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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: CITIES SERVICE, NO.l ZUNI
API NO.: 30-031-05011
AREA: NORTHWEST
LOCATION: MCKINLEY COUNTY, NEW MEXICO SEC.5, T9N, RI8W
GEOCHEM JOB NO.: 3621
TOTAL DEPTH: 2591 ft.
INTERVAL SAMPLED: 1690-1850 ft.
TOTAL NUMBER OF SAMPLES: 2
ANALYSES
GEOCHEM g ﬁ
SAMPLE SAMPLE STRATIGRAPHIC 2 é 9 g
NUMBER DEPTH INTERVAL H 9 Q 5 =
= B [ [w]
3621-001 1690-1730 Yeso X X X X
3621-002 1810-~1850 Yeso X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CITIES SERVICE, NO.l ZUNI
SEC.5, T9N, R18W, MCKINLEY COUNTY, NEW MEXICO
API #30~031-05011

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (% of Ro=k)
3621-001 1690-1730 0.54

3621-002 1810~1850 0.28/0.27




TABLE II

LITHOLOGICAL DESCRIPTIORS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SEC.5, T9N, R18W, MCKINLEY COUNTY, NEW MEXICO

CITIES SERVICE, NO.l ZUNI

API #30-031-05011

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBOR
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3621-001 1690-1730 0.54
-A 80%Z Dolomite, fine crystalline,
light gray to brownish N7 to
black. 5YR-2/1
~B 15% Mudstone, calcareous,
grayish red. 10R-4/2
~C 5% Mica, large flakes, clear.
3621-002 1810-1850 ¢.28/0.27
-4 50Z Dolomite, finme crystalline,
light gray to brownish N7 to
black, 5YR-2/1
-B 457% Siltstone, calcareous,
pale reddish brown. 10R-5/4
-C 5% Quartz grains, clear.



TABLE LILI

SUMMARY OF ORGANIC CARBON AND VISUAL KRROGEN DATA

REW MEXICO RYDROCAREON SOURCE ROCK EVALUATION

CITIES SERVICE, NO.1 ZUNI
SEC.5, T9H, RI8BW, MCRINLEY COUNTY, NEW MEXICO
API #30-031-05011

GEOCHEM DEPTH TOTAL VISUAL ABURDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER NORMALIZED PRRCENT ALTERATION ALTERATIOR
NUMBER (feet) CARBON TYPE Al Am H w I STAGE INDEX
3621-001 1690-1730 0.54 AmjHA ;- 0 57 43 0 0 2 to 2+ 2.3
3621-002 1810-1850 0.28/0.27 Am-H¥;—; T 0 44 44 0 12 2 to 2+ 2.3
LEGEND:
Al = Algal
RKEROGEN KEY Am = Amorphous—Sapropel
Am¥* = Relic Amorphous—Sapropel
Predominant; Secondary; Trace H = Herbaceous-Spore/Pollen
60-1097 20-40% 0-20% H* = Degraded Herbaceous
W = Woody-Structured
u = TUnidentified Material
1 « Inertinite
* c = Coaly




TABLE IV

RESULTS OF ROCK~EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDROCARBOR SCURCE ROCK EVALUATION

CITIES SERVICE, NO.l ZUNI
SEC.5, T9N, R18W, MCKINLEY COUNTY, NEW MEXICO
AP #30-031-05011

GEOCHEM DEPTH
SAMPLE IKTERVAL THAX 11 82 53 T.0.C. HYDROGEN OXYGEN
NUMBER (Feet) (e) (mg/e) (mz/g) (mg/e) PI PC* (wt.2) INDEX INDEX
3621-001 1690-1730 445 0.12 0.43 0.50 0.22 0.04 0.54 80 93
3621-002 1810-1850 389 0.06 0.25 0.55 0.20 0.02 0.28 89 196

T.0.C. = Total organic carbon, wt.X . 83 = C02 preoduced from kerogen pyrolysis Oxygen

51 = Free hydrocarbons, mg He/g of rock (mg €O2/g of rock) Index = mg C€02/g crganic carbon

52 = Residual hydrocarbon potential PC* = 0,083 (81 + s2) PI = 31/81 + S2

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

Index = mg HC/g organic carbon
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TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

CITIES SERVICE NO.1l ZUNI GENERAL CAVED AND/CR SUMMARY
SEC.4, TON, R18W INDIGENOUS POPULATION { INTERPRETED} CHARACTERISTICS REWORKED POPULATION{S} ORGANIC
MCKINLEY COUNTY, NEW MEXICO TYPE  OF COLOR OF STATE OF TYPE OF MATTER
APt #304)31_‘050; 1 ORGANIC MATTER MATURATION INDEX % ORGANIC MATTER MATURATION INDEX TYPE
7.D. 2591 f
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LEGEND FOR SUMMARY DIAGIrAM

DEPTH: in feet -
LITHO LOG: see litholiogy symbols
STRATIGRAPHY: by age
% TOC: percent total organic carbon
HI: Rock-Eval, Hydrocarbon Index = 100 $2(0/00 Wc) /TOC
OI: Rock-Eval, Oxygen Index = 100 S3 (0/00 We)/TOC
HC YIELD: Rock-Eval, S2 peak {(ppm)
$2/83: Rock=Eval, Ratio of 52 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 5)
TAL (¥#): Thermal Alteration Index {(Scale 1 to 5)
FREE HC: Rock-Eval, Sl peak (ppm)
PI: Rock-Eval, Productivity Index = S1/(S1+52)
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APPENDIX

Brief Degcription of Organic Geochsmical malyses Carrlied Out by GeoChem

C;-Cy Hydrocurbon
The C].—C‘...ir hydrocarbon content and composition of sediments reflects source type, source quality and thermal mataritr.

The C1=Cq bydrocarbon content of well cuttings {s determined by analyzing both a sample of the cuttings end the air spece at the
top of the can. 'The results of the two analyses are summed to give an inventory of the C_-C bhydrocarbon confent of the well cut-
tings pricr to any losses from the cuttings during the lapsed Hme nerled between collecticn aI the wellsite and laborato-y snalysis,

The air space ‘31'07 hydrocarban analysis involves taking a measured volume of the alr space gas out of the can with a gyringe and
injecting same into & gas chromatograph, GecChem uses a Varian Aerograph Model 1400 {nstrument squipped with a Porapec Q
column, The gas sample 1s taken through the column by a carrier gas and before reaching the detector is separated into its various
Cltmetha.ne), C, (ethane), Cg(propane), iC, (isobutane), nCy4 (normal butane}, and Cg, Cg, Cp hydrocarben components.

This particular analysis glves a complete separation of the C;~C 8= dr bons

1-C4 gas-Tange hydrocar] and a partial separation of the Cg-C
gasoline-range hydrocarbons. (A detailed C,4-Cy analysis, to be disoussed lator, involving a captllary column, effects a compl'{ate
separation of this moleoular range into its several individual molecular species. )

The electrical rasponsoe of the various hydrocarbans ag they reach the detector {8 Tecorded on & paper strip chart ag a peak., This
response 18 simultaneously fed to an integrator which computes the area of each peak. Ths concentration of €, -Cq byd-ocarbons

in the alr space, expressed a8 volumes of grs per million volumes of cuttings, & determined by a calculation involving the volume
of cuttings, volume of afr space In the can, volume of sample injected, volume of standard gas satnple used in the callbration, cali-
brafion factor for Cip» Cgy Cg, efo. determined by ge analysis of a standard gas sample, and the ge peak responss.

The C,-Cq hydrocarbon content of the cuttings {3 determined by degasification of a measured volume of cuttings {in a medium of a
mensured volume of water) in a closed blender, sampling of the air space at the top of the blender, and injection of & measured vol-
ume of gas into the gas chromatograph.

The C1-Cy hydrocarbon deta from the air space and cuttings gas analyses are summed to glve & Mrastored!' C;-Cy bydrocarbon
confent of the cuttings,

Sample Weshing and Hand-Pickdng of Uncaved Lithology Samples

The cuttings samples are washed to Temove all drilling mud from the cuttings, Care i3 taken in the washing procedure not {o re-
move any soft claya, claystones, etc. and any loose fine sand and silt. ‘The washed cuttings are usually kept under watnr cover
until picked, to prevent loas of any gasoline-range hydrocarbons. Using the Cy-Cq hydrocarbon data profile and the electrical

well log suppled to us and our visual examinatlon of the cuttings material under the binocular microscope, we carefully hand-pick
and describe & sulte of uncaved lthologies representative of the various stratigraphic zones penetrated by the well, Th» lithologi-
cal datn is used to complle & gross litho percentage log which 18 shown on all Figures. The 2-4 gram picked lithology samples are
stored under weter in small glass vials in thoge instances where we wish to run detatled C,-C,, hydrocarbon analyses., This sample
set 13 used not only for the C, —07 hydrocarbon analysis, but also for the visual kerogen a.u‘ﬁ to';al organic carben analyses. All re-
maining cuttings material 18 driel and packeged in labelled plastic bags for posgsible 0154- gaxhlet extraction and/or eventusl return
to the cllent, Sample material from this study will be retained at GeoChem until advised of disposition.

Datailed C‘L—C,7 Hydrocarbon

The Cy4-Cy gasoline-range hydrocarbon content of sediments reflects source quality, thermal maturation and organic facles. Com-
positional data can be used fn erude oli-parent rock correlation work.

The C,-Cq hydrocarbon content and detailed molecular compostton of hydrocarbon, in hend-picked Hthologies, is determined by a
gc ysie of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measured volume
of sample 15 placed in a sealed microblender along with a measured volume of hot water. The rock sample i3 pulverized by the
blades of the blender, A sample of the Hberated light hydrocarbong which collect In the air space at the top of the blencer is in-
jected {nto cur Varian Aercgraph 1400 gc unit which 18 equipped with a capillary column, Data recording, computations, etc. are
comparable to thoss used for the Cq=Cx analysis discussed previously in thia report. Hydrocarbon concentration {8 exrressed as
volume gas per million volumes of cattings,

Organic Carbon

The total organic carhon content of a rock 18 a measure of its total organic richness. This data 19 used, in conjunction with visaal
kerogen and C,~Cy, C4-Cq and C; gy hydrocarbon content of a rock, to indicate the hydrocarbon scurce quakity of rocks.

The procedura for determining the total organic carben content of a rock Involves drying the sample, grinding to & powd'er, welgh-
ing out 0.2729 gram sample into a crucible, acidizing with hot and cold hydrochloric acid to remove calelum and magnesium ear-
bonate, and earbon analysis by combustion in a Leco carbon analyzer,

We run seversl blank crucibles, standards (iron rings of known carbon content) and duplicate rock eamples in this analysis at no
additional charge to the client for purpoaes of data quality control.

Cypr Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock reflects source quality and source
typo. €13/C1% carbon 1satoplc, high mess spectrometric and ge analyses of the paraffin-naphthene and aromatic hydrocarbon
fraotions of the soluble extract glves data which is used in crude oll-parent rock correlatons.

This analysls Invelves grinding of & dry rock sample to a powder and removal of the scluble organic matter by soxhlet extraction
using a co-distlled toluene-methanol azeotrope solvent. Where the amount of avallable sample material permits, we like to use
at least 100 grams of rock for this analysis,

The extracted bitumen 13 separated into an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitaiion. The
pentane soluble components are sgparated fnto a 015+ paraffin-nephthene (P-N) hydrocarbon, Cpg, aromatic hydrocarbm (AROM)
and C; g, nitrogen-sulfur-oxygen containing fractioh (NSO) by adsorption chromatography on & silica gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluants.



APPENDIX A (contlawed)

GC Analysis of Cj5, Paraffin-Naphbthene (P-N) Hydrocarbons

The content and molecular compoaition of the heavy Cy g, paraffin-naphthene (P-N) hydrocerbona of rocks, as determined b ge
anelyals, reflects source quality, source type and degree of thermal maturation.

In this analysls, we subject a very small frection of the total amount of the P-N fraction extracted from a rock sample to gc analy-
sis. The gas chromatograph is 2 Varian Asrograph Model 1400 squipped with a solid rod injection system and & eutactic column.

The calculated C. P, I, (carbon preference index) valued for the normal paraffin data is defined s the mean of two ratios which are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffins by the sum of even-carboo numbered o-
paraffine. The C.P. Indices A snd B were obtalned by the formulas;

Ca1*Cag*CastCoy  C21#CpatCoptCay CaptCartlegiCay |, C25*CaqileptCa
C.P. Indext A w CppiCpqtCogtCpg  C20+CaptCag*Cpe C.P. Index B = CpgrCp+CggrCaz  Cz4+Ca6+Cpe*Ca0
2 2
Visual Kerogen

A visnal study of kerogen, the insoluble organic matter in rocks, can indicate the relative abundance, size, and siote of pregerva-
tion of the various recognizable kerogen types nnd thereby indicate the hydrocarbon acurce characier of a rock. The color of the
kerogen can be used to indicate the state of thermal maturity of the sediments {l.e. their ime-temperature history). Therwal
maturation plays an lmportant role in the generation of hydrocarbons from organic watter, and also affects the compositior of
resexvolred hydrocarbons.

Our procedure for visunl kerogen slide preparation Involves leclation of the organic matter of a rock by removel of the roes mate-
rial with hydrochloric and hydrofluorio acid treatment and heavy liquid separation. This procedure 1s comparable to that used by
the palynologist except it does not include an coddation stage. (The exidation treatment 18 deleted from our procedure becanas it
ramoves a great deal of kerogen and blanches any remaining kerogen to an axtent whereby it 18 useless for our kerogen color
obsorvations.) The kerogen residue {8 mounted on  glase slide and {s examined visually under a high power microscope.

Vitrinjie Reflectance

Measurement of the reflectivity of vitrinite particles (XHq) present in the kerogen {sclated from sedimentary rocks provides a method
of determining the state of maturation, and the diegenetic (Hme-temperature} history of the organic matter present in the sed{menta.

The kerogen, obtained from a 25 gram allquot of crushed rock by the acid procedure previcusly dlacussed, 18 dried and exrbedded
in & Bloplastic plug. The surface of the plug is polished using 0. 05 mieron alumina and the reflectivity determined under oll uaing
& Zless high resolution micreseope. A minimum of 40 values are required to edequately determine the Maturation Renk,

Fluorescence hotometric A sls

Fluorescence spectrophotometry cin be used to characterize and fingerprint erude oils, establish crude ofl-source rock relation-
ships, and to medsure the hydrocarbon source potential of fine-grained sediments.

A ane (1) microliter aliquot of either (i} a crude ol or (i) the solvent extractable rock bitumen, is pagsed through an alum'ns/
silica gel micro column and the Cy 5, aromatic hydrocarbons tsolated. The aromatic hydrocarbon {g diluted and the emisa'on and
excitation spectra determinad at 240 nm and 42¢ nm using a Perkin-Elmer Model 512 Double Beam Fluorescence Spectrephotometer,
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