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WELL NAME:

API NO.:
AREA:
LOCATION:

NEW MEXICC HYDROCARBON SOURCE ROCK EVALUATION

GEOCHEM JOB NO.:

AMOCO PRODUCTION CO., NO.l SALMAN RANCH A

30-033-20053

NORTHEAST

MORA COUNTY, NEW MEXICO
3627

SEC.3, T20N, RIL7E

TOTAL DEPTH: 10,133 ft.
INTERVAL SAMPLED: 4700-9600 ft.
TOTAL NUMBER OF SAMPLES: 4
ANALYSES
=
GECCHEM % E
SAMPLE SAMPLE STRATIGRAPHIC % 1 8 =
NUMBER DEPTH INTERVAL Elo | 8| R (&
) — ] o 3 B
= EH [~ Q
3627-001 4700-4800 Pennsylvanian X X X X
3627-002 6300-6400 Pennsylvanian X X X X
3627-003 7500-7600 Pennsylvanian X X X X
3627-004 9500-9600 Pennsylvanian X X X X




TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AMOCO PRODUCTION CO., NO.l1 SALMAN RANCH A
SEC.3, T20N, RI7E, MORA COUNTY, NEW MEXICO
API #30-033-20053

GROCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBOK
RUMBER (feet) (% of Rack)
3627-001 4700-4800 1.13
3627-002 6300-6400 1.81/1.83
3627-003 7500-7600 1.28
3627-004 9500-9600 2.41




LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

TABLE 1II

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AMOCO PRODUCTION CO., NO.l1 SALMAN RANCH A
SEC.3, T20NW, RL7E, MORA COUNTY, WEW MEXICO

APT #30-033-20053

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3627-001 4700-4800 1,13
-4 100% Shale, silty, micaceous,
noncalcareous, dark gray. N3
3627-002 6300-6400 1.81/1.83
-A 100% Shale, silty, micaceous,
calcareous, dark gray. N3
3627-003 7500-7600 1.28
-A 100% Shale, silty, micaceous,
noncalcareous, dark gray. N3
3627-004 9500~9600 2.41]
-4 100% Shale, silty, micaceous,
noncalcareous, dark gray. N3



TABLE I11

SUMMARY OF QRGANIC CARBON AND VISUAL KEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

AMOCO PRODUCTION CO., NO.1 SALMAN RANCH A
SEC.3, T20N, RI7E, MORA COUNTY, NEW MEXICO
AP1 #30-033-20053

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE IRTERVAL ORGANIC ORGARIC MATTER RORMALTZED PERCENT ALTERATION ALTERATION
NUOHMBER (feet) CARBON TYPE Al Am H C] I STAGE INDEX
3627-001 47004800 1.13 H-1;Am¥% W 0 19 36 9 36 2+ to 3- 2.7
3627-002 6300-6400 1.81/1.83 H-1;W;Am** 0 9 36 19 36 3 to 3+ 3.5
3627-003 7500-7600 1.28 W-1;R;Am 0 9 33 25 33 3 to 3+ 3.6
3627-004 9500-9600 2.41 H;Am;W-1 0 9 25 33 33 3+ to 4= 3.9
LEGEND:
Al = Algal
EEROGEN KEY Am = Amorphous-Sapropel
Am* = Relic Amorphous—-Sapropel
Predominant; Secondary; Trace H = Herbaceous-Spore/Pollen
60-100% 20-40% 0-207% HA* = Degraded Herbaceous
W = Woody-Structured
e} = Hnidentified Material
I = Inertinite
C = Coaly




TABLE IV

RESULTS OF ROCE~EVAL PYROLYSIS ANALYSIS

AMOCO PRODUCTION CO., NO.]1 SALMAN RANCH A
SEC.3, T20W, R17E, MORA COUNTY, NEW MEXICO

NEW MEXICO HYDROCAREON SOURCE ROCK EVALUATION

APL #30-033-20053

GEQCHEM DEPTH
SAMPLE INTERVAL TMAX sl B2 83 T.0.C. HYDROGER OXYGEN
NUMBER (Feet) (c) (mg/g) (mg/g) (mg/g) PL pPC* (wt. %) INDEX INDEX
3627-001 4700~4800 329 0.22 0.54 0.44 0.29 0.06 1.13 48 39
3627-002 6300-6400 456 .11 0.18 0.36 0.39 0.02 1.82 10 20
3627-003 7500-7600 348 0.14 0.20 0.44 0.41 0.02 1.28 16 34
3627-004 9500-9600 363 .07 0.16 0.18 0.32 0.01 2.4] 7 7

T.0.C, = Total organic carbon, wt.Z 53 = C02 produced from kerogen pyrolysis Cxygen

sl = Free hydiocarbons, mg He/g of rock (mg €02/g of rock) Index = mg CO2/g organic carbon

52 « Regidual hydrocarbon potential PC* = 0.083 (Sl + 82) P1 = 81/81 + 52

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

Index = mg HG/g organic carbon



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

AMOCO PRODUCTION COMPANY GENERAL CAVED AND/OR SUMMARY

NO.l SALMAK RANCH A INDIGENQUS  POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION (S) ORGANIC
: MATTER

MORA COUNTY, NEW MEXICO TYPE  OF COLOR OF | STATE oF PE | OF

SEC.3. T20N. R17E ORGANIC MATTER| MATURATION INDEX ORGANIC MATTER|ORGANIC MATTER ORGANIC MATTER| MATURATION INDEX TYPE

AP1 #30-033-20053

T.D. 10,133

GLOCHEM No DEPTH

3627-001] 4700-4800 H o1l stain; | HoT:Am**:H

3627-002| 6300-6400 HT ;W3 Amk

3627-003] 7500-7600 F H-1;W;Am**

3627-004| 9500-9600 {4

W=1;H;Am**

LLEd gt




LEGEND FOR SUMMARY DIAGFAM

DEPTH: in feet
LITHO LOG: see lithology symbols
STRATIGRAPHY: by age
% TOC: percent total organic carbon
HI: Rock-BEval, Hydrocarbon TIndex = 100 $2(0/00 Wt)/TOC
0Il: Rock-Eval, Oxygen Iandex = 100 $3 (0/00 wWt)/TOC
HC YIELD: Rock-Eval, $2 peak (ppm)
S2/83: Rock-Eval, Ratio of 82 to S3 peak
KEROGEN: see Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
%RO (A): Vitrinite Reflectance (scale 0 to 3)
TAL (*): Thermal Alteration Index (Scale 1 to 5)
FREE HC: Rock-Eval, S! peak (ppm)
PI: Rock-Eval, Productivity Index = 81/(81+S2)
LITHOLOGIES KEROGE" TYPES
E=Z23] SHALE SILICEQUS ROCKS Ez=23 AMORPHOUS
FII2] MUDSTONE EVAPORITES HERBACECUS
S| SILTSTONE - B oo : ] WOODY
-------------- INERTINITE
--------------- SANDSTONE 77| 16NE0US ROCKS ERTINI
CONGLOMERATE wesdsd VOLCANICS
BRECCIA N METAMORPHIC RACKS
LIMESTONE BASEMENT
o DOLOMITE OTHER
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APPENDIX

Brief Description of Organic Geochemical anelyges Carried Out by GeoCharm

C;-Cq Hydrocarbon
The Cl'c'? hydrocarbon content and cormpositlon of sediments reflects scurce type, source quality and thermal matarity.

The C1-Cy hydrocarbon content of well cuttings {s determined by analyzing both a sample of the cutiinge and the air

gpica at the
top of the can. The results of the two analysss are summed to give An inventory of the Cl—C hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the lapsed Hime period between ocollection at the wellsite and laborato~y analysis.

The air space C,~Cpy hydrocarbon analysis involves taldng 2 measured volume of the sir space gas out of the can with a syringe and
injecting same into a gas chromatograph, GeoChem uses & Vaxian Aerograph Modsl 1400 Instrument equipped with & Parapec Q
column, The gas sample 19 taken through the column by a carrler gas and before reaching the detector 18 separated into its various
Cl(methane), Cy (ethane), Cq{propane)j, IC, (lschutane), nCy4 (normal butans), and Cg, Cg, Cq hydrocarbon eomponents.

This paxrticular analysis gives a complete geparation of the Cq-C4 gas-range hydrocarbons and a partlal geparation of the C5-Cq
gasoline-range hydrocarbons. (A detatled C4-Cq anglysis, to be discussed later, involving 2 capillary column, effects & complete
separetion of this molecular range into its several individual malecular spectes. )

The alectrical responge of the varlous hydrocarbons ag they reach the detector is recorded o & paper strip chart as a peak, Thig
response is simultancously fed to an integrator which computes the area of each peak. The concentration of Cy=Cq hydrocarbeng

in the alr space, expressed as volumes of gas per million volumes of cuttings, 18 determined by a calculation involving the volume
of cuttings, volume of air gpace in the can, volume of sample Infected, volume of standard gas sample used In the calibration, cali-
bration factor for C;1» Cos Cg, ete. determined by ge analysis of a standard gas sample, and the go peak response.

The C1-Cy hydrocarbon content of the cuttings 18 determined by degastfication of & measured volume of cuttings (in & medlum of &
meagtived volume of water) in a closed blender, sampling of the air space at the top of the blender, and injection of a measured vol-
ume of gas fnto the gas chromatograph,

The Cp-Cq hydrocarbon deta from the air space and cuttings gas analyses are surnmed to give a "restored! Cy~Cyq hydrecarbon
content of the cuttings.

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 cuttings are usually kept under water cover
until picked, to prevent loss of any gascline-renge hydrocarbons. Using the C;-Cy hydrocarbon data profile and the elcctrical

well log supplied to us and cur visual examination of the cuttings material under the hinocular microscope, we carefully hand-pick
and demoribe & suite of uncaved lithologies rapresentative of the varlous siratigraphic zones penstrated by the well. Tte lthologl-
cal data is used to compile a gross litho percentage log which is shown on all Figures, The 2-4 gram picked lithology samples are
stored under water in small glass viels in those Instances where we wish to run detrdled C4-C,, hydrocarbon analyses. This sample
get 13 used not only for the C, _C'T hydrocarhon analysis, but alao for the visual kerogen and tc'la.l organiec carbon analyses. All re-
malining cuttings material is érled and packaged in labelled plastic bags for possible Cyg,. soxhlet extraction and/or eventual return
to the client. Sample material from this study will be retained at GeoChem until advised of disposition.

Detalled C4-Cqp Hydrocarbon

The 04-07 gasoline-range hydrocarbon content of sediments reflecta source quality, thermsl maturation and organic frcies. Com-~
positional deta can be used in crude ofl-parent rock correlation work.

The C -Cq hydrocarbon content and detailed molecular compesition of hydrocarbon, In hand-pleked lithologles, is determined by a
gc mm‘iys‘ls of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in & microblender. A measured volume
of sample i placed in & sealed microblender along with 2 measured volume of hot water. The rock sample i3 pulverized by the
blades of the blender, A sample of the liberated light hydrocarbons which collect in the air space at the fop of the blender 19 in-
Jected into our Varian Aerograph 1400 ge unit which is equipped with & capillary column. Data recording, computationr, ete. are
comparable to those used for the C,-C analysis discussed previcusly in this report. Hydrocarbon concentration is expressed as
volume gas pex milllon volumes of gs.

Organte Garbon

The total organic carbon content of a rock 1s & measure of fts total organic richness, This data is used, in conjunction with visual
kerogen and C,-Cy Cy-Cpand Cpgy hydrocgrbon content of a rock, to indlcate the hydrocarbon source quality of rocka.

The procedure for determining the fotal organic carbon content of a reck involves drying the sample, grinding to 2 powder, wefgh-
ing out 0.2729 gram sample into a crucible, acidizing with hot and cold hydrochloric acid to remove ealelum and magnesium car~
honate, and carbon analysis by eombustion in & Leco carbon analyzer. .

Wo run geveral blank crueibles, standards (iron rings of known carbon content) and duplicats rock samples in this anal’sis at no
additlonal eharge to the client for purposes of data quality control,

Cro+ Soxhlat Extraction, Deasphaltening and Chromatographlc Separation

The amount and composition of the organic matter which ean be solvent-exiracted from a rock reflects source quality and source
type. C13/c1Z carbon tactoplc, high mass spectrometric aud ge analyses of the paraffin-naphthens and aromatic hydraearbon
fractions of the soluble extract glves data which 18 used In crude oil-parent rock eorrelations.

‘This analysis involves grinding of & dry rock sample to & powder and removal of the soluble orgenic matter by soxhlet extraction
using & co-distilled toluene-methanol azeotrope solvent. Where the amount of available sample matarial permits, we like to use
at least 100 grama of rock for this analysis.

The extracted bitumen i3 separated into #n asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitation. The
pentane aoluble components are separated into a Cig+ paraifin-naphthene (P-N} hydrocarbon, Cyg, aromatic hydrocarton (AROM)
and Cyg4 nierogan-sulfur-oxygen containing fraction (NS0) by adsorption chromsategraphy on & silice gel-alumina columrn using
pontane, toluene and toluene-methanol azeotrope eluants.



ADPENDLX A {continued)

GC Analysls of C15 Paraffin-Naphthene (P-N} Hydrocarbons

The content and moleoular composition of the heavy Cy 54 paraffin-naphthene (P-N} hydrocarbons of rocks, as determined by ge
analysis, reflacts source quality, source type and degree of thermsl maturation,

In this analysis, we subject a very small fraction of the total amount of the P-N fraction extracted from & rock sample to gc analy-
sie. The gas chromatograph is a Varfan Asrograph Model 1400 equipped with a solid rod injectlon eystem and a eutectle column.

The calculated €, P.1, (carbon preference {ndex) values for the normal paraffin datn is defined 26 the moan of two ratios wh'ch are
determined by dividing the aum of concentrations of odd-ocarbon numbered n-paraffing by the aum of even-carbon numbered n-
paraffins. The C.P. Indicea A and B were obtained by the formulas;

Co1*Ceg7CantCar | C21#C29tCopiCor Cos+CortCeptCar |, Cap*CartlagtCa
C.P. Index A m Cpy#Cogt+Cog+Clop Cop+lpotCoygtCsg C.P. Index B= Cog4Cog+gp+C32 Ca4+Copt(pa+C30
2 2
Yieunl Kerogen

A visual study of kerogen, the insoluble organic matter in rocks, can Indicate the relative abundence, size, and state of presexrva-
tion of the various recognizable kerogen typea and thereby indicate the hydrocarbon source character of 2 rock. The color of the
kerogen can be used to Indicate the state of thermal maturity of the eediments (i, e. thelr time-temperature history), Thernal
maturation plays an important rolo in the generation of hydrocarbona from organic matter, and also affects the compositior of

reservoired hydrocarbona.
L]

Cur procedure for visual kerogen slide preparation iuvolves isolation of the organie matter of & rock by removal of the rocl” mate-
riel with hydrochlortc and hydrofluoric acld treatment and heavy liquid separation. This procedure {s compareble to that used by
the palynologlst except it doos not include an cxidation stage, (The oxidation treatment 18 deleted from our procedure becanwse it
removes & greet deal of kerogen and blenches any remaining kerogen to an extent whoreby it {s useless for our kerogen colr
obgervations.) The kerogen reasidue {8 mounted on a glass slide and is examined visuplly under a high power microacops.

Vitrintte Reflectance

Measurement of the reflectivity of vitrintte particles (#:Ro) present in the kerogen faclated from sedimentary rocks providea a method
of determining the atate of maturation, and the diagenetic {time-temperature) history of the organic matter present in the sediments.

The kerogen, obtained from a 26 gram aliquot of crushed rock by the acid procedure previcualy discussed, e dried aad embedded
fn a Bloplastic plug. The surface of the plug 15 polished using 0. 06 micron alumina and the reflectivity determined under ofl using
a Zteas high resclution microsccpe. A mintmum of 40 valups are required to adeguately determine the Maturation Rank.

Fluorescance Spectrophotometric Analyats

Fluorescence spsctrophotometry can be used to characterize and fingerprint erude ofla, establish crude ofl-source reck relation-
ships, and to measure the hydrocarbon source potential of fine-grainad sediments.

A one (1) microliter alicuot of either {1) % crude ofl or (li} the solvent extractable rock bitumen, is pussed through an alum’ne/
allica gel micro cofumn and the C; 4, Aromatic bydrocarbons {solated. The aromatic hydrocarben ta diluted and the emiga‘on and
excitation spectra determined at 240 nm and 420 nm using & Perkin-Elmer Model 512 Double Beam Flucrescense Spectrophotometer,

GEOTHERMAL DIAGENETIC CRITERIA

(BEOCHEM LABORATORIES, INC.)
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