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WELL NAME:
APL NO.:
AREA:
LOGATEON:

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GEOCHEM JOB NO.:

TOTAL DEPTH:

[NTERVA]L, SAMPLED:

TOTAL NUMBER OF SAMPLES:

MARSHALL PIPE & SUPPLY, NO.l SOLTENRERG

30-041-20809
SOUTHEAST

ROOSEVELT COUNTY, NEW MEXICO

3717

7270 ft.
2930-7270 ft,
11

SEC.26, T2S, R29E

ANALYSES

GEQCHEM é E

SAMPLE SAMPLE STRATIGRAPHIC % & 8 %

NUMBER DEPTH INTERVAL E é § 5 E
3717001 2930-3000 San Andres X X X X
3717-002 3100-3200 San Andres X X X X
3717-003 5200-5300 Yeso X X X X
3717-004 5400-5500 Abo X X X X
3717-005 5800-5900 Abo X X X X
3717-006 6120-6200 Wol fcamp X X X X
3717-007 6400-6500 Wol fcamp X X X X
3717-008 6600-6700 Pennsylvania X X X X
3717-009 7090-7190 Pennsylvania X X X X
3717-010 7090-7190 Pennsylvania X X X X
3717-011 7200-7270 Montoya X X X X
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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 $2(0/00 We)/ToC
0I: Rock-Eval, Oxygen Index = 100 83 (0/00 wWe)/TOC
HC YIELD: Rock-Eval, S2 peak (ppm)
S2/83: Rock-Eval, Ratio of 82 to S3 peak
KEROGEN: gsee Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of S$2 peak, in degrees Centigrade
ZRO (A): Vitrinite Reflectance (scale 0 to 5)
TAT (¥): Thermal Alteration Index (Scale 1 co 5)
FREE HC: Rock-Eval, Sl peak (ppm)
PI: Rock-Eval, Productivity Index = S1/(S1+52)
LITHOLOGIES KEROGEN TYPES
ZZZIZ) SHALE ey SILICEOUS ROCKS =223 AMORPHOUS -
S:EEZ] MUDSTONE EVAPORITES HERERCEQOUS
S sILTSTONE B o i WOOCY
“Z22] SANDSTONE /) IGNEOUS ROCKS INERTINITE

58 CONGLOMERATE

o o ] MARL

|||||

BRECCIA
oo LIMESTONE

zl DOLOMITE

ool VOLCANICS
NN METAMORPHIC ROCKS

BASEMENT

OTHER

MISSING SECTION




TABLE [

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATLON

MARSHALL PLPE & SUPPLY, NO.l SOLTENBERG
SEC.26, T2S, R29E, ROOSEVELT COUNTY, NEW MEXICO
API #30-041-20809

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER ( feet) {(Z of Rack)
3718-001 2930-3000 0.38
3718-002 3100~3200 0.37
3718-003 5200-5300 0.27
3718-004 5400-5500 0.08/0.10
3718-005 5800-5900 0.06
3718-006 6120-6200 0.19
3718-007 6400-6500 - 0.12
3718-008 6600-6700 0.27
3718-009 7090-7190 1.42
3718-010 7090-7190 0.11
3718-011 7200-7270 0.07




TABLE [I

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXLCO HYDROCARBON SOURCE ROCK EVALUATLON

MARSHALL PIPE & SUPPLY, NO.l1 SOLTENBERG
SEC.26, T28, R29E, ROOSEVELT COUNTY, NEW MEXICO

APL #30-041-20809

GEGCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITRO DESCRIPTION NO. (wt.2)
3717-001 2930-3000 0.38
-A 100% Dolostone, fine crystalliune,
moderate yellowish brown LOYR~5/4
to white. to N9
3717-002 3100-3200 0.37
-4 100% Dolostone, fine crystalline,
moderate yellowish brown 10YR-5/4
to white. to N9
3717-003 5200~5300 0.27
-4 100%Z Dolostone, fine crystalline,
medium gray. N5
Trace white anhydrite.
3717004 5400-5500 0.08/0.10
~A 100% Mudstone, noucalcareous,
moderate reddish brown. LOR-4/6
3717-005 5800-5900 0.06
-A L00%Z Mudstone, noncalcareous,
moderate veddish browa. LOR-4/6
3717-006 6120-6200 0.19
-4 100% Limestone, filune crystalline,
medium dark gray. N4
3717-007 6400-6500 0.12
~A 100% Limestone, fivne cryscalline,
medium dark gray. N4
3717-008 6600-6700 0.27
-A 100% Limestone, fine crystalline,
medium dark gray. N4



TABLE [[ (continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATLON

MARSHALL PIPE & SUPPLY, NO.l SOLTENBERG
SEC.26, T2S, R29E, ROOSEVELT COUNTY, NEW MEXICO
APL #30-041-20809

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3717-009 7090-7190 1.42
~A 100% Shale, slightly calcareous,
dark gray to medium dark N3 to
gray. N4
3717-0L0 7090-7190 ' 0.11
-A 100% Limestone, fine crystalline,
brownish gray. SYR-4/1
3717-011 7200-7290 0.07
-4 1007% Dolostone, fine crystalline, SYR~8/1
pinkish gray to light to

brownish gray. 5YR-6/1



TABLE IILL

SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MARSHALL PIPE & SUPPLY, NO.l SOLTENBERG

SEC.26, T2S, R29E, ROOSEVELT COUNTY, NEW MEXLCO

APL #30-~041-20809

GEOCREM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER RORMALIZED PERCENT ALTERATION ALTERATEON
RUMBER (feet) CARBON TYPE A} Am H W 1 STAGE IRDEX
3717-001 2930-3000 0.38 Am-H* ;- - 0 50 50 0 0 2-to 2 2.1
3717-002 3100-3200 0.37 Am-H¥* ;- - 0 50 50 0 0 - to 2 2.1
3717-003 5200~5300 0.27 Am*R .| v 50 33 0 17 2- co:Z 2.1
3717-004 5400-5500 0.08/0.10 AmFk -l 0 66 17 0 17 2 2.2
3717-005 5800-5900 0.06 H-L; Am¥%;— 0 24 38 0 38 2 2.2
3717-006 6120~6200 0.19 H;W-L; Am** 0 1¢ 50 20 20 2 2.2
3717-007 6400-6500 0.12 H;Am;W 0 25 62 13 0 2 2.2
3717-008 6600-6700 0.27 Am;H; L 0 57 29 0 14 2 2.2
37i7-009 7090-7190 1.42 HiW-1;- 0 0 40 30 k] 2 to 2+ 2.3
3717-010 7090-71990 0.11 Am*kH; | 0 50 38 0 12 2 to 2+ 2.3
3717-011 7200-7270 0.07 Am;H*; I 0 57 29 0 14 2 to 2+ 2.3
LEGEND:
4l = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am**¥ = Relic Amorphous—Sapropel
Predominant; Secondary; Trace H a  Herbaceous-Spore/Pollen
60-100Z 20-40% 0-20% R¥* = Degraded Herbaceous

W = HWoody-Structured

i) = {nidentified Material

i = Inectiuvite

C = Coaly




TABLE IV

RESULTS OF ROCK-EVAL PYROLYSLS ANALYSIS

REW MEXECO HYDROCARBON SOURCE ROCK EVALUATLON

MARSHALL PIPE & SUPPLY, NO.l SOLTENBERG
SEC.26, T2S, R29E, ROOSEVELT COUNTY, NEW MEXICO
API #30-041-20809

GEOCHEM DEPTH
SAMPLE INTERVAL THAX S1 52 s3 T.0.C. HYDROGEN OXYGEN
NUMBER (Peer) () (mg/g) (mg/g) (ng/g) 134 oCH* (wt.2) LNDEX IRBEX
3717-001 2930-3000 427 0.10 0.36 .86 0.22 0.03 0.38 95 226
3717-002 3100-3200 423 0.07 0.23 0.65 0.23 0.02 0.37 62 176
3717-003 5200-5300 433 0.05 0.01 0.34 0.83 0.00 0.27 4 126
3717-004 5400-5500 325 0.04 ¢.02 0.86 0.67 0.00 0.09 22 956
3717-005 5800~5%00 222 0.04 0.0 1.08 1.00 0.00 0.06 17 1800
3717-006 6120-6200 255 0.05 0.00 0.53 1.00 0.00 0.19 o] 279
3717-007 6400-6500 213 0.05 0.01 0.65 0.83 0.00 0.12 8 542
3717-008 6600-6700 239 0.03 0.02 0.44 0.75 0.00 0.27 7 163
3717-009 7090-7190 448 0.07 0.26 0.70 0.22 0.02 1.42 18 49
3717-010 7090-7190 328 0.04 0.01 0.43 1.00 0.00 0.11 9 390
3717-011 71200-7270 309 0.06 0.04 0.50 0.60 0.00 0.07 57 714

T.0.C. = Total orgaunic carbon, wt.% 53 = C02 produced from kerogen pyrolysis Oxygen

Sl = Free hydrocarbons, mg Hco/g of rock (mg ©02/g of rtock) Index = mg CO2/g organic carbon

52 = Rasidual hydrocarbon potential PC* = 0.083 (51 + s52) Pi = S1/S1 + 82

{mg HC/g or rock) Hydrogen THAX = Temperature [odex, degrees C.

Index = mg HC/g organic carbon



TABLE VI
VISUAL KEROGEN ASSESSMENT WORKSHEET

NEW MEXICO BUREAU OF MINES PROJECY GENERAL CAVED AND/OR SUMMARY
MARSHALL PIPE & SUPPLY, INDIGENOUS POPULATION {INTERPRETED)} CHARACTERISTICS REWORKED POPULATION (%) ORGANIC
NO.1 SOLTENBERG TYPE  OF COLOR OF | STATE oF . TIPE OF MATTER
ROOSEVELT COUNTY, NEW MEXECO ORGANIC MATTER| MATURATION INDEX ORGANKC MATTER|ORGANK: MATTER| % |omeamic wmaTTER| MATURATION INDEX TYPE

SEC.26, T2S, R29E

GEOCHEM HNo DEPTH
3717-001 | 2930-3000 IR | Am~H¥:—:—
3717-002 | 3100-3200 TR | Am—H¥*;—3—
3717-003 | 5200-5300 [ 1 vloms Amkk 121
3717-004 | 5400-5500 H o vlom; AmtA s —H-1
3717-005 | 5800-5900 vlom; H-1 s Am## 3 —
3717-006 | 6120-6200 ip H3W—1; Am**
3717-007 |} 6400-6500 H;Am;W
3717-008 { 6600=6700 i b Am3H;T
3717-009 | 7090-7190 Hntn ] HyW—I;—
3717-010 § 7090-7190 HEEHHET 1 AmAE e Ha1
3717-011 ]| 7200-7270 HHE AmzH%: 1L
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APPENDIX

Brief Desgcription of Organic Geochemical analysss Carxied Out by GeoChom

C! ~Cy Hydrocarbon
The 01—07 hydrocarbon content and composition of sediments reflacts source type, source quality and therma] maturit-,

The C1-Cq hydrocarbon content of well cuttings is determined by analyzing both a sample of the cuttings and the alr spree at the
top of the can, The results of the two analyses are summed to glve an Inventory of the C,- hydrecarbon content of the well cut-
tings prior to any losses from the cutiings during the lapsed time period between collection az the wellsite and Iaborato+y analysis.

The air space 01-07 hydrooarbon anelysis involves taking & measured volume of the air space gas ouf of the can with a syxinge and
Injecting same into & gas chromatograph. GeoChem uges a Varlan Aerograph Model 1400 instrument equipped with a Porapee Q
column. The gzs sample is teken through the columu by & carrier gas and before reaching the detector is separated in*o its various
Cltmet]:w.na), C, {ethane), Cg(propane), 1C,4 (Lsobutane), nCy (normal butane), and Cg, Cg Cq hydrooarbon components,

Thig particular analysis gives a completo separation of the Cq-C4 gas-range hydrocarhons and & partial separation of the Cg-Cr
gasoline-range hydrocarbons. (A detailed C‘L—C,i, analysis, to be dlscussed later, involving a capillary column, effects a complete
separation of this molecular range into #t3 several Individual moleculay species,)

The electrical response af the vartous hydrocarbons as they reach the detector is recorded on a paper strip chart as a peak. This
response is glmultaneously fed to an integraior which computes the ares of each psak. The concentration of C;-Cr hydroecarbons

In the air space, expressed as volumes of gag per million volumes of cuttings, ie determined by a calculation involving the volume
of cuttings, volume of alr space in the can, volume of sample injected, volume of standard gas sample uged in the calibration, cali-
bration factor fox Ci» Cps Cgy efc. determined by ge analysis of a standard gas sample, and the ge peak response.

The C;~Cq bydrocarbon content of the cuttings s determined by degesificatlon of a measured volume of cuttings (In a medium of a
meadired volume of water) iu 2 closed blender, sampling of the air apace at the top of the hlender, and injection of & measured vol-
ume of gas into the gas chromatograph.

The C)-Cy hydrocarbon data from the air space and cattings gas analyses are summed to glve a " restored! C1~Cq hydrocarbon
content of the cuttings.

Sample Waghtug and Hand-Picking of Uncaved Litholopy Samples

The cattings samples are washed 1o removoe all drilling mad from ths cuttings. Care is taken in the washing procedure not to re-
move any soft clays, claystones, ete, and any lcose fine sand and silt. The washed cuitings are usually kept under water cover
untl picked, to prevent loas of any gasoline-range hydrocarbons. Using the C;-Cq bydrocarbon data profile and the eleotrical

well log supplied to us and our visual examinaiion of the cuttings material under the binocular micrescope, we carefully hand-pick
and describe 2 suite of uncaved lithologles representative of the various atratigraphio zZones penefrated by the well. The lithologi-
cal data 18 used to compile & groas litho percentage log which is shown on all Figures. The 2-4 gram plcked lithology samples are
stored under water in smail glass vials in those instances where we wish to Tun detailed C,-C, hydrocarbon analysed. This semple
get 13 used not only for the C,-C,_ hydrocarbon analyals, but also for the visual kerogen and to%al organic carbon anslyses, All re~
maining cuttings material is érlel‘zi and packaged in labelled plastic hags for poasible Cyp, scxhlet extraction and/or eventual Teturn
to the cHent. Sample material from this study will be retained at GeoChem until advised of dispositicn,

Detatled Cy-C,, Hydrocarbon

The C 4—07 gasoline-range hydrocarbon content of sedlments reflects source quality, thermal maturation and organic facies. Com-
positional data can be used in crude ofl-parent rook correlation work,

The C -Cq hydrocarbon content and detalied molecular composition of hydrocarbon, in hand-picked lithologies, 1{a determined by a
go yeis of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a micreblender. A measuved volume
of sample 18 placed in a sealed microblender along with a measured volume of hot water. The rock sample {5 pulverized by the
blades of the blender. A sample of the liberated light hydrocarbons which collect in the afx space at the top of the hlender {s in~
jected into oar Varisn Aercgraph 1400 ge unit which 13 equipped with & capillary column, Data recording, computationn, ete, are
comparable to those used for the C;-Cy analysis disoussed previously in this report. Hydrocarbon concentration is expressed as
volume gas per million volumes of cuttings.

Organte Carhon

The total organic carbon content of a rock 1s a measure of its total organic richness, This date 19 uged, In conjunetion with visual
kerogen and G;~C4» C4~Cq end Cy g, hydrocarbon content of 2 rock, to indicate the hydreearbon source quality of rocks.

The procedurs for determining the total organic carbon content of a rock involves drying the sample, grinding to a powder, weigh-
ing out 0.2729 gram sample into a orucible, acidizing with hot and cold hydrochloric acld to remove calelum and magnesium car-
bonate, and carbon analysis by combustion in a Leco carbon analyzer.

We rum aeversl blank crucibles, standards (lron rings of known carbon content) and duplicate rock samples in this analrsis at no
additional charge to the client for purposes of data quality control.

Cig+ Soxhlet Extraction, Deasphaltening and Chromatographlc Separation

The amount and composition of the orgonic matter which can be solvent-extracted from a rock reflects source quallty and source
type. ©18/c12 carbon 1sotopte, high mass spectrometric and ge analyses of the parafftn-naphthene and aromatic hydrocarbon
fractions of the soluble extract gives data which is used in crude oll-parent rock correlations.

This analysis involves grinding of & dry rock sample to a powder and removal of the soluble organic matter by soxhlet extraction
nsing a co-distilled toluene-methanol azeotrope solvent. Where the amount of avaflable sample material permits, we lke to use
at least 100 grams of xrock for this analysts.

The extracted bitumen 1s separated into an agphaltene (ASPH) and a pentane soluble fractlon by normal pentane precipitation. The
pentane soluble components are separated into a 015 - paraffln-naphthene (P-N) hydrocarbon, Cpp,; aromatic hydrocarbon (AROM)
and C; 5, nitrogen-sulfur-coxygen containing fraction (NSO) by adscrpiion chromatography on o silica gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluants.



GC Analysis of Cyp4 Paraffin-Naphthene (P-N) Hydrocarbong

The content and molecular composition of the beavy C, g, parafitn-naphthene (P-N} hydrocarbons of rocks, s determined by ge
anglysis, reflects source quality, source type and degrea of thermal matuvation,

In this analysis, we subject a very small fraction of the total amount of the P-N fraction extracted from a rock sample to go analy-
sls. The gas chromategraph is & Varian Aerograph Model 1400 equipped with & solid rod injection system and a eutactie column.

The caleulated C. P.I. (carhon preference index) values for the normal paraffin data {s defined as the mean of two ratios which are
determined by dividing the sum of concentrations of odd-oarhon numbered n-paraffins by the sum of even-carbon numbered n~
paraffing, The C.P. Indices A and B were obtained by the formulas:

Cp1+CeatCap*Coy  CaptCagtCoptCay Cap*CprrCoo+Ca | CagtCartCogtCyl
C.P. Index A = Cpa+lpg+Cpgtlpg  CagrCaptCoq*Cag C.P. Index B= Cpg+Cpg+Ca0vC32  Coq+CogeCoutCap
2 2
Visual Kerogen

A visual study of kerogen, the insoluble organic matter in rocks, can indleats the relative abundance, size, and siate of preserva-
tion of the varioua recognizable kerogen types and thereby Indicate the hydrocarbon source character of a rock. The color of the
kerogen can be used to indicate the stite of thexmal maturity of the sedlments (i e. their time-temperature history). Ther-usl
maturation plays an important role In the generation of bydrocarbons from organic matter, and alse affects the composition of

e a(?rvoi.red hydrocarbons,

Our procedure for visual kerogen slide preparation involves igolation of the organic matter of a rock by removal of the rock mate—
rtal with hydrochloric end hydroflucric acid freatment and heavy liquid separation. This procedure 8 comparable to that used by
the palynologist except it does not include #n oxidation stage. (The ozidation treatmart 19 delsted from our procedure becavse it
Temoves a great deal of kerogen and blanches any rematning kerogen to an extent whereby it is useless for our karogen color
observations.) The kerogen residue {8 miounted on & glass slide and is examined visually under a high power mloroscope.

Vitrinite Reflectance

Measuremant of the reflectivity of vitrinite particles (%Ro} present in the kerogen lsolated from sedimentery rocks provides a method
of detertining the state of maturation, and tne diageuetic (Hme-temperatures) history of the organic matter present in the sediments,

‘The kerogen, cbtalned from a 26 gram aliquot of erushed rock by the aeld procedure previously discuseed, is dried and embedded
in a Bloplastic plug. The surface of the plug is pnlished using 0. 05 micron alumina and the reflectivity determined under ofl using
a Zieas high resolution microsecpe, A minlmum of 40 values are required to adequately determine the Meturation Rank,

Fluorescence Spectrophotomatric Analysls

Fluorescence snactrophotometry can be ueed 1o characterize and fingerprint crude ofls, establish crude oll-scurcs rock relation-
ships, and to measure the hydrocarbon source potential of fine-grained dediments.

A one {1) microliter aliquot of either (1) a crude ofl or (1) the solvent extractable rock bitumen, is pasged through an alumine
sillca gel micro column and the Cy g; aromatic hydrocarbons isolated. The aromatic hydrocarbon is diluted and the emlssion and
excitation spectra determined at 240 nm and 420 nm using & Porkin-Elmer Model 512 Double Beam Fluorescenca Spectrophotometer.

GEOTHERMAL DIAGENETIC CRITERIA

{GEOCHEM LABORATORIES, INC.)

4 Ba e ALTERATION TERMIMNG, OQY
- | n -l 1 P
E ir TRt
l-_‘; 3 drwd  immSta
F 4+ — Il selmte 2- moderatiny [medtore
i
. o 4 o ] 2-102  moderotely imawiue
’ E 2l =1 A 2 modaratety Matare
- -~ 5 =
x o I: & =] 2 102t  moderately mature
wl
‘zt : 2 ﬁ € ”-g 2 = 2 ’E =2 2r mature
€l © oo
3 z &F 7 5 E 2rio3-  mature
-l =
g iR wl 8 50'3 24 :J.'I 3-w3  motae
= — 1
© o Er -8 68 4 2+ = a2 3 toFr  vary malure
Zl1o w| - = e
3 i T04X N E 3+ ¥iry mature
- ; 1.6 E%: np 8 o G u 3 4- severeiy alered
[ e
= 2o 834 RO R E TN Ll ot 4 sevaraty misred
ik 2 9 =
== I J 4= 4 4 5 metamor phosad
(5]
L3
b g
T k4 4 & |4 « TERM
3 5 = -1 A= A phou w -~ w0ty
[_fdsatn10 H=-bmbessons €= Caay




	Title

	Figure 1

	Legend for summary diagram

	Table I

	Table II 

	Table III

	Table IV

	Table V

	Appendix 


