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WELL NAME:
API NO.:
AREA:
LOCATION:

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GEOCHEM JOB NO.:

TOTAL DEPTH:

INTERVAL SAMPLED:
TOTAL NUMBER OF SAMPLES:

SHELL OIL, NO.41 WRIGHT

30-043-05026
NORTHWEST

SANDOVAL COUNTY, NEW MEXICO

3622
6952 ft.

11
11

00-6885 ft.

SEC.26, T17N, RIW

ANALYSES
GEOCHEM g E
SAMPLE SAMPLE STRATIGRAPHIC o T8
NUMBER DEPTH INTERVAL B o | 8 E E
— O Q
= [ ~ O
3622-001 1100-1150 Mancos Shale X X X X
3622-002 1720-1770 Mancos Shale X X X X
3622-003 3400-3460 Todilto X X X X
3622-004 6420~6465 Pennaylvanian X X X X
3622-005 6540-6555 Pennsylvanian X X X X
3622-006 6570-6600 Pennsylvanian X X X X
3622-007 6640-6680 Pennsylvanian X X X X
3622-008 6705-6730 Pennsylvanian X X X X
3622-009 - 6755-6785 Pennsylvanian X X X X
3622-010 6805-6825 Pennsylvanian X X X X
3622011 68506885 Pennsylvanian X X X X
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TABLE 1

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SHELL OIL, NO.41 WRIGHT
SEC.26, TL7N, R3W, SANDOVAL COUNTY, NEW MEXICO
API #30-043-05026 '

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (2 of Ro=k)
3622-001 1100-1150 0.98
3622-002 1720~1770 1.21
3622-003 3400-3460 2.72
3622-004 6420~6465 0.41
3622~005 6540~-6555 0.24
3622-006 6570-6600 0.21
3622-007 6640-6680 0.08
3622~-008 6705-6730 0.13
3622-009 6755-6785 0.18
3622-010 6805-6825 0.17/0.16

3622-011

6850-6885

0.50




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SHELL OIL, NO.41 WRIGHT
SEC.26, T17N, R3W, SANDGVAL COUNTY, NEW MEXICO

APT #30-043-05026

GEQCHEM DEPTH ORGARIC
SAMPLE INTERVAL GBA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.X)
3622-001 1100-1150 0.98
-4 100%Z Mudstone, calcareous,
dark gray. N3
3622-002 1720~1770 1.21
-A 100%Z Mudstone, calcareous,
dark gray. N3
3622-003 3400-3460 2.72
~A 55% Anhydrite, fine crystalline, N9 to
white to pinkish gray. S5YR-8/1
-B 307 Mudstone, calcareous,
dark gray (cave). N3
-C 157 Mudstone, calcareous,
grayish red (cave). 10R-4/2
3622-004 6420~-6465 0.41
-A 30% Shale, noncalcareous,
dark gray. N3
-B 30% Limestone, fine crystalline,
white to pale yellowish K9 to
brown. 10YR-6/2
-C 40% Mudstone, calcareous,
grayish red to dark 10YR-4/2 to

reddish brown (cave).

10R-3/4



TABLE II (continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SHELL OIL, NC.41 WRIGHT
SEC.26, T17N, R3W, SANDOVAL COUNTY, NEW MEXICO

API #30-043-05026

GEOCHEM DEPTH ORGAKIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION RO. (wt.X)
3622-005 6540-6555 ‘ 0.24
-A 65% Limestone, fine crystalline, N9 to
white to medium gray. N5
-B 25% Shale, noncalcareous,
dark gray. N3
-C 10% Mudstone, calcareous,
grayish red to dark 10YR-4/2 to
reddish brown (cave). 10R-3/4
3622-006 6570-6600 0.21
-A 65% Limestone, fine crystalline, N9 to
white to medium gray. N5
-B 357 Mudstone, calcareous,
grayish red to dark 10YR-4/2
reddish brown (cave). 10R-3/4
Trace dark gray shale,
3622-007 6640-6680 0.08
=-A 70% Limestone, fine crystalline, N9 to
white to medium gray. N5
-B 25% Mudstone, calcareous,
grayish red to dark 10R-4/2 to
reddish brown (cave). 10R-3/4
~C 5% Shale, noncalcareous,
dark gray. N3
3622~-008 6705~-6730 0.13
-A 707 Limestone, fine crystalline, N9 to
white to medium gray. KRS
~B 257 Mudstone, calcareous,
grayish red to dark 10R-4/2 to
reddish brown (cave). 10R-3/4
~-C 57 Shale, noncalcareous,
dark gray. N3



TABLE II {continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBOR ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SH

ELL OIL, NO.41 WRIGHT

S8EC.26, T17N, R3W, SANDOVAL COUNTY, NEW MEXICO

API #30-043-05026

GEQCHEM DEPTH . ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3622-009 6755-6785 0.18
-A 40% Limestone, fine crystalline, N9 to
white to medium gray. N5
~B 30% Mudstone, calcareous,
grayish red to dark 10R-4/2 to
‘reddish brown {cave). 10R-3/4
-G 30% Shale, noncalcareous,
dark gray. N3
3622-010 68056875 , 0.17/0.16
-A 35% Limestone, fine crystalline, N% to
white to medium gray. N5
-B 35% Mudstone, calcareous,
grayish red to dark 10R-4/2 to
reddish brown (cave). 10R-3/4
-C 30Z Shale, noncalcareous,
dark gray. N3
3622-011 6850-6885 0.50
=-A 40% Limestone, fine crystalline, N9 to
white to medium gray. N5
-B 30% Mudstone, calcareous,
grayish red to dark 10R-4/2 to
reddish brown (cave). 10R-3/4
-C 307 Shale, noncalcareous,
dark gray. N3



- TABLE III

SUMMARY OF ORGANIC CAREON AND VISUAL REROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SHELL OIL, NWO.4] WRIGHT
SEC.26, T17N, R3W, SANDOVAL COUNTY, NEW MEXICO
API #30-043-05026

GROCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGARIC ORGANIC MATTER NORMALIZED PERCERT ALTERATIOR ALTERATION
FUMBER (feet) CARBON TYPE Al Am H (] I STAGE IKDEX
3622-001 1100-1150 0.98 H;W;I 0 20 40 30 10 ) 1+ to 2- 1.6
3622-002 1720-1770 1.21 H;Am;W-1 o 32 38 15 15 2= 1.8
3622003 3400-3460 2.72 H;W;T 0 0 62 25 13 2~ to 2 2.0
3622-004 6420-6465 0.41 An~H;I;W 0 36 36 10 18 2- to 2 2.1
3622-005 6540-6555 0.24 Am-H; LW 0 36 36 10 18 2- to 2 2.1
3622-006 6570-6600 0.21 H;Am;W-1 0 32 38 15 15 2~ to:z 2.1
3622-007 6640-6680 0.08 Am* % AT 0 57 28 0 15 2 2.2
3622-008 6705-6730 0.13 Am-H;L;W 0 36 36 10 18 2 2.2
3622~009 6755-6785 0.8 Am¥¥-H¥ . ] W 0 36 36 10 18 2 2.2
3622-010 6805-6825 0.17/0.16 Am**—H;W-1;- 0 33 33 16 16 2 to 2+ 2.3
3622-011 6850-6885 0.50 H;Am;W-T 0 3z a8 15 15 2 to 2+ 2.3
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% B* = Degraded Herbaceous

W = Woody-Structured

g = Unidentified Material

I = Inertinite

C = Coaly




- TABLE IV -

RESULTS OF ROCK~EVAL PYROLYSIS ANALYEIS

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SHELL OIL, NO.41 WRLGHT
SEC.26, T17N, R3W, SANDOVAL COUNTY, NEW MEXICO
APL #30-043-05026

GEOCHEM DEPTH
SAMPLE INTERVAL THAX Si 52 83 T.0.C, HYDROGER OXYGER
NUMBER (Feet) (c) (mg/g) (mg/g} (mg/g) PI PCk (wt.X) INDEX INDEX
3622-001 1100-1150 430 0.06 1.59 0.68 0.04 0.13 0.98 162 69
3622-002 1720-1770 430 0.05 1.53 0.60 0.03 0.13 1.21 126 50
3622-003 3400-3460 432 .01 0.42 0.56 0.02 0.03 2.72 15 21
3622-004 6420-6465 431 .00 0.10 0.35 0.00 0.00 0.41 24 85
3622-005 6540-6555 432 0.01 0.10 0.42 0.10 0.00 0.24 42 175
3622-006 6570-6600 431 0.01 0.1f1 0.36 0.08 0.01 0.21 52 171
3622-007 6640-6680 348 0.0t 0.04 0.24 0.25 0.00 0.08 50 300
3622-008 6705-6730 416 0.01 0.06 0.32 0.17 0.00 0.13 46 246
3622-009 6755-6785 390 0.00 0.07 0.42 0.00 0.00 0.18 39 233
3622-010 6805-6825 392 0.01 0.09 0.35 0.10 0.00 0,17 53 206
3622-011 6850~-6885 43¢ 0.03 0.48 0.50 0.06 0.04 0.50 96 100

T.0.¢. = Total organic carbon, wt.X 53 = G02 produced from kerogen pyrolysis Oxygen

51 = Free hydrocarbons, mg RAc/g of rock {mg CO2/g of rock) Index = mg C02/g organic carbon

82 = Residual hydrocarbon potential PC* = 0.083 (51 + 52) PI = §1/81 + 82

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

Index = mg HC/g organic carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

GENERAL CAVED AND/OR SUMMARY

g;rng&OI;‘;?:O‘SNWRIGm INDIGENQUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION({S} ORGANIC
-26, > : MATTER
iﬂnggﬁozgugggéeum MEXICO ORGANIC MATTER| MATURATION INDEX ORGANIC MATTER|ORGANKC MALTER| % |ORGANIE MATTER| MATURATION INDEX TYPE

T.D. 6952°

&

2
£ "‘ "*\“"d\: \Fﬁ;’"" 7

GEOCHEM No. CEPTH > YT
3622-001 | 1100-1150 HiW:1
3622-002 | 1720-1770 H;Am;W=-1
3622-003 | 3400-3460 H;W;1

3622004 | 6420-6465 K Am-B;1;¥

3622-005 | 6540-6555 | { Am=H;1;W
3622-006 | 6570-6600 [+ A INE HidmyU-T
3622-007 | 66406680 | i Am#k i HeT
3622-008 { 6705-6730 H T Am=H31:W

3622-009 | 6755-6785 [ i Amhk—Hk .1 W

3622-010 [ 6805-6825 kK 1l kKLY~ 2=

3622~-011 | 6850~6885 H i 1 Hi;AmiW-1

iyt P BT et L




LEGEND FOR SUMMARY DIAGIrAM

DEPTH: in feet

TITHO LOG: see lLithology symbols

STRATIGRAPHY: by age

% TOC: percent total organic carbon

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

o1: Rock-Eval, Oxygen Index = 100 §3 (0/00 We)/TOC

HC YIELD: Rock-Eval, $2 peak (ppm)

52/53: Rock~Eval, Ratio of S2 to 83 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of $2 peak, in degrees Centigrade
7RO (A): Vitrinite Reflectance (scale 0 to 5)

TAT (%): Thermal Alteration Index (Scale 1 to 5)

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

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

LITHOLOGIES KEROGEN TYPES
EZZZZ) SHALE stsniag SILICEOUS ROCKS EZZ2Z] AMORPHOUS
EE22] MUDSTONE EVAPORITES HERBRCEQUS
=] sILvsTONE B 2 WOODY

2577 SANDSTONE Y/} IGNEOUS ROCKS INERTINITE

i MARL

BRECCIA
T3 | IMESTONE
= BOLOMITE

[ voLcantcs

NN METAMORPHIC ROCKS

BASEMENT

OTHER

MISSING SECTION




APPENDIX

Brief Description of Organic Geochemical analysas Carrled Out by GeoChem

C! -Cq Hydrocarbon
The Cl"C'T hydrocarbon content and composition of sediments reflects source type, source quality and thermal maturity,

The C1-Cy bydrocarbon contant of well cuttings is determined hy analyzing both a sample of the cuttings and the air spree at the
top of the can. The vesults of the two analyses are sumnmed to glve an Inventory of the Cl- hydrocarbon content of tle well cut-
tinga prior to any losses from the cuttings during the lapsed Hime period between collecton 33 the wellsite and Inboratory analysis.

The air spaco C;-Cy hydrocarhon analysls involves toking a measured volume of the aix space gas out of the can with a syringe and
Injecting same into a gas chromatograph. GeoCham uses s Varian Aerograph Model 1400 Ingtrument equipped with a Forapec @
colurn. The gas sample 15 taken through the column by a earrier gas and before reaching the detector is separated in‘c its various
Cl(‘metha.ne), Cy (ethane), Cq (propame), 1C, (isobutane), nCy {normal kutens), and Cg, Cgs Cq hydrocarbon components.

Thie particular snalysis gives a complete separation of the C,-C4 gag-range hydrocarbons and a partial separation of the Cg-Cq
grgoline-range hydrocarbons, (A defailed C,4~Cy analysls, to be discussed later, Involving & capillary column, sffects a complete
separation of this molecular range into its several individusl molecular species.)

The electrical response of the varlous hydrocarbong as they reach the detector 18 recorded on a paper strip chart as a peak. This
response 18 simultanecusly fed to an integrator which computes the area of each peak. The concentration of Gy -Cq hydrocarbons

in the afr space, expressed a3 volumes of gas per million volumes of cuttings, 19 determined by a caleuletion involving the volume
of cuttings, volume of eir gpace In the can, volums of sample tnjectsd, volume of siandard gas sample used in the calibraton, cali-
bration factor for Cy» Cgy Cg, ete. determined by ge analysis of a standard gas sample, and the ge peak response.

The Cy—Cy hydrocarbon content of the cuttings 15 determined by degasification of a measured volume of curttings (in & medium of &
measnred volumo of water) in a closed blendar, sampling of the air space at the top of the blender, and injection of a measured vol-
ume of gas into the gas chromatograph.

The Cy-Cq hydrocarbon data from the air space and cufiings gas analyses are summed to glve & "restored" Cq-Cy hydrocarbon
content of the cuttings.

Sample Washing and Hand-Picking of Uncaved Lithology Samples

The cuitings samples are washed to remove all drilling mud from the cuttings. Care i3 taken In the washing procedurs not to re-
move any soft clays, claystones, ete. and any loose fine sand and ailt. The washed cuttings are usually kept under water cover
wntll picked, to prevent loss of any gasoline-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 sults of uncaved lithologlea representative of the varlous stratigraphic Zones penetrated by the well. The lithologi-
cel data 1e used to complle a gross litho percentage log which 19 shown on all Figures. The 2-4 gram picked lithology semples are
stored under water in amall glass vials in those instances where we wish to tun deteiled C,-C,, hydrocarbon analyses, This sample
set 18 used not anly for the C —C,7 bydrocarhon analygia, but also for the vigual kerogen an%l to%a.l organic carbon apalyses, All re-
maining cuttings materia] 18 dried aund packaged in lebelled plastic baga for possible C,g, scxhlet extraction and/or eventual return
to the cllent., Sample material from this study will be retained at GeoChem untfl advised of disposition.

Datalled C4-Cq Hydrocarbon

The 04—07 gasolina-range hydrocarbon content of sediments reflects source quallty, thermal maturation And organic facies. Com-
positional data can be used in crude oil-parent rock correlation work,

The C,-Cy, hydrocarbon content and detalled moleoular compodition of bydrocarbon, in hand-picked lithologles, 13 detormined by a
go a.nﬂiysla of the light hydrocarbon extracted from 1-2 gram outtings samples macerated in a microblendex. A measured volume
of eample is placed in a sealed microblender along with a measured volume of hot water, The rock sample ia pulverized by the
bledes of the blender. A sample of the liberated light hydroearbons which collect in the air space at the top of the blender is in-
jected Into our Varian Aexograph 1400 ge unit which is equipped with & capillary column., Data recording, computatlonr, etc. are
comparable to thoge nsed for the C;-Cr analysis discussed previously in this report. Hydrocarbon concentration 18 expreseed as
volume gas per million volumes of cuttings.

¢ Carbon

The total organic carbon content of & rock is a measure of its total organic richness, This date 18 used, In conjunction with visual
kerogen and Cy~Cyqr Cy4~Cq and Cy 5, hydrocarbon content of 2 rock, to indicate the hydrecarbon source quality of rocks,

The provedure for determining the total organic carbon content of a reck involves drying the sample, grinding to a powder, welgh-
ing out 0.2729 grarm sample into a erucible, actdizing with hot and cold hydrochloric acid to Temove calclum and magnesium car-
bonate, and carbon anelysis by combustion in a Leco carbon analyzer,

We tun several blank crucibles, stendards {iron rings of known carbon content) and duplicate rock samples in thia analysis at no
additionsl charge to the client for purposes of data quality control.

Cy g+ Soxhlet Extraction, Deasphaltening and Chromatographlc Separation

The ameunt and composition of the organic matter which can be solvent-extracted from a rock reflects source quality and source
type, C13/c12 caxbon isctopic, high mess spectrometric and go analyses of the paraffin-naphthene and arematic hydrocarbon
fractions of the aoluble extract gives data which is used in crude ofl-parent rock correlations.

This analysls lnvolves grinding of & dry rock sample to a powder and removel of the soluble organic matter by soxhlet extraction
using & co-distliled toluene-methanol azeotrope solvent. Where the amount of available sample material permits, we ke to nsa
at least 100 grams of rock for this analysis.

The extracted bitumen is separated fnto an aspheltene (ASPH) and a pentane goluble fraction by normal pentane practpitetion. The
pentane soluble components are separated Into a Cp 5 paraifin-naphthene (P-N) hydrocarbon, C;g, aromatic hydrocarbin (AROM)
and Cy g nitrogen-sulfur-cxygen containing fraction (NSO) by adsorption chromatography on a silica gel-alumina column using
pentang, tolyene and toluens-methanol azeotrope eluants.



AIPENDIN A (continited)

GC Analysis of Cyg, Paraffin-Naphthene (P-N) Hydrocarbons

The content and melecular composition of the heavy Cyy, paraffin-naphthene {P-N) hydrocerbons of rocks, as determined b7 ge
analysis, reflects source quality, source type and degree of thexrmal maturation,

In this anslysis, we subject a very small fraction of the total amount of the P-N fraction extracted from a rock sample to gc analy-
sfs. The gas chromeatograph (s a Varian Aerograph Model 1400 equipped with & solld rod injection system and a eutsetic column,

The calculated C. P.1. (carbon preference index) values for the normal parnffin data is defined as the mean of two ratioa wkich are
determined by dividing the sum of concentrations of odd-carbon numbared n-paraffing by the sum of ever-carbon numbered z-
paraffins. The C.P. Indices A and B were obtained by the formulas;

Co1*C237Ca5+Cay  Co1+CogtCaptlar CaptCartCa0tCa1 | CostCartCaetly
C.P. Indox A = CopiCog+Cpg+Cpg  Cpo*Cp+CaqtCig C.P. Index B= Cpg-CpgtC3p9Caz  Co4+C2g+Cy8+Ca0
2 )
' visusl Kerogen

A visuel study of kerogen, the insoluble organis matter in rocks, can indicate the relative abundance, size, and state of proserva-
Hon of the various recognizeble kerogen types and thereby indicats the hydrocarbon source character of a rock. The color of the
kerogen can be used to indicate the state of thermal maturity of the sediments (l. e. thefr time-temperature history}. Thermal
maturation plays an lmportant role in the generation of hydrocarbons from organic matter, and also affects the composaitior of
resexrvolred hydrocarbons,

Our procedure for visual kerogen glide preparation Involves isolation of the organic matter of a rock by removal of the roc™ mate-
rial with hydrochloric and hydrofluoric acid treatment and heavy Liquid separation, This procedure is comparable to that used by
the palynologist except it does not include an oxidation stage. (The oxidation treatment is deleted from our procedure bacase It
removes a great deal of kercgen and blanches any remaining kerogen to an extent whereby it is ussless for our kerogen color
obgervations.) The kercgen residue {s mounted on a glass alide and {5 examined visually under & high power microscope.

Vitrinite Reflactance

Measurement of the reflectivity of vitrinite particles (ERg) present in the kerogen isclated from sedimentary rocks provides a method
of determining the state of maturation, and the dlagenetic (ime-temparature} history of the organio matter present in the sediments,

The kerogen, obtiined from 2 25 gram aliquot of crushed rock by the acid procedure previously discussed, is dried and exbeddad
in a Bioplastic plug. The surface of the plug is polished ustng 0. 05 micron alumina and the reflectivity dstermined under ofl using
a Ziess high resclution microecope. A wminimum of 40 values are required to adequately determine the Maturation Rank.

Fluorescence Spectrophotometric Analyaia

Fluorescence spectrophotometry can be used to characterize and fingerprint cruds olls, eatablish crude oll-source rock relation-
ships, and to measure the hydrocarbon scurce potential of fine-grained sediments.

A one (1) micraliter aliquet of sither {I) & crude oil or (if) the solvent extractable rook bitumen, s passed through an alum*na/
silica gel micro column and the Cj, aromatic hydrocarbons Lsolated, The erometle hydrocarbon ia diluted and the emies'on and
excitation spectra determined at 240 nm and 420 nm using & Porkin-Elmer Model 512 Double Bazmz Fluorescence Spectrophotometer.

GEOTHERMAL DIAGENETIC CRITERIA

(GEDCHEM LABORATORIES, INC )
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