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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: AUSTRA TEX NO.l EXXON MINERAL
API NO.: 30-006-20007
AREA: NORTHWEST
LOCATION: CIBOLA COUNTY, NEW MEXICO SEC.23, TI2N, R4W
GEOCHEM JOB NO.: 3601
TOTAL DEPTH: 5723 fr,
INTERVAL SAMPLED: 3170-3440 ft,
TOTAL NUMBER OF SAMPLES: 2
ANALYSES
GEOCHEM g E
SAMPLE SAMPLE STRATIGRAPHIC 2 o 2 e
NUMBER DEPTH INTERVAL a8 = S g E
e 1 w4 o
3601-001 3170-3231 San Andres X X X X
3601-002 3420-3440 Yeso X X X X




SUMMARY FIGURE 1
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AUSTRA TEX NO.l1 EXXON MINERAL
SEC.23, T12N, R4W, CIBOLA COUNTY, NEW MEXICO
API NO. 30-006-20007

GEQOCHEM DEPTH TOTAL ORGANIC *
SAMPLE INTERVAL CARBON
NUMBER { feet) (% of Ro-k)
3601001 3170-3231 0.18
3601-002 3420-3440 0.21/0.20

* SEE APPENDIX AT REAR OF REPORT



TABLE I1I

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AUSTRA TEX NO.1 EXXON MINERAL
SEC.23, TL2ZN, R4W, CIBOLA COUNTY, NEW MEXICO

API NO. 30~-006-20007

GEOCHEM DEPTH ORGANIC *
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.Z)
3601-001 3170-3231 0.18
-A 40% Dolomite, fine crystalline,
pale yellowish brown. 10YR-6/2
-B 607% Mudstone, calcareous,
pale reddish brown to LOR-5/4 to
grayish red. 10R-4/2
CAVED
Trace white sandstone
(Glorieta type) and gray
mudstone.
35594-002 3420-3440 0.21/0.20
-A 25% Dolomite, fine crystalline,
moderate yellowish brown to 10YR-5/4 to
dusky yellowish brown. 10YR-2/2
-B 5% Mudstone, calcareous,
medium gray. N6
-C 70% Mudstone, calcareous,
pale reddish brown to 10R-5/4 to
grayish red. 10R-4/2

CAVED
(poor sample)

* SEE APPENDIX AT REAR OF REPORT



SUMMARY OF ORGANIC CARBON AND VISUAL RKEROGEN DATA

TABLE IIXI

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AUSTRA TEX NO.l EXXOW MINERAL

SEC.23, TI2N, R4W, CIBOLA COUNTY, NEW MEXICO
API WNO. 30-006-20007

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE IRTERVAL ORGANIC ORGANIC MATTER NORMALIZED PERCENT ALTERATIOR ALTERATIOR
NUMBER (feet) CARBON TYPE Al Am H W I STAGE INDEX
3601-001 3170-3231 0.18 H;L;Am-W 0 12 50 12 26 2- to 2 2.0
3601-002 3420-3440 0.21/0.20 H*;Am31 0 38 50 1] 12 2 2.2
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous—Sapropel
Am** = Relic Amorphous—-Sapropel
Predominant; Secondary; Trace H =» Herbaceous-Spore/Pollen
60-1007% 20-40% 0-20% H¥ = Degraded Herbaceous

W * Woody-Structured

U = Unidentified Material

1 = Inertinite

C = Coaly




TABLE IV

RESULTS OF ROCK~-EVAL PYROLYSIS ANALYSIS *

NEW MEXICO HYDROCARBON SQURCE ROCK EVALUATION

AUSTRA TEX NO.l1 EXXON MINERAL
SEC.23, T12N, R4W, CIBOLA COUNTY, WEW MEXICO
APL NO. 30-006-20007

GEOCHEM DEPTH
SAMPLE INTERVAL THAX 81 §2 83 T.0.C. HYDROGEN OXYGEN
FUMBER (Feet) (e) (mg/g) (wg/e) (mg/g) PI PCk (wt.2) INDEX INDEX
3601-001 3170-3231 383 0.05 0.10 0.61 0.36 0.0! 0.18 55 338
3601-002 3420~3440 406 0.06 0.13 0.23 0.33 0.01 0.21 61 109
*

T.0.C. = Total organic carbon, wt.X 53 = C02 produced from kerogen pyrolysis Oxygen

51 = Free hydrocarbons, mg Hefg of rock (mg €02/g of rock) Index = mg CO02/g organic carbon

82 = Residual hydrocarbon potentisl PCH = 0.083 (sl + S2) PI = 81/81 + S2

({mg HC/g or rock) Hydrogen THMAX = Temperature Index, degrees C.
Index = mg BC/g organic carbonm

* SEE APPENDIX AT REAR OF REPORT



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

GENERAL CAVED AND/OR SUMMARY
~TEX NO.1 EXXOR MINERAL
‘;‘gng‘; T12N, R4W INDIGEROUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION (S) ORGANIC
Ploiye 7 MATTER
TYPE  OF COLOR OF STATE OF TYPE OF
1? 150?7;3?@ ¥ NEW MEXICO ORGANIC MATTER| MATURATION INDEX ORGANIC MATTER|ORGANK MATTER| ™  |ORGANIC MaTTer| MATURATIGN INDEX TYPE
AP1 #30-006-20007
& 2%
v (>
\.“‘fb 2
GEGCHEM No. DEFTH b { X7 REMARKS
3601-001 _13170-3231) ) Mud Additive | BH;1;Am-W
01=002 |3420-3440 ] _ H¥*;Am3T

B RRRRERREEE nAREERRNER]!




APPENDIX

*NOTE: These samples were mixtures of caved red mudstones and indigenous
material. The picking of an indigenous sample was impractical so
the sample was analyzed without picking. An "Adjusted TOC" value for
indigenous material was calculated as follows:

(Fp)(Tocy) + (Fg)(TOCE) = (1)(TOCT)

TOCy = TOCp ~ (Fc)(TOCq)
F
I

Where FI

fraction of indigenous sample TOCy
Fg

fraction of CAVED material TOCc
TOCy

TOC of indigenous sample
TOC of CAVED material
TOC of Total gample

(U TR 1§

The data are presented in Appendix A.

In like manner, adjusted values have been computed for the Rock-Eval data.
These are shown in Appendix B,

No adjustments were needed for the visual kerogen data since the red beds do not
contain any kerogen of any significance.
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APPENDIX A

ORGANIC CARBON VALUES CORRECTED FOR CAVED MATERIAL

ADJUSTED TOC*

GEOCHEM DEPTH TOTAL ORGANLC BRIEF Value allowing for
SAMPLE INTERVAL  CARBON (X of Rock) LITHOLOGIC non separated caved
NUMBER (feet) (Total Sample Analyzed) DESCRIPTION material
3601-001 3i70-323] 0.18 40 Dol, 60 Red Mdst 0.21
3601-002 3420-3440 0.21/0.20 25 Dol, 5 Mdst, 70 Red Mdst 0.29
3601-003 Composgite of caved 0.16

red mudatone taken
from both samples




APPENDIX B

ROCK-EVAL PYROLYSIS ANALYSIS CORRECTED FOR CAVED MATERIAL

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATLON

AUSTRA TEX NO.1 EXXON MINERAL
SEC.23, TI2N, R4W, CGIBOLA COUNTY, NEW MEXICO

API NHO. 30-006-20007

GEQCHEM DEPTH
SAMPLE INTERVAL THAX Si 52 s3 T.0.C. HYDRCGEN OXYGEN
RUMBER (Feet) (c) (mg/g) (mg/g) (mg/g) PI PC* (wt.2) INDEX INDEX
3601-001 3170-3231 383 0.06 0.12 0.71 0.33 .01 0.21 55 338
3601002 3420-3440 406 0.09 0.19 0.33 0.32 n.02 0.29 61 109

T.0.C. ~ Total organic carbon, wt.X S3 = C02 produced from kerogen pyrolysis Oxygen

S1 = Free hydrocarbons, mg He/g of rock (mg c0O2/g of rock) Index = mg CO2/g organic carbon

s2 = Residual hydrocarbon potential PC* = (.083 (51 + 52) P1 = S1/81 + 82

(mg HC/g or rock) Hydrogen TMAX = Temperdature Index, degrees C.
Index = mg HC/g organic carbon



LEGEND FOR SUMMARY DIAGRAM

DEPTH: in feet

LITHO LOG: see Llichology symbols

STRATIGRAPHY: by age

% TOC: percent total organic carbon

HI: Rock=-Eval, Hydrocarbon Index = 100 $2(0/00 Wt)/TOC

OL: Rock-Eval, Oxygen Index = 100 83 (0/00 Wc)/TOC

HC YIELD: Rock-Eval, S2 peak (ppm)

52/53: Rock-Eval, Ratio of 82 to S3 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock=Eval, maximum temperature of S2 peak, in degrees Centigrade

ZRO (A): Vierinite Reflectance (scale 0 to 5)

TAL (*): Thermal Alteration Index {Scale 1 to 3)

FREE HC: Rock-Eval, Sl peak (ppm)

PI: Rock-Eval, Productivity Index = S1/(81+52)

LITHOLOGIES KEROGEM TYPES

EZIIZ) SHALE E2223] AMORFHOUS

=] MUDSTONE EVAPORITES HERBRCECUS

S22 SILTSTONE B o ] WOODY
SANDSTONE /] 1GNEQUS ROCKS E INERTINITE

%] CONGLOMERATE
%] BRECCIA

il VOLCANICS

NN METAMORPHIC ROCKS
e L IMESTONE BB sasevenT
T2 DOLOMITE OTHER
5] MARL MISSING SECTION




APPENDIX A

Brief Description of Organic Geochemical anglysss Carried Out by GeoChem

C!-Cq Hydrocarhon
The CI—C.r hydrocarbon content and composition of sedimeants reflects source type, Source quality and thermal meturity,

The C;-Cq hydrocarbon content of well cuttings 18 determined by annlyzing both a aample of the cuttings and the air space at the
top of the can. The results of the two analyses are summed io give an inventory of the CI—C hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the lapsed Hme perlod between collecHdn aI the wellsite and laboratory analysis.

The air space Cl‘cfr hydrocarbon analysts involves taking & measured volume of the atr space gas out of the can with a syringe and
injecting same fnto a gas chromatograph. QeoCherm uges a Varian Aerograph Model 1400 instyument equipped with a Porapec Q
colume. The gas sample t9 taken through the column by & earrier gae and hefore reaching the deteotor 1s separated into ita various
C, (methane), C, (ethans), Cg (propane), 1C4 (isobutane}, nCy (normal butang), and Cp» Cgs Cq hydrocarbon components,

This particular anslysis gives & complete separation of the Cy-C, gas-range hydrocarbons and a parial separation of the C5-Cq
gasoline-range hydrocarbons. (A detailed C 4~ Cpy analysls, to be discussed later, involving a capillary column, effects a completo
seperation of this molecular range into its several indlvidual moleculsr species.}

The electrical response of the various hydrocarbons ag they reach the detector is racorded on a paper strip chart as a peak. This
responsae 1s simultaneously fed to an integrator which computes the area of each peak. The concentration of C;-Cq hydrocathons

In the air space, expressed as volumes of gas per million volumes of cuttings, is determined by a calculation involving the volume
of cuttings, volume of alr space In the can, volume of sample injected, volume of standard gns sample used in the calibration, cali-
bration factor for Cir Co Cgs ete. determined by ge anslysis of a standard gas sample, and the ge peak Iresponds,

The C1'C'I bydrocarbon content of tha cuitings 15 determined by degasification of a measured velume of cuttings (o a medinm of &
measured volume of water) in a closed blender, sampling of the air space at the top of the blender, and injection of 8 measrred vol-
ume of gas into the gas chromatograph.

The C1~Cy hydrocarbon data from the air space and cuttings gas analyses are summed to glve a "regtored! C;-Cq hydroca-bon
content of the cuttings.

Sample Washing and Hand-Pleking of Uncaved Lithology Samples

The cuttings samples are washed to remove all drilling mud from the cuttings. Care 18 taken in the vashing procedure not to re-
move any soft clays, claystones, etoc. and any loose fine sand and silt. The waghed 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 eleotrical

well log supplied to us and our visual examination of the cuftings material under the binocular microgcope, we carefully hand-pick
and describe & suite of uncaved lithologles representative of the various atratigrapbic zones penetrated by the well. The lithologl-
cal data is used to complle a gross litho percentage log which 13 shown on ell Figures. The 2-4 gram plcked lithology samples are
stored under water in small glass vials in thode insmances where we wish to xun detailed C,4-C, hydrocarbon analyses. Thir sample
set 13 used not only for the C -C,‘, hydrocarbon analysig, but also for the visual kerogen and toI{al organic carbon analysea, All re-
maining cuttings material ig dried and packaged in labelled plastic bags for poasible C,p, soxhlat extraciion and/or eventual return
to the client. Snmple material from this study will be retained at GeoChem until adviged of dlsposition,

Detalled Cy4~Cy Hydrocarbon

The C 4~C gasoline-range hydrocarbon content of sediments reflects source quallty, thermal maturafion and organic facies, Com-
posltional data can be used in crude oll-parent xock correlation work,

The C ~Cy hydrocerbon content and detalled molecular composition of hydrocarbon, in hand-picked Hthologies, 13 determined by 2
go gls of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measured volume
of sample i9 placed in & sealed microblender along with a measured volume of hot water. The rock sample 13 pulverized by the
blades of the blender. A sample of the liberated light hydrocarbons which colleet in the air space at the top of the blender is in-
jected into our Varian Aercgraph 1400 ge unit which 1s equipped with a capillary column. Data recording, computations, ete. are
comparable to those used for the C, -C, analysis discussed previously in this report. Hydrocarbon concentration is expresned as
volume gas per milllon volumes of 9.

Organie Carbon

The total organic carbon content of a rock is a measurs of {ts total organic riclmess. This data {s used, in conjunction witl visual
kerogen and C;-Cqp C4Cq and C; g, hydrocarbon content of a rock, to indicete the hydrocarbon source quality of rocks.

The procedure for determining the total organic carbon content of a rock involves diying the sample, grinding to a powder, welgh-
ing out 0,2729 gram sample into a crueible, acidizing with hot and cold hydrochloric acid to remove calclum and magnesium car-
bhonete, and carbon analyels by combustion in a Leco carbon anadyzer,

We xun several blank crucibles, standards {iron rings of known carbon content} and duplicate rock samples {n this analysis at no
additional charge to the client for purposes of data quality control.

Cigs Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock reflects sowrce quality and scurce
typa, ©13/c12 carbon isotopic, high mass spectrometric and ge anslysss of the paraffin-naphthene and aromatic hydrocarbon
fractions of the goluble extract glves data which is used in crude oll-parent rock correlations.

This analysis lovolves grinding of a dry rock sample to a powder and removal of the soluble organic matter by soxhlet extrection
using & co-digtilled toluene-methanol azeotrope solvent. Where the amount of available sample materlal permite, we liko to use
at least 100 grama of rock for this analysis.

The extracted bitumen i3 separated into an agphaltene (ASPH) and a pentane soluble fraetlon by normal pentane precipitatior. The
pentane soluble components ars separated into & C, 5 paraffin-naphthene (P-N) hydrocarbon, Cygy aromatic hydrocarbon (ARCM)
end Cyg, nitrogen-sulfur-oxygen containing fraction (NSO) by adsorption chromatography on a sfllca gel-alumina column us‘ng
pentane, tolusne and toluene-methanol azesotxrope eluants.



APPENDIX  (continued)

GC Analysia of Cyg. Paraffin-Naphthene (P-N) Hydrocarbons

The content aud meolecular composition of the heavy C; g, paratfin-naphthene {P-N) bydrocarbone of rocks, ae determinad by ge
analyals, reflocts source quality, source type and dogree of thermal maturation.

In this gnalyels, we subject & very small fraction of the total amount of the P-N fraction extracted from 2 rock sample to go apaly-
sia. The gas chromatograph is a Varian Aerograph Model 1400 equipped with a solid rod injection system and a eutectic columan.

The caleulatsd C.P.1. {carbon preferance index) values for the normal paraffin data is defined a8 the mean of two ratios which are
determined by dividing the sum of concentrations of odd-carboen numbered n-paraffins by the sum of even-carbon numbered n-
paraffina, The C.P. Indices A end B were cbtained by the formulas;

Ca13Cay*Cas7Cay  Ca1+Cog*CostCay Co5+CarCeg+Ca |, CostCaqtlngiCa
C.P. Index A = CoptCpqtCogtCag  CaotCpp*CeqtCag C.P. Index B Cgg+CpptCgptCaz  C24+C26+Cp8+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 pre~erva-
tion of the various recognizable kerogen types and thereby Indicate the hydrocarbon source obaracter of a rock. The color of the
kerogen can be used to indicate the state of thermal maturity of the sediments {.e. their Hme-temperature bistory), Thermal
maturation playa an important role in the generation of hydrocarbona from organic matter, and also ffects the composition of
reserveired hydrocarbons.

Our procedure for visual kerogen slide preparation involves lsolation of the organic matter of & rock by removal of the rock mate-
rial with hydrochloric and hydrofinorie acid treatment and beavy liquid separation. This procedure 18 comparable to that ueed by
the palynologist except it does not include an axidatlon stage. (The oxidation treatment is deleted from our procedure because it
removes & great deal of kerogen and blanches any remaining kerogen to an extent whereby it is uselees for our kerogen colot
observations.) The kerogen residue {s mounted on 2 glass slide and ia examined visually under o high power microscope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles (ERo) present in the kerogen isclated from sedimentary rocks provides a method
of detarmining the state of muturation, and the dlagenetlc {time-temperature) history of the organic matter present ln the sediments.

The kerogen, obtained from a 25 gram aliquot of crushed rock by the actd procedure previously discussed, 18 dried and embedded
in a Bloplastio plug. The surface of the plug is pollahed uaing ¢, 05 micron alumina and the reflectivity determined under ofl using
a Zless high resolution microscope. A minimum of 40 values are required to 2dequately determine the Maturation Rank,

Fluorescence Spectrophotometric Anslysia

Fluorescence spectrophotometry can be used to characterize and fingerprint erude olla, establish crude oil-source rock relation-
ships, and to meagure the hydrocarbon souxce potential of fine-grained sediments. .

A one (1) microliter aliquet of elther (i) a crude ofl or (it) the aclvent extractable rock bitumen, is pasaed through an alumira/

siiica gel micro column and the C; o, aromatic hydrocarbons {solated. The aromati¢ hydrocarbon 18 diluted and the emission and
excitation specirs detarminod at 240 nm and 420 nm using a Perkin-Elmer Model 612 Daouble Beam Fluoreacence Spectrophrtometer.

GEOTHERMAL DIAGENETIC CRITERIA

(GEOCHEM LABORATORIES, INC)
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