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NEW MEXICO HYDROCARBORN SOURCE ROCK EVALUATION

WELL NAME: BAR~-S-BAR RANCH NO.l FEE WELL

API NO.: 30-049~20001

AREA: NORTHWEST

LOGCATION: SANTA FE COUNTY, NEW MEXICO 8EC.23, TI2N, RIOE
GEOCHEM JOB NO.: 3820

TOTAL DEPTH: 4204 fr.

INTERVA]L SAMPLED: 1940-2300 f¢,

TOTAL NUMBER OF SAMPLES: 3
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3820-001 1940-1990 Madera
3820-002 2000-2020 Madera
3820-003 2200-2300 Madera
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

BAR-5-BAR RANCH NO.] FEE WELL
SEC.23, T12N, RIOE, SANTA FE COUNTY, NEW MEXICO
APT #30~049-20001

GEOCHEM DEPTH TOTAL ORG'NIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (% of Rozk)
3820-001 1940-1990 0.07
3820-002 2000-2020 1.35/1.33

3820-003 2200-2300 2.02




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

REW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

BAR-S-BAR RANCH NO.l1 FEE WELL

SEC.23, TI2N, RIOE, SANTA FE COUNTY, NEW MEXICO

API #30-049-20001

GEOCHEM DEPTH CRGARIC
SAMPLE INTERVAL GSA CARBOR
NUMBER (feet) LITHO DESCRIPTION NO. (we.2)
3820-00!1 1940-1990 . 0.07
-A 1007 Limestone, fine crystalline,
pale yellowish brown. 10YR-6/2
3820-002 2000~2020 1.35/1.33
-A 100%Z Shale, slightly calcareous,
micaceous, grayish black. N3
3820-003 2200~2300 2.02
~A 100% Shale, slightly calcareous, ‘
micaceous, grayish black. N3



TABLE 111

SUMMARY OF ORGANIC CARBON ARD VISUAL EEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

BAR-S-BAR RANCH NO.1 FEE WELL
SEC.23, TI2N, RI1OE, SANTA FE COUNTY, NEW MEXICO
APL #30-049-20001

GEOCHEM DEPTH TOTAL VISUAL ABURDANCE THEEMAL
SAMPLE INTERVAL ORGARIC ORGANIC MATTER ROEMALIZED PERCENT ALTERATION ALTERATIOR
NIMBER (feer) CARBON TYPE Al Am H W I STAGE INDEX
3820-001 1940-19%90 0.07 Am-R%:1 0 50 38 0 12 2 2.2
3820-002 2000-2020 1.35/1.33 H-W:Am-I:- 0 17 33 33 17 2 2.2
3820-003 2200-2300 2.02 B*:W;Am-1 0 15 47 23 15 2 to 2+ 2.3
LEGEND:
Al = Algsl
KEROGEN KEY Am = Amorphous-Sapropel
. Am* = Relic Amorphous-Sapropel
Predominant: Secondary: Trace H = Herbaceous-Spore/Pollen
60-100% 20-40% 0-20% H* = Degraded Herbaceous
W = Woody-Structured
1] = Unidentified Material
1 = Inertinite
c = Coaly




TABLE IV

RESULTS OF ROCK-EVAL PYROLYSIS ARALYSIS

NEW MEXICO HYDROCARBON S0URCE ROCK EVALUATION

BAR-S-BAR RANCH NO.l FEE WELL
SEC.23, T12ZN, RIOE, SANTA FE COUNTY, NEW MEXI1CO
APT #30-049-20001

GEOCHEM DEPTH
SAMPLE INTERVAL TMAX 51 82 583 T.0.C. HYDROGEN OXYGEN
HUMBER {Peet) (c) (mg/g) (0g/g) (mg/g) PI PC* (wt.X) INDEX INDEX
3820-001 1940-19%0 435 0.04 0.02 0.34 0.67 0.05 .07 28 485
3820-002 2000~2020 440 0.51 2.32 0.34 0.18 0.23 1.34 173 25
3820-003 2200-2300 440 0.30 2.74 0.33 0.10 0.25 2.02 135 16

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

51 = Free hydrocarbons, mg Hc/g of rock (ng CO2/g of rock) Index = mg C02/g organic carbon

52 = Residual hydrocarbon potential PC* = 0.083 (81 + §2) PI = §1/81 + §2

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

Index = mg HC/g organic carbon



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

BAR-S—BAR RANCH NO.l FEE WELL GENERAL CAVED AND/OR SUMMARY
SANTA FE, NEW MEX1CO INDIGENOUS POPULATION ({INTERPRETED) CHARACTERISTICS REWORKED POPULATION{S) ORGANIC
SEC.23, TL2N, R10E TYPE OF COLOR OF | STATE OF TPE OF MATTER
APT £30-049-20001 ORGANIC MATTER| MATURATION INDEX ORGANK RGANIC % |oraaNic WATTER| MATURATION INDEX TYPE
T.D. 4,204 ft. &
o A A
by 2 & B .:‘-‘ ‘_\;\::_9
\s’.° & T’ QT oo‘, *A‘\: &) <3 °1'+°
SISERE BT &5 5
GEGCHEM Mo DEPTH I IRV R A A S REMARKS
3820-001 | 1940~1990 i Am-H¥3 T
3820-002 | 2000-2026 { i H-W3Am—T.3=
3820003 | 2200-2300 ! B% W3 Am-1
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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 52(0/00 Wc)/TOC

OL: Rock-Eval, Oxygen Tndex = 100 $3 (0/00 Wc)/TOC

HC YIELD: Rock-Eval, 82 peak {ppm)

S2/83: Rock—Eval, Racio of 82 to 53 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
ZRO (A): Vitrinite Reflectance (scale 0O to 5)

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

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

PI: Rock=Eval, Productivity Iandex = S1/(S1+52)
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APPERDIX A

Briefl Deseription of Orpnnle Geochemicenl analyses Carried Qut by GeoChem

C;-Cq lydrocarbon

The C, -C, hydrocarbon content and composition of scdlinents reflects source type, Source quality and thermal maturity.

The C;-Cq hydrocarbon content of well cuttings {s determined by annlyzing both = sample of the cuttings and the air space at the
top of the can. The results of the two analyses are summed to glve an ioventory of the C,-C, hydracarbon content of tI'e well eut-
tinga prior to any lasses from the cuttlngs during the lapsed time period between collection ur{ the wellsite and laboratory analysia.

The alr space Cl-(;‘7 hydrocnarben analysts tnvolves taking a medsured volume of the alr space gas out of the can with a syringe and
injecting same into 4 gas chromatograph. GeoChem uses a Varian Aerograph Model 1400 (ngtrument equipped with a Forapec Q
colurmn. The gos sample {8 taken through the column by a earrier gas and bofore reaching the detector ia separated Into ita various
Cl(methane), Cqy {ethane), Cq(propane), IC, (isobutanc), nCy (normal bwtane), and Cg, Cg, Cq hydroearbon componente.

This particular analysis gives & completc separntion of the C;-C, gns-rango hydrocarbons and a partinl separation of the Cg-Cy
gasoline-range hydrocarbons. (A detailed C -Cq anniysis, to be discussed later, tavolving a eapillary column, effects a complete
separaton of this molecular range fnto lts several indlvidual molecular spectes.)

The electrical responsoe of the varlous hydrocarbons as they reach the detector is racorded on & paper strip chart as a peak. This
response 18 simultaneously fed to an Integrator which computes the area of each peak. The concentration of C,-Cq bydrocarbons

In the air space, expressed as volumes of gas per million volumes of cuttings, is determined by a calculation lnvolving the volume
of cuttings, volume of air space in the can, volume of sample injected, volume of standard gas sample used in the calibration, cali-
bration factor for Cy» Cgs Cg, eto. determined by ge analysia of o standard gas sample, and the ge peak response.

The Cl-C7 hydrocarbon content of the cuttings is determined by degasification of a measured volume of cuttings {in 8 medium of a
maasired volume of water) In & closed blender, sampling of the alr space at the top of the blender, and injection of a measured vol-
ume of gas into the gas chromatograph.

The Cy-Cq hydrocarben data from the alr space and cuttngs gas analyses are summed to give a "restored” €1~Cq hydrocarbon
content of the cuttings.

Sample Washing and Hand-Picking of Uncuved Lithology Samples

The cuttings samples are washed to remove all drilling mud from the cuttings, Care is token in the washing procedure net to re-
move any soft clays, claystones, atc. and any loose fine sand and silt. The washed cuttings are usually kept under water cover
until pleked, to prevent loss of any gasolne-range hydrocarbons. Using the Cp-Cq hydrocarbon data profile and the electrical

well log supplied to us and our visual examination of the cuttings material under the binocular microscope, we carefully hand-pick
and describe a suite of uncaved lithologies representative of the various straHigraphic zones penetrated by the well, The litholegi-
cal data 3 used to complle o gross Htho percentage log which [s shown on all Figures. The 2-4 gram picked lithology samples are
stored under water {n small glass vials in those Instances where we wish to Tun detailed C;-C hydrocarbon analyses. This sample
sat 13 used not only for the C —C,7 hydrocarbon analysls, but lso for the visunl kerogen and to'{.al organic carbon analyses. All re-
maining cuttings material is érled and packaged in labelled plasfic bags for possible Cq5  soxhlet extraction and/or eventual retwrn
to the cllent. Semple material from this study will be retained at GeoChom until advised of dlsposition.

Detailed C4-Cq Hydrocarhon

The C,~C,, gasoline-range hydrocarbon content of sodiments reflects source quality, thermal maturation and organic facfies, Com-
positional data can be used in crude oil-parent rock correlation work.

The C4-Cq hydrocarbon content and detailed molecular composition of hydrocarben, in hand-picked lthologies, 1s determined by a
gc nmﬁysla of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measired volume
of sample 18 placed in a sealed microblender along with a measured volume of hot watar. The rock sample {8 pulverized by the
bades of the blender. A sample of the liberated light hydrocarbons which collect in the afr space at the top of the blender ls in-
jacted Into our Varian Aerograph 1400 gc unlt which is equipped with o capillary column, Data recoxding, computatiors, ete. are
compareble to thoge used fox the C,-C, analysis discussed previously in this report, Hydroearbon concentratlon is eroressed as
volume gas per million volumes of cuttings.

Orgoanic Carbon

The total organic carbon content of a rock is a measure of 1ts total organic richness. This data is used, ln conjunction with visual
kerogen and Cl-C4, Cy4-Crand Cygy hydrocarbon content of a rock, to tndicate the hydrocarbon ssurce quality of rocks,

The procedure for determining the totnl organic carbon content of a rock involves drylng the sample, grinding to a povder, weigh-
ing out 0.2729 gram sample into 8 crucible, actdizing with hot and cold hydrochloric acid to remove calcium and magnesium car-
bonate, ond carbon analysis by combustion in a Leco carbon aualyzer.

We run soveral blank cruclbles, standards @ivon rings of knowi carbon ¢ontent) and duplicate rock samples in this analysis at no
additicnal charge to the ciient for purposes of data quality control.

Clﬁ-r Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organie matter which can bo solvent-extracted from a rock reflacts source quality and source
rpe. 137012 cnpbon Laotopic, high mass spectrometric and ge annlyses of the paraffin-naphthene and aromatlc hydrocurbon
fractions of the soluble extract gives datn which [s used in erude oll-parent rock correlations.

This analysis involves grinding of a dry rock sample to & powder and removnl of the soluble organic matter by aoxhlet extraction
using o co-distilled toluenc-methanot azeotrope solvent. Where the amount of avallable sample material permits, we like to use
at least 100 graing of rock for thts analysls.

The extracted bltumen s separated Into an asphaltene (ASPL) and a pentane soluble fraction by normal pentane precipitation. The
pentane soluble components are separated [nto o Cyg paraffin-naphthene (P- N} lydrocerbon, Cpgy aromatic hydrocarbon (AROM)
and Ci5y nitrogen- sulfur-oxyoen containing fraction (NSO) by adsorption chromatography on a sillea gel-alumina column uslng
pentane, toluene and toluene - methanol azeotrope eluants.



APPENDIX A {continuad)

GC Analyats of Cyg. Paraffin-Naphthene (P-N) Hydrocarbons

The content and molecular composttion of the heavy C; g, paraffin-naphthene (B-N) bydrocarbons of rocks, as determined by ge
analysls, reflecta acurce quality, source type and degree of thermal maturaton.

In this analysis, we subject a very small fraction of the total amoant of the P-N fraction extracted from e rock semple to gc analy-
sis, The gas chromatograph ia a Varian Aerograph Model 1400 equipped with a solid xod injection system nad a eutectie column.

The esloulsted C. P.1I. (cerbon preference index) values for the normal paraffin data is defined as the mean of two ratlos wh'ch are
determined by dividing the sum of concentrationa of odd-carbon numbered n-paraffing by the sum of even-carbon nunsbered n-

paraffina. The C.P. Indlces A and B were obirined by the formulas:

Co1tCay*CastCo7 | CortCogtCoptCay CaptCartC0tCa1 | CoptCyrtCagiCar
C.P. Index A = Cpp#CpetCpatCag  CpotlpptCaytCas C.P. Index B= CpaiCogiCgeiCaz  CogtCagiCye*Can
2 2
Vieual Kerogen

A visual study of kerogen, the fnscluble organic mattsr in rocks, can indlcate the relative abundance, 8lze, and state of preserva-
tion of the various racognizable kerogen types and thereby Indleate the hydrocarbon source character of a yook, The color of the
kerogen can be used to Indicats the atate of thermal maturity of the sediments (1. 0. thelr time-tomperature history). Ther-nal
maturation plays an important role lu the generetion of hydrocarhons from organic matter, and also effects the composition of
reservolred hydrocarbons.

Our procedure for visual kerogen allde preparation involves isolation of the organie matier of a rock by retaoval of the rocl- mate-
risl with hydrochloric and hydrofluoric acid treatment and heavy liquid separation. This procedure is comparable to that used by
the palynologist exeept it doss not laclude an oxidation stage. (The oxidation treatment {8 deleted from our procedurs becansa it
removes a great deal of kerogen and blenches any remaining kerogen to an extent whereby it 18 ussleas for our keregen coler
obgervationa.) Thbe kerogen resldue is mounted on a plass slide and is examined visually under a bigh power mieroscope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite partioles (§Bo) present in the kerogen isolated from sedimentary yocks provides a method
of determining the state of maturation, and the diagenetic (Hme-temperature) history of the crganic matter present in the sediments.

‘the kerogen, obtained from a 25 gram aliquot of crushed rock by the actd procedure previously discussed, s dried and embedded
in a Bloplastic plug. The sarfzce of the plug is polished using 0.05 micron aiumina and the reflectivity determined under cil using
a Ziess bigh resolution microacope. A mintmum of 40 values are required to adequately detarmine the Meturation Rank.

Fluorescence Specirophotometric Analysta

Fluorescence specirophotometry can be used to characterize n.ﬁd fingerprint crude ofls, establish crude ofl-scurce rock relation-
ships, and to measure the hydrocarhon scurce potential of fine-graloed sediments.

A one (1) wicroliter aliquet of elther {I) a crude ofl or (il) the sclvent extractable rock bilumen, 18 passed through an alum!na/
stlica gel micro column and the Cpp, aTomatle hydrecarbons isolated. The sromstic hydrocarhen {a diluted end the emissfon and
excitation spectra determined at 240 nm and 420 nm using 3 Perkin-Elmer Model 512 Double Beam Fluoreacence Spectrophotometer.
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