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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: TOM L. INGRAM NO.1 GIHON 31 WELL
APL NO.: 30-047-20033
AREA: NORTHEAST
LOCATION: SAN MIGUEL COUNTY, NEW MEXICO SEC.31, T13N, R30E
GEOCHEM JOB NO.: 3720
TOTAL DEPTH: 4715 ft.
INTERVAL SAMPLED: 2000-4590 ft,
TOTAL NUMBER OF SAMPLES: 4
ANALYSES
GEOCHEM 5 =
SAMPLE SAMPLE STRATIGRAPHIC o T8 %
NUMBER DEPTH INTERVAL El o | B g
=4 o (@] E
= = = =)
3720-001 | 2000-2100 San Andres x | x| x| x
3720-002 | 2300-2400 San Andres x | x{ x| x
3720-003 4010-4090 Hueco X X X X
3720-004 4510-4590 Hueco X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TOM L. INGRAM NO.l GIHON 31 WELL
SEC.31, Ti3N, R30E, SAN MIGUEL COUNTY, NEW MEXICO
API #30-047-20033

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER {feet) (X of Ro~k)
3720-001 2000-2100 0.25
3720-002 2300-2400 0.23
3720~003 4010-4090 0.06/0.08
3720-004 45104590 1.88




TABLE II

LITEOLOGICAL DESCRIPTIONS AND ORGARIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TOM L.

INGRAM NO.1 GIHON 31 WELL

SEC.31, T13N, R30E, SAN MIGUEL COUNTY, NEW MEXICO

API #30-047-20033

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.Z)
3720-001 2000-2100 0.25
-A 100% Dolostone, limely, fine
crystalline, pale
yellowish brown. 10YR-6/2
3720-002 2200-2400 0.23
-A 100% Dolostone, limely, fine
crystalline, brownish
gray. 5YR-4/1
3720-003 4010-4090 0.06/0.08
-A 100Z Mudstone, noncalcareous,
dark reddish brown. 10R-3/4
3720-004 4510-4590 1.88
-4 100% Shale, noncalcarecus,
dark gray. N3



TABLE II!

SUMMARY OF ORGANIC CARBON AND VISUA)L KEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCE EVALUATION

TOM L. INGRAM NO.l1 GIHON 31 WELL
SEC.3I, TL3N, R30E, SAN MIGUEL COUNTY, NEW MEXICO
APL #30-047-20033

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL,
SAMPLE INTERVAL ORGARIC ORGARIC MATTER NORMALIZED PERCENT ALTERATION ALTERATYION
NUMBER (feer) CARBOR TYPE Al Am H (] 1 STAGE INDEX
3720-001 2000-2100 0.25 Am;H; I 0 50 38 0 12 2-to 2 2,
3720-002 2300-2400 0.23 Am ;= H¥ ¢ 80 20 0 o 2- to 2 2.
3720-003 4010-4090 0.06/0.08 Am;-3;H-I 0 66 17 0 17 2z T 2.
3720-004 4510-4590 1.88 H; Am; I(W) 0 27 46 9 18 2 to 2+ 2.
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am* = Relic Amorphous—Sapropel
Predominant; Secondary; Trace H = Herbaceous—-Spore/Pollen
60-100% 20-40% 0-20% H* = Dpegraded Herbaceous
W ~ Woody-Structured
u = Pnidentified Material
I = Inertinite
c = (Coaly




TABLE LV

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

4
TOM L. INGRAM NO.1l GIHON 31 WELL
SEC.31, TI3N, R30E, SAN MIGUEL COUNTY, NEW MEXICO
API #30-047-20033

GEOCHEM DEPTH
SAMPLE INTERVAL THAX gl 52 83 T.0.C. HYDROGEN OXYGEN
NUMBER (Feet) (e) (mg/g) {mg/g) (mg/g) rx PO (wt.I) INDEX IRDEX
3720-001 2000-2100 433 0.04 0.10 1.18 0.29 0.01 0.25 40 472
3720-002 2300-2400 425 0.05 0.12 1.01 0.31 0.01 0.23 52 439
3720-003 4010-4090 364 0.05 0.04 0.43 0.62 0.00 0.07 57 614
3720-004 4510-45%0 442 0.18 0.81 0.34 0.18 0.08 1.88 43 18

T.0.C. = Total organie carbon, wt.% s3 = C02 produced from kerogen pyrolysis Oxygen

sl = Free hydrocarbons, mg Hefg of rock (mg C02/g of rock) Index = mg C02/g organic carbon

52 = Residual hydrocarbon potential PC¥ = 0.083 (s1 + 52) PI = 51/51 + §2

{mg HC/g or rock) Hydrogen TMAX = Tempersture Index, degrees C.

Index = mg HC/g organic carbom



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

NEW MEXICO BUREAU OF MINES PROJEC GENERAL CAVED AND/OR SUMMARY
';:glé T;Ii 1??];3}{ ﬁgé:: GIHON 31 WELL INDIGENOUS FOPULATION (INTERPRETED} CHARACTERISTICS REWORKED POPULATION(S) ORGANIC

.31, s TYPE  OF COLOR OF STATE OF MATTER
SAN MIGUEL COUNTY, NEW MEXICO  |oRGANIC MATTER| WATURATION INDEX ORGANIC MATTER|ORGANIC MATTER|  *  |ORGANIC WATTER| MATURATION INDEX TYPE
APT #30-047-20033
GEOCHEM No DEPTH > 55
3720-001 2000~2100 M viem Am:H:T
3720-002 | 2300-24000 iy Am;—;H%
3720-003 | 4010-4090 o Tom e ———

] 2

3720-004 | 4510-4590 [ A1 HAms I(W)
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LEGEND FOR SUMMARY DIAGFAM

DEPTH: in feet
LITHO LOG: see lithology symbols
STRATIGRAPHY: by age
% TOC: percent tocal organic carbon
HI: Rock-Eval, Hydrocarbon Index = 100 $2(0/00 Wt}/TOC
OL: Rock-Eval, Oxygen Index = 100 $3 (0/00 Wt)/TOC
HC YIELD: Rock-Eval, S2 peak (ppm)
S2/83: Rock-Eval, Ratio of $2 to 53 peak
KEROGEN: see Kerogen symbols
T-MAX: Rock—~Eval, maximum temperature of S2 peak, in degrees Centigrade
%ZRO (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/(S1+S2)
LITHOLOGIES KEROGE"' TYPES
EZZZ| SHALE SILICEOUS ROCKS Ez225 AMORPHAUS
2222] MUDSTONE EVAPORITES HERBACEOUS
-::1_:'_‘_::::: SILTSTONE - coaL . ;::::::-.:::::j NOODY
% INERTINITE
SANDSTONE ///] IGNEOUS ROCKS

1 MARL

LIMESTONE

DOLOMITE

5| CONGLOMERATE ~ Kiiiid VOLCANICS
=y BRECCIA

N METAMORPHIC ROCKS
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APPENDIX

Brief Description of Organic Geochemical analyses Carried Qut by GeoChem

C1-Cy Hydrocarbon
The 01_07 hydrocarbon content and composition of sediments reflects source type, source quallty and thermal maturity,

The Cy-Cy hydrocarbon content of well cuttings 18 determined by analyzing both a sample of the cuttings and the air space at the
top of the can, The results of the two analyses are summed to give an inventory of the Cl— hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the lapsed time peried betwesn collection ar{ the wellsite and laboratory analysis.

The alr space 01-07 hydrocarban snalysis involves taking & measured volume of the eir space gas out of the can with a syringe end
fnjecting same into a gas chromatograph. GeoChem uses a Vaxlan Aerograph Model 1400 instrument equipped with a Porapeo @
column. The grs sample is taken through the column by a carxier gas and before reaching the detector i8 separated info its various
C, (methane), C, {ethane), Cy(propane), 1C, (lsobutane), nC, (normal butane), and Cg, Cg, Cy hydrocarbon components.

This particular annlysls glves a complete geparation of the C;-Cy4 gas-range hydrocarbons and a partial separation of the Cg-Cq
gagoline-range hydrocarbons. (A detalled t‘;4--’:37 apalysts, to be discussed lator, involving a capillary column, effects a complete
geparation of this molecular range into its several individusl molecular species.)

The electrical responas of the various hydrocarbons as they reach the detector 13 recorded on a paper strip chart as a peak. This
respanse 18 simulfaneously fed to an integrator which computes the area of each peak. The concentration of Cy-Cy hyd ocarbons

in the alr space, expressed as volumes of gas per million volumes of cutiings, is determined by a caleulation involving the volume
of cuttings, volume of air space in the can, volume of spampls injected, volume of atandard gas sample ugsed in the calib-afion, call-
bration factor for €y Cos Cgs efc, determined by g¢ analysis of a standard gns sample, and the ge peak response.

The Cy-Cq hydrocarbon cantent of the cuttings is determined by degasification of a measured volume of cuttings (in 8 medivum of &
meagired volume of water) in a closed blender, sampling of the air space at the top of the blender, and injeotion of & mazsured vol-
ume of gas into the gas chromatograph,

The Cp-Cq hydrocerbon date from the alr space and cuttings gas analyses are summed to give a "restored" C1-Cq hydrocarhon
content of the cuttinga,

Sample Washing and Hand-Picking of Uncaved Lithology Semplea

The cuttings samples are washed to remove all drilling mud from the cutflngs, Care is taken in the washing procedure not to re-
move any goft cleys, claystones, eto. and any loose fine gand and silt. The weshed cuttings are usually kept undsr water cover
until picked, to prevent loss of any gasoline-range hydrocarbons. Using the Cp-Cr hydrocarbon data profile end the electrical

well log supplied to ua and our visual examination of the cuttings material under the binccular microscope, we carefully hand-plok
and describe & suite of uncaved lithologies Tepresentative of the various stvatigraphic zones penetrated by the wall. Tha lithologi-
cal data fs used to compile a gross litho percentage log which is shown on all Figures. The 2-4 gram picked litholegy samples are
stored under water in small glaps vials in those lustances where we wish to run detailed C,-C hydrocarbon anealyses. This sample
set 19 used not only for the C —C7 hydrocarban analysis, but also for the visual kerogen and tobal organic carbon analys2s. All xe-
maining cuttings materlal is ?h:led and packaged in Iabelled plastic bags for possible Cip, soxhlet extraction and/or eventusl refurn
to the client. Sample material from this study will be retained at GeoChem until advised of disposition.

Detetled C4-C,, Hydrocarhon

The ,-C,, gasoline-range hydrocarbon content of sediments reflects source quelity, thermal maturation and organic facles. Com-
positional ‘data can be used In orude ofl-parent rock correlation work.

The C, -Cq hydrocarhon content and detailed molecular composition of hydrocarbon, in hand-picked lithologies, 1s determined by a
BC a.na‘iysis of the lght hydrocarbon extracted from 1-2 gram cuftings samples macarated in 8 microblender, A measured volume
of sample i3 placed in a sealed microblender along with a measured volume of bot water. The rock sample 13 pulverized by the
blades of the blender. A sample of the liberated light hydrocarbons which collect in the air space at the top of the blender i in-
Jected into our Varian Aerograph 1400 ge unit which 18 equipped with a capiliary column, Data recording, computations, etc. are
comparable to those uged for the C,-Cy analysis discussed previously in this report. Hydrocarbon concentration is expressed as
volume gas per million volumes of cuttings,

Organic Carbon

The total organic carbon content of & Tock 18 a measure of ita total organic richness. This data 18 used, in conjunction with visual
kerogen ond C1’°4- C4~Cyq and Ci6+ hydroearhon content of & rock, to indleate the hydrocarhon source quality of rocks.

The procedure for determining the totzl organie carbon content of 2 rock involves drying the sample, grinding to a powder, welgh-
ing out 0.2729 gram sample into a crucible, acldizing with hot and ¢old hydrochloric acid to remove calclum and magnesium car-
bonate, and earbon analysis by combusticn in 2 Leco carbon analyzer.

Wo run savaral blank crueibles, atandards (lron rings of known carbon content) and duplicate rock samples in thig analvsis at no
aditional charge to the cllent for purposes of data quality control.

Cigs Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the erganic matter which can be solvent-extracted from a rock reflects source quality and source
type. ©18/¢12% carbon {sotopte, high mass specirometric and go analyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the soluble extract glves data which 19 used in cruda ofl-parent rock correlations.

This analysis involves grinding of 2 dry rock sample to a powder and removal of the soluble organic matter by soxhlet extraction
using a co-distilled toluene-methanol azeotrope golvent, Where the amount of avatlahle sample material permits, we like to use
at least 100 grams of rock for this analyaia.

The extracted bitumen is separated into an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitation. The
pentane soluble components are separated loto & Cip+ paraffin-naphthene (P-N) bydrocarbon, Cyg, Bromatie hydrocarbon (AROM)
and Cypy nitrogen-sulfur-exygen containing fraction (NSO) by adsorption chromatography on a silica gel-alumina column using
pentane, toluene and toluens-methanol azeotrope eluants.



AVPENDIX A (continued)

GC Analysis of Cy5, Paraffin-Naphthene (P-N) Hydrocarbons

The content and molecular composition of the heavy Cy g, paraffin-naphthene (P-N) hydrocarbons of rocks, 2a determined by ge
analysls, reflects source quallty, source type and degree of thermel maturation.

In this analysis, we subject & very small fraction of the fotal amount of the P-N fraction extracted from & rock sample to gc analy-
ais. The gas chromatograph 18 & Varian Aerograph Model 1400 equipped with 8 solld Tod Lnjection system and a eutectic coluran,

The ealculated C. P. 1. (carben preference index) values for the normal paraffin data is defined as the mean of two ratios wh'ch are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even-carbon numbered o-
pareffins, The C.P. Indices A and B were obtained by the formulas:

CgptCastCosCaq | Ca1tCagCoptlay Cog+CariCagtCar | CoptCortC2a+Ca
+ +
C.P, Index A m Cop+log+loa+Cag CoptContlog+Cag C.P. Index B = Cag+Cag+Cap+Caz C24+Ca6+Cpa+Ca0
. ) 2
Visual Kerogen

A visual study of kerogen, the inscluble organic matter ln rocka, cen indicate the relative abundance, size, and state of preserva-
Hon of the various recognizable kerogen types and thereby Indleats the hydroocarbon source character of a rock. The celor of the
kerogen can be used to (ndicate the state of thermal maturity of the sediments {i.e. thelr time-temperature history), Thermsl
maturation plays an {mportant role in the generation of hydrocarbons from organic matter, and alas affects the composition of
reservoired hydrocarbons.

Our procedure for viaunl kerogen slide preparation tnvolves laolation of the organic matter of 4 rock by removal of the rocl mate-
rial with hydrochloric and hydrofluoric acld treetment 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 because it
removes a great deal of kerogen and blanches any remaining kerogen to an extent whereby it {s useless for our kerogen coley
cbeervations.) The kerogen realdue is mounted on a glass elide and 18 examined visuslly under a high power microscope.

vitrinite Raflectance

Measurement of the reflectivity of vitrinite particles (%Rq) present in the kerogen ieolated from sedimentary rocks provides a method
of determining the state of maturation, and the dlagenstic (Hme-temperature) history of the organic matter present {n the sediments,

The kerogen, obtained from & 25 gram aliguot of crushed rock by the acid procedure previously discussed, {s dried and embedded
in a Bioplastic plug. The surface of the plug Ls polished using 0.05 micron elumina and the reflectivity determined under oll using
4 Zless high resolution micrescope. A minimum of 40 values are required to adequetely determine the Maturation Rank.

Fluorescence Spectrophotometric Analysia

Fluorescence spectrophotometry oan be used to characterize and fingerprint crude oils, establish crude oll-ascurce rock relation-
shipa, and to mensure the hydrocarbon source potential of fine-grained sediments.

A one (1) microliter aliquot of elther (1) & crude ofl or (i) the solvent extractable rock bitumen, 18 passed through an alumina/
silica gel micro column and the Cy g, Aromatic hydrocarbons {golated. The aromatic hydrocarbon is diluted and the emission and
exctiation spectrs determined at 240 nm and 420 nm using & Perkin-Elmer Model 512 Double Beam Fluorescence Spectrophrometer.

GEOTHERMAL DIAGENETIC CRITERIA

(GEQCHEW LABORATORIES, INC.}
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