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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WELL NAME: YATES PETROLEUM CCORP. NO.1 KIDD FEDERAL ZF WELL
API NO.: 30-011-20046

AREA: SOUTHEAST

LOCATION: DEBACA COUNTY, NEW MEXIGCO SEC.26, TIN, R2Z6E
GEQOCHEM JOB NO.: 3712

TOTAL DEPTH: 5860 fr.

[NTERVAL SAMPLED: 600-5860 ft.

TOTAL NUMBER OF SAMPLES: 9

ANALYSES
2

GEQCHEM E ﬁ
SAMPLE SAMPLE STRATIGRAPHIC 8 é 8 [+
NUMBER DEPTH INTERVAL Bl o | B 2 =
ale| 2|8 5

3712-001 600-700 Artesia X X X X

3712-002 1560-1600 San Andres X X X X

3712-003 3200-3300 Yeso X X X X

3712-004 3850-3950 Abo X X X X

3712-005 46804780 Hueco X X X X

3712-006 4950-5050 Hueco X X X X

3712-007 5200-5300 Cisco X X X X

3712-008 5400-5500 Canyon X X X X

3712-009 5800-5860 Strawn X X X X
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TABLE ¢

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATL(ON

YATES PETROLEUM CORP. NO.1 KIDD FEDERAL ZF WELL
SEC.26, TIN, R26E, DEBACA COUNTY, NEW MEXLCO
APL #30-011-20046

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (Z of Ron~k)
3712-001 600-700 0.07
3712-002 1560-1600 0.27
3712-003 3200-3300 0.19
3712-004 3850-3950 0.23/0.21
3712-005 46B0-4780 0.15
3712-006 4950-5050 0.57
3712-007 5200-5300 0.28
3712-008 5400-5500 0.28
3712-009 5800-5860 1.20




TABLE [[

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

YATES PETROLEUM CORP. NO.l KIDD FEDERAL ZF WELL

SEC.26, TIN, R26E, DEBACA COUNTY, NEW MEXIGCO

API #30-011-20046

GEOCHEM DEPTH CRGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3712-001 600-700 0.07
-A 100% Mudstone, caleareous,
dark reddish browm. 10R-3/4
3712-002 1560-~-1600 . 0.27
~A 100% Dolostone, fine
crystalline, dusky
brown. 5YR-2/2
3712-003 3200-3300 0.19
-A 100% Mudstone, slightly
calcareous, pale reddish
brown. LOR-5/4
3712-004 3850-3950 0.23/0.21
-A 100% Mudstone, calcareous,
pale reddish brown. 10R-5/4
3712-005 4680-4780 0.15
-A L00% Mudstone, calcareous,
pale reddish brown. 10R-5/4
3712-006 4950~-5050 0.57
-4 90% Mudstoune, calcareous,
dark reddish browm. 10R-3/4
-B 10%Z Mudstone, very calcareous,
medium gray. N5
3712-007 5200-5300 0.28
~-A 55% Mudstone, calcareous,
dark reddish brown. 10R-3/4
-B 45% Mudstone, very calcareous,
medium gray. N5



TABLE [I (continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICC HYDROCARBON SQURCE ROCK EVALUATION

YATES PETROLEUM CORP. NO.lL KIDD FEDERAL ZF WELL
SEC.26, TIN, R26E, DEBACA COUNTY, NEW MEXICO
API #30-011-~20046

GEOQCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.Z)
3712-008 5400-5500 0.28
-4 507 Mudstoune, calcareous,
dark reddish brown. 10R-3/4
-B 50% Mudstone, very
calcareous, medium gray. N5
3712-009 5800-5860 1.20
-A 50% Mudstone, calcareous,
dark reddish brown. 10R-3/4

50% Mudstoune, very
calcareous, medium gray. N5



SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN DATA

TABLE IIL

NEW MEXLCO HYDROCARBON SOURCE ROCK EVALUATION

YATES PETROLEUM CORP., NO.l1 KIDD FEDERAL ZF WELL
SEC.26, TIN, R26E, DEBACA COUNTY, NEW MEXICO

APl #30~011-20046

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER NORMALIZED PERCENT ALTERATION ALTERATION
NUMBER (feet) CARBON TYPE Al Am i W I STAGE INDEX
3712-001 600-700 .07 Am** s H-UW I 0 45 22 22 11 2- to 2 2.1
3712-002 1560-1600 0.27 Am;H* ;- 0 57 43 v} 0 2- to 2 2.1
3712-003 3200-3300 0.19 Hi;Am; I 0 30 50 4] 20 2- to 2 2.1
37:2-004 3850-3950 ¢.23/0.2} H;W-1;- ¢ 0 56 22 22 2- to Z 2.1
3712-005 4680-4780 0.15 Amiek s koW~ | 0 37 27 18 18 2- to 2 2.1
3712-006 4950-5050 0.57 H; ;W 0 0 80 20 0 2 2.2
3712-007 5200-5300 0.28 H;I;Am-W 0 1t 56 11 22 2 2.2
3712-008 5400-5500 0.28 H;W-1;- 0 0 40 30 30 2 2.2
3712-009 5800~5860 1.20 H;W-L;~ 0 0 50 25 25 2 2.2
LEGEND:
Al = Algal
KERQGEN KEY Am = Amorphous-Sapropel
Am** = Relic Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous-Sporef/Pollen
60-100% 20=40% 0~20% H* = pegraded Herbaceous

u = Woody-Structured

u = Unidentified Macerial

1 = Inertinite

c = Coaly




TABLE IV

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW HMEXICO HYDROCARBON SOURCE ROCK EVALUATION

YATES PETROLEUM CORP., NWO. 1} KIDD FEDERAL ZF WELL
SEC.26, TIN, R26E, GUADALUPE COUNTY, NEW MEXICO
API #30-011-20046

GEOCHEM DEPTH
SAMPLE INTERVAL TMAX s! 52 s3 T.0.C. HYDROGEN OXYGEN
NUMBER (Feet) {c) (mg/g) (mg/g) (ug/g) PI PG (wt.Z) IKDEX INDEX
3712-001 600-700 433 0.09 06.02 0.53 0.90 0.00 0.07 28 757
3712-002 1560-1600 421 0.09 0.10 0.58 0.50 0.01 0.27 37 214
3712-003 3200-3300 391 0.09 0.33 0.80 0.21 0.03 .19 173 421
3712-004 3850-3950 363 0.07 0.49 1.30 0.12 0.04 0.22 222 590
3712-005 4680-4780 396 0.07 0.18 1,03 0.29 6.02 0.15 120 686
3712-006 4950-5050 372 0.05 0.13 1.10 0.28 0.01 ¢.57 22 192
3712-007 5200-5300 305 0.04 0.08 1.55 0.33 ¢.0l1 0.28 28 553
3712-008 5400-5500 321 0.06 0.11 1.14 0.37 0.01 0.28 3g 407
3712-009 5800-5860 445 0.19 0.81 1.48 0.19 0.08 1.20 67 123

T.0.C. = Total organic carbon, wt.Z 53 = 02 produced from kerogen pyrolysis Oxygen

Sl = Free hydrocarbons, mg He/g of rock (mg CO2/g of rock) Index = mg CO2/g organic carbon

52 = Residual hydrocarbon potential pC* = (.083 (S1 + 82) PI = §]/51 + S2

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

Index = mg HC/g organic carbon



TABLE V
VISUAL. KEROGEN ASSESSMENT WORKSHEET

NEW MEXICO BUREAU OF MINES PROJE(T GENERAL CAVED AND/OR SUMMARY
YATES NO.l KIDD, FEDERAL ZF INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION{S) ORGANIC
DEBACA COUNTY, NEW MEXICO TYPE OF COLOR OF STATE oF TYPE OF MATTER
SEC.26, TIN, R26E ORGANIC MATTER| MATURATION INDEX ORGANIC MATTER|ORGANIC MATTER| ~  |ORGANIC MATTER| MATURATION INDEX TYPE

APL #30-011-20046

GLOCHEM Ne. DEPTH

3712-001 | 600~700 [/} A% s Hotds 1
3712-002_| 1560-1600 T AmyHAy—
3712-003 | 3200-3300 I HiAmaT
3712-004 | 3850-3950 HHHRH Y N HiW-1;-
3712-005 | 4680-4780 [HIGITRE i Am*k HE -]
3712-006 | 4950-5050 B oW
3712-007 | 5200-5300 . ! i H1T;Am-W
3712-008_| 5400-5500 HaW-T;_

3712-009 | 5800-5860 HiW-1;-

L ¢ REEERR HENRENEN




LEGEND FOR SUMMARY DIAGIrAM

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 Wc)/TOC
[ Rock—-Eval, Oxygen Index = 100 $3 (0/00 wt)/TOC
HC YIELD: Rock~Eval, $2 peak (ppm)
$27/53: Rock-Eval, Ratio of 52 to S3 peak
KEROGEN: gsee Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
%RO (A): Vitrinite Reflectance {(scale 0 to 5)
TAT (*): Thermal Alteration Index {(Scale 1 to 5)
FREE HC: Rock-Eval, Sl peak (ppm)
PI: Rock-Eval, Productivicy Index = 81/(S1+82)
LITHOLOGIES KEROGEN TYPES
EZIIZ) SHALE i SILICEOUS ROCKS 2227 AMORPHOUS
FESIZ] MUDSTONE EVAPORITES HERBACEQUS
S sILTSTONE B o 2y WOODY
| SANDSTONE /77 IGNEQUS ROCKS E=3 INERTINITE

CELS] CONGLOMERATE
Eied BRECCIA

T | IMESTONE

e BOLOMITE

Sz MARL

wsi] VOLCANICS

NN METAMORPHIC ROCKS

BRASEMENT

OTHER

MISSING SECTION




APPENDIX

Brief Desoription of Organic Geochewmdeal anslyses Carried Out by GeoChom

C,-Cq Hydrocarbon
'The Cy=Cy hydrocarbon content and compesition of sediments reflects source type, source quality and thermal maturity.

The C; -Cy hydrocarbon content of well outtings 18 dstermined by enalyzing both a sample of the cuttings and the air

space at the
top of the can, The regults of the two analyses are summed to give an Inventory of the Cl—C hydrocarbon content of the well cut-
tings prior to any losaes from the eutilngs during the lapsed Hme period between collootitn at the wellsite and Iaboratory analysis,

The eir space C; -Cpy hydrocarbon analysis involves taking a measured volume of the air spaca gag out of the can with a syringe and
Injecting same into & gas chromatograph. GeoChem uges & Varian Aerograph Model 1400 instrument equipped with a Forapeo @
column. The gas sample {8 taken through the column by a carrier gas and bafore renching the detector 1s separated into {ta various
Cl(methana), c, (ethane), Cg (propene), 1C, (l3obutans), nCy (normal Wpane), and Cp» Cgs Cq hydrocarbon components,

This particular analysis gives a complete separaton of the C4-C4 gae-range hydrocarbons and o partial separation of the C5-Cq
gasoline-range hydrocarbons. (A detailed 04'07 analysis, to be dlscussed later, nvolving & capillary column, effects a complete
separation of this molecular range into 1ts sevexal individual molecular speclea.)

The electrical respense of the various hydrocarbons as they reach the detector is recordsd on & paper strip chart as & peak, This
responge i8 simultanecusly fed to an integrator which computes the area of each peak, The concentration of Cy-Cq hydrocarbons

in the afx space, expressed as volumes of gag per million volumes of cuttings, ig determined by a calculation involving the volume
of cuttngs, volume of alr space in the cen, volume of samgle injected, veluma of standard gas sarple used in the calibration, cali-
bration factor for C3s Cp» Cy, ste. determined by go analysis of a standard gas sample, and the ge peak response.

The C;=Cq hydrocarbon content of the cuttings 1s determined by degasification of a measured volume of cuttings (o & medlum of a
measured valume of water) in a closed blender, sampling of the alr space &t the top of the blender, and injection of & meagured vol-
ume of g&s into the gas chromatograph.

The C1-Cy hydrocarbon data from the afr gpace and cutiings gas analyses ave summed to glve a "restored" Cy-Cq hydrocarbon
content of the cuttings.

Sample Wasghing and Hand-Plcking of Uncaved Lithology Samples

The cuttings samples are washed to remove all drilling mud from the cuttings. Care is taken in the washing procedure nat to ve-
move any goft clays, claygtones, eto. and any looge fine send and silt. ‘The washed cutHngs are usnally kept under wat r cover
until picked, to prevent loss of any gasoline-range hydrocarhons., Using the Cy-Cq hydrocarbon data profile end the alectriesl

well log supplied to us and our visual examination of the cuttings material wnder the binocular microscope, we carefully hand-plck
and deacribe a sulte of uncaved Mthologles reprosentative of the various stratigraphic zones penetrated by the well. The lithologi-
cal data 18 used to compile & groag litho percentage log which 1s shown on all Figures. The 2-4 gram picked HMthology samples are
stored under water in small glass vials in thoge instances where we wish to run detailed C,-C,, hydrocarbon analyges. This sample
get is used not only for the C,-C,_ hydrocarbon analysis, but also for the visual kerogen and total organic carbon anslyses, All re-
malning cuttings matertal is é:ria%l and packaged in labelled plastic bags for possible C,,, saxhlet extraction and/or eventual return
to the c¢lient. Sample material from this sfudy will be retained at GeoChem until advised of disposition.

Detailed C4-Cy Hydrocarbon

The C 4—"07 gasolne-range hydrocarbon content of sediments reflects scurce quality, thermal maturation and organic facles. Com-
positional data can he used in crude oll-parent Tock correlation work.

The C -Cn hydrocarhon content and datailed molacular composition of hydrocarbon, in hand-plcked lithologles, 18 determined by &
ge 8ls of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in 2 microblender. A mesasured volume
of eample ig placed in a sealed microblender along with & measured volume of hot water., The rock sample is pulverized by the
blades of the blender. A sample of the liberated light hydrocarhaons which collect in the alr space at the top of the blencer 19 in-
jected into our Varian serograph 1400 ge unit which 18 equipped with a capillary column, Data recording, comptations, ete. are
comparable to those used for the €y-Cq analysis discussed previously in this report. Hydrocarbon concentration is expressed as
volume gas per million volumes of enttings,

Organic Carbon

The total organic carbon content of & rock 18 & mensure of ita total organic richness. Thig data {3 used, in conjunction with visual
kerogen and C, -Cy, C4~Crand Cyp. hydrocarbon content of a rock, to indieate the hydrocarbon acurce quality of rocks.

The procedure for determining the total organic carbon content of & rock Involves drylng the sample, grinding to a powc'er, weigh-
ing out 0.2729 gram sample ihto a crucible, acidizing with hot and cold hydrochloric acld to Temove calelum and magnesium car-
bonnte, and carbon analysis by combustion in a Leco carbon anslyzer,

We run several blank crucibles, standards (lrom rings of known carbon content) and duplicats rock samples in this analysis at no
additional chaxge to the client for purposes of data quality control.

Cy g+ Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amamt and composition of the organic matter which can be solvent-extracted from a rock reflects source quality and source
type. C13/C12 carbon isotople, high mass spectrometric and ge annlyses of the paraffin-naphthens and aromatic hydrcearbon
fractions of the soluble extract gives data which 18 used in crude oil-parent rock correlations.

Thig analysis inveolves grinding of a dry rock sample to a powder and removal of the scluble organic matter by soxhlet extraction
using & co-digtilled toluene-methanol azectrope sclvent. Where the amount of available sample material permits, we 17ke to use
at least 100 grama of rock for this anelysts.

The extracted bitumen 18 separafed luto an asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitation, The
pentane soluble components are separated into a Cl5r paraffin-naphthene (P-N) hydrocarbon, ;54 aromatie hydrocarbon (AROM)
and Cy5,, hitrogen-sulfur-cxygen containing fraction MVSQ) by adsorption chromatography on & gilica gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluanta.



APPENDIX A (continusd)

QC Analys!s of Cyg, Paraffin-Naphthene (P-N) Hydrocarbone

The content and molecular coinpoaition of the beavy Cy 5, paraf{in-nephthene (P-N)} hydrocarbons of rocka, as determined b go
analyais, reflects source quality, aource type and degree of thermal maturation,

In this analysis, we subjact a very small fraction of the total amount of the P-N fractlon extracted from a rock sample to g~ analy-
sia. The gas chromatograph {s & Varian Aerograph Model 1400 equipped with a solid rod injection system and a eutectic column,

The caloulated C.P.I. (carbon preference index) values for the normal paraffin data is defined &s the mean of two ratios which are
determined by dividing the sum of soncentrations of odd-carbon numbered n-parafflng by the sum of even-carbon numbered n-
paraffine. The C.P. Indices A and B were obtalned by the formulas;

C1*Cag*Cop*Coq  Cp1#C23+Cog*Cor C26+CartCo9*Ca1 | CpgtCpyiCae+Cy)
C.P. Index A = CpytCpytCogtlog  CyptlpotCoytiCag C.P. Index B= Cpg+Cog+C50+Ca2 Cp4+C28+Cpp+C30
2 2
Visual Kerogen

A visoel study of kerogen, the (haoluble organic matter in rocks, can indicate the relative abundance, size, and stats of proserva-
tHion of the various recognizable kerogen types and thereby Indicate the hydrocarbon source character of a rock. The color of the
kerogen can be used to indicate the stats of thermal maturity of the sediments {i, e. their time-temparature history), Thermal
maturation plays an fmportant role in the generation of hydrocarbons from organic matter, and also affects the compositior of
reservoired hydrocarbons.

Oux procedure for visual kerogen allde proparation involves {solation of the organic matter of a rock by removel of the roc' mate-
rial with hydvochlorie and hydrofiuoric acid treatimant and heavy lquid separation. This procedure {a comparable to that ueed by
the palynclogiat except it doss not tnclude an cxidation staga, (The oxidatlon treatment is deleted from our procedure becanss it
removes & great deal of kerogen and blanches any remaining kerogen to an extent whersby it is useleas for our kerogen celor
observations,) The kerogen residue {s mounted on a glass slide and i8 examined visually under a high power microscope.

Yitrinite Reflectanco

Mensurement of the reflectlvity of vitrinite particles (ERo) prosent in the kerogen isolated from sedimentary rocks provides a method
of determining the state of maturaton, and the diagenetic ({{me-temperature) history of the organic matter present in the sediments,

The kerogen, obialned from a 26 gram aliquot of orushed rock by the 2cid procedure previcusly discussed, is dried and embedded
in a Bloplastic plug. The aurface of the plug 18 polished using 0. 05 micron alumina and the reflectivity determined under ofl using
& Ziesa high resolution microscope. A minimum of 40 values are required to adequately determine the Maturation Rank,

Fluorescsnce Speotrophotometric Analysls

Fluorescence gpectrophotometry can be used to characterize and fingerprint crude olls, eatabligh cruds ofl-source rock relation-
ships, and to measure tho hydrocarbon source potential of fine-grained sediments,

A ane (1) mioroliter aliguot of efther (1} a orude oft or () the solvent extractable rock bitumen, 15 passed through an alumina/
stlica gel micro column and the C; 5, aromatic hydrocarhons tociated. The aromatie hydroearbon is diluted and the emisefon and
excitation spectra determined at 240 nm and 420 nm uaing a Perkin-Elmer Model 512 Double Beam Fluorescence Spectropbotometer.

GEOTHERMAL DIAGENETIC CRITERIA

(GECCHEM LABORATORIES, INC.)
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