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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATIOR

WELL NAME: GULF OIL, WO.l GALLO CANYON

API NO.: 30~-043-20684

AREA: NORTHWEST

LOCATION: SANDOVAL COUNTY, NEW MEXICO SEC.26, T23N, R6W

GEOCHEM JOB NO.: 3554

TOTAL DEPTH: 12,500 ft.

INTERVAL SAMPLED: 10750-12500 ft.

TOTAL, NUMBER OF SAMPLES: 10

ANALYSES
=
GEOQCHEM E E
SAMPLE SAMPLE STRATIGRAPHIC o ! [T
NUMBER DEPTH INTERVAL 1ol é E
H =t S
' [ B [ Q

3554-001 10750~-10780 | Pennsylvanian X X X X
3554-002 10930-10980 | Pennsylvanian X X X X
3554-003 11150-11200 | Pennsylvanian X X ) 4 X
3554-004 11230-11280 | Pennsylvanian X X X X
3554-005 11570-11610 | Pennsylvanian X X X X
3554-006 11920-11960 | Pennsylvanian X X X b4
3554-007 12070-12120 | Pennsylvanian X X X X
3554-008 12120-12180 | Pennsylvanian X X X X
3554-009 12390-12460 | Mississippian X X X X
3554-010 12480-12500 | Devonian ? X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GULF OIL, NO.1 GALLO CANYON
SEC.26, T23N, R6W, SANDOVAL COUNTY, NEW MEXICO
APT #30-043-20684

GEOCHEM DEPTH TOTAL ORG\NIC
SAMPLE INTERVAL CARBON
RUMBER (feet) (Z of Ro=k)

3554-001 10750-10780 0.18

3554-002 10930-10980 0.27

3554~003 11150-11200 0.35

3554-004 11230-11280 0.24/0.26

3554-005 11570-11610 0.25

3554-006 11920-11960 0.13

3554-007 12070~12120 0.18

3554-008 12120-12180 0.92

3554-009 12390-12460 0.14

3554-010 12480-12500 6.20




TABLE II

LITHOLCGICAL DESCRIPTIONS AND CRGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GULF OIL, NO.l GALLO CANYON

SEC.26, T23N, R6W, SANDOVAL COUNTY, NEW MEXICO

APT #30-043-20684

GEOCHEM DEPTH ORGARIC
SAMPLE INTERVAL GSA CARBON
RUMBER (feet) LITHO DESCRIPTIOR NO. (wt,2)
3554-001 10750-10780 0.18
~A 70% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
-B 30% Shale, noncalecareous,
micaceous, grayish
red (caved). 10R=4/2
Trace dark gray shale.
3554-002 10930-10980 0.27
~A 607% shale, noncaleareous,
micaceous, grayish
red {caved). 10R-4/2
-B 20% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
~C 20% shale, noncalcareous,
dark gray. N3
3554-003 11150-11200 0.35
-A 50% Limestome, finely
crystalline, pale
yellowish brown. 10YR-6/2
-8 307 Shale, noncalcareous,
micaceous, grayish
red (caved). 10R-4/2
-C 207% Shale, noncalcareous,
dark gray. N3
3554~004 11230-11280 0.24/0.26
-A 70% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
-B 15% Shale, noncalcareous,
micaceous, grayish
red (caved). 10R-4/2
-C 157 Shale, noncalcareous,
dark gray. N3



TABLE II (continued)

LITHOLOGICAL DESCRIPTIONS ARD ORGANIC CARBOR ANALYSES

REW MEXICO HYDROCARBON SOURCE ROCE EVALUATION

GULF OIL, NO.l GALLO CANYON

SEC.26, T23N, R6W, SANDOVAL COUNTY, NEW MEXICO

APT #30~043-20684

micaceous, grayish
red (caved).

10R-4/2

GEOCHEM DEPTH ORGARIC
SAMPLE INTERVAL ] GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.X)
3554-005 11570-11610 0.25
-A 60% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
-B 20% Shale, noncalcareous,
micaceous, grayish
red (caved). 10R-4/2
-G 20% Shale, noncalcareous,
dark gray. N3
3554-006 11920-11960 0.13
~A 90% Limestone, finely
crystalline, pale
yvellowish brown. 10YR-6/2
-B 5% Shale, noncalecareous,
micaceous, grayish
red (caved). 10R~-4/2
-C 5% Shale, noncalecareous,
dark gray. N3
3554-007 12070-12120 0.18
-A 70% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
-B 20%Z Shale, noncalcareous,
dark gray, N3
-C 10% Shale, noncalcareous,
micaceous, grayish
red (caved). 10R-4/2
3554-008 12120-12180 0.92
~A 50% Shale, noncalcareous,
dark gray. N3
-B 40% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
-C 10% Shale, noncalcareous,



TABLE II {continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GULF OIL, NO.1l GALLO CANYON
SEC.26, T23N, R6W, SANDOVAL COUNTY, NEW MEXICO
APT #30-046-20684

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITBO DESCRIPTION NO. (wt.2)
3554-009 12390-12460 0.14
-A 70% Limestone, finely
crystalline, pale
yellowish brown. 10YR-6/2
~B 20% Shale, noncalcareous,
dark gray. N3
-C 10% Shale, noncalcareous,
grayish red (caved). 10R-4/2
3554-010 12480-12500 0.20
-A 45% Shale, noncalecareous,
dark gray. N3
-B 45% Shale, noncalcareous,
grayish red (caved). 10R-4/2
-C 10% Limestone, finely =~

crystalline, pale
yellowish brown. 10YR-6/2



SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN DATA

TABLE L1t

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATLON

GULF OIL, NO.l1 GALLO CANYON

SEC.26, T23N, R6W, SANDOVAL COUNTY, NEW MEXICO

APL #30-043-20684

GEOCHEM DEPTH TOTAL VISOAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER RORMALIZED PERCENT ALTERATION ALTERATIONR
RUMBER (fest) CARBON TYPE Al Am a4 W 1 STAGE IRDEX
3554~001 10750-10780 0.18 R;1;¥W 0 o 63 12 25 2 to 2+ 2.5
3554-002 10930-10980 0.27 HiW-13- 0 0 56 22 22 2 to 7+ 2.5
3554-003 11150-11200 0.35 H;W;1 0 0 42 33 25 2 to 2+ 2.5
3554~004 11230-11280 0.24/0.26 H;W-T;= 0 0 46 27 27 2 to ¥+ 2,5
3554-005 11570~11610 0.25 H3W-13;Am 0 8 42 25 25 2 to Z+ 2.5
3554~006 11620-11960 0.13 H;1;W 0 0 56 il 33 2 to z+ 2.5
3554~-007 12070-12120 0.18 H; L;W(Am) 0 8 42 17 33 2+ 2.6
3554-008 12120-12180 0,92 H;W~1;~- 0 0 38 31 31 2+ 2.6
3554~009 12390-12460 0.14 H;L;W 0 0 56 11 33 2+ 2.6
3554~010 12480-12500 0.20 H;W-1;- 0 0 46 27 27 2+ 2.6
LEGEND:
Al = Algal
KEROGEN KEY Am w  Amorphous-Sapropel
- Am* = Relic Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous-Spore/Pollen
60-1002Z 20-40% 0-202 H* = Degraded Herbaceoua

W = Woody-Structured

H = Unidentified Material

L = Inertinite

C = Coaly



TABLE IV

RESULTS OF ROCK—-EVAL PYROLYSIS ANALYSIS

REW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GULF OIL, NO,l GALLO CANYON
SEC.26, T23M, R6W, SANDOVAL COUNTY, NEW MEXICO
APT #30-043-20684

GEOCHEM DEPTH
SAMPLE INTERVAL TMAX 81 82 53 T.0.C. HYDROGEN OXIGER
NUMBER (Feet) (c) (mg/g) (mg/g) (mg/g) PI PCE (wt.X) INDEX INDEX
3554-001 10750-10780 435 0.10 0.03 0.43 0.83 0.01 0.18 16 238
3554~002 10930~10980 396 0.09 0.05 0.40 0.64 0.01 0.27 18 148
3554-003 11150-11200 425 0.11 0.10 0.34 0.55 0.01 0.35 28 97
3554~004 11230-11280 374 0.11 0.07 0.37 0.61 0.0l 0.25 28 148
3554=-005 11570-11610 313 0.04 0.05 0.80 0.50 0.00 0.25 20 320
3554-006 11920-11960 271 0.10 0.02 0.41 0.83 0.01 0.13 15 315
3554-007 12070-12120 339 0.14 0.09 0.46 0.64 0.01 0.18 50 255
3554-008 12120-12180 484 0.12 0.28 0.44 0.30 0.03 0.92 30 47
3554-009 12390-12460 373 0.01 0.03 0.22 0.25 0.00 0.14 21 157
3554010 12480-12500 271 0.02 0.04 0.33 ¢.33 0.00 0.20 20 165

T.0.C. = Totel organic carbon, wt.% 83 = 002 produced from kerogen pyrolysis Oxygzen

51 = Free hydrocarbons, mg He/g of rock (mg Co2/g of rock) Index = mg C€02/g organie carbon

52 = Residual hydrocarbon potential PC* = 0.083 (81 + 52) P1 = §1/81 + 82

(mg HC/g or rock) Hydrogen THMAX a Temperature Index, degrees C.

Index = mg HC/g organic carbon



TABLE V
VISUAL KEROGEM ASSESSMENT WORKSHEET

GULF OIL COMPANY GENERAL CAVED AND/OR SUMMARY
NO.1 GALLO CANYON INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION(S} ORGANIC
TYPE  OF COLOR OF | STATE OF TYPE oF MATTER
giﬁgﬁf’rﬁgggﬁéewm MEXTCO ORGANIC WATTER| MATURATION INDEX DRGANIC MATTER|ORGANKC MATTER|  ®  |oRGANIC MaTTER| MATURATION INDEX TYPE
»
API # 30-043-20684
L
Gk &
2 e
GEOCHEM Mo, DEPTH 8 4 Sk 4
3554-001 [10750-10780 H H;1;W
3554-002 {10930-10980 i 1l H;W-T ;-
3554-003 [11150-11200 i H;W;T
3554-004 [11230-11280 H H;W-1;-
3554-005 {11570-11610(} i H;W-T;Am
3554-006 [11920-11960[HHHAH 0130
3554-007 [12070-1212 ! H;1:W (A
3554-008 [12120-1218 H H3W-T;-
3554-009 |12390-12460 ] H:T:W
3554-010 [12480-12500 . HiW-13~




LEGEND FOR SUMMARY DIAGRAM

DEPTH: in feet

TITHO LOG: see lithology symbols

STRATIGRAPHY: by age

% TOG: percent total organic carbon

HI: Rock~Eval, Hydrocarbon Index = 100 S2(0/00 Wt)/TOC

Ezz: Rock=-Eval, Oxygen Index = 100 S3 (0/00 Wc)/TOC

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

§2753: Rock~Eval, Ratio of §2 to S3 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of 82 peak, in degrees Ceuntigrade

7RO (A): Vitrinite Reflectance (scale 0 to 5)

TAL (%)@ Thermal Alteration Index (Scale 1 to 5)

FREE HC: Rock-Eval, S1 peak (ppm)

PI: Rock~Eval, Productivity Index = S1/(81+82)

LITHOLOGIES .~ KEROGEN TYPES

EIZ=| SHALE e SILICEOUS ROCKS =225 AMORPHOUS

T E2] MUDSTONE EVAPORITES HERBJCEQUS

Eos]swrstove - I con ~ i WOODY
SANDSTONE /)] IGNEQUS ROCKS | INERTINITE

: CONGLOMERATE S5 vorcanics

i My M e iy
oo MARL

] DOLOMITE

NN METAMORPHIC ROCKS

Tt L IMESTONE BASEMENT .

| OTHER
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GC Annlysis of Cyp5, Parafiin-Waphthene (P-N) Hydrocarbong

The content and molecular composition of the heavy C; g, paraffin-naphthene (P-N) hydrocarbons of rocks, asg determined b go
saalysis, reflects source quality, source type and degree of thermal maturation.

In this analysis, we subject 2 very small fraction of the total amount of the P-N fractlon extracted from a rock sample to ge analy-
als. The gas chromatograph (s a Varian Aercgraph Model 1400 equipped with o solid rod injection system and a eutectio column.

The celeulated C. P. 1. (carbon preference index) values for the normal paraffin data is defined a9 the mean of two ratlos wh'ch are
determined by dividing the sum of concentrations of odd-carbon pumbered n-paraffing by the sum of sven-carbon numbered n-
paraffins. The C.P. Indices A and B were obtained by the formulas:

Ca17C23C25%Co7  Ca1#CoytCaprCay Co57Car+CogfCa1 , Cop*CarrCagCal
C.P. Inder A = CppiCpgtCagtCag  CaprCaptCpgiCog C.P. Index B= CygiCpgtCyotCaz  CpatCa+Cpa+Cap
2 2
Visual Kerogen

A visual gtudy of keregen, the ingoluble organic matter in rocks, can indicate the relative abundance, size, and stats of preserva-
tion of the varfous recoguizable kerogen types and thereby indtcate the hydrocarbon source character of a Tock, The color of the
kerogen can be used to {ndicats the gtate of thermal matirity of the sediments (l.e. thelr time-temperature history). Thermel
maturation plays an important role in the genexation of hydrocarbons from organme matter, and also affects the composition of
rea?rvoired hydrocarbons,

Qur procedure for visual kerogen slide preparation involves 1solation of the organic matter of & rock by removal of the rock mate-
rial with hydrochloric and hydrofluoric acid treatment and heavy liquid geparation, This procedure ia comparable to thet used by
the palynologist except it does not include an oxidation stage. (The oxidation treatment i3 deleted from our procedure hecause it
removes a great deal of kerogen and blanchaes any remaining kercgen to an extent whereby it 1s uselsss for our kerogen colox
observations,) The kerogen restdue 18 mounted on a glass slide and is examined visually under a high power microscope.

Jigrinite Reflectance

Measurement of the reflectivity of vitrinite particles (%Ro) present in the kerogsn isclated from sedimentary rocks provides a8 method
of determining the state of maturation, and the dlageretic (Hme-tamperature) hstory of the organic mattex present in the sediments,

The kerogen, obtalnad from a 26 gram allquot of crushed rock by the aecld procedure previously discussed, Is dried and embedded
in & Bloplastie plug. The surface of the plug 1s polished using 0. 06 micron aluming and the reflectivity determined under 7.( using
& Zless high reaolution micrescope. A mintmum of 40 values are required {o adeguately determine the Muturation Rank.

Fluorescence Spactrophotometric Analysis

Fluorescence snactrophotometry can be used w characterize and fingerprint crude olls, establish crude ofl-source rock relition-
ships, and to measure the hydrocarbon source potential of fine-grained sediments.

A one (1) microliter alquot of either (i) a cride ofl or {ii) the solvent extrectable rock bitumen, is pasged through an alumina
sfilen gol micro cclumn and the Cq 4 Sromatic hydrocarbons faolated. The aromatic hydrocarbon s diluted and the emission and
excitation spectra determined at 240 nm and 420 nm using & Perkin-Elmer Model 612 Double Beam Fluocredcence Spectrophatometer,
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APPENDIX A

Brief Description of Organle Geochemical analyses Carried Out by GeoChom.

C,-Cq Hydrocarbon
The 01—07 bydrocarbon content and composition of sediments reflects source type, source quallty and therms] maturity,

The C;-Cy bydrocarhon content of well cuttings is determined by analyzing both a sampls of the cuttings and the atr space at the
top of the can. The results of the two analyses are summed to glve an inventory of the C., -C,, hydrocarbon content of the wall cut-

tngs prior to any losses from the cuttings durlng the lapsed Hme pericd between co}lecti]dn at the wellslte and laboratory analysis.

The air space Cl—C,? hydrocurbon analysis involves taking a measured volume of the afr space gas out of the can with a syringe and
Injocting same into & gas chromatogriph., GooChem uses a Varfan Aerograph Model 1400 Instrument equipped with a Porapec Q
column. The gas sample 13 taken through the column by & carrier gas and before reaching the detector 1s separated Into 11+ various
C, (methane}, <, (sthane), Cg {propans), IC, (tscbutane), nCy (normal butane), and Css Cgs Oy hydrocarbon components.

Thig partioular enalysis glves a complete separation of the C1-C4 gas-range hydrocarbons and e partial separation of the Cs-Cq
gagoline-range hydrocarbmms. (A detatled Cy4Cy analysis, to be dlscussed later, tnvolving a eaptllary column, effects a complate
separation of this molecular renge into its several individual molecular gpecles,)

The electrical response of the various hydrocarbons as they reach the detector 1s recorded on & paper strip chart as & peak, This
response 18 almultansously fed to an integrator which computes the area of each peik, The concentration of Cy-Cx hydrocerbons

in the air space, expressed as volumes of gas per million volumes of cuttings, 19 determined by a caleulation involving the volume
of euttings, volume of alr space in the can, volume of sample injected, volume of gtandard gag sample used in the calibration, cali-
bration factor for C1s Cos Cg, ete. detormined by ge analysis of a standard gas sampls, and the ge peak response,

The 01-07 hydroearbon content of the cuttings is determined by degasification of a measured volute of cuttings (In a medium of a
measired volume of water) in a closed blender, sampling of the air space at the top of the blender, and injaction of a msasvred vol-
ume of gag into the gaa chromatograph,

The Cy-Cy hydrocarben data from the air space and cuttngs gaa analyses are sumnmed o give a " restored® C1-Cy bydrocarbon
content of the cuttings,

Sample Waghing and Hand-Plcking of Uncaved Lithology Samples

The cattings samples are washed to remove all drilling mud from the cuttings. Care 1s taken in the washing procedure not to re-
move any soft clays, claystones, etc, and any loose fine sand and silt, The washked cuttinge ars usuelly kept under water cover
until picked, to prevent loss of any gagoline-range hydrocarbons, Using the Cq-Cq bhydrocarbon data profile and the electrical

well log supplied to ug and our visual examination of the cuttings material under the binocular microscope, we carefully hand-plek
and describe 2 gulte of uncaved lithologies representative of the varicus stratipraphic zoneg penetrated by the well, The lthologl-
cal data {s used to complle & gross litho percantage log which 18 shown on all Figures. The 2-4 gram picked lithalogy samples are
stored under water in amall glass vials In those instances where we wish to run detailed C,~C,, hydrocarbon analyses. Thit sample
set i9 uged not only for the C —Cq hydrocarbon analysis, but alao for the viaual kerogen a.n% total organic carbon analyses. All xe-
maining cuttings material is dried and packaged in labelled plastic baga for posgsible Ci5+ soxhlet extraction and/or sventual return
to the client. Sample material from thig study will be retained at GeoChem until advised of disposition.

Detafled C4-C,? Hydrocarbon

Ths C 4~C gasoline-range hydrocarbon content of sediments reflecta source quality, thermal maturation and organic facles. Com-
positicual ‘deta can be used in crude oll-parent rock correlation work.

The C4-Cy hydrocarbon content and detalled molecular composition of hydrocarbon, in hand-picked lthologies, 18 determined by a
go sla of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a mfcroblender, A measured volume
of sample {8 placed in & sealed microblender along with a measured volume of hot water. The xock sample 1s pulverized by the
blades of the blender. A sample of the liberated light hydrocarbons which collect in the alr apace at the top of the blender is In-
Jected into our Varian Aerograph 1400 ge unit which i3 equipped with & capillary column. Data recording, computations, ete. are
comparsable to those used for the Cy=Cr analysis digsoussed previously in thia xeport. Hydrocarhon concentration is expressed as
volume gas per million volumes of cuttings,

Organic Carbon

The total organic carbon content of a rock is a measure of [ts total organic riclmess. This data i3 used, in conjunction with visual
kerogen and Cl-C4. C4-Cq and Cy 5, hydrocarbon content of a rock, to indicate the hydrocarbon source quality of rocks,

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

We run several blank crueibles, standards (iron rings of known earbon content} and duplicate rock samples in this analysis at no
additional charge to the client for purposes of data quality control.

Cy5+ Soxhlet Extraction, Deasphaltening and Chromategraphic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock reflects source quality and source
type. ©13/c12 carbon 1sotople, high mass spectrometrie and ge anelyses of the paraffin-naphthene and aromatic hydrocarson
fractions of the soluble extract glves data which {3 used in crude ofl-parent rock correlations.

This analysis involves grinding of a dry rock sample to a powder and removal of the soluble organle matter by soxhlet extrection
using a co~distilled toluene-methanol azeotrope solvent. Where the amount of available sample material permits, we like to uss
at least 100 grams of rock for this analysis,

The extracted bitumen i3 separated inte an asphaltene (ASPH) and a pentane scluble fraction by normal pentane precipitatior. The
pentane soluble components are separated Into a C, g, paraffin-naphthene (P-N) hydrocarbon, Cjp4 aromatic hydrocarbon (ARCM)
and Cygy, nitrogen-suliur-oxygen containing fraction (MNSO) by adsorption chromatography on a silica gel-alumina colums using
pentans, toluene and toluene-methanocl azeotrope eluants,
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