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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: MAR OIL & GAS CO., NO.l ESTES

API NO.: 30-057-20026

AREA: NORTHEAST

LOCATION: TORRANCE COUNTY, NEW MEXICO SEC.35, T5N, RS8E
GEOCHEM JOB NO.: 3815

TOTAL DEPTH: 2913 ft.

INTERVAL SAMPLED: 530-2770 ft.

TOTAL NUMBER OF SAMPLES: 8

ANALYSES
GEOCHEM E -
SAMPLE SAMPLE STRATIGRAPHIC o 218 | =
NUMBER DEPTH INTERVAL Bl o %18 E
slalegidl s
3815-001 530- 600 Abo X { X | X[ X
3815-002 900-1000 Abo X | x| x| x
3815-003 1460-1550 Madera X | X | x| X
3815-004 1950-2030 Madera X | x| x| x
3815-005 2090-2150 Madera X | x| x| x
3815-006 2110~-2160 | Madera X | x| x| x
3815-007 2450~2550 Madera X X X X
3815-008 2700~2770 Sandia X | x{x | x




|

SUMMARY FIGURE 1
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MAR OIL & GAS CO., NO.l1 ESTES
SEC.35, T5N, RSE, TORRANCE COUNTY, NEW MEXICO
API #30-057-20026

GEQCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (% of Rozk)
3815-001 530- 600 0.09
3815-002 900-1000 0.07
3815-003 1460-1550 0.16/0.18
3815-004 1950-2030 0.12
3815-005 2090-2150 0.04
3815-006 2110-2160 0.82/0.83
3815-007 _ 2450-2550 0.1l4
3815-~008 2700-2770 0.79




TABLE LI

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SQURCE ROCK EVALUATION

MAR OIL & GAS CO., NO.L ESTES

SEC.35, T5N, R8E, TORRANCE COUNTY, NEW MEXICO

API #30-057-20026

GEQCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION KO. (wt.Z)
3815-001 530~ 600 0.09
-4 100% Mudstone, very silty,
glightly calcareous, dark
reddish brown. LOR-3/4
3815-002 900-1000 0.07
~A 100% Mudstone, very silty,
glightly calcareous, dark
reddish brown. 10R-3/4
3815-003 1460-1550 0.16/0.18
~-A 100% Shale, slightly calcareous,
micaceous, medium dark gray. N4
3815-004 1950-2030 0.12
-4 100% Shale, slightly calcareous,
micaceous, medium dark gray. N4
3815-005 2090-2150 0.04
~A 100% Limestone, fine crystalline,
light brownish gray. 5YR-6/1
3815-006 2110-2160 0.82/0.83
-A 100% Limestone, fine crystalline,
Light brownish gray. 5YR-6/1
3815-007 2450-2550 0.14
-A 100% Limestone, fine crystalline,
light brownish gray. SYR-6/1
3815-008 2700-2770 0.79
-4 L00% Limestone, fine crystalline,
light brownish gray. 5YR-6/1



SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN DATA

TABLE IIf

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MAR OIL & GAS CO., W0.l ESTES
SEC.35, T5N, R8E, TORRANCE COUNTY, NEW MEXICO
API #30-057-20026

GEOCHEM DEPTH TOTAL VISUDAL ABURDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER RORMALIZED PERCENRT ALTERATION ALTERATION
NUMBER (feet) CARBON TYPE Al Am H [] I STAGE INDEX
3815-001 530- 600 0.09 H; IL:Am#x 0 14 57 0 29 1+ to 2- 1.5
3815-002 900~-1000 0.07 BiIL;Am** ¢] 14 57 0 29 T+ to 2~ 1.6
3815-003 1460-1550 0.16/0.18 H-1:-;W 0 0 44 12 44 2-to 2 1.9
3815-004 1850~-2030 0.12 HiW-1;- 0 0 46 27 27 2 2.2
3815-005 2090-2150 0.04 Am ;HA - 0 57 43 0 0 2 2.2
3815-006 2110-2160 0.82/0.83 W-I;H:Am 0 9 25 * 33 33 2 2.2
3815-007 2450-2550 0.14 Am-A¥%;-;I 0 44 44 0 i2 2. to 2+ 2.3
3815-008 2700-2770 0.79 W-1;H;- 0 0 28 36 36 z: to 2+ 2.3
LEGEND: . g
Al Algal 1
KEROGEN KEY Am Amorphous-Sapropel
Amx Relic Amorphous—Sapropel
Predomiadai;  Secoadary:  Trace Herbaceoua—Spore/Pollgu
60-100% 20-40% 0-20X e Degraded Herbaceous

[ W= . -]

NH 0B X0 RE

Woody-Structured

Unidentified Material!

Inertinite
Coaly




TABLE IV

RESULTS OF ROCE-~EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDRCCARBON SOURCE ROCK EVALUATION

MAR OIL & GAS CO., NO.l ESTES
SEC.35, TSN, RS8E, TORRANCE COUNTY, NEW MEXICO
API $30-057-20026

GEOCHEM DEFTH
SAMPLE IRNTERVAL THAX S1 82 53 T.0.C, HYDROGER OXYGER
NUMBER {Feet) (c) (ng/g) (mg/g) (mg/e) PI BC* (wt.X) INDEX INDEX
3815-001 530- 600 394 0.20 0.04 0.40 0.83 0.02 0.0% 44 444
3815-002 900~-1000 270 0.18 0.05 0.43 0.82 0.01 0.07 71 614
3815-003 1460-1550 270 0.11 0.05 0.39 0.69 0.01 0.17 29 229
3815-004 1950~-2030 257 0.15 0.02 0.35 0.94 0.0l 0.12 16 291
3815-005 2090-2150 194 0.12 0.04 0.23 1.00 0.01 0.04 25 575
3815-006 2110-2160 460 0.24 0.28 0.60 0.46 0.04 0.83 33 72
3815-007 2450-2550 33s 0.14 0.02 0.27 0.87 0.01 0.14 14 192
3815-008 2700-2770 426 0.12 0.13 0.23 0.50 0.02 0.79 ié 29

T.0.C. = Total organic carbom, wt.Z 83 = C02 produced from kerogen pyrolysis Oxygen

§1 = Free hydrocarbons, mg He/g of rock (mg €02/g of rock) Iindex = mg C02/g organic carbon

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

{mg HC/g or rock) Hydrogen THMAX = Temperature Index, degrees G.

Index = mg HC/g organic carbon



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

GENERAL CAVED AND/OR SUMMARY
MAR OIL & GAS COMPANY
HO.1 ESTES INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION (S} ORGANIC
TYPE  OF COLOR OF | STATE OF MATTER
gggRAI;gE g{;gNTI‘.iéENEW MEX1CO ORBANIC MATTER MATURATION INDEX ORGANIC MATTER MATURATION INDEX TYPE
. » k]
API # 30-057-20026
T.D., 2913 ft,
GEOCHEM Na. DEPTH
3815-001 530- 600 | 8 Wlow ; H{T;Am#**
3815-002 | 900-1000 1 H; T3 Am**
3815-003 | 1460-1550 TH] H~I;—:W
3815-004 | 1950-2030 r HH HiW-T:—
3815-005 | 2090-2150 K AmiH% ;-
3815-006 ]| 2110-2160 | 1 lF" W-T:H:AD
3815-007 1 2450-2550 yyIEHT] Am-H#*:—s 1
3815-008 ]| 2700-2770 I =T 2He—
W-I:;H;

RN NN
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LEGEND FOR SUMMARY DIAGIrAM

DEPTH: in feet
LITHO LOG: see lithology symbols
STRATIGRAPHY: by age
% TOC: percent total organic carbon
HI: Rock-Eval, Hydrocarbon Index = 100 82(0/00 We)/TOC
Ez: Rock-Eval, Oxygen Index = 100 83 (0/00 wt)/TOC
HC YIELD: Rock~Eval, $2 peak {(ppm)
$2/83: Rock-Eval, Ratio of S2 to S3 peak
KEROGEN: see Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of $2 peak, in degrees Centigrade
ZRO (A): Vitrinite Reflectance (scale 0 to 5)
TAT (¥*): Thermal Alteration Index (Scale 1 to 53)
FREE HC: Rock-Eval, S1 peak (ppm)
PI: Rock-Eval, Productivity Index = $1/(81+52)
LITHOLOGIES KEROGEN TYPES
EZ227) SHALE SILICEOUS ROCKS E==z3] AMORPHOUS
T2ZIZ] MUDSTONE EVAPORITES HERERCEQUS
5] SILTSTONE B oo i) WOOCY
] SANDSTONE /) 1GNEOUS ROCKS E=S INERTINITE

e LIMESTONE

T2 (OLOMITE

L MARL

11111

CONGLOMERATE

BRECCIA

skt VOLCANICS
N\ METRMORPHIC ROCKS

BASEMENT

OTHER

MISSING SECTION




APPENDIX A

Brief Deseription of Organic Geocheinlcal analyses Carried Out by GeoChom

C[-Cy Hydrocarbon
The C1"c7 hydrocarbon content and composition of sediments reflects source type, source quallty and thermal maturit,

The Cy-Cqy hydrocarbon content of well cuttinge 13 determined by analyzing both a szmple of the cuttings and the air sprce at the
top of the can. Tho results of the two analyses are summed to give an lnventory of the C,-C hydrocarbon conteat of tre well cut-
tings prior to any losses from the cuttings during the lapsed time period betwoeen collection at the wellsite and lnborato-y analysis,

The alr space C;-Cp hydrocarbon analysis fnvolves toking & measured volume of the air apace gas aut of the can with a syringe and
injecting same into a gas chromatograph, GeeChem uses a Varian Acrograph Model 1400 instrument equipped with & Porapec Q
column. The gas sample s taken through the column by a carrier gas and before reaching the detoctor ia separated in‘o its various
Cl(mamnna), C, (ethane), Cy{propane), IC, (lsobutanc), nCy (normal butane), and Cg, Cgs Cq hydrocarbon components.

This particular anelysis gives a complete separation of the C 1~C4 gas-range hydrocarbons and a partinl separation of the Cg-Cq
gasoline-range hydrocarbons. (A detailed C 4-C analysis, to be discussed later, involving a caplllary column, effects a complete
soparation of this molecular range into {ts acvornl individual molecular species.)

The electrical response of the various hydrocarbons as they reach the detoctor is recorded on a paper strip chart as & peak. This
response 1a stmultaneousty fed to an {ntegrator which computes the area of each peak. The concentration of C;-Cq hycrocarbons

in the alr space, expressed a3 volumes of gas per milllon volumes of cuttings, 1s determined by a caleulation involving the velume
of cuttings, volume of air space in the can, volume of sample injected, volume of standard gas sample used in the calihration, cali-
bration factor for Cy» Cps Cgy etc. determined by ge analysis of a standard gas sample, and the ge¢ peak response.

The Cl-CT hydrocarbon content of the cuttings {s determinod by degasification of & measured volume of cuttings (In & medium of a
measured volume of watar) in a ¢losad blender, sampling of the air spece at the top of the blender, and Injecton of 2 meagured vol-
ume of gas Into the gas chromatograph. .

The C)-Cq hydrocarbon data from the air space and cuftings gas analyses are summed to glve 2 "restored! C1-Cq hydrocarbon
content of the cuttings,

Samnple Washing and Hand- Picking of Uneaved Lithol 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 Oue sand and siit, The washed cuttings ave usually kept under water cover
until ptcked, to prevent loss of any gascline-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 microseope, we carefully hand-pick
and describe a sulte of uncaved lithologies representative of the varieus stratigraphic zones penetrated by the well. The lthologl-
cal data 1g used to complle a gross litho percentage log which 1a shown on all Figures. The 2-4 gram plcked Uthology samples are
stored under water in small glass vials in those instances whare we wish to run dstalled €,-C,, bydrocarbon pnalyses. This sample
set 18 used not only for the C —C,], hydrocarhon analysls, but also for the visunl kerogen and total organic carbon analyses. All re~
maining cuttings materinl is éﬂed and packaged in labelled plastic bags for possible Cy¢., soxhlet extraction and/or evantual return
to the client. Sample materlal from this study will be retained at GeoChem until advised of disposition.

Detalled C 4-07 Hydrocarhon

The C,-C,, gasoline-range hydrocarbon content of sedlments reflects source quality, thermal maturation and organto facies, Com-
positional data can be used [h crude oil-paront rock correlation work.

The C,-Cyy hydrocarbon content and detatted molacular composition of hydrocarben, in hand-picked lithologies, 19 detrrmined by &
Bge ysis of the Hght hydrocarbon extracted from 1-2 gram cuttings samples macerated ina microblendar. A measired volume
of sample 18 placed in o sealed microblender along with a measured voluma of hot water. The rock sample {3 pulverized by the
blades of the blender. A sample of the liberated light hydrocarbons which ecollect fn the alr gpace at the top of the blender i3 In-
jected into our Varian Aerograph 1400 gc unit which is equipped with o cepillary column. Data recording, computatiors, ete. are
comparable to thoge used for the Cy-Cq analysis discussed previously In this report. Iliydrocarbon concentration is erprossed as
volume gas per million volumes of cuttings.

Organie Carbon

The total organic carbon content of a rock 13 a measure of its total organlc richnoss. Thia data 1s used, In conjunction with visual
kerogen and Cl-C4, C4-Cqand Cy54 hydrocarbon content of a rock, to lndicate the hydrocarbon source quality of rocls.

The procedure for determining the total organic carbon content of a rock lnvolves deying the sample, grinding to a povder, welgh-
fng out 0, 2729 gram sample lnto & crucible, acidizing with hot and cold hydrochloric acld to remove calelum and magnesium car-
honate, and oarbon anatysis by combustion in a Leco carbon analyzer.

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

C, 5y Sonhilet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organte matter which can be solvent-extracted from a rock reflects source quality and source
type. c13/612 carbon isotopic, high mass spectrometric and ge annlyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the soluble extract glves dat whicl {8 used in crade oil-parent rock correlations.

Phis analysis involves grinding of a dry rock sample to powder mnd removal of the soluble organle matter by goxhlet extraction
using a co-distilled toluene - nethanol nzeotrope solvent. Where the simount of available sample mater(al permits, we like to use
at lenst 100 grams of rock for this malysis.

The extracted bitumen s sepatrated into an asphaltene ASPID and a pentae soluble fraction by normeal pentane precipitation, The
pentane soluble compenents are sepirated into a Cygy paraffin-naphthene (P-N) hydrocarbon, C1 5+ aromatic hydrocarbon (AROM)
and Cyg4 nitrogen- sulfur-oxygen containing {action {(NRO} by adsorption chromategraphy on 2 silica gel-alumina column usig
pentane, toluene and toluene methunel azeotrope eluants.



APPENDIX A (continued)

GC Analysis of Cy 54 Faraffln~Naphthene (P-N) Hydrocarbons

The content and molecular composition of the heavy Cyg; parafiln-naphthens (P-N) hydrocarbons of rocks, as determined by ge
gnalysis, refiects gource quality, scurce type and degree of thermal maturation.

n this analyals, we subject a very small fraction of the tota) amount of the P-N fraction extracted from & rock sample to ge analy-
8ls. The gas chromatograph 18 a Varian Asrograph Model 1400 equipped with a solid rod injection system and a sutectic catumn.

The calculated C.P.1. (carhon preference index) values for the normal paraffin data s defined as the mean of two ratios wh'ch are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraifine by the sum of even-cerbon numbered n-
paraffins, The C.P. Indices A and B were obtalned by the formulas:

Cp1*Cz3*Cop+Car  C21+Cag+Captlny CoptCoqtCegiCal | Cop*CaqtlagiCa
C.P. Index A = CpptCpy#Cog+Cog  Cro*CaptCaygiCos C.P. Index B= CpgiCogtlsoiCy2  C24-C2g+Cy8+Cag
2 2
Yisaal Kerogen

A visual study of kerogen, the Insoluble organic matter In rocks, can indicate the relative abundance, size, and state of pressrva-
tion of the various recognizable kerogen types nnd thereby Indicate the hydrocarbon source character of a rock. The color of the
kerogen can be used to indicats the atate of thermal maturity of the sediments {i. e. their ime-temperature hiatory). Thernal
maturation plays an jmportant role in the generation of hydrocarbons from organic matter, and also affects the composition of
regervoired hydrocarbana.

Our procedure for visual kerogen sliide preparation involves isolation of the organic matter of a rock by removal of the Tocl” mate-
rial with hydrochioric and hydrofluoric acld treatment &nd heavy Hquid separation, This procedure 13 comparable to that ueed by
the palynologist except it does not include an oxidation stege. (The oxldation treatment ia deleted from our procedure becanse it
removes a great deal of kercgen and blanches any remaining kerogen to an axtent whereby it is useless for our kercgen coler
obsexvations.) The kerogen residue is mounted on a glase slide and 18 examined visually under a high power microscope.

Vitrinite Reflectance

Measurement of the veflectlvity of vitrinite particles (XRo) present in the kerogen tsclated from sedimentary rocks provides & method
of determining tha state of maturation, and the dlagenetic (tme-temperature) history of the organic matter present in the gediments.

The kerogen, obtalned from & 25 gram aliguet of crushed rock by the 2cld procedure previously discnssed, ie dried and embedded
in a Bioplastic plug. The surface of the plug is polished using 0. 05 mieren sluming and the reflectivity determined under ofl using
a Ziess high resolution microscope. A mintmum of 40 values axe required to adequately determine the Maturation Rank.

Fluorescence Spectrophotometric Analysis

Fluorescence spectrophotometry can be used to characterize and fingerprint erude ofls, establiah orude ofl-source rock relation-
ships, and to measure the hydrocarbon source potential of fine-grained sediments,

A one (1) microliter aliquot of either (1) a crude ofl or (ii) the solvent extractable rock bitumen, is pagsed through an alum'na/
silica gel micro column and tha Cp 5, Bromatic hydrocarbons tsolated. The aromatic hydrocarbon ig dlluted and the emiss'on and
excltation spectra determined at 240 nm and 420 nm uaing 8 Perldn-Elmer Model 612 Double Beam Fluorescence Spectroprotometer.
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