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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: ABERCROMBIE AND HAWKINS #1 NAPPIER WELL
APL NO.: 30-011-60028
AREA: SOUTHEAST
LOCATION: DEBACA COUNTY, NEW MEXICO SEC.22, TSN, R26E
GEQCHEM JOB NO.: 3701
TOTAL DEPTH: 7050 ft.
INTERVAL SAMPLED: 1760-7050 fc.
TOTAL NUMBER OF SAMPLES: 7
ANALYSES
GEOCBEM é ﬁ
SAMPLE SAMPLE STRATIGRAPHIC o Q 8 g
NUMBER DEPTH INTERVAL E 8 8 E &
= | = ()
3701-001 1760-1860 San Andres X X X X
3701-002 5800-6000 Hueco X X X X
3701-003 6100-6200 Canyon X X X X
3701-004 6200-6300 Canyon X X X X
3701-005 6500-6600 Strawn X X X X
3701-006 6800-6900 Strawn X X X X
3701-007 6950-7050 Atoka X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

ABERCROMBIE & HAWKINS NO.1 NAPPIER
SEC.22, T5N, R26E, DEBACA COUNTY, NEW MEXICO
API #30-011-60028

GEOCHEM DEPTH TOTAL ORCANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (% of Rock)
3701001 1760-1860 0.30
3701-002 5800-6000 0.83
3701-003 6100-6200 0.08
3701-004 6200-6300 1.38
3701-005 6500~6600 0.88
3701-006 6800-6900 1.02
3701-007 6950~-7050 1.69




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANXIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

ABERCROMBIE & HAWKINS, NO.l NAPPIER
SEC.22, TSN, R26E, DEBACA COUNTY, NEW MEXICO

API #30-011-60028

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt. %)
3701-001 1760~1860 0.30
-A 100% Dolomite, anhydritic,
fine crystalline, pale LOYR-6/2
yellowish brown to to
medium gray. N5
3701-002 5800-6000 0.83
-A 100% Shale, very calcareous,
medium dark gray. N&
3701-003 6100-6200 0.08
—-A 100% Limestone, fine
erystalline, white to N9 to
medium gray. N5
3701-004 6200-6300 1.38
-A 100% Shale, very calcareous,
medium dark gray. N4
3701-005 65006600 0.88
-A 100% Shale, calcareous,
medium dark gray. N4
3701-006 6800-6900 1.02
-A 100% Shale, calcareous,
medium dark gray. (3
3701-007 6950-7050 1.69
~A 100% Shale, calcareous,
medium dark gray. N4



TABLE III

SUMMARY OF ORGANIC CARBON AND VISUAL EEROCEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

ABERCROMBIE & HAWKINS NO.1 NAPPIER
SEC.22, T5N, R26FE, DEBACA COUNTY, NEW MEXICO
API #30-011-60028

GEOCHEM DEFPTH TOTAL VISUAL ABURDARCE THERMAL
SAMPLE IRTERVAL ORGARIC CRGANIC MATTER NORMAL1ZED PERCENT ALTERATIOR ALTERATION
RUMBER (feet) CAREOR TYPE Al Am B W I STAGE INDEX
3701-001 1760-1860 0.30 H;=;W-1 0 0 72 14 14 1+ to 2~ 1.6
3701-002 5800-6000 0.83 R;W=-I;- 0 0 38 31 31 2 2.2
3701-003 6100-6200 .08 H;Am-W; 1 0 27 36 27 10 2 2.2
3701-004 6200-6300 1.38 B;W;1 0 0 55 27 18 2 2.2
3701-005 6500-6600 0.88 HiW; 1 0 0 46 31 23 2 to 2+ 2.3
3701-006 6800-6900 1.02 H;W-I;Am 0 10 50 20 20 2 to 2+ 2.3
3701-007 6950-7050 1.69 H;Am-W; 1 0 23 38 23 16 2 to 2+ 2.3
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous—Sapropel
Am¥*% = Relic Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous—Spore/Pollen
60-100% 20-40% 0-20% H* » Dagraded Herbaceous

W = Woody-Structured

U = Unidentified Material

I = Iuertinite

c = Coaly




TABLE IV

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATLION

ABERCROMBIE & HAWKINS NO.! NAPPIER

APl #30-011-60028

SEC.22, THH¥, R26E, DEBACA COURTY, NEW MEXICO

GEQCHEM DEFTH
SAMPLE IRTERVAL THMAX §1 52 s3 T.0.C. HYDROGEN OXYGER
NUMBER. (Peet) (c) (ug/g) (ng/g) {mg/g) PI PC* {wt.X) LNDEX LRDEX
3701-001 1760-1860 419 0.15 0.43 0.51 0.26 0.04 0.30 143 170
3701-002 5800-6000 436 0.05 0.36 0.38 0.12 0.03 0.83 43 45
3701-003 6100~6200 383 0.03 0.03 0.11 0.50 0.00 0.08 37 137
3701-004 6200~6300 440 0.08 0.78 0.31 0.09 0.07 1.38 56 22
3701-005 6500-6600 441 0.06 0.45 0.27 0.12 0.04 0.88 5t 30
3701-006 6300-6900 443 .09 0.57 0.31 0.14 0.05 1.02 55 30
3701-067 6950~7050 441 0.19 1.48 .32 0.11 0.13 1.69 87 18

T.0.C. = Total organic carbomn, wt.Z? 53 = C02 produced from kerogen pyrolysis Oxygen

| = Free hydrocarbons, mg He/g of rock (mg CO02/g of rock) Index = mg C02/g organic carbon

82 = Residual hydrocarbon potential PC* = 0.083 (81 + s2) PL = S1/81 + 82

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



TABLE V

VISUAL, KEROGEN ASSESSMENT WORKSHEET

NEW MEXICO PROJECT GENERAL CAVED AND/OR SUMMARY
ABERCROMBIE & RAWKINS INDIGENQUS POPULATION (INTERPRETED) CHARACTERISTICS T:::oa;en POFULATION {S} zﬂﬁrl;rzlg
KO. 1 NAPPIER ORGANIC MATTER| MATURATION INDEX ORGANKC, MATTER|ORGANIC MATTER ORGANIC MATTER| MATURATION INDEX TYPE
DEBACA COUNTY, NEW MEXICO
APT NO. 30-011-60028
SEC,22, TSN, R26E

oS
GEOCHEM No.  DEPTH s ho b
3701-001 {1760-1860 . T H;—;W-T
3701-002 |{5800-6000 [rHirk n H3W-T;—
3701-003 161806200 |HIHHH H3Am—i; 1
3701-004_|6200-6300 ' HiW;1
3701-005 {6500-6600 i N ] H;W;1
3701-006_{6800-6300 . H3W-1;Am
3701-007 |6950-7050 HHHH IR HyAm-W;T

[N ssisaranninynn oy WA
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LEGEND FOR SUMMARY DIAGFAM

DEPTH: in feet

LITHO LOG: see lithology symbols

STRATIGRAPHY: by age

% TOC: percent total organic carbon

HI: Rock-Eval, Hydrocarbon Index = 100 5§2(0/00 We) /TOC

0I: Rock-Eval, Oxygen Index = 100 S3 (0/00 We)/TOC

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

S7733: Rock~Eval, Ratio of S2 to 83 peak

KEROGEN: see Kerogen syubols

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

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

FREE HC: Rock=-Eval, Sl peak (ppm)

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

LITHOLOGIES KEROGE!"' TYPES
23 sHALe oo SILICEOUS ROCKS EZ223 AMORPHOUS
=ZZ] MUDSTONE EVAPORITES HERBRATEQUS
25| SILTSTONE B o 22 WOODY

I 2 INERTINITE
_______ SANDSTONE /] IGNEQUS ROCKS
BEE 4 CONGLOMERATE ] voLcanics

wesy BRECCIA NN METAMORPHIC ROCKS
I ( IMESTONE BASEMENT
o] DOLOMITE OTHER

iy MARL MISSING SECTICN




APPENDIX A

Brief Deacription of Organic Geochemieal analyses Carried Out by GaoChem

€, -Cy Hydrocarbon
The 01—07 hydrocarbon content and composition of sedlments reflects scurce type, source quelity and thermal maturity,

The Cy-Cy hydrocarbon content of well cwttings {s determined by analyzing both a sample of the cuttinga and the air sv

pace &t the
top of the can. The remults of the two annlyses are summed to give an inventory of the CI—C hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the lapsed Hime period between collectcn 81 the wellsits and laboratory analysia,

The air space Cy-Cp hydrocarbon amalysis involves taking a measured volume of the asr spaco gas ot of the can with a syrringe and
injecting same Into & gas chromatograph. (GeoChem uses a Varian Aerograph Model 1400 instrument equipped with a Poranec Q
column, The gas sample is taken through the column by a carrler gas and before reaching the detector 18 separated Into its various
Cl(metha:o.e), C, (ethane}, Cjg (propane), iC, flschutane), nCy (normal tutans), and Cp» Cgs Oy hydrocarbon components.

This particular analyeis gives a complete separation of the C,-C4 gas-range hydrocarbons and a partial separation of the Cg-Crq
gusoline-range hydrocarbons, (A detailed C4~C, analysis, to be dlscussed later, Involving a capillary column, effects a complete
separation of this moleculer range into {ts several individual molecular species. )

The electrical response of the various hydrocarbons as they reach the detector s recorded on a paper strip chart as a peal". This
response i3 simultanecusly fed to an integrator which computes the ares of ench peak, The concentration of Cy-Cy hydrocarbons

in the alr space, axpressed as volumes of gas per million volumes of cuttings, is determined by a calculation involving the volume
of cuttings, volume of air space in the can, volume of sample injected, volume of standard ga3 gample used 1n the calibration, cali-
bration factor for Ci» Cgy Cg, etc. determined by go analysis of & stendard gas sample, and the ge peak Tesponse,

The Cy~Cy hydrocarbon content of the cuttings 18 determined by degaatfication of 4 measured volume of cuttngs {In & medium of a
meagured volume of water) in a closed blender, sampling of the air space at the top of the hlender, and injection of 2 meas red vol-
ume of gas into the gas chromatoegraph.

The C;-Cy hydrocarbon data from the air space and cuttings gas anelyses aTe summed to give a ""restoredn €1-Cq hydrocarbon
content of the cuttinga,

Sample Weshiog and Hand-Plcking of Uncaved Lithology Samples

The cuttings samples are washed to remove all drilling mud from the cuttings. Care 15 taken in the vashing procedure not fo re-
move any soft clays, claystones, etc. and any loose fine sand and silt. The washed cuttings are usually kept under watar cover
until plcked, to prevent 1oss of any gasoline-range hydrocarbons. Ustng the C;-Cy hydrocarbon data profile and the electr’cal

well log supplied to us and our visual examination of the cuttings material under the binocular microscope, we carefully hand-pick
and describe & suite of uncaved lithologles represeniutive of the various stratigraphic zones penetrated by the well. The lithologi-
cal data 18 used to complle & gross litho percentage log which is shown on all Figures, The 2-4 gram picked lithology samnles are
stored under water in small glass vials in those {nstances where we wish to run detailed C4-C,, hydrocarbon analyses. This sample
set is used not only for the C —C,‘r hydrocarbon analysts, but alao for the visuel kerogen and tolal organic carbon analyses. All re-
maining cuttings material 1s 31'1&:1 and packaged In labelled plastic bags for possible C15+ aoxhlet extraction and/or eventurl return
to the client, Sample materiel from thig study will be retained at GeoChem umtll advised of disposition,

Detailed C4~Cq Hydrocarbon

The 04—0 gaaoline-range hydrocarbon contant of sadiments raflecta source quality, thermal maturation and organic facles, Com-
posttonal data can be used In crude ofl-parent rock correlation work,

The C -Cq hydrocarion content and detalled molecular composition of hydrocarbon, in hand-picked lithologles, is determined by a
ge ysia of the light hydrocarbon extracted from 1-2 gram cufrings samples macerated in & microblendsr. A measured volume
of sample 18 placed in a sealed microblender along with a measured volume of hot water, The rock sample fs pulverlzed by the
blades of the hlendar. A sample of the libarated light hydrocarbons which collect in the air space at the top of the blender is tn-
jected into our Varian Aerograph 1400 ge unit which 18 equipped with 2 capillary column. Datn recording, computations, etc, are
comparabls to thoge used for the ‘31"0 analysis discussed previcusly in this repert, Hydrocarbon concentratlon is expressed as
volume gas per million volumes of cu .

Orgenic Carbon

The totel organic caxbon content of a rock 18 8 measure of its total organic richness. Thie data i3 used, in conjunction with visual
kerogen and 01-04, C4-Cq and Cy g, hydrocarbon content of a rack, to indleate the hydrocarbon source quality of rocks,

The procadurs for determining the tofal organic carbon contant of & rock Involves drying the sample, grinding to 8 powder, weigh-
ing out (. 2729 gram semple info & crucible, acidizing with hot and cold hydrochloric acid to remove eslcium and magnesium car-
bonate, and carbon analysis by combustion in a Leco carbon analyzer.

‘We run several blank crucibles, standards (iron rings of known carbon content) and duplicate rock samplea in thig analysis at no
addifional charge to the client for purposes of data quality control.

C1g+ Scublet Extraction, Deaspheltening end Chromatographic Separation

The amount and composifiom of the erganic matter which cen be sclvent-extracted from a rock reflects source quelity and source
type. c13/c12 garbon isotopic, high mass spactrometric and ge analyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the soluble extract gives data which 13 used in crude ofl-parent rock correlations.

This analysis involves grinding of a dry rock sample to a powder and removal of the soluble organic mattsr by soxhlet extraction
using a co-distilled toluene-methanol azeotrope solvent. Where the emount of avaflable sample material pexmits, we ltke to use
at least 100 grams of rock for this analysis.

The extracted bitumen {s separated into an asphaltene (ASPH) and & pentane soluble fraction by normal pentane precipitation. The
pentane scluble compenents are separated into & C, gz, paraffin-naphthene (P-N) hydrocarbon, €5, aromatic hydrocathon (AROM)
and Cy g, nitrogen-sulfur-oxygen containing fraction (NSO) by adsorption chromatography on a silica gel-aluming column uging
pentane, toluene and toluene-methanol azeotrope eluants.



GC Analysts of Cq5,; Paraffin-Naphthene (P-N) Hydrocarbons

The content and molecular composition of the heavy ;g paraffin-naphthens (P-N) hydrocarbons of vocks, 8 determined by ge
analysis, reflecte source quality, source type and degree of thermal maturation.

In this analysis, we subject a very gmall fraction of the toial amount of the P-N fraction extracted from a rock sample to g» analy-
sls. The gas chromatograph {8 a Varian Aerograph Model 1400 equipped with a solid rod injection system and a sutectic oslumn.

The caloulated C.P.1. (carhon preference index) values for the normal paraffin data 1a defined as the mean of two ratios which are
determined by dividing the sum of concentrations of odd-carhon numbered n-pareffins by the sum of even-carbon numhered n-
paraffing. The C, P, Indices A and B were obtalned by the formulas;

Cp17CagrCoptCay  Coy+CogtCpsrCay CaprCortlagtCa | CoprCoqtCagiCy
C.P. Index A = Coo+Cog+CpgrCag  CagtCpotCayiCog C.P. Index B= Cpg+lpgiCaptCaz  C24#C26+Co8+C30
z 2
¥isual Kerogen

A visual study of kerogen, the insoluble organic mattar in rocks, can indieate the relative ebundance, size, and state of preserva-
tHon of the various recognizahle kerogen types and theraby indicate the hydrocarbon source character of a rock. The color of the
kerogen can be uged to indicate the state of thermal maturity of the sediments (i, e. their time-tempsrature hstory). Thermal
maturation plays an important role in the generation of hydrocarbons from organic mattsr, and alao affects the compositior of
res?rvo[red hydrocarbona.

Our procedure for visual kerogen slide preparation involves isolation of the organic matter of a rock by removal of the rocl- mate-
rial with hydrochloric and hydrofluoric acid trestment and heavy liquld separation. This procedure is comparable to that ugsed by
the palynologist except it does not include an oxidation stage. (The oxidation treqatment s deleted from our procedure becanss it
removes a great deal of kerogen and blanches any remsining kerogen to an eXtent wheraby it 1s useless for our kerogen colox
chservatlons.) The kerogen residue is mounted on a glass slide and {s examined visually under a high power mieroscope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite partioles (§Rp) present in the kerogen isclnted from sedimentary rocka provider a methed
of determining the state of maturation, and tne dlageuetic (time-temperature) history of the organic matter present in the sediments,

The kerogen, obtained from & 26 gram aliquot of crushed rock by the acid procedure previously dlscusged, Ls dried and embedded
in & Bloplestic plug. The surface of the plug is pnlished using 0. 05 micron alumina and the reflectivity determined under ofl using
a Ziess high resolution microseope. A minimum of 40 values are required to adequately determine the Maturation Rank.

Fluoresgence Specirophotomerric Analysis

Fluorescence srectrophotometry can be used ro characterize and fingexpriut crade oils, establish cxude ofl-pource rock relation-
ships, and to measurs the hydrocarbon source potential of fine-grained sediments.

A ona (1) microliter aliquot of either (i) & crude oll or (if) the solvent extractable rock bitumen, 15 passed through an alumine
gilica gol micro column and tha C; g4 BTOmAtic hydrocarbons isolatad. The eromatic hydrocarbon 1s diluted and the emission and
excitetion spectra determined at 240 nm and 420 om using & Perkin-Elmer Model 612 Double Beam Fluorescence Spectrophotometer,

GEOTHERMAL DIAGENETIC CRITERIA

(GEOCHEM LABORATGRIES, hC.)

Bl % ALTERATION TERMINMOMLOGY
" ] Immcture
-
= it Hrndure
g r_ 3 {110 2-  Immaire
X B oty s
g 4 [a] g 2-102  meoderatery anaMIluIe
|~ E Lr ; 2 mogaratsly mature
- 6
- 5 = S 2 o2+  maderately mature
=
% : @ d 8 B3 g g 24 maturs
o =]
i £ IE:" - 7 E w 213~ mature
e < [}
g 3 ; wl 8 604G < 3-163  malure
L5 @ =F 2 -1 ] 3 103« vary maiue
. ZF1.0 w =<
o & 70 -] | nz: k2 vily matura
T E-l_s 'a%:l.... % 4. savarely amared
ad L2o| |9%1 i+ anvorely aered
oo -
¥ = ox4] 90 L3 metamorshosed
2 -3 pLE
g 4 «E ERib
=
Fi E Ao = A o8 » — woxiy
amuP,TE H=ntrbetad.t ¢ = Coay




	Title

	Figure 1

	Table I

	Table II

	Table III

	Table IV

	Table V

	Legend for summary diagram

	Appendix A
  

