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WELL NAME:
API NO.:
AREA:
LOCATION:

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GEOCHEM JOB NO.:

WITT ICE COMPANY, NO.1 MEADOWS

30-057-05002 ’

NORTHEAST

TORRANCE COUNTY, NEW MEXICO  SEC.23, T6N, R7E
3619

TOTAL DEPTH: 1951 ft.
INTERVAL SAMPLED: 335-1729 fc,
TOTAL NUMBER OF SAMPLES: 6
ANALYSES
GEOCHEM 3
B | &
SAMPLE SAMPLE STRATIGRAPHIC % & g
NUMBER DEPTH INTERVAL E 8 8 E 5
- e ~ (=]
3619-001 335-357 Pennsylvanian X X X X
3619-002 B855-865 Pennsylvanian X X X X
3619-003 990~1050 Pennsylvanian X X X X
3619-004 1155-1200 Pennsylvanian X X X X
3619-005 1264-1300 Pennsylvanian X X X X
3619-006 1668-1729 Pennsylvanian X X X X




TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WITT ICE COMPANY, NO.1 MEADOWS
SEC.23, T6N, R7E, TORRANCE COUNTY, NEW MEXICO
API #30~057-05002

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBOK
RUMBER (feet) (2 of Rack)
3619-001 335-357 0.05
3619-002 855-865 0.08
3619-003 990-1050 0.45/0.46
3619-004 1155=1200 0.40
3619-005 12641300 0.06
3619-006 1668-1729 0.75




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ARALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

SEC.23, T6N, R7E, TORRANCE COUNTY,.NEW MEXICO

WITT ICE COMPANY, NO.l MEADOWS

API #30-057-05002

i

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3619-001 335-357 0.05
-A 100% Limestone, fine crystalline,
light brownish grey. S5YR-6/1
3619-002 B855-865 0.08
-A 100% Limestone, fine crystalline,
light brownish grey. 5YR-6/1
3619-003 990-1050 0.45/0.46
-A 100% Shale, calcareous,
micaceous, medium dark N4 to
gray to brownish grey. 5YR-4/1
3619-004 1155-1200 . 0.40
-A 1007 Shale, calcareous, )
micaceous, medium dark
gray. N4
3619-005 1264-1300 0.60
-A 100% Limestone, fine crystalline,
light brownish grey. 5YR-6/1
3619-006 1668-1729 , 0.75
-A 100% Shale, calcareous,
micaceous, medium dark
gray. N4



SUMMARY OF ORGANIC CARBOR AND VISUAL KEROGEN DATA

TABLE ILI

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WITT ICE COMPANY, NO.l MEADOWS
SEC.23, T6N, R7E, TORRANCE COUNTY, HNEW MEXICO
API #30-057-05002

GEOCHEM DEPTH TOTAL VISUAL ABURDAKNCE THERMAL
SAMPLE INTERVAL ORGANRIC ORGANIC MATTER RORMALIZED PERCERT ALTERATICH ALTERATION
RUMBER (feet) CARBOR TYPE Al Am ] W I STAGE INDEX
3619-001 335-357 0.05 Am;F;W-I 0 50 26 12 12 2 to 2+ 2.5
361%-002 855-865 0.08 Am;H; I ] 57 28 4] 15 2 to 2+ 2.5
3619-003 990-1050 0.45/0.46 W-1;H;Am 0 10 18 36 36 2 to z} 2.5
3619-004 1155-1200 0.40 H;Am;W-1 0 34 44 11 11 2 to 2+ 2.5
3619-005 1264-1300 0.06 Amj;-3;H-I 0 68 16 [t] i6 2 to z} 2.5
3619~006 1668-1729 0.75 W~I;H;Am 0 8 26 33 33 2+ 2.6
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* = Degraded Herbaceous

LJ = Woody-Structured

u = Unidentified Material

1 = Inertinite

c = Coaly




TABLE 1V

RESULTS OF ROCEK-EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

WITT ICE COMPANY, NO.l MEADGUWS
SEC.23, TGN, R7E, TORRANCE COUNTY, NEW MEXICO
APT #30-057~05002

GEOCHEM DEPTH
SAMPLE INTERVAL TMAX 51 52 83 T.0.C. HYDROGER OXYGEN
RUMBER. (Feet) (c) {mg/g) (mg/g) (mg/g) P PCH (wt.X) INDEX INDEX
3619-001 335-357 437 0.04 0.04 0.32 0.50 .00 0.05 80 640
3619-002 855-865 355 0.07 0.06 0.40 0.38 0.01 .08 75 500
3619-003 990-1050 381 0.14 0.23 0.44 0.39 0.03 0.46 50 96
3619-004 1155~1200 410 0.16 0.29 0.48 0.36 0.03 0.40 73 120
3619-005 1264-1300 440 0.05 0.09 0.59 0.36 0.01 0.06 150 983
3619-006 1668-1729 374 0.18 0.40 1.04 ¢.31 0.04 0.75 53 139

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

sl = Free hydrocarbons, mg He/g of rock (mg €02/g of rock) index = mg C02/g organic carbon

82 » Residual hydrocarbon potential PC¥* = .083 {51 + 52) PL = §1/8] + 82

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

Index = mg HC/g organic carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

WITT ICE CO., NO.1 MEADOWS GENERAL CAVED AND/OR SUMMARY
SEC.23, T6N, R7E INDIGENOUS POPULATION (INTERPRETED)} CHARACTERISTICS REWORKED POPULATION(S) ORGANIC
' MA
ig?RQgCE COUNTY, NEW MEXICO . | TWPE oren] MATURATION mEx At LA B o L MATURATION INDEX TFPER
T.D. 1951°'
A &
";\e’ \-‘}:4;9 c"" éw't:o
A .‘Q . p
G &F
GEQCHEM Ne. DEPTH 77 REMARKS (%7 REMARKS
3619-001 335-357 it H AmiHiW-]
3619-002 | 855-865 | I feit AmeH:1
3619-003 | 990-1050 [T W—T +H:Am
3619-004 1155-1200 K I Hi;Am;W-T
3619-005 [ 1264-1300 [T}, i7 3 NTTH { Am;—;H-1
3619-006 | 1668-1729 | '.;t W-I;H;An
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LEGEND FOR SUMMARY DIAGFAM

DEPTH: in feet

LITHO LOG: see lithology symbols

STRATIGRAPHY: by age

Z TOC: percent total organic carbon

RI: Rock-Eval, Hydrocarbon Index = 100 $2(0/00 Wt)/TOC

[ % Rock~Eval, Oxygen Index = 100 83 (0/00 Wc)}/TOC

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

52/83: Rock-Eval, Ratio of S2 to 83 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade

ZRO (A): Vitrinite Reflectance (scale 0 to 5)

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

FREE HC: Rock=-Eval, S1 peak (ppm)

PI: Rock-Eval, Productivity Index = S1/(S8I+§82)

LITHOLOGIES KEROGE™ TYPES
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APPENDIX

Brief Description of Organic Geochemical analyses Carrled Oat by GeoChem

Cy-Cy Hydrocarbon
The Cl—C,;r hydrocarbon oontent and composition of sediments reflects source type, source quelity and thermal maturity.

Thae C1-Cy hydrocarbon content of well cuttings 15 determined by analyzing both a sample of the cuttings and the alx space &t the
top of the can. The results of the two analyses are summed to give an Inventory of the C,-C hydrocarbon confent of tl'e well cut-
tings prior to any losses from the cuttinga during the lapsed time pertod between collection BI the wellsite and Iaboratovy analysis,

The air space Ci-Cq hydrocarbon anelysis involves taldng 4 measured volume of the alr space gas out of the can with a syringe and
Injecting same into a gas chromatograph., GeoChem uses & Varian Aaerograph Model 1400 Instrument equipped with a Forapeo @
column. The gas samplo 13 taken through the columu by & carrier gas and hefore reaching the dstector 18 separated in*o ifs verious
c, (methans), C, {ethane), Cgq(propane), 1C, (Lsohutana), nCy {normal butane), and Cg, Cg, Cy hydrocarbon components.

This particular analysis glves a complete separation of the Cy=-C4 gas-range hydrocarbons and a partial separation of the Cs-Cq
gasoline-range hydrocaxbons. (A detalled C4-C,, analysts, to be discussed later, involving 2 capillary column, effects a complete
separation of thls molecular range into its several individusl moleculaxr spectes.)

The electrical response of the various hydrocarbons as they reach the detector 1s recorded on & paper strip chart as a peak, This
responge 13 simultanecusly fed to an integrator which computes the area of each peak. The concentration of Cy-Cq bydrocarbans

in the alr space, expressed 28 volumes of ges per million volumes of cuttingw, 18 determined by a calculation Involving the volume
of cuttings, volume of air space In the ¢an, volums of sampls Injected, volume of standard gas sample used in the calibration, call-
bration factor fox Cys Cyy Cgy ofe. detarmined by ge analysis of & standard gas sample, and the go peak reaponse.

The Cy~Cr hydrocarbon content of the cuttings is determined by degasification of & measured volume of cuttings (In & wedlum of &
measured volume of water) in a closed blender, sampling of the alr space af the top of the blender, and injection of a measured val-
ume of gas into the gas chromatograph,

The Cy-Cy hydrocarbon data from the alr space and cuttings gas analyses are summed to give & "reatored C1-Cp bydrocarbon
content of the cuttings.

Sample Waahing and Hand-Picking of Uncaved Litholopy Samples

The cuttings samples aro washed to remove &1l drilling mud from the cuttings, Care 1s taken in the washing procedure not to re-
move any saft clays, claystones, etc. and any loose fine sand and silt. The washed cuttings are ususlly kept under water cover
until picked, to prevent loss of any gasoline-range hydrocarbona. Using the €;-Cy hydrocarbon date profile and the elactrical

well log supplied to us and our visual examination of the cuttings material under the binocular microscope, we carefully hand-pick
and deseribe & suite of uncaved lithologies representative of the various stratgraphic zones penetrated by the well. ‘Tte Mthologl-
cal data 18 nged to compile & gross ltho percentage log which 18 ghown on all Figures. The 2-4 gram picked lithology samples are
gtored under water in small glass vials in those instances where we wish to rum detailed C,~C,, hydrocarbon analyses. ‘This sample
get {9 used not only for the C —C,? hydrocarbon analysis, but also for the visunl kerogen an tagl organic carhen analyses., All re-
maining euttings material 18 dried and packaged in Inbelled plastic bags for possible C g soxhlet extraction and/or eventual refurn
to the client. Sample material from this study will be retatned at GeoChem untfl advised of disposition.

Detailed C4-Cp Hydroearbon

The C _,__—C,? gasoline-range hydrocarbon content of sediments reflects scurce quality, thermsl maturation and organie facles. Com-
positional data can be used in cruds ofl-parent Tock correlation work.

The C -C hydrocarbon content and detailed molecular composition of hydrocarbon, in hand-picked lithologies, 1s determined by &
ge ysis of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in 2 microblender. A measured volume
of sample 18 placed In a aealed microblendsr along with 2 measured volume of hot water. The rock sample is pulverized by the
blades of the blender, A sample of the liberated light hydrocarbons which collect in the alr space at the top of the blender ia in-
jected into our Varian Aerograph 1400 gc unit which is equipped with a capillary column. Data recording, computations, ete. are
comparable to those used for the C;-Cy; snalysis discussed pravicusly in this report. Hydrocarbon concentration is expressed ag
volume gas per million volumes of cu .

Organie Carbon

The total oxganic carbon content of a rock 1s a measure of 1ts total organic richness. This data {8 used, iz conjunction with viaual
kerogen and 01-04, C4-Cq and Cy g, hydroearbon content of a rock, to indleate the hydrocarbon source quality of rocks.

The procedure for determining the totel organte carbon content of & rook involves drying the sample, grinding to a powder, weigh-
ing out 0.2728 gram sample Into a crucible, acidizing with hot and celd hydroechleric actd to remove calefum and magnesium car-
bonate, and carbon analysis by combusticn fn & Leco carbon analyzer.

We run several blank cructbles, standards (iron rings of known carbon content) and duplicate rook samples in this anali’sis at no
additional chargs to the cllent for purposes of data quality control.

CIE—r Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock reflects soures quality and source
type. 013/(:12 carbon {sotoplo, high mass spectrometric and ge analyses of the paraffin-naphthene and aromatic hydrocarhon
tractions of tha scluble extract gives data which iz used In crude oll-parent rock correlationa.

Thig analyais involves grinding of a dry rock sample to a powder and removal of the soluble organic mattar by soxhlet extraction
using a co-distilled toluens-methanol azeotrope solvent. Where the amount of avallable sample material parmita, we like to use
at least 100 grams of Tock for this analysis.

The extractad bltumen ts separated into an asphaltene (ASPH) and a pentane scluble fraction by normal pentane precipitation. The
pentane soluble components ere separated luto & Ci5+ paraffin-naphthene (P-N) hydrocarbon, Cjg4 aromatic hydrocarbon (AROM)
and Cy 5, nitrogsn-sulfur-oxygen contalning fraction (NSO) by adsorption chromatography on a silica gel-alumina column using
pentane, toluene and toluene-methanol azeotrope eluznts.



ADPBPENDIX A (continued)

GC Analysis of Cy5., Paraffin-Naphthene (P-N) Hydrocarbens

The content and molecular composition of the heavy C) g4 praflin-naphthene (P-N) hydrocarbons of rocks, ae determined by ge
analyats, reflects source quality, source type and degree of thermal maturation.

In this analysis, we subject o very smaill fraction of the total amount of the P-N fraction extracted from a rock sample to g~ analy-
s, The gas chromatograph s a Varien Aerograph Model 1400 equipped with a solid rod Injection aystem and a eutactic enlumn.

The caleulated C. P, 1. (carbon preference index) values for the normal paraffin data 18 defined as the meen of two ratios which are
determinad by dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even—carbon numbered n-
paraffine. The C.P. Indices A and B were obtained by the formulaa;

Co1+Ca3+Castlay | C21+C33+Cas¥Car Czp+CprtCog*Car |, CaptCart29*Cay
C.P. Index A = Cpp#Cny+Cpg+Cag  CoptCaptCagtCag C.P, Index B= Cag+CpgtCyo+Caz  Cp4+C26+738+C30
2 2
Vigual Kerogen

A visual study of kerogen, the insoluble organic matter in rocks, can Indicate the relative abundance, size, and state of praserva-
tion of the various recognizable kerogen types and thereby indicate the hydrocarbon source character of e rock. The color of the
ksrogen can be used to indicate the state of thermal maturity of the sedimenta (l.e. thelr {me-temperaturs history}. Thermal
maturation plays an important role in the generation of hydroosrboas from organic matter, and elso affects the composition of
reservoired hydrocarbons.

Cur procedurs for visual kerogen slide preparation involves leolation of the organic matter of a rock by removal of the rock mate-
rial with hydrochlorie and hydroflucric acld treatment and heavy liquid separation. This procedure {8 comparable to that used by
the palynologist except it does net include an cxldation stage. (The oxidation treatmant is deleted from our procedure baczuse it
removes & great deal of kerogen and blanches any remaining kerogen to an extent whereby it 18 usecless for owr kerogen color
chearvations.) The karogen residue ts mounted on o glass alide and 18 examined visuslly under a high power mieregcope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles ($Ro) present in the kerogen isolated from sedimentary rocks providea a method
of determining the state of maturation, and the diagenetic (time-temperature) history of tho organic matter present in the sediments.

The korogen, cbtained from a 25 gram aligaot of crushed rock by the scld procedure previcusly discussed, is dried and embedded
in 8 Bloplastic plug, The surface of the plug i3 polishad using 0.05 micron alumina and the reflectlvity determined under ol uaing
a Zioas high resolution microacope. A minimum of 40 values are required to adequately determine the Maturation Rank.

Fluoreacence Spectrophotometric Analyais

Fluorescence spectrophotomatry can be used to characterize and fingerprint crude olls, establish oruds ofl-source rock ralatica-
shipa, and to measure the hydrocarbon source potential of fine-grained sedimants.

A one {1} microliter aliquot of either {1y & orude ofl or (i) the solvent extractable rock bitumen, i8 passed through an eluming/
stlica gel micro column and the C, o, aromatic hydrocarbons isolated. The aromatie hydrocarbon 1s diluted and the emisaton and
excitation spectra determined at 240 nm and 420 nm using a Perkin-Elmer Model §12 Double Beam Fluorescence Spectrophotomater.

GEOTHERMAL DIAGENETIC CRITERIA

{GEOTHEM LABORATORIES, INC.)
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