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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATIOR

WELL NAME: CONTINENTAL OIL COMPANY, NO.,l FEDERAL LAND BANK 2
API NO.: 30-059-05003 '

AREA: NORTHEAST

LOCATION: UNION COUNTY, NEW MEXICO SEC.2, T24N, R3673
GEOCHEM JOB NO.: 3535

TOTAL DEPTH: 5308 ft.

INTERVAL SAMPLED: 2300-5250 f£t.
TOTAL NUMBER OF SAMPLES: 7

ANALYSES
4

GEOCHEM E %
SAMPLE SAMPLE STRATIGRAPHIC g bld COD é

NUMBER DEPTH INTERVAL = O o £
a1l el &l | s

3535-001 2300-2330 Yeso X X X X

3535-002 3600-3625 Abo X X X X

3535-003 4300-4325 Pennsylvanian X X X X

3535-004 4900-4925 Pennsylvanian X X X X

3535-005 4900-4925 Pennsylvanian X X X X

3535-006 5010-5035 Mississippian X X X X

3535-007 5200-5250 Ordovician X X X X
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TABLE 1

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CONTINENTAL OIL COMPANY, NO.l1 FEDERAL LAND BANK 2
SEC. 2, T24N, R36E, UNION COUNTY, NEW MEXICO
API #30-059-05003

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (% of Ro+k)

3535-001 2300~2330 0.15

3535-002 3600-3625 0.15

3535-003 4300-4325 0.06/0.08

3535-004 4900~4925 0.14

3535-005 4900~4925 0.39

3535-006 5010-5035 0.11

3535-007 5200~5250 0.03




TABLE TI

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CONTINENTAL OIL COMPANY, NO.1 FEDERAL LAND BANK 2

SEC. 2, T24N, R36E, UNION COUNTY, NEW MEXICO

API #30-059-05003

3

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3535-001 2300-2330 0.15
-A 100% siltstone, calcareous,
moderately reddish brown. 10R-4/6
3535-002 3600-3625 0.15
-A 100% Mudstone, slightly
calcareous, moderately
reddish brown. 10R-4/6
3535-003 4300-4325 0.06/0.08
=A 100% Mudstone, slightly
calcareous, moderately
reddish brown. 10R-4/6
3535-004 4900-4925 0.14
-A 100%Z Limestone, finely
crystalline, very light
gray., N8
3535-005 4900-4925 0.39
~A 50% Shale, noncalcareous,
moderate light gray. N6
-B 50% Limestone, clayey,
finely crystalline,
light gray. N7
3535--006 5010-5035 0.11
-A 100% Limestone, finely
crystalline, light gray N7 to
to medium light gray. N6
3535-007 5200-5250 0,03
~4 100% Dolomite, granular,
crystalline, light
brownish gray. 5YR-6/1



SUMMARY OF ORGARIC CARBON ARD VISUAL XEROGEN DATA

TABLE III

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CONTINENTAL OIL COMPANY, NO.] FEDERAL LAND BARK 2

SEC, 2, T24N, R36E, UNION COUNTY, NEW MEXICO
APL #30-059-05003

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
BAMPLE IRTERVAL ORGARIC ORGANIC MATTER HDRHALIZEL PERCENT ALTERATION ALTERATION
NUMBER (feet} CARBON TYPE Al Am H (] I STAGE INDEX
3535-001 2300-2330 0.15 Ami=;H 1} 80 20 0 0 i+ to 2~ 1.6
3535-002 3600-3625 0.15 H~T;Am;~- 0 20 40 0 40 2 to 2+ 2.5
3535-003 £300-4325 0.06/0.08 H;Am;1 0 33 44 0 23 Z to 2+ 2.5
3535-004 4900-4925 0.14 Am;~-;H 0 80 20 0 0 2 to 2+ 2.5
3535-005 4900~4925 0.39 H;W;Am-1 o 20 33 27 20 7= to 2 2.0
3535-006 5010-5035 0.11 Am;H-I;- 0 50 25 0 25 2 to 2+ 2.3
3535-007 5200-5250 0.03 Am;-;H-T 0 66 17 0 17 2 to 2+ 2.3
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% A* = Degraded Herbaceous

'] = Woody-Structured

u = Unidentified Material

1 = Inertinite

c = Coaly




TABLE [V

RESULTS OF ROCK~EVAL PYROLYSIS ANALYSIS

NEW MEX1CO HYDROCARBON SOURCE ROCK EVALUATLON

CONTINENTAL OTL COMPANY, NO.l1 FEDERAL LAND BANK 2
SEC. 2, T24N, R36E, UNION COUNTY, NEW MEXICO
API #30-059~05003

GEOCHEM DEPTH -
SAMPLE INTERVAL THAX g1 52 83 T.0.C. HYDROGEN OXYGEN
NUMBER (Feet) (e} (mg/g) (mg/x) (mg/x) PL PCH (wt. 1) INDEX INDEX
3535-001 2300-2330 351 0.19 n.28 0.59 0.41 0.03 0.15 186 393
3535-002 3600-3625 355 0.08 0.32 0.61 0,20 0.03 0.15 213 406
3535-003 43004325 342 0.06 0.09 0.29 0.43 0,01 0.07 128 414
3535004 4900-4925 418 0.07 0.20 0,43 0.27 0,02 0.14 142 307
3535~005 49004925 42] 0.04 0,29 .38 0.12 0.02 0.39 74 97
3535-006 5010-5035 414 0.06 0.13 0.28 0.33 0.01 0.11 118 254
3535-007 5200~5250 340 0.05 0.04 0.34 0.62 0.00 0.03 133 1133

T.0.C, = Total organic carbon, wt.Z 53 = C0? produced from kerogen pyrolysis Oxygen

s = Free hydrocarbons, mg He/g of rock (mg CO2/g of rock) Index = mg CO0Z/g organic carbon

52 = Residual hydrocarbon potential PC* = {),083 (S1 + 52} PI = 51/s1 + 82

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

Index = mg HC/g organic carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

GENERAL CAVED AND/OR SUMMARY
CONTINENTAL OTL COMPANY
NO.1 FEDERAL LAND BANK 2 INDIGENOUS PGPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION(S) ORGANIC
. d MATTER
- ) > COLOR OF STATE OF TYPE OF
ISJE(lzouzcog;g, NEW MEXTGO ORGANIC MATTERJORGANIC oRoaIc_waTrer] MTIPATOM BOS TYPE
APT #30-059~05003
'91..‘ '\,"o ‘}‘,t:u
v
(> ,c"'é ‘.‘_‘:“,,f
57 (> s o«
GEOCHEM No. DEPTH / A REMARKS
3535-001 | 2300-2330 H Am;—;3H
3535-002 | 3600-3625 HH . H-1;Am;-
3535-003 | 4300-4325 HH HH H;Am;1
3535-004 | 4900-4925 H Am3—;H
3535-005 | 49004925 |ETAH HiWiAm T
3535-006 | 5010-5035 [FHHH _ Am;H-1;-
3535-007 | 5200-5250 { Am;—3H-T




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 Wt)/TOC
0I: Rock-Eval, Oxygen Index = 100 83 (0/00 Wr)/TOC
HC YIELD: Rock-Eval, 82 peak (ppm)
§2/83: Rock-Eval, Ratio of 82 to 83 peak
KEROGEN: see Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
%ZRO ( ): 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/(81+52)
LITHOLOGIES KEROGEN TYPES
EZZZz] SHALE sl SILICEOUS ROCKS ET223 AMORPHGOUS
FEIZ] MUDSTONE EVAPORITES HERBRCECUS
=53] SILTSTONE - RN oo - 1 WOODY
22555 SANDSTONE 7/} 1GNEOUS ROCKS E== INERTINITE
%2 CONGLOMERATE | VOLCANICS
{ BRECCIA NN METRMORPHIC ROCKS
IIT | IMESTONE B ) BASEMENT

.-l-:.l.:.l.:.l.:.ns HHRL

T DOLOMITE

OTHER

MISSING SECTION




APPENDIX A

Brief Description of Organic Geochemical snalysas Carried Out by GeoChem

C3-Cyq Hydrocarbon
The (',‘1--(:7 hydrecarhon content and composition of sediments reflects source type, source quellty and tharmal matarity.

The C;-Cyp hydrocarbon content of well cut{ings 18 determined by analyzing both a sample of the cuttings and the air space af the
top of the ¢an. The results of the two analyses ars summed to give an Inventory of the G, -C,, bydrocarbon content of the well cut-

tings prior to any losses from the cuttings during the lapsed Hime period between co]lect!.lon at the wellsite and Irboratory avalysis,

The air space C,-C, hydrocarbon analyais involves taking a measured vol of !

T volume of the air space gas out of the can with a syringe and
injecting same into & gas chromatograph, GeoChem uses a Varlan Aerograph Model 1400 instrument equipped with a Porapefz
eclumn, The gas sample is taken through the column by a carrier gas and befors reaching the detector 18 separated into its varjous
< (methane), C, (sthane}, Cgy (propame), 1C, (isobatane), nC, (normal butane), rod Css Cgs Cq hydrocarbon components.

This particular analysis gives a complete separation of the C,-Cy4 Eas-range hydrocarbons and a partial separation of the C5-Crp
gagoline-range hydrocarbons. (A detalled C 4~Cr analysis, to be discussed later, invalving a capillary column, effects a complete
separation of this molecular range into its several individual molecular species. )

The electrical responge of the various hydrocarbons as they reach the detector 1S recorded on & paper strip chart as a peal, This
respanse 18 simultansously fed to an {ntegrator which computes the area of sach peak, The concentration of C;-Cq bydrocrrhons

In the air space, expressed 88 volumes of gas per million volumes of cattings, 13 determined by a caleulation involving the volume
of cuttings, volume of air space In the can, volume of sample injected, volume of standard gas sample uged In the calibration, celi-
bration factor for Cl' Cpy Cgs ete. determined by gc analysis of a standard gas sample, and the ge pesk responsa,

The 01—07 hydrocarbon content of the cuttings is determined by degasification of a messyred volume of cuttings (b 2 medium of a
measired volume of water) in a closed blender, sampling of the alr space at the top of the hlender, and injecHon of a measired vol-
ume of gas into the gas chromatograph,

The C;-Cy hydrocarhon date from the air space and cuitings gas analyses are summed to give a M restored” C;~Cq hydrocarbon
content of the cuttngs,

Semple Washing and Hand-Picking of Uncaved Lithology Samples

The outtings semples are weshed to remove all drilling mud frotn the cutiings. Carve 19 taken in the washing procedure not to re-
move any soft clays, claystones, ote, and any Ioose fine gand and aflt. The washed cuttings are usually kept under water cover
uniil picked, to prevent loss of any gasoline-range hydrocarbons. Using the Cy-Cy hydrocarbon data profile and the electrical

well log supplied to us and our visual examination of the cuttings material under the hinocular microscops, we carefully hand-pick
and deacxibe a suite of mcaved lithologles representaive of the various stratigraphic zones penetrated by the well. The lithologl-
cal data 13 used to compile 8 gross litho percentage log which 1s shown on all Figures. The 2-4 gram picked lthology sampiles are
stored under water in small glass vials in those instances where We wish to run detailed C,4-C,, hydrocerbon analyses. Thir sample
set 13 uged not only for the C -07 hydrocarbor analysis, but also for the visunl kerogen and total orgenic carhon analyses. All re-
maining cutfings material is érlad and packaged in labelled plastic bags for possible C¢, saxhlet extraction and/or eventnal return
to the client. Sample material from this swdy will be retained at GeoChem until advised of disposition.

Detalled C4-Cq Hydrocarbon

The C 4—C gasoline-range hydrocarbon content of sediments reflects source quality, thermal maturation and organio facles. Com-
positiona] data can ba used in crude oil-parent rock correlation work.

The C4-Cq hydrocarbon content and detalled molecular composition of hydrocarbon, in hand-picked lithologies, fs determinad by &
ge analysia of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measured volume
of gample 13 placed in a sealed microblender along with a meesured volume of hot water. The rock sample {s pulverized by the
blades of the blender. 4 sample of the liberated light hydrocarbons which collect in the air space at the top of the blender is in-
jected Into cur Varlan Aerograph 1400 go unit which is equipped with a capillary column. Data recording, computations, etc. are
comparable to those used for the c,-C analysie discussed previously in this report. Hydrocarbon concentration is expresred as
volume gas per million volumes of g8,

Qrganic Carbon

The total organic carbon content of a rock 18 & measura of its total organic richness. This data is used, in conjunction with visual
kerogen and Cl-C4. Ca-Cr sud C; g, hydrocarbon content of a rock, to indicats the hydrocarbon source qualirty of rocka.

The procedure for determining the total organic carbon content of a rock involves drying the sample, grinding to & powder, weigh-
ing out 0.2720 gram sample Into & erucible, acidizing with hot and cold hydrochlorie acid to remove caleium and magnesium car-
bonate, and carbon analysis by combustion in & Leco carbon analyzer,

We run several blank crucibles, standards (lron rings of known carbon content) and duplicate rock samples in this analysis at no
additional charge to the client for purposes of datn guality control.

Cis5+ Soxhlet Extracilon, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be sclvent-extracted from a rock reflects souree quality and sharce
type. c13/c12 carbon isotopte, high mass spectrometric and ge analyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the soluble extract gives data which 18 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
using a co~-dstilled toluene-methanol azsotrope solvent, Where the amount of available sample material permits, we like t2 use
at least 100 grams of rock for this analysis,

The extracted bitumen 13 separated Into an asphaltene (ASPH) and # pentane soluble fractlon by normal pentane precipitation, The
pentane scluble components are geparated Into & Cyp paraffin-naphthene (P-N) hydrocarbon, Cj sy aromatic hydrocarbon (AROM)
and C, 5, nifrogen-sulfur-oxygen containing fractlon (NSO) by adsorption chromatography on a sifica gel-alumina column using
pentane, toluene and toluene-methenol azeotrope eluants,



GC Analysis of C;54 Paraffin-Naphthens (P-N) Hydrocarbong

The eontent and moleculaT composition of the heavy Cy5. paraffin-naphthene (P-N) hydrocarbons of rocks, as determined by go
analysig, reflects source quality, source type and dogree of thermal maturation.

In this analysis, we subject & very small fraction of the total amouat of the P-N fraction extracted from a2 rock sample to g analy-
sls, The gas chromatograph 19 4 Varian Aerograph Model 1400 equipped with a solid rod fnjection system and a gutectic eolumn,

The caleulated C.P.I. {carbon preference index) values for the normal paraffin data is defined as the mean of two Tatlos which are
determined by dividing the sum of concentrations of odd-carbor numbered n-paraffing by the smm of even-carbon numbered n-
paraffing, The C.P. Indices A and B were obtained by the formulass

C21?Ca3+Ca5+Ca7 | Cap*CagtCop+Cay CoptCoytC20tCa | CppCayCagCar
C.P. Index A = Cyp+Cpy+Cogtlng C20+022+Cz4*025 C.P. Index Bw CpgrCpgtCporlan  Cpa+C26+Cya+Ca0
P 2
Visual Kerogen

A visual study of kerogen, the insoluble orgaric metter in rocks, can indicate the relative abundance, size, and atate of preserva-
Hion of the various recognizable kerogen types and thereby indicate the hydrocarbon source charactar of a Toek. The color of the
kerogen can be used to indicate the state of thermal manrrity of the sediments {l. e. their time-temperature history}, Thermal
maturation plays an important role {n the generation of hydrocarbons from organic matter, and also affeots the composition of
res?rvoired hydrocarbons.

Qur procedure for visual kerogen slide preparaiion involves 1aolatlon of the organic mattexr of a rock by Temoval of the rock mate-
rial with hydrochloric and hydrofluoric acid treatment and heavy liquld separation, This procedure is compareble to that ured by
the palynologist except it does not include an oxidation stage. (The oxidatlon treatment is deleted from our procedurs becaude it
removes a great deal of kerogen end blanches any remaining kerogen to an extent whereby it is useless for our kerogen color
obeervations,y The kerogen residue 15 micunted on & glags alide end 18 examined visually under a high power mlecroscape.

Vitrinite Reflectance

Messurement of the reflectivity of vitrinite particles (%Rg) present in the kerogen isclated from sedimentaTy rocks provides a method
of determining the state of maturation, and tne diagenetic (Hme-temperature) Matory of the organic matter present in the sedtments.

The kerogen, obtained from a 25 gram aliquot of crushed rock by the acld precedure previously dscussed, |8 dried and embedded
in 2 Bioplastie plug. The surface of the plug is polished using 0.05 micren aluming and the reflectivity determined under oll using
a Zieas high resolution microscope. A mimMmum of 40 values are reguired to adequately determine the Maturation Rank,

Fluerescencs Spectrophotometric Analyais

Fluorescence snactrophotometry can be used ro characterize and fingerprint crude oils, esmbligh crude ofl-source rock relrtion-
ships, and to measure the hydrocarbon source potential of fine-gralned sediments.,

A one (1) microliter aliquot of efther (i) a erude ofl or (i) the solvent extractabla rock bitymen, 1s passed through an alumini
silica gel micro column and the C, 5, arvomatle hydrocarbons isolated, The aromatie hydrocarbon 18 diluted and the emission and
exoftation ppectra detormined at 240 nm and 420 nm using a Perkin-Elmer Model 512 Double Beam Fluorescence Spectrophoometer,
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