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NEW MEXICQ HYDROCAREBON SOURCE ROCK EVALUATION

WELL NAME: MCCLELLAN 0OIl, CORP., NO.l MCCLELLAN-WHITE FEDERAL
API NO.: 30-005-00216
AREA: SOUTHEAST
LOCATION: CHAVES COUNTY, NEW MEXICO SEC.9, T4S, R2ZJE
GEOCHEM JOB NO.: 3713
TOTAL DEPTH: 6713 ft.
INTERVAL SAMPLED: 1500~-6674 ft.
TOTAL NUMBER OF SAMPLES: 14
ANALYSES
GEOCHEM é %
SAMPLE SAMPLE STRATIGRAPHIC g | 8 ﬁ
NUMBER DEPTH INTERVAL Elo | B8R =
Slel e | S o
3714-001 1500-1600 San Andres X X X X
3714-002 2000-2100 San Andres X X X X
3714-003 2650-2750 Yeso X X X X
3714-004 3100-3200 Yeso X X X X
3714-005 3700-3800 Yeso X X X X
3714-006 4600-4700 Abo X X X X
3714-007 4600-4700 Abo X X X X
3714-008 5000-3100 Abo X X X X
3714-009 5300-5400 Hueco X X X X
3714-010 5600-5700 Hueco X X X X
3714-011 5900-6000 Cisco X X X X
3714-012 6150-6250 Canyon X X X X
3714-013 6450-6550 Strawn X X X X
3714-014 65806674 Mississippian X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MCCLELLAN OIL CORP., RO.l MCCLELLAN-WHLITE FEDERAL
SEC.9, T4S, R27E, CHAVES COUNTY, NEW MEXICO
APL #30-005-00216

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (X of Ro=k)
3713~-001 1500-1600 0.42
3713-002 2000-2100 0.33
3713-003 2650-2750 0.26/0.27
3713-004 3100-3200 0.18
3713-005 3700-3800 0.12
3713-006 4600~-4700 0.10
3713-007 4600-4700 0.24
3713-008 5000-5100 0.09
3713~009 5300~5400 0.23
3713-010 5600-5700 0.18
3713-011 5900-6000 0.16/0.16
3713-012 6150-6250 0.49
3713-013 6450-6550 0.08
3713-014 6580-6674 0.45




TABLE LI

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MCCLELLAN OIL CORP.,

APL #30~005-00216

NO.1 MCCLELLAN-WHITE FEDERAL
SEC.9, T4S, R27E, CHAVES COUNTY, NEW MEXICO

GEQCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3713-001 1500-1600 0.42
-A 100% Dolostone, limely, fine
crystalline, medium dark
gray to dark yellowish N4 to
brown, LOYR-4/2
3713-002 2000-2100 0.33
-A 100% Dolostone, limely, fine
crystalline, medium dark
gray to dark yellowish N4 to
brown. 10YR-4/2
3713-003 2650~-2750 0.26/0.27
-A 100% Dolostone, limely, fine
crystalline, medium dark
gray to dark yellowish N4 to
brown. 10YR-4/2
3713-004 3100~3200 0.18
-4 100% Dolostone, limely, fine
crystalline, medium dark
gray to dark yellowish N4 to
browa. 10YR-4/2
3713-005 3700-3800 0.12
~A 100% Dolostone, limely, fine
crystalline, medium dark
gray to dark yellowish N4 to
brown. 10YR-4/2
3713-006 4600-4700 0.10
-A 100% Mudstone, noncalcareous,

moderate reddish brown.

LOR-5/4



TABLE II {continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MCCLELLAN OIL CORP., NO.1 MCCLELLAN-WHITE FEDERAL

SEC.9, T4S, R27E, CHAVES COUNTY, NEW MEXICO

API #30-005-00216

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3713-007 4600-4700 0.24
~-A 100% Mudstone, noncalcareous,
medium light gray. N6
3713-008 5000-5100 0.09
-4 100% Mudstone, calcareous,
moderate reddish brown. 10R-5/4
3713-009 5300-5400 0.23
-A 100% Limestone, fine crystalline,
medium gray. N5
3713-010 5600-5700 . 0.18
-A 100% Limestone, fine
crystalline, medium
dark gray. N4
3713-011 5900-6000 0.16/0.16
~A 100% Limestone, fine
crystalline, medium gray. N5
3713-012 6150-6250 0.49
-A 100% Shale, noncalcareous,
micaceous, medium dark
gray. N4
3713~013 6450-6550 0.08
-A 160% Shale, noncalcareous,
micaceous, medium dark
gray. N4
3713-014 6580-6674 0.45
-A 100% Limestone, fine
crystalline, light gray. N7



TABLE IILI

SUMMARY OF ORGANIC CARBON AND VISUAL KERCGEN DATA

NEW MEXLCO HYDROCARBON SOURCE ROCK EVALUATION

MCCLELLAN O[L CORP., NO,1 HMCCLELLAN-WHITE FEDERAL
SEC.9, T4S, R27E, CHAVES COUNTY, NEW MEXLCO

API #30-005-00216
GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER NORMALIZED PERCENT ALTERATION ALTERATION
NUMBER (feer) CARBON TYPE Al Am H W L STAGE INDEX
3713-001 1500-1600 0.42 AmH* ;- 0 67 33 0 1] 2- to 2 2.0
3713-002 2000-2100 0.33 Am-H¥%;-; [} 44 44 4] 12 2- to 2 2.0
3713-003 2650-2750 0.26/0.27 AmH*; 1 [ 57 29 0 14 2- to 2 2.0
3713-004 3100-3200 0.18 Am-H%;-; 1 0 44 44 0 12 2~ to 2 2.0
3713-005 3700-3800 0.12 Am*¥ H W-1 0 50 24 13 13 2- to 2 2.1
3713-006 4600-4700 0.10 Ak s~ H= 0 66 17 0 17 2~ to 2 2.1
3713-007 4600-4700 0.24 Am** H-1 W 0 45 22 11 22 2= te z: 2.1
3713-008 5000-5100 0.09 AmF¥; ]~ 0 67 0 0 33 2- to 2 2.1
3713-009 2300-5400 0.23 H;-;W-L 0 1] 72 14 14 2- to 2 2.1
3713-010 5600-5700 0.18 H;W-I;Am 0 10 50 20 20 2- to 2: 2.1
3713-011 5900~-6000 0.16/0.16 Am=H ;=W 0 44 44 12 0 2 2.2
3713-012 6150-6250 0.49 H;W-1;- 0 0 50 25 25 2 2.2
3713-013 6450-6550 0.08 Am¥**~H¥ ;W-] ;- 0 30 30 20 20 2 2.2
3713-014 6580-6674 0.45 H;W-1;- 0 4] 50 25 25 2 2.2
,
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous—Sapropel
Am**¥ = Relic Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous-Spore/Pollen
20=-40% 0-20% n* = Degraded Herbaceous

W = Woody-Structured

U = Unidentified Material

L = Inertinite

c = Coaly




TABLE [V

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEXLCO HYDROCARBON SOURCE ROCK EVALUATLON

MCCLELLAN OIL CORP,, NG.l MCCLELLAN-WHITE FEDERAL
SEC.9, T4S, R2Z7E, CHAVES COUNTY, NEW MEXICO
API £30-005-00216

GEOCHEM DEFTH
SAMPLE INTERVAL THAX 51 s2 83 T.0.C. HYDROGEN OXYGEN
NUMBER (Feet) (e) (mg/g) (mg/2) (ng/g) PL PC* (wt.Z) INDEX INDEX
3713-001 1500-1600 427 0.31 1.35 0.92 0.19 0.13 .42 321 219
3713-002 2000-2100 432 0.05 0.29 0.77 0.15 0.02 0.33 87 233
3713-003 2650-2750 428 0.03 0.21 0.42 0.12 0.02 .27 77 155
3713-004 3100-3200 431 0.09% 0.31 0.47 0.22 0.03 .18 172 261
3713~005 3700~3800 416 0.01 0.03 0.90 .25 0.00 0.12 25 750
3713-006 4600-4700 305 Q.04 0.19 0.92 0.18 0.01 0.10 190 920
3713-007 4600-4700 348 0.05 0.28 0.48 0.16 0.02 0.24 tie 200
3713-008 5000-5100 363 0.02 0.08 0.86 0.20 0.00 0.09 28 955
3713-009 5300-5400 407 0.11 0.17 0.39 0.39 0.02 0.23 73 169
3713-010 5600~5700 446 0.09 0.80 0.50 0.10 .07 0.18 44 277
3713-011 5900-6000 442 0.08 0.06 0.38 0.57 0.01 0.16 37 237
3713-012 6150~6250 343 Q.11 0.13 0.56 0.46 0.02 0.49 26 114
3713-013 6450-6550 319 0.05 0.04 0.40 0.62 0.00 0.08 50 500
3713-014 6580-6674 271 0.08 0.13 0.50 0.40 0.01 0.45 28 111

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

51 = Free hydrocarbons, mg He/g of rock {mg CO2/g of rock) Iadex = mg CO02/g organic carbon

s2 = Residual hydrocarben potential PC* = 0.083 (5@ + 52) PI = 51/51 + 352

(mg HC/g or rock) Hydrogen THAX = Temperature Lndex, degrees C.

Index = mg UC/g organic carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

NEW MEXICO BUREAU OF MINES PROJEC GENERAL CAVED AND/OR SUMMARY
MCCLELLAN O1L CORF., INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION(S) ORGANIC
g;m 32?%&@;?%25 E‘gﬂ#‘ MATURATION INDEX ot e loreai mnenl % JoReAMIE MAtTER] MATURATION iNDEX M-?mﬁ
SEC.9, T45, R27E
APL #30-005-00216
GEOCHEM No DEPTH REMARKS
3713-001 | 1500-1600 ;] H AmyH%s—
3713-002 { 2000-2100 Am-Hk: =3I
3713-003 | 2650-2750 TN AmzH*:T
3713-004 | 3100-3200 1T Ame=H* ;=T
3713-005 | 3700-3800 H AmEx  H3W-]
3713-006 | 4600-4700 H | | Ak s i1
3713-007 | 4600-4700 H s A% 13U
3713-008 | 5000-5100 ] Ak T g
3713=009 | 5300-5400 H= HH ] Hi—3sW-1
3713-010 | 5600-5700 M H3W-1;Am
3713-011 | 5900-6000 f . ¥ i Am—H i—: W
3713012 [ 6150-6250 HHHHH HW=L;-
3713-013 | 6450-6550 {1 HiH AmAE—f% W1 ;-
3713-014 | 6580-6674 ENA HiW-I:—

[l
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LEGEND FOR SUMMARY DIAGIAM

DEPTH: in feect

LITHO LOG: see lithology symbols

STRATIGRAPHY: by age

%Z TOC: percent total orgaanic carbon

HI: Rock-Eval, Hydrocarbon Index = 100 52(0/00 Wt)/TOC

o1: Rock~Eval, Oxygen Index = 100 83 (0/00 We)/TOC

HC YIELD: Rock-Eval, 82 peak (ppm)

52/53: Rock-Eval, Ratio of 82 to 83 peak

KERQGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
RO (A): Vitrinite Reflectance (scale 0 to 5)

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

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

PIL: Rock-Eval, Productivicy Index = S1/(S1+52)

LITHOLOGIES KEROGEN TYPES
EIIES sALe B SILICEOUS ROCKS 2223 AMORPHOUS
F=22] MUDSTONE EVAPORITES HERBACEOUS
=] sILTSTONE B oo 2] WOODY

------------- SANDSTONE 77/ 1GNEQUS ROCKS INERTINITE
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|||||

BRECCIR
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APPENDIX

Brief Description of Organic Geochsmical analyses Carried Out by GeoChem

C;-Cq Hydrocarbon
The Cl_c? hydrocarbon content and composition of sediments reflects source type, source quality and thermal maturitr,

The Cy -Cy hydrocarbon content of well cuttings is determined by analyzing both e sample of the cuttings and the air spece at the
top of the can. The rosults of the two analyses are summed to give en Inventory of the C_-C hydrocarbon content of the well cut-

tings prior to any logges from the cuttings during the Iapsed time period between co]lectl%n at the wellsite and laboratory analysts.

The alr gpace 01—07 hydrocarbon aualysis involves taking a measured volume of the air space gas out of the can with syringe and
injecting same into 4 gas chromatograph. GeoChem uses a Varlan Aerograph Model 1400 {nstrument equipped with & Parapec Q
column. The gas sample i3 taken through the column by a carrler gas and before reaching the datector 1s separated info its various
Cl(methane), C, (ethane), Cg4{propans), iC, (1sobutane), nCy {normal butans), and Css Cgs Oy hydrocarbon components.

This partiouler analysis gives a complete separation of the C;-C4 gas-range hydrocarbons and & partial separation of the C5-Crq
gagoline-range hydrocarbone. {4 detailed C4—C,ir anelysis, to be discussed later, involving a capillary column, effects 2 complets
gseparaton of this molecular range into itg several individual molecular apecles. )

The electrical response of the various hydrocarbons as they reach the detector ia recorded on a paper strip chart as o veak. This
response is simultanecusly fed to an Integrator which computes the area of each peak. The concentration of C1-Cq tqrcirocarbons

in the alr space, expressed a8 volumes of gas per million volumes of outtings, 18 determined by a calculation involving the volume
of cattings, volume of air space in the can, volume of sample injected, volume of standard gus sample used in the calibration, cali-
bration factor for Cys Cps Cgy ete. determined by ge analyais of a standard gas sample, and the ge peak response.

The C;-Cq hydrocarbon content of the outtings i3 determined by dagesification of & measured volume of cuttings (in & mediom of a
measired volume of water) in & closed blender, sampling of the alr space a1 the top of the blender, and {njection of 4 measured vol-
ume of gas Into the gas chromatograph.

The C;-Cq hydrecarbon dats from the alr space and cuttings gas analyses are summed to give a "restored" C1-Cy hydrocarbon
content of the cuttings,

Sample Washing and Hand-Picldng of Uncaved Lithology Samples

The cuttings samplea are washed to remove all drilling mad from the cuttings. Care 18 token in the washing procedure not to re-
move any soft claye, claystones, etc, and any loose fine sand and silt. The washed cutiings are usually kept under watar cover
untl picked, to prevent loss of any gasoline-range hydrocarbans. Using the C;-Cy hydrocarbon data profile and the slectrical

well log supplied to us and our visual examination of the cuttings material undexr the binocular microscope, we carefully hand-plek
and desoribe 2 suite of uncaved lithologles representative of the various stratigraphlc zones penetrated by the well, Th+ lithologl-
cal data 1a used to complle & groag litho percentage log which L1a shown on all Figurea. The 2-4 gram picked lithology samples are
stored under water in small glass vials in those instances where wo wish to yun detailed C,-C,, hydrocarhen analyses. This sample
sat is used not only for the C "C'i' hydrocarbon analygis, but slgo for the visual kerogen and total organic carbon analyses, All re-
maining cuttings material is érled and packaged in labelled plastic bags for possible C,g, saxhlet extrastion and/or eventual retarn
to the client. Sample material from thia study will be retalned af GeoChem untit advised of disposition.

Detailed C-C, Hydrocarbon

The C4'C'r gasoline-range hydrocarbon content of sediments reflects source quality, thermal maturation and organic facies. Com-
positional ‘data can be used in erude oll-parent rock correlation work.

The C4-Cq hydrocarbon content and detailed molecular composttion of hydrocarbon, in hand-plcked Hthologies, ts determined by a
gc a.naiysia of the light hydrocarbon extracted from 1-2 gram outtngs samples macerated in 8 microblender. A measured volume
of sample 18 placed in a sealed microblender along with & measured volume of hot water, The rock sample is pulverized by the
blades of the blender. A szmple of the Hbarated light hydrocarbons which collact in the alr space at the top of the blencer ia in-
jected into cur Vartan Aerograph 1400 go unit which 19 equipped with a eaplilary column. Daia recording, computations, ete. are
comparable to those used for the C;-Cq analysis discusged previcusly in this report. Hydrocarbon concentration is expreased as
volume gas per milllon volumes of cuttings.

Organic Carbon

The total organic carbon content of 2 rock is & measure of 1ts total organie richneas, This data is used, in conjunction with visual
kerogen and C;-Cqo C4-Cq and Cyg, hydrocarben content of & rock, to indicate the hydroearbon source quality of rocks,

The procedure for determining the totel organie carbon content of a rock involves drying the sample, grinding to & powder, weigh-
{ng out 0.2729 gram sample into a cruclble, acldizing with hot and cold hydrochloric acid to remove caloium and megnesium ear-
bonate, and carbon analysis by combusgticn in a Leco carbon analyzer.

We run several blank crucibles, standards (lron rings of known carbon centent) and duplicate rock samples {n this analysis at no
additicnal charge to the client for purposes of data quality control.

Cypt Joxhlet Extraction, Deaspbaltening and Chromatographic Separation

The amount and composition of the organic matter which con be solvent-extracted from & rock reflects source quality and source
type. C23/c12 carbon isotople, high mase spectrometric and ge analyses of the paraffin-naphthene and arematic hydrocarbon
fractions of the soluble extract glves data which i9 nsed in crude oll-parent rock correlations,

This analysts involves grinding of a dry rock sample to a powder and removal of the soluble organic matter by soxhlet extraction
usging 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 analyais.

The extracted bitfumen 1s separated into an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitation, The
pentane scluble components are separated into a Cyp. paraffin-naphthene (P-N) hydrocarhoen, C; g, Aromatic hydrocarbon (AROM)
and ¢y, nitrogen-sulfur-oxygen containing fraction N30} by adsorption chromatography on a silica gel-alumina column using
pentane, toluene and toluene-methancl azeotrops eluants,



G Analysis of Cy g, Paraffin-Naphthene (P-N) Hydrocarbons

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

In this analysla, we subject a very small fraction of the total amounnt of the P-N fractlon extracted from & rock sample to go analy—
sls, The pad chromatograph 1a & varian Aerograph Model 1400 equipped with a solid red injection sygtemn and a eutectic column.

The calculated C. P,I. (carbon preference index) values for the normal paraffin data is defined as the mean of two ratios which are
detarmined by dividing the sum of concentrations of odd-carbon numbered n-paraffins by the sum of even—carhon numbered n-
paraffing, The C,P, Indices A and B were obtained by the formulasg:

Cp3tCaa*CastCar  Co1tlagtCasilay CogtCartCao+Car | CagtCaqiCagilay
C.P. Index A = CpprCoqrCoptlpg  C20tCpprCo4+Cag C.P. Index B* CpgrCagtl30#Cae  CagtCog+C,a+Cap
2 2
Visual Kerogen

4 visual study of kerogen, the Insoluble organic mattsr in rocks, can indicate the relative abundance, size, and state of preserva-
tlon of the various recognizable kerogen types and thereby Indicate 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 (i, e. thelr time-temperature history). Thernal
maturation plays an important role in the generation of hydrocarbons frow organic matter, and also affects the composition of
ras?rvoired hydrocarbons. ’

Qur procedure for visual kerogen slide preparation invalves laolation of the ovgante matter of & »ock by romoval of the Tock mare-
rial with hydrochloric and hydrofluoric actd treatment and heavy liquid separation. This procedure i3 comparable to that used by
the palynologist except it does not include an oxidation stage. (The oxidation treatment 19 deleted from our precedure becavse it
removes a great deal of kerogen and blanches any rematning kerogen to an extent whereby it 13 useless for our kerogen color
observations.) The kerogen residue is mountad on a glaas slide and {s examined visually under a high power microscope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles & Rq) present in the kerogen laclated from sedimentary rocks provides & method
of determining the stats of maturation, and tne dlagenstio (fime-temperature) history of the organic matter present in the sediments.

The kerogen, obtained from & 25 gram aliquot of erushed rock by the acid procedure previcusly discuaged, la dried and embedded
in a Bloplastic plug., The surface of the plug is pelished using 0. 05 micron alumina and the reflectivity determined quder ofl using
a Ziess high resolution microscope. A minitmum of 40 values are reguired to adaquately dstermine the Maturation Rank,

Flugrescence Spectrophotometric Analysis

Fluorascence sneotrophotometry can be used ro characterize and fingerprimt crude oils, establish crude oll-source rock relation-
ships, and to measure the hydrocarbon gource potential of fine-grained gediments,

A one (1) microliter aliquot of either (I} & or.de oll ox (i) the solvent extraciable rock bitumen, 1s passed through an alumina
siliea gel mioro column and the C; o, aTomatle hydroeaxbons isclated. The eromatic hydrocarbon 1$ diluted and the emission and
excitation spectra determined at 240 nox and 420 nm using a Perkin-Elmer Model 512 Double Beawmn Fluorescente Spectiophotometar,

GEOTHERMAL DIAGENETIC CRITERIA

{GEQCHEM LABORATORIES, INC.)
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