Tay, dark gray. !
1276-025 1540 Ldewstone. sparite, dark gray. 6.3 1775-085  INIC-1875  Composite: Uimestone. wedium gray 0.0
1260 850855 Limestome, 1ight ta durk gray end 0.1 ead shale, Vi, dirx griy.
shale, rorcalcarsous, dart gray, AZI6-066  VIL105  Tomosite: ghale, Tiay, carboneceus,  0.50
1276-031 BA0-B85 Smalw, very sﬂgﬂﬂ{ calcareous, 0.60 . Slack, s Timestone, derk gray.
Sraytsh olacts and Hhestone, dirk 1276-067 19301905 Compwsite; shate, 18y, cortoneceant, €71
) #lack, and Vimestone, dary gray.
1271 .32; 0.
276022 $10-915  Limestons, bluish gray, 0.32; 0.:47 1276-068 19601965 Shile, Vhuy, dark gray. 0
1276 .
PE013 MO-%E  Limeston, cortoraceut, thact. sz 1276069 1990-1955 S, Hay, dart gTay. 0.0
1276-034 PoONsC .
Vo975 Liestone, cartonacens, dark gray o8 1Z76-070  22N-2025  Seele, Flay, dart gray on
1276-035  1000-1005  Limertone, micrite, dark bluish gray. 0.10 1z7e-on 2058 m‘:iaﬁl B GATE Srey £ grey- 3-60: 1.63%
1276-036 X ) '
JORIE0 Limstone, micrite, dark blutsh gray 1.0 12607 280285 Tomortia: swle, Vestone o )
omite.
1226-037  10AD-ho X
- TRt 018 WY I Sele, calcarsus, dam gray o Lt
ack.
106038 1076-1 .
05 Limestone, sicrite, dark gray and .08 126010 D245 Swle, calcarwous, datE gray 0.2

shale, caleareous, grayish black.
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TABLE 1A (CONT)
SCREEN ANALYSIS SUMMARY

ol ham Gaclhem
Semple Desth nic Caroon Semple Dapth nic Carbon
nbes tntervat srief Litholopica) Description 1 of hock) Amoer Interval Srinf Lithelogical Description $ of foct)
ietery) Ngters)
1276075 2170-2175  Shale, very calcarscus, bluish gray .70 1076116 1120-3725 Shale, dolowitic, setise bluish gray, 0.47
to stk dluish gray. Loatet Tt 0.5
1276-117  A750-3755  Shale, dolomttic, Bluish gray to .
1276-0706  2200-220% };Hs:ﬂm. micrits, whits to }ight 0.08 Plack, '
uish gray.
6-114 17853790 Siwie, s1tgntly caicarsous, derk gray. 0.
1276=077 X240-2265 Lisestone snd shale, 1igat to dark 0.0¢ w ' 9 '
Sluish gray. 1276114 WIO-M15 gﬂﬁfu. dark grey, calcite fracture 0.23
5.
16079 2290-2285  Shale. very calcareous, bluith gresh- o n
fray. 126-120  240-3M5 n:u-m. Wt grey and gartiose, 0.33
cleaar,
1276-00 2201325  Shale, very Calcarmus, dars gray and 0.13
Hmastona, 11ght gray. 1216121 WI0-W5 cm::u: ®ionite, shale, wirizose 0.4 0.5
M sand.
1206-081  2350-2355  Smle, Viay, dart gray. 0.20 - ) = slufsh ool £ 0.90
-1 1900- Polonite tun Mluish gray L 3
106062 2380-2205  Sle, liay, M grey. 017, o2 Mack )
1276-001  210-2015  Lismstont and Shtle, medius gray. oen 10610 2034 il]ull. wcaicarsous, dard gray 0.55
ack.
1276-084  2640-2045  SMale, wery Chlcaredus, daTk gray. 0.18
1276124 39603965  Composite: shale, guartzose and ¢.42
1276=085 MY0-2475  Shals, Himy, dare gray. c. dclosite, .
1276-086 25002505  Shale, calcarwous, dark gray. 0.26 1276-125 399012995 smrmnm. tﬂu od shale, mON- 0.24
chlcareous, blaesx,
1276-087 25302535 Shale, calearecus, sedium dark gray. 6.8
1276-126 401044015  Sandsione, white and shale, fon- Q.32
1276-088 25602565 Smale, Calcarsous, mediue daTk gray. 0.3 caleavaus, blacs.
§2T6-089  2590-25%5  Shale, CalcaTeous, mediae dark gray. 0.4k 1276-127  A0d0-4045 Lieestone, garx griy and shile, 0.2
slightly calcaraous, dare griy.
1276-090  2620-2625  Swale, Yimy, dark bluish gray. 0.40
122%-128  4D70-4075  Lteestone, dark gray afd shale, 0.3
1276-091  2650-2655 Shale, calcarsous, dirk gray. 0.4 dare gray,
1276-092  2680-2685 Sndle, slightly calcarsous, dark gray.  0.55 1276128 4100-4105  Limestone, etk gray. 0.32
1226083 NGNS Shale, noncalcareous, dark gray to 0.41; 0.47R 1276-130  4130-4135 Limestore, Sarx gray and sNie, 0.18
greenish black. very 1ightly calcareous, dars geay.
1276-09  ZT40-214% sml:i mﬁnums. dare gray to 8.52 1276-131  A160-4165 Limmstone, dark gray. 0.18
graenisn biack,
1276-132 41904195 Ltamitona, and shale, dark gray. 0.91; 0.16R
1276-095  2T0-T75  Shale, moncalearsoss, black. 1.08 ' P ank ey '
1276-123  4220-4220  Limsione, sheie §nd quartrite. 1.43
1276-096  2800-2805  Shale, nomcalcarecus, black. 0
1276-134 42504284  Lémmstons and shele, pray to black. 0.54
1276-097  2833-2835  Shale, moccalcareous, Black. 1.1%
12746135 4280-4284  Limestone and shale, gray o black; 1.05
1276-098  2863-2565  Dolomite, blutsh gray and shale, nmon- 0.29 trace of partite.
calcarwous, black.
1276-136  DN0-4334  Limstors, shele asd quarezite, 0.85
1276-089  2890-2895 Dolomfie, bluisk gray and shale, non- 0.1
calcarwus, black, 16-137  4350-4355  Limestont, shaly and qartzite. .22
1276-100  2920-2925 Dolomite, white to bluisk gray, 0.7 1776138 4370-437%  Dolomite, white. 'K
1276101 2950-2955 QOolomite, white t2 bluish gray. L] 1776-13%  MAO0-M0% h‘lriu. quartzite, chlorite, and .07
te,
1276-102  2980-2985 Dolomite, white to blufsh white and 0,18 il
shale, black.
1276-103  3010-3085  Dolomite, white to bluish gray. 0.13
1276104  JDA0-3045 Dolomite, white to Bluigh gray. 0.15
1276-108  3070-3075 Dolomtie, bluish gray. 0.05%
1226106  305G-3095 Oolomite, white to bluish gray. 619
1276107 3280 Dolomite, bluish gray. 0.4
1276108 3270 Oolomite, bluish gray. o.19
1276109 300 Dlomite, bluish gray, 0.18
1216-110  1330-3135  Dolomite, 1ight Bluish gray to white, 0.16; 0.4
1206-111  3380-3365 Dolcaite, mediam bluish gray. 9.22
1226112 3390-3395  Delomite, mediom Bluish oray. 0.
1276113 3420-3425 Oclomite, medium bleith gray. 0.2}
J276-114  M50-355  Shale, dofomitic, wedium Biuish gray. 0.1%
1276-115  3680-384%5  Shale, dolomitic, wedium Bluish gray. 0.33



Organic Carbon Analyses and Gross Lithological Description

iabie 11

GeoChem Well GSA Total Organic
Sampie Interval Gross Lithological Description Color Carbon
Number M Code (% of Rock)
eters
1276-033D 930-965 : 0.44
-A 70% Limestone, micrite, chunky, blocky,
moderately hard to hard, dark gray. N3
-B 30% Shale, calcareous, chunky, moder-
ately hard, dark gray. N3
1276-0380 1070-1085 1.23
«A 70% Limestone, micrite, chunky, blocky,
moderately hard, dark gray. N3
-8 30% Shale, calcarepus, chunky, moderate-
1y hard, dark gray. N3
1276-0460 1300-1315 1.09
-A 80% Shale, stightly calcareous, chunky,
moderately hard to hard, dark gray. N3
-B 20% Limestone, micrite, chunky, moder-
ately hard to hard, dark gray. N3
1276-0570  1630-1645 0.30
-A 90% Shale, calcareous, chunky, platy,
moderately hard to hard, dark gray. N3
-B 10% Limestone, micrite, chunky, moder-
ately hard, medium dark gray. N4
1276-0710  2050-2070 1.07
-A 70% Shale, calcareous, chunky, splin-
tery, platy, moderately hard,
grayish black. N2
-B 30% Limestone, micrite, chunky, moder-
ately hard, dark gray. N3
1276-087D0 2530-2535 ’
-A 100% Shale, calcareous, chunky, splin-
tery, platy, moderately hard, dark
gray. N3
1276-096D  2800-2815 3.60
-A 100% Shale, noncalcareous, ¢arbonaceous,
chunky, splintery, platy, moderately
hard, grayish black, N2
-8 Trace quartzite.
1276-116D 3720-3735 0.39; 0.41
-A 70% Shale, very slightly calcareous,
chunky, platy, moderately hard,
dark gray. N3
-B 30% Dolomite, massive, chunky, moderate-
1y hard to hard, dark gray. N3
This sample is slightly contaminated.
1276-118D0  3785-3790
~A 80% Dolomite, massive, chunky, moder-
ately hard to hard, dark gray to N3 to
white. N9
-B 20% shale, noncalcareous, chunky, mod-
erately hard, dark gray. N3
This sample is slightly contaminated.
1276-1230  3930-3955 1.23
-A 60% Dolomite, massive, chunky, moderate- N3 to
1y hard to hard, dark gray to white. N9
-B 30% Shale, siightly calcarecus, chunky,
moderately hard, dark gray. N3
-C 10% Orthoquartzite, slightly dolomitic,
chunky, moderately hard, very light ”

gray.
This sample is slightly contaminated.

*This sample is contaminated by
walnut shells, mica and metal
filings.



TABLE I

I SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN ANALYSIS
GEOCHEM WELL PERCENT VISUAL KEROGEN
SAMPLE DEPTH ORGANIC ORGANIC MATTER ALTERATION
NUMBER - (METERS) CARBON . TYPE {1 - 5 Scaie)

I1276-033D 930~ 965 0,44 H*;W-C;- 4-to 4
127§-038D 1070-1085 1.23 W-C;H*;- 4- to 4
1276~046D 1300-1315 1.08 W-C;~;H* 4- to 4

I 1276-057D 1630-1645 0,30 Am;H*-W-C;- 4~ 10 4
1276-071D 2050-2070 1,07 W-Ci;~;Am-H* 4-to 4

I 1276-096D 2800-2815 3. 60 B*-W-C;-;- 4-to 4

I 1276-116D 3720-3735 0.39; 0.41R Am(Al);-;C 4= to 4
1276-123D 3930-3955 0.45 Am-Cj;-3- 4-t0 4

¥» = Repeat Analysis Al = Algal

I Am = Amorphous-Sapropel

Kerogen Key H = Herbaceous-Spore/Cuticle
H* = Degraded Herbaceous
I’redominant: Secondary: Trace w =  Woody
} C = (Coaly
U =  Unidentified Material

I 60 - 100% 20-40% 1-20%



Table IV

Summary of C154 Soxhlet Extraction, Deasphaltening
and Liquid Chromatography

A. Welghts of Extracts and Chromatographic Fractions

GeoChem Weight of 'Total Precipitated N-C5 Paraffins- Eluted Noneluted

Sample Hock Extd. Extract Asphaltenes Soluble Sulfur Naphthenes Aromatics NSO'S NS0'Ss

Number Well Interval {grams) {grams) {grams) {grams) {grams) {grams) {grams) (grams) {grams)
1276-033b 930~ 965 100.0 0.0174 0.0039 0.0135 N.D, 0.0033 0.0019 6.0071 0.0012
1276-038D 1070- 1085 100.0 0.0270 0.0077 0.0193 N.D. 0.0063 0.0031 0.0070 0.0029
1276-046D 1300- 1315 100.0 0.0229 0.0056 0.0173 N.D, 0,0054 0.0030 0.0083 0.0006
1276~057D 1630- 1645 100.0 0.0116 0.0047 0.0069 N.D. N.D. N.D. N.D. N.D.
1275-071D 2050- 2070 100.0 0.0209 0.0054 0.,0155 N.D. 0.0041 0.0040 0.0058 0.0016
1276-096D 2800~ 2815 100.0 0.0226 0.0087 0.0139 N.D. 0.0018 0.0020 0,0078 0.0023
1276~116D 3720- 3735 100.0 0.0628 0.0244 0.0384 N, D. 0.0174 0.0084 0.0123 0.0003
1276-123D 3930~ 3955 91.8 ¢ 0.0406 0.0133 0.0273 N.D. 0, 0071 0.0075 g.0111 0.0016
B, Concentration of Extracted Materials in Rock

~~-Hydrocarbons— ———em e Nonhyd rocarbonge————e————ee—

GeoChen Total Paraffin- Preciptd, Eluted Noneluted

Sample Extract Naphthene Aromatic Total Sulfur Asphaltene NSO'S NSO'S Total

Number Well Interval {pom) {ppm) {ppm) (ppm) {ppm) {pem) {ppm} (ppm) (ppm)
1276-033D 910~ 965 174 33 19 52 - a9 2t 12 122
1276-038D 1070~ 1085 270 63 k3| 94 - 77 70 29 176
1276-046D 1300- 1315 229 54 30 84 - 56 83 6 145
1276~057D 1630~ 1645 116 - - - - a7 - - -
1276~071D 2050- 2070 209 41 40 81 - 54 58 16 128
1276~096D 2800~ 2815 226 18 20 38 - 87 78 23 188
1276~116D 3720~ 3735 628 174 84 258 - 244 123 3 370
1276-123D 3930~ 3955 442 77 82 133 - 145 121 17 283
C. Composition of Extracts -

Hydrocarbong————-—— —rrrr—mm———Nonhydrocarbons:

GeoChem Paraffin— Eluted Noneluted Précipitd.

Sample Naphthene Aromatic Sulfur NS0'S NSQ'S Asphal tene HC'S

Number Well Interval % % PN/Arom % % 3 % Asph/NSO % HC/Non
1276-033D 930~ 9A5 19.0 10.9 1.74 - 40.8 6.9 22.4 0.47 29.9 0.43
1276-038D 1070~ 1085 23.3 11.5 2,03 - 25.9 10.7 28.5 0.78 34.8 0.53
1276-046D 1300- 1315 23.6 3.1 1.80 - 36.2 2.6 24.5 0.63 36.7 0.58
1276-057D 1A30- 1A45 - - - - - - 40.5 - - -
1276-071D 2050~ 2070 19.6 19.1 1.03 - 27.8 7.7 25.8 0.73 38.8 0.63
1276-090D 2800~ 2815 8.0 8.8 0.90 - 34.5 10.2 8.5 0.8% 16.8 0.20
1276~-116D 3720~ 3735 27.7 13.4 2.07 - 19.6 0.5 38.9 1,919 4l1.1 0.70
1276-123D 3930~ 3955 17.5 18.5 0.95 - 27.3 3.9 32.8 .05  36.0 0,56




Table V-
Saturate Hydrocarbon Analyses

Summary of Paraffin-Naphthene Distribution

GeoChem
Sample % 3 % c-p c-p
Nuuber Well Interval Paraffin Isoprenoid Naphthene Index A Index B ipl9/ip20
1276-033D 930~ 965 30.5 2.9 66.6 1.09 - 1.02
1276-038D 1070~ 1085 32.3 4.7 62.9 - - 1.34
1276-046D 1300- 1315 21,1 3.3 75,7 - - 0.84
1275-057D 1630~ 1645 i8.1 2.1 79.8 1.02 1.13 0.84
1276-071D 2050- 2070 26.5 2.4 71.0 1.02 1.12 1.09
1276~096D 2800- 2815 20.1 4.3 75.6 - - 0.84
1276-116D 3720~ 3735 27.7 1.2 .1 1.03 - 0.48
1276-123p 3930- 3955 30.3 3.0 66.7 1.03 - G4.66
Table V-B
Saturate Hydrocarbon Analyses
Normalized Paraffin Distribution
GeoChem
Sample % $ 3 % % ] ] L] % % % % 3 3 3 3 % % % 3 % % %
Number Well Interval nC15 nCl6 nCl7 ipl9 nCl8 ip20 nCl9 nC20 nC2l nC22 nC23 nC24 nC25 nC26 nC27 nC28 nC29 nC30 nC31 nC32 nC33 nC34 nC35
1276-033D 930- 965 1.8 6.5 10.2 4.4 10.4 4.3 10.0 11.5 13,2 11.9 8.1 4,5 1,9 0.8 0,2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
1276-038D 1070~ 1085 9.1 15.4 ¥7.1 7.3 12.7 5.5 8,5 6.1 5.7 5.5 3.8 2.1 0.9 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1276-046D 1300- 1315 0.9 4.6 10.4 6.1 13.4 7.3 13.0 12,1 11.6 9.5 6.3 3.1 1.1 0.4 6.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
12716-057D 1630~ 1645 0.3 3.3 12.1 4.8 12,0 5.7 15.0 1.5 8.7 B.0 6.1 4.2 3,2 2.2 1.4 0.9 0.7 0.3 0,3 0.2 0.1 0.0 0.0
1274-071D 2050~ 2070 1.3 6.8 17.6 4.4 11.7 4.0 15,0 8.9 7.4 6.9 S.4 3.6 2.6 1.8 1.0 0.6 0.4 0.3 0.3 0.1 0.0 0.0 0.0
1276-096D 2800- 2815 6.4 4.9 12.7 8.1 16.5 9.6 15.0 11.7 8.2 6.2 4.0 1.7 0.6 0.3 0.1 0,0 0,0 0.2 G0 0.0 0.0 0.0 0.0
1276-116D 3720~ 3735 0.2 1.2 4.2 1.4 8.4 2.9 12.0 13,0 12.6 12,8 11.4 8.6 5.5 3.3 1.6 0.6 0.3 0.1 0.0 0.0 0.0 0.0 0.0
1276-123D 3930- 3955 1.2 4.1 7.9 3.5 11.5 5.4 12,9 12.3 10.4 9.9 8.3 5.8 3.4 2.0 0.9 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0




TABLE Vi
VISUAL KEROGEN ASSESSMENT WORKSHEET

. SENERAL CA
Penex No. 1 Chinos Well WDIGENOUS POPULATION {WTERPRETED) CHARACTERISTICS _m:f’mmm pomprnid
Chihoahoa, Mexice Law: WATTER] WATURATION mEEX N e o N b e
~
5 J’} #{/
e SR A 7 L
S LS % ol s £ SRS £
GEDCHEM No _ OETH ? 4 i 4 renums IV ; 7 .
$1276-009 245 m K P [JAm;—;- I: = Thmic
1276-012 335 m HEE-T | |H;Am-8-C;- 1] T
1276-014 395 m | :i: o § § et : - L‘,;’_".L’.:-E:_
1276-016 455 m R i TN i
1276-018 515 m G L H* :Am b= s T e
1276-021 605 m HEr TR IR T iR
1276-023 565 m i1 |-} W AL : : Wkl T
1276-024 | 695 m [ L HY ;= sAm--C ' : TRTT:
1276-029 - : e N 3o jAm-We
1276-031 ﬁ;g n Rt :_‘é;ﬁ;'ff B LI
1276-033 945 m HHT — T i et sn B LAt
1276034 | 975 m I (e N T PR
1276-036_1 1030 m_HTHr £ WITETE 5 : R
1276-033 1076 m e Wl iH*: | i o Tt
1o i CiHY ;-
1276-041 {1155 n - A HoCis : B
:275-044 1245 m H : ot WeCiniHE u . H-C'-:H* 2
276-0%6 | _ 1305 m_fiiit: 3 W-CisHe 3 0ot
1276-047 | 1335 m HEies AT B Lot huid
{1276-psg [ 425 m X Y i : delicit
1276-055 | __ 1575 m i Am; - sHE=W=E ] i T
1276-057 | ~ 1635 BEELLE AT HY-BnC in T 7 YTy
1276-060 | 1725 m f+ - X u-c;mfng;- 1 I :mc".‘:;uﬁff'
1276:062 285 it H? ;- sAmb-C B T
1226-066 905 m LT Wt 1= et 3 42 1o :A- Ha(,
1276-088 965 m id o BRI H 1 :'Ef':‘ﬁ'n-
1276-011 2055 m X + We Dy o3 Am=H® ] 3 e
1276-073 | 2lt6 m - Tt e s Aomeli i 1 ::E;:;mj::
:;g-g;g :;;; n ALidnese 2 WoC3Am-H*
376~ ™ CELY H*-)-C. ] - He M- im e
s?6-082 2385 m , Ty H*-H-C; ' " inad. ok % Sl S \'LCM
1776-685_| 2876 m 7 ene HeoMeCioge  fVLOM
1276-087 | 2636 m T " AT HEjoge VLOM
1276-090 1 2625 m HHHCHH e ] et r e
1276-092 | 2685 m iR WeCioie i : iz €0 VLOM
1276-095 2775 L iy Hezmim l M-Cimis VLOM
1276-096 2805 m_ HEHON He oMol imie = L“}:E VLOM
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TABLE VII
VITRINITE REFLECTANCE SUMMARY

GEOCHEM DEPTH TYPE NUMBER MINIMUM MAXIMUM MEAN

SAMPLE OF  POPULATION  OF REFLECTANCE REFLECTANCE REFLECTANCE  STD. DEV.

NUMBER (meters)  SAMPLE READINGS { % Ro) { % Ro) ( % Ro) ( % Ro) REMARKS

1276-033D 945 CTGS (1) 1 2.36 2.36 2.36 -
(2) - 46 3.90 4,80 4.48 0.212
(3) 13 4.85 5.48 5.06 0.178

1276-38D 1075 CTGS (1) 49 4,11 4,94 4.53 0.215
(2) 11 4.98 5.51 5.22 0.181

1276-046D 1305 CTGS (1) 8 1.83 2.14 1.99 0.113
(2) 15 2.25 2.75 2.48 0.155
(3) 5 3.80 4.24 3.98 0.206
(4) 32 4.42 5.54 4,86 0.259

1276-071D 2055 CTGS (1) 10 1.77 2.50 2.17 0.250
(2) 50 4.39 5.77 4.97 0.294

11276-087D 2535 CTGS NO VITRINITE

1276-096 2805 CTGS MO VITRINITE

1276-118 3790 CTGS (1) 3 1.90 1.96 1.93 0.031
(2) 3 3.88 5.02 4.71 0.379
(3) 49 5.27 7.15 5.79 0.374

1276-123D 3935 CTGS (1) 1 3.29 3.29 3.29 -
(2) 3 3.34 4.56 4.19 0.361
(3) 3 5.18 5.52 5.32 0.178



Cy-Cn Hydrocarbon
The Cl-C,, hydrocarbon content and composition of sediments reflects source iype, source quality and thermal matarity,

The Cy-Cy hydrocarbon content of well cuttings is determined by analyzing both a sample of the cuttings and the air space at the
top of the can. The results of the two analyses are summed to give an inventory of the €. -C,, hydrocarban content of the well cut-
tings prior to any losges from the cuttings during the lapsed Hime périod hetween collecticn ag the wellsite and laboratory analysis.

The air space Cy~Cq hydrocarbon analysis invelves taking 2 measured volume of the alr space gas out of the can with a syringe and
{njecting same into 4 gas chromatograph. GeoChetu uses & Varisn Aerograph Model 1400 Instrument equipped with a Porapec @
column, The gas sample is taken through the column by a carrier gas and before reaching the detector is separated into its various
C; (methane), Cy (ethane), Cg {propane), 1C, (lsohutane), nC, (normal butane), and Cg, Cg, Cy bydrecarbon components.

This particular analysis gives a complete separation of the C,-Cy4 gas-range hydrocarbons and a partial separation of the Cg-Cq
gasoline-range hydrocarhons. (4 detailed C4Cy anelysis, to be discussed later, involving a capillary column, effects a complete
separation of this molecular range into its several individual molecular specles. )

The electrical response of the various hydrocarbous as they reach the detector {3 recorded on a paper strip chartf as a peak. This
respoase ig simultanecusly fed fo an integrator which computes the area of each peak. The concentration of C1-Cq hydrocarbons

in the air space, expreaged as volumes of gas per million volumes of cuttings, is determined by a calculation involving the volume
of cuttings, volume of air space in the can, valume of sample injected, volume of standard gas sample used in the callbration, call-
bration factor for Cys Cys Cyy eten determined by gc analysis of a standard gas sample, and the go peak response.

The Cy-Cq hydrocarbon content of the cuttings 18 determined by degasification of & measured volume of cuttings (in & medium of &
measured volume of water} in a closed blender, sampling of the air space at the top of the hlendex, and Injection of a measured val-
ume of gas into the gas chromatograph,

The Cy-Cp hydrocarbon data from the air space and cuttings gzg analyses are summed to give & "restored C3-Cy hydrocarbon
content of the cuttings,

Sample Washing and Hand-Picking of Uncaved Lithology Samples

The cuttings samples are washed to remove all drilling mud from the cuttings. Care is faken in the washing procedure not to re-
move any soft clays, claystones, etc. and any loose fine sand and 8iit. The washed cuttings are usually kept under water cover
until picked, to prevent loss of any gascline-range hydrocarbons. Using the C;-Cq hydrocarbon data profile and the electrical

well log supplied to us and our visual examination of the cuttings material under the binocular microscope, we carefully hand-pick
and describe a auite of uncaved lithologies representative of the various siratigraphic zones penetrated by the well. The lithologl-
cal data 18 used to compile a gross ltho percentage log which is shown on all Figures. The 2-4 gram picked lithology samples are
stored under water in small glass vials in those {nstances where we wish to run detailed C,-C, hydrocarbon analyses. This sample
set is used not only for the C "C.7 hydrocarbon analysis, but also for the viaual kerogen an% total organic carbon analyses. Al re-
matning cuttings material is dried and packaged in Iabelled plastic bags for poasible Cyg, saxhlet extraction and/or eventual return
to the client. Sample materiel from this study will be retained at GeoChem until advised of disposition.

Detailed Cy—Cy Hydrocarbon

The Cy-C gasoline-range hydrocarbon content of sediments reflects source quality, thermal maturation and organte facies. Com-
positional ‘data ean be used in erude ofl-parent rock correlation work.

‘The C -Crp hydrocarbon content and detailed molecular composition of bydrocarbon, in hand-picked lithologies, is determined by a
ge a.na‘iysia of the light hydroearbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measured velume
of sample is placed in & sealed microhlender along with & weasured volume of hot water. The rock sample is pulverized by the
blades of the blender, A sample of the liberated light hydrocarbona which collect in the air space at the top of the bleader is in-
jected into our Varian Aerograph 1400 ge unit which {8 equipped with a capillary column, Data recording, computations, ete. are
comparable to those used for the C;,'C'z analysis discussed previously in this report, Hydrocarben concentration is expressed as
volume gas per million volumes of cuttings.

Crganic Carbon

The total organic carbon content of a rock is a measure of its total organic richness. This data is used, in conjunction with visual
kerogen and C;-Cyqy C4-Cq and Cy g4 hydrocarbon content of a rock, to indicate the hydrocarbon source quality of rocks.

The procedure for determining the total organie carbon content of a rock involves drying the sample, grinding to a powder, welgh-
ing out 0.2729 gram sample into & crucible, acidizing with hot and cold hydrechlorie acid to remove calcium and magnesium car-
bonate, and carbon analysis by combustion in a Leco carbon analyzer.

We Tun several blank crucibles, standards (iron rings of known carbon content) and duplicate rock saniples in this analysia at no
additional charge to the client for purposes of data quality control.

015,,_ Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock refiecta source quality and source
type. CL3/ 12 carbon isotople, high mass spectrometric and go analyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the saluble extract gives data which is used in crude ofl-parent rock correlations.

This analysis involves grinding of a dry rock sample to a powder and removal of the soluble organic matter by soxhlet extraction
using & co-distilled toluene-methancl azeotrope solvent. Where the amount of available sample material permits, we lke to use
at least 100 grams of rock for this analysis, '

The extracted bitumen is separated intc an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitation, The
pentane soluble components are separated into a Cyp, paraffin-naphthene (P-N) hydrocarben, C5, aromatic hydrocarbon (AROM)
and C;5; nitrogen-sulfur-axygen containing fraction (NSO) by adsorption chromatography on 2 silfca gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluants.



APPENDIX A  (continued)

GC Analysis of Cy5, Paraffin-Naphthene (P-N) Hydrocarbous

The content and molecular composition of the heavy C, 5, paraffin-naphthene (P-N) bydrocarbons of rocks, as determined by ge
analysis, reflects source quality, source type and degree of thermal maturation,

In this analysis, we subject a very small fraction of the total amount of the P-N fraction extracied from a rock sample to gc analy-
sis. The gas chromatograph is & Varian Asrograph Model 1400 equipped with a solid rod injection system and a eutectic column.

The calculated C. P.1. {carbon preference index} values for the normal parafiin datn is defined a8 the mean of two rativs which are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even~carbon aumbered n-
paraffing. The C,P. Indices A and B were obtained by the formulass

Ca17CastCa5¥Cay | Ca1+CagtCss+Cay Co5rContCouiCa | CpgtlaqtlagtCyy
C.P. Index A = Cpp+Cpa+CoptCpg  CogtContlggiCag C.P. Index B= Cgg+Cast+C3r+Ca2 CogtCog+C48+C30
2 2
Visual Kerogen

A visual study of kerogen, the insoluble organic matter in rocks, can indicate the relative abundance, size, and state of preserva-
tion of the various recognizable kerogen types and thereby indicate the hydrocarbon source characier of a rock, The color of the
kerogen can be used to indicate the state of thermal mawrity of the sediments (i.e. their time-temperature history). Thermal
maturation plays an important role in the generation of hydrocarbons from organic matter, and also affects the composition of
reserveired hydrocarbons.

Our procedure for visual kerogen slide praparation involves isolation of the organic matter of a rock by removal of the rock mate-
rial with hydrochloric and hydrofinoric acid treatiment and beavy Heuid separation. This proeedure is comparable to that used by
the palynclogist except it does not include an oxidation stage. (The axidation treatment is deleted from our procedure because it
removes & great deal of kerogen and blanches any remaining kerogen to en extent whereby it s useless for our kerogea cclor
observations.) The kerogen residue is mounted on 2 glasg slide and i examined visually under & high power microscope.

Yitrinite Reflectance

Measurement of the reflectivity of vitrinite particles (%Rg) present in the kerogen isclated from sedimentary rocks provides a method
of determining the state of maturation, and the diagenetic (time-temperature) history of the organic matter present in the sediments,

The kerogen, obtained from a 26 gram aligquot of crushed rock by the acld procedure previously discussed, is dried and embedded
in a Bioplastic plug, The surface of the plug is polished using 0. 05 micron alumina and the reflectivity determined under ofl using
a Ziess high resolution microscope. A minimum of 40 values are required to adequately deteymine the Maturation Rank.

Fluorescence Spectrophotometric Analysis

Fluorescence spectrophotometry can be used to characterize and fingerprint crude ofis, establish crude ofl-seurce rock relation-
ships, and to measure the hydrocarbon source potentfal of fine-grained sediments.

A one (1) micrcliter aliquot of either (i) a crude ofl or {if) the solvent extractable rock bitumen, is passed through an aluminz/
silica gel micro column and the Cy 4, aromatic hydrocarbans isclated. The aromatic hydrocarbon is diluted and the emission and
excitation spectra determined at £40 nm and 420 nm using a Perkdn-Elmer Model 512 Double Beam Fluoreacence Spectrophotometer.

GEOTHERMAL DIAGENETIC CRITER!A

(GEOCHEM LABORATORIES, INC)
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