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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: SUN NO.l1, ACOMA PUEBLO NO.l
API NO.: 30-006-07031
AREA: NORTHWEST
LOCATION: VALENCIA COUNTY, NEW MEXICO SEC.2, T7N, RIW
GEOCHEM JOB NO.: 3593
TOTAL DEPTH: 4794 ft.
INTERVAL SAMPLED: 2110-4650 ft,
TOTAL NUMBER OF SAMPLES: 5
ANALYSES
GEOCHEM g E
SAMPLE SAMPLE STRATIGRAPHIC Q i 8 E
NUMBER DEPTH INTERVAL 2 E § E il
= -4 (4 =}
3593-001 2110-2160 San Andres X X X X
3593-002 4180-4230 Pennsylvanian X X X X
3593-003 4330-4350 Pennsylvanian X X X X
3593-004 4450-4520 Pennsylvanian X X X X
3593-005 4600-4650 Pennsylvanian X X X X
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RESULTS OF TOTAL ORGANIC CARBON

TABLE I

NEW MEXICQ HYDROCARBON SOURCE ROCK EVALUATION

SUN NO.l, ACOMA PUEBLO NO.1
SEC.2, T7N, R7W, VALENCIA COUNTY, NEW MEXICO
API #30-006-07031

GEOCHEM DEPTH TOTAL ORG'NIC *
SAMPLE INTERVAL CARBON
RUMBER {feet) (X of Rork)
3593~-001 2110-2160 0.18
3593-~002 4180-4230 0.27
3593-003 4330-4350 0.28
3593-004 4450-4520 0.28/0.30
3593-005 4600-~4650 0.24

* See Appendix at rear of report



TABLE IL

LITHOLOGICAL DESCRIPTIONS AND ORGARIC CARBON ANALYSES

NEW MEXICO HYDROCARBOR SOURCE ROCK EVALUATION

SEC.2, T7N, R7W, VALENCIA COUNTY, NEW MEXICO

SUN NC.l1, ACOMA PUEBLO NO.1

APT #30-006-07031

GEQCHEM DEPTH ORGARIC *
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3593~001 2110-2160 0.18
-A 35% Dolomite, fine crystalline,
dark gray. . N3
-B 5% Anhydrite, fire crystalline,
very pale gray. N8
~G 607 Mudstone, slightly
calcareous, pale red to 5R~6/2 to
grayish red (CAVED). 10R-4/2
3593-002 41804230 0.27
-4 45% Limestone, fine crystalline, N7 to
light gray to dark gray. N3
-B 55% Mudstone, slightly
calcareous, pale red to 5R-6/2 to
grayish red ,(CAVED). 10R-4/2
3593-003 4330-4350 0.28
-A 50%Z shale, calcareous, '
. medium dark gray. N&
-B 507 Mudstone, slightly
calcareous, pale red to 5R-6/2 to
grayish red (CAVED). 10R-4/2
3593-004 4450-4520 0.28/0.30
-A 507% Shale, calcareous,
medium dark gray. N4
~B 507 Mudstone, slightly
calcareous, pale red to SR-6/2 to
grayish red (CAVED). 10R-4/2
3593-005 4600-4650 0.24
-A 65% Shale, calcareocus,
medium dark gray. N4
-B ; 35% Mudstone, slightly
. calcareous, pale red to 5R~6/2 to
grayish red (CAVED). 10R-4/2

*See Appendix at rear of report



SUMMARY OF ORGANIC CARBON AND VISUAL. KEROGEN DATA

TABLE III

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SUN NO.1, ACOMA PUEBLO NO.1
S8EC.2, T7N, R7W, VALENCIA COUNTY, NEW MEXICO
API #30-006~07031

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER HORMALIZED PERCENT ALTERATION ALTRRATION
NUMBER (feet) CARBOR TYPE At Am H w I STAGE INDEX
3593-001 2110-2160 0.18 H-I;Am**-W;- 0 17 33 17 33 2 2.2
3593-002 4180-4230 0.27 HiAm#k-T ;- 0 30 40 0 30 24+ 2.6
3593-003 4£330-4350 0.28 H~1 ;W ; Am* ¥ 0 15 31 23 k)| 2+ 2.6
3593004 44504520 0.28/0.30 H-T ;= ; Am#& 0 20 40 0 40 2+ 2.6
3593-005 46004650 0.24 HyI:W 0 0 50 20 30 2+ 2.6
»
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am¥* = Relic Amorphous-Sapropel
Predominant ; Secondary; Trace H = Herbaceous-Spore/Pollen
60-100Z 20-40% 0-20% H* ™ Degraded Herbaceous
W = Hoody-Structured
u = Unidentified Material
I = Inertinite
C = Coaly




TABLE IV

RESULTS OF ROCK—~EVAL PYROLYSIS ANALYSIS *

NEW MEXICO HYDROCAREON SOURCE ROCK EVALUATION

SUN NO.1, ACOMA PUEBLO NO.1

8EC.2, TVR, RIW, VALENCIA COUNTY, NEW MEXICO

API #30-006-07031

GEQOCHEM DEPTH
SAMPLE IRTERVAL TMAX 51 82 53 T.0.C. HYDROGER OXYGER
NUMBER {Peet) {e) (ng/g) (mg/g) (ng/g) PI BC* (wt.X) INDEX IRDEX
3593~-001 2110-2160 400 0.03 0.07 0.66 0.30 d.00 0.18 38 366
3593-002 4180-4230 336 0.17 0.26 1.45 0.40 0.03 0.27 96 537
3593-003 4330-4350 399 0.18 0.21 1,31 0.47 0.03 0.28 75 467
3593-004 4450-4520 352 0.86 0.91 0.89 0.49 0.14 0.29 313 306
3593-005 4600-4650 381 0.10 0.32 0.30 0.24 0.03 G.24 133 125

T.0.C. = Total organic carbon, wt.Z s3 = G02 produced from kerogen pyrolysis Oxygen

51 = Free hydrocarbons, mg He/g of rock (mg C02/g of rock) Index = mg COZ/g organic carbon

sz = Residual hydrocarbon potential PC* = 0.083 (81 + 82} PI = 31/81 + 52

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

* SEE APPENDIX AT REAR OF REPORT



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

SUN 1 PUEBLO OF ACOMA GENERAL CAVED AND/OR SUMMARY
SEC. 2, T7N, R7W INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION(S) ‘:‘RGANIC
VALENCIA COUNTY, NEW MEXICO TYPE COLOR OF STATE OF TYPE OF ATTER
T.D. 4,794 ’ Trin| MATURATION INDEX ORGANIC MATTER|ORGANIC MATTER| ™ |ORGANIC MaTTER| MATURATION INDEX TYPE
API £30-006-07031 A
< Q“\\‘;\"’
“,V 9,
A 2, A
4 o"‘\f:::“ ‘D‘Q ¢o" g
> >
GEQCHEM fo DEPTH 'f;'&tg"i:%“‘;" ';:~*'°" AT
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3593-002 | 4180-4230 | 111 H3Am¥*-] =
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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 = TOGT - (gggﬁTocC)
I

Where Fy = fraction of indigenous sample TOCy
Fo = fraction of CAVED material TOCq
TOCr

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

non

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.



APPENDIX A

ORGANIC CARBON VALUES CORRECTED FOR CAVED MATERIAL

ADJUSTED TOC*

GEOCHEM DEPTH TOTAL ORGANIC BRIEF Value allowing for
SAMPLE INTERVAL  CARBON (X of Rock) LITHOLOGIC non separated caved
NUMBER (feet) (Total Sample Analyzed) DESCRIPTION material
3593-001 2110-2160 0.18 35 pol, 5 Anhy, 60 Red Mdst 0.27
3593-002 4180-4230 0.27 45 Im, 55 Red Mdst 0.45
3593-003 4330-4350 0.28 5¢ Sh, 50 Red Mdst 0.44
3593-004 4450-4520 0.28/0.30 50 Sh, 50 Red Mdst 0.44
3593-003 4600~4650 0.24 65 Sh, 35 Red Mdst 0.30
3593-006 Composite of caved 0.12

red mudstone taken
from all 5 samples




APPENDIX B

ROCK-EVAL PYROLYSIS AWALYSIS CORRECTED FOR CAVED MATERIAL

REW MEX1CO RYDROCARBON SOURCE ROCK EVALUATION

SUN NO.1, ACOMA PUEBLO NO.1
SEC.2, T7N, R7W, VALENCIA COUNTY, NEW MEXICO
API #30-006~07031

GECCHEM DEPTH
SAMPLE INTERVAL THAX 51 52 53 T.0.C. HYDROGEN OXYGER
NUMBER (Feat) {c) (mg/g) (mg/g) (mg/g) PI PC* (wt.X) INDEX INDEX
3593-001 2110-2160 400 0.05 0.11 0.99 0.30 0.01 0.27 38 366
3593-002 4180-4230 336 0.28 0.43 2.42 0.40 0.06 0.45 96 537
3593-003 4330~4350 399 0.28 0.33 2.06 0.47 0.05 0.44 75 467
3593~-004 4450-4520 352 1.26 1.34 1.31 0.49 0.22 0.44 313 306
3593-005 4600-4650 381 0.13 0.40 0.38 0.24 0.04 0.30 133 125

T.0.C. = Total organic carbon, wt.Z 53 = 02 produced from kerogen pyrolyais Oxygen

sl = Free hydrocarbons, mg Hefg of rock {mg C02/g of rock) Index = mg COZ/g organic carbon

52 = Residual hydrocarbon potential PC* = 0.083 (81 + 52) PI » S1/81 + 82

(mg HC/g or rock)

Index = mg HC/g organic carbon

Hydrogen THAX = Temperature lLndex, degrees C.



LEGEND FOR SUMMARY DIAGRAM

DEPTH: in feet ~
LITHO LOG: see lithology symbols
STRATIGRAPHY: by age
% TOC: percent total organic carbon
HL: Rock-Eval, Hydrocarbon Index = 100 $2(0/00 Wt)/TOC
01: Rock-Eval, Oxygen Index = 100 $3 (0/00 Wt)/TOC
HC YIELD: Rock~Eval, $2 peak (ppm)
52/53: Rock~-Eval, Ratic of 52 to 53 peak
KERQGEN: see Kerogen symbols
T-MAX: Rock~Eval, maximum cemperature of S2 peak, in degrees Centigrade
ZRO (A): Vitrinite Reflectance (scale 0 to 5)
TAL (*): Thermal Alteration Index {(Scale 1 to 95)
FREE HC: Rock-Eval, S1 peak (ppm)
PI: Rock—-Eval, Productivity Index = S1/(S1+52)
LITHOLOGIES KEROGE!" TYPES
EZIIS] SHALE isive SILICEOUS ROCKS =223 AMORPHOUS
I3 MUDSTONE EVAPORITES HERBRCEQOUS
=] SILTSTONE - coaL ‘ ] WOODY
% % INERTINITE
] SANDSTONE /] 1GNEOUS ROCKS ERTINI
4 CONGLOMERATE Wsd VOLCANICS
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APPENDIX A

Drief Description of Organte Geochemical analyses Carried Out by GeoChem
C;-Cq Hydrocarbon

The Cl'c‘? hydrocaxhon content and composition of sediments reflects source type, source quality and thermal maturity.

The Cy-Cy hydrocarbon content of well cuttings 1s determined by analyzing both & sawple of the cuttings and the air space at the
top of the can. 'The results of the two analyses are summed to give an thventory of the G, -C hydrocarbon content of the well cuf-
tings prior to any losses from the cuttings during the lapsed time period between callection az the wellsite and laboratory analysis,

The air space Cy=Cq hydroecarbon anelysis involves taking a mezsured volume of the alr gpace gas out of the can with a syringe and
injecting same into 4 gas chromatograph. GeoChem uses 2 Varian Aerograph Model 1400 instrament equipped with 2 Porapec Q
column, The gag sample 1s taken through the column by a carrier gas and befors reaching the dsteotor 18 separated Into its various
Cl(meﬂmne). Co (ethane), Cg {propane), 1C, (ischutane), nCy (normal butane), and Csr Cgs Cy hydrocarbon components,

‘This particular analysis glves a complete separation of the C4-C,4 gas-range hydrocarbons and a partlal separation of the Cp—Cq
gasoline-rauge hydrocarbons, (A detailed 04—07 analysis, to be disoussed later, involving a caplllaty column, effacts a omplete
separation of this molecular range into its several individusl molecular specles. )

The elsectrtcal response of the various hydrocarbons as they reach the detector is recorded on & paper strip chart as & peak. This
regponse 13 simuttanecasly fed to an integrator which computes the avea of each peak. The concentration of €y-Cq hydrocerbans

In the alr space, expressed 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, volume of sample fnjectad, volums of standard gas sample used In the calbratton, cali-
bration factor for Cq» Cgy Cgy ete. detormined by ge analysis of a standard gas sample, and the gc peak response.

The C,=Cq hydrocarhon oontent of the cuttings is determined by degesification of a measured volume of cuttings (in a medium of a
measured volume of water) in a closed blender, sampling of the air space at the tap of the blender, and injection of 2 measred vol-
ume of gas into the gas chromatograph.

The Cy-Crq hydrocarbon data from the air space and cuttingg gas analyses are summed to give a "restored" Cy-Cq hydrocarbon
content of the cuttinga,

Sample Washing and Hand-Picking of Uncaved Lithology Samples
The cuttings samples are washed to remove all drilling mud from the cuttings. Care s taken in the washing procedure not to re-
move any soft clays, claystones, etc. and any loose fine sand and silt. The washed cuttlngs are usually kept under water cover
until picked, to prevent loss of any gasoline-range hydrocarbons. WUsing 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 suite of umcaved lithologles repregsentative of the various stratigraphic zZones penetrated by the well. The lithclogi-
cal data 19 used to compile a groas ltho percentage log which ia shown on all Figures. The 2-4 gram plcked lithology samples are
stored under water in small glass vials in thoge instances where we wish to yun detatled C,-C, hydrocarbon analyses. This sample
set 1s used not only for the C,-C_ hydrocarbon analysis, but also for the visual kerogen and total organic carbon analyses. All re-
malning cuttings material 1a é:rie% and packaged in labelled plagtic baga for poasible Cls + soxhlet extraction and/or eventual return
to the client. Sample material from this sfudy will be retalned at GeoChem until adviged of disposition,

Detailed C4'C7 Hyxdrocarbon

The C4—C7 gagoline-range hydrocarbon content of sediments reflects source quality, thermal maturation and organie facies, Com-
positional data can be used in crude ofl-parent rock correlation work.

0 Cy-Co hydrocarbon content and detailed molecular compesition of hydrocarkon, in hand-picked lithologles, 13 determined by a
H.na?lysis of the light hydrocarbon extracted from 1-2 gram cuttings samples mecerated in a microblender. A measured volume
of satnple is placed in a sealed microblender along with a2 mersured volume of hot water. The rock sample 1a pulverized by the
blades of the blender. A sample of the berated Heght hydrocarbons which collect in the air spsce at the top of the blender is in-
jected into our Varian Aercograph 1400 ge unit which is equipped with & capiliary column. Data recording, computaticns, etc. are
comparrble to those used for the C;-Cy analysls discussed previously in this report. Hydrocarbon concentration 18 expressed as
volume gas per million volumes of cuttings.

Th
ge

Orgenic Carbon

The total organic carbon content of 8 rock {8 4 measure of its total organic richness. This data 1s used, in conjuncticn witl visual
kerogen and Cl—C*, C4~Cq and Cy g, hydrocarbon content of & rock, to indicate the hydrocarbon source quality of rocks.

The procedure for determining the total organic carbon contsot of a Tock Involves drying the sample, grinding to a powder, welgh-
ing out 0.2729 gram sample into & crucible, acidizing with hot and cold hydrochloric acid to remove calelum and magnesium car-
bonate, and carbon analysis by combustion in a Leco carbon analyzer.

We run several blank crucibles, standards (fron rings of known carbon confent) and duplicate rock samples in this analysis at no
additional charge to the client for purposes of data quallty control.

Ci5+ Soxhlet Extraction, Deaspheltening and Chromatographic Separation

The amount and composition of the organic matter which can be aolvent-extracted from a rock reflects source quality and source
type. ©13/¢12 carbon isotople, high mass spectrometric and ge analyses of the paraffin-naphthene and aromatic hydrocsrhon
fractions of the soluble extract gives data which is ueed in crude oll-parent rock correlations.

This analysis Wvolves grinding of a dry rock sample to a powder and removal of the soluble organlc matter by soxhlet extraction
uging a co-distilled toluene-methanol azeotrope solvent, Where the amount of avaflable sample material permits, we like to use
at least 100 grams of rock for this analysis.

The extracted bitumen f3 separated into an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitaticr. The
pentane seluble compenents are separxated into a C, 5, paraffin-naphthene (P-N) hydrocarbon, Cygy aromatic hydrocarbon (AROM)
and Cy g, Ditrogen-sulfur-oxygen contalning fraction (NSO) by adsorption chromatography on & silica gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluants.




APPENDIX  (comilnued)

GC Analysis of Cyp.. Paraffin-Naphthene (P-N) Hydrocarbona

The content and molecular composition of the heavy C;5, paraifin-naphthene (P-N) hydrocarbons of rocks, as determined by ge
analysin, reflects source quality, source type and degree of thermal maturation.

In thia analyais, we subject & very amall fraction of the total amount of the P-N fraction extracted from & rock sample to go analy-
sfs. The gas chromatograph {s a Varian Aerograph Model 1400 equipped with & solid rod injectlon system and a eutectio column,

‘The caloulated C. P.I. (carbon preference tndex) values for the normal paraffin data {s defined &5 the mean of two ratios which are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffins by the aum of even-carbon numbered n-
peraffina. The C.P. Indices A and B were obtained by the formulas:

Ca1*Co3+Ca5Cay  Ca1*Cag*Cas*Cay Cg6tCariC20+Ca | Cop*CortCastCm
C.P. Index A = Cpp#CpytCygtCg  C20+Cpp*Coq*Cag C.P. Index B= Cgg+Cpg+Cap+Caz  Co4+C26+C8+Ca0
) 2
Visual Kerogen

A visual study of kerogen, the inscluble organic matter in rocks, can indleate the relative abundance, slze, and state of preserva-
tian of the vartous recognizeble kerogen types and thereby Indicate the hydrocarbon sourcs character of a rock. The color of the
kerogen can be uaed to tndicate the state of thermal maturity of the sediments (1. e. their time-temperature history). Thermal
maturation plays an important role in the generation of hydrocarbons from organic matter, and also affects the composlitica of
raservoired hydrocarbons.

Our procedure for visusl kerogen slide preparation involves lsolation of the organic matter of a rock by removal of the rock mate-
rial with hydrochloric and hydrofluoric acid treatment and heavy liquid separation. This procedure {8 comparable to that used by
the palynologist except it does net include an oxidation stage. (The axidation treatment s deleted from our procedura becausge it
removes & great deal of kerogen and blanches any remaining kerogen to an extent whereby it 1a useless for our kerogen ocolor
obeervations,} The kerogen residue {a mounted on a glass slide and 1 examined visually under a high power microscops.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles (%hHo) present (n the kerogen isalated from sedimentary rocks provides a mathod
of determining ths state of maturation, and the diagenetic (time-tempeorature) history of the organio matter present in the sellments.

The korogen, obtained from a 25 gram aliquot of crushed rock by the acld procedure previoualy discussed, {8 dried and embedded
in a Bloplastic plug. The surface of the plug is polished uslng 0. 06 micran alumina and the reflectivity determined under oll using
a Ziesa high resoluticn microscope. A minimum of 40 valuea are required to adequately determine the Maturation Rank.

Fluorescence Spectrophotometric Analysis

Fluoreacence spectrephotometry can be used to characterize and fingerprint erude oils, establish orude oll-ecurce rock relation-
ships, and to measure the hydrocarbon source potential of fine-grained sediments,

A one (1) microliter aliquet of either (1) & crude oll or (li) the solvent extractable rock bitumen, fa passed through an aluming/
silica gel mioro eclumn and the Cio+ aromatic hydrocarbons taolated. The aromatic hydrocarbon la dluted and the emiasinn and
excltation spectra determined at 240 nm and 420 nm using & Perkin-Elmer Model 512 Double Beam Fluoresoence Spectrophntometer.

GEOTHERMAL DIAGENETIC CRITERIA

(GEQCHEM LABORATORIES, INC.)
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