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WELL NAME:

APT CODE NO,:

AREA:
LOCATION:

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

GEOCHEM JOB NO.:

TOTAL DEPTH:

INTERVAL SAMPLED:

TRANSOCEAN, NO.1 TURNER

30-003-20002 .
NORTHWEST

CATRON COUNTY, NEW MEXICO
3538

SEC,21, T3N, R9W

4970-5150 ft.

TOTAL NUMBER OF SAMPLES: 4
ANALYSES
3

GEOCHEM = E
SAMPLE SAMPLE STRATIGRAPHIC o il 2| =
NUMBER DEPTA INTERVAL Elo| B2 B

— o ] 3

) B = (=]
3538-001 4970-5020 Pennsylvanian X X X X
3538-002 5020-5050 Pennsylvanian X X X X
3538-003 5050~5100 Pennsylvanian X X X X
3538-004 5100-5150 Pennsylvanian X X X .




SUMMARY FIGURE 1
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TABLE I

RESULTS OF TOTAL ORGARIC CARBON

NEW MEXICO HYDROCARBON SCURCE ROCK EVALUATION

TRANSOCEAN, NO.1 TURNER

SEC.21, T3N, R9W, CATRON COUNTY, NEW MEXICO
API #30~003-05002

GEOCHEM DEPTR TOTAL ORG‘NIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (Z of Ro=k)
3538~001 4970-5020 0.09
3538-002 5020-5050 0.11
3538-003 5050~-5100 0.25/7.27
3538-004 5100-5150 0.55




TABLE II

LITHOLOGICAL DESCRIPTIORS ARD ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

S8EC.21, T3N, R9W, CATRON COUNTY, NEW MEXICO

TRANSOCEAN, NO.1 TURNER

API #30-003-20002

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO, (wt %)
3538~-001 4970-5020 .09
-A 50% Mudstone, very calcareous,
grayish red. S5R=4/2
~B 50% Limestone, finely
crystalline, white to N9 to
medium light gray. N6
3538-002 5020-5050 0.11
-A 70% Mudstone, very calcareous,
medium dark gray. N4
-B 30% Limestone, clayey, finely
crystalline, white to N9 to
grayish brown, 5YR-5/2
3538-003 5050-5100 0.25/0.27
=4 75% Mudstone, very calcareous,
medium dark gray, N4
-B 20% Limestone, clayey, finely
crystalline, white to N9 to
grayish brown. 5YR-5/2
~C 5% Sandstone, arkesic, coarse
grained, dusky green. 5G-3/2
3538-004 5100-5150 0.55
-A 100% Shale, silty, very
calcareous, medium dark
gray, N4



SOMMARY OF ORGANIC CARBON AND VISUAL EKEROGEN DATA

TABLE 1I1

NEW MEX1CO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN, NO.l TURNER
SEC.21, T3N, R9W, CATRON COUNTY, NEW MEXLCO
AP1 #30-003-20002

GEOCREM DEPTH TOTAL VISUAL ABUNDARCE THERMAL
SAMPLE INTERVAL ORGARIC ORGARIC MATTER RORMALIZED PERCENRT ALTERATION ALTERATION
NUMBER (feet) CARBON TYPE AL Am H [ I STAGE INDEX
3538-001 4970-5020 0.09 Am;H;1 o 57 29 0 ia 2 to 2+ 2,3
3538-002 5020-5050 0.11 H; Am*#*=1 ;4 0 22 45 11 22 2 to 2+ 2.3
3538-003 5050-5100 0,25/0,27 W=-1;H;Amt¥ 0 9 19 36 36 T3 3.4
3538004 5100-5150 0.55 W-1;A;Am 0 9 25 33 a3 2 to 2+ 2.4
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am* = Relic Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous—Spore/Pollen-:
60~-100% 20-40% 0-202 H* = Degraded Herbaceous

W = Woody-Structured

u = Unidentified Material

1 = TInertinite

C = Coaly




TABLE 1V

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEX1CO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCFAN, NO.1 TURNER
SEC.2], T3N, R9W, CATRON COUNTY, NEW MEXICOD
APL #30-003-20002

GEOCHEM DEPTH
SAMPLE ENTERVAL THAX 81 82 83 T.0.C, HYDROGEN OXYGEN
NUMBER (Feet) (c) {eg/x) (mg/x) (mg/g) PI PC* (vt X} IFDEX INDEX
31538-001 4970-5020 273 0.06 0.06 0.36 0,50 0.01 0,09 66 400
3533-002 5020-5050 273 0.04 0.06 0.32 0.40 0.00 0.11 54 290
3538-003 5050--5100 273 0.04 n.04 0.39 0.50 0.00 0.25 16 156
3538-004 5100-5150 412 .08 0.20 0.46 0.29 0.02 0.55 36 83

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

a1 = Free hydrocarbons, mg He/g of rock (mg C02/g of rock) index = wg CO2/g organic carbomn

52 = Residual hydrocarhon potential PC* = 0,083 (81 + 52) P1 = 81/81 + 82

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

Index = mg HC/g organiec carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

GENERAL ' CAVED AND/OR SUMMARY
TRANSOGEAN INDIGENOUS POPULATION (INTERPRETED] CHARACTERISTICS REWORKED POPULATION (S} ORGANIC
NO.1 TURKER e or E o MATTER
SEC.21, T3N, R9W MATURATION INDEX o o loreaE maen] % (oRGANIC MATTER| MATURATION INDEX TYPE
CATRON COUNTY, NEW MEXICO

AP1 #30-003-20002
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GEOCHEM No DEPTH 7 > REMARKS FELs =
3538-001 4970-5020 1 1 Am;H;T
3538-002 5020-50501] HiAm**=T W
3538-003 | 5050-5100[ H W-1 ;H: Am**

3538-004 5100-5150[ Bl W-1;H;Am




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 Wt)/TOC

Ez: Rock-Eval, Oxygen Index = 100 S3 (0/00 Wt)/TOC

HC YIELD: Rock-Eval, S2 peak (ppm)

82/83: Rock-Eval, Ratio of 82 to 83 peak

KEROGEN: see Kerogen symbols

T~MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
RO ( ) 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 = S51/(S1+52)

LITHOLOGIES KEROGEN TYPES
EZZZ5) SHALE o SILICEOUS ROCKS E2223] AMORPHOUS
—E222] MUDSTONE EVRPORITES HERB2CEDUS
25 SILTSTONE _ CoAL - i WOBD™

71777 SANDSTONE /) IGNEOUS ROCKS INERTINITE

SR concLoMeRATE  [SES%] voLcanics .
Ed BRECCIA NN METAMORPHIC ROCKS

-

T | IMESTONE Bons] BASEMENT
T DOLOMITE OTHER
(22243 MARL MISSING SECTION




APPENDLYL A

Brief Doscription of Organlc Geochemical analyses Carried Out by GeoChem

C1-Cy Hydrocarhon
‘The Cl'c'i' hydrocarben conteut and eomposttion of sediments reflects source type, source quallty and thermal masrity,

The C1-Cy hydrocarbon content of well cuttings 15 determined by snalyzing both & sample of the cuitings and the air gpace at the
top of the can. The results of the two analyses are summed to glve an Inventory of the cl-c hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the lapsed time pariod between collectizn 91 the wellsita and laboratory aualysis.

The air gpace Cl—c,]. hydrocarhon analysis involves taldng & measured volwme of the air space gas ot of the can with & syinge and
Injecting same into a ges chromatograph. GecChem uses a Varlan Aerograph Model 1400 instrument equipped with & Poraoeo Q
column, Ths gas sample is taken through the column by & carrier gas and before reaching the defector Is separated Into its various
Cl(methane), Cy (ethane), Cy {propans), iCy (lsobutane), nCy (normal butane), and Css Cgy Cy hydrocarbon components,

This particular analysis gives a complete separation of the C;-C4 grs-range hydrocarbons and a partial separatien of the Cg-Cr
gasoline-range hydrocarbons. (A detailed C4~Cq nnalysis, to be discussed later, involving 2 capillary column, effects & complets
separation of this melecular range into its séveral individual moleoular species. )

The electrical responsge of the various hydrocarbons a8 they reach the detector 13 recorded on a paper strip chart as a peal~, 'This
Teaponse {8 simudtaneously fed to an integrator which computes the ares of each peak. The concentration of Cy~Cq hydrocarbons

1 the air space, expressed as volumes of gas per million volumes of cuttings, is determined by & calculation fnvolving the volume
of cuttings, volume of alr space In the can, volume of sample injected, volume of standard gas sample used in the calibration, cali-
bration factor for Cl’ Coy Ca, ete. determined by ge analysis of a gtandard gaa sample, and the ge peak response.

The C,-Cy hydrocarbon content of the cuttings is determined by degagification of & mensured volume of cuttings ¢in & medim of a
measured volume of water) in & clesed blender, sampling of the air space at the top of the bBlender, and injecton of a meagred vol-
ume of gae into the ges chromatograph,

The C3-Cy hydrocarbon data from the air space and cuttings gas anglyses are summed to give a "restored” C1-Cyq hydrocarbon
content of the cattings,

Sample Washing and Hand-Picking of Uncaved Lithclegy Samples

The cuttings samples are washed to remove all drilling mud from the outtings. Care 18 taken in the vashing pracedure not to re-
mova any goft claya, claystones, ete. and any loose fine sand and stlt., The washed cuttings are usually kept under water cover
umt{l picked, to prevent loss of any gasoline-range hydrocarhons. Using the €;-Cy bydrocarbon data profile and the eleotrical

well log supplied to us and our vieual examination of the cuttings material under the binocular microscope, we carefully hand-plek
and describe a suite of uncaved lithologles representative of the varicus stratigraphic zones penetrated by the well, The lthologl-
cal data 15 used to compile 2 gross ltho percentage log which s shown on all Figures, The 2-4 gram picked lithalogy samples are
stored under water 1n small glags vialg in those Instances where we wish to run detailed C 4~C hydrocaxbon analyses. This sample
set 19 used not only for the C -C7 hydrocarbon analysis, but also for the visual kerogen and to'l&l organic carbon awalysas, All re-
malning cuttngs matsrial {3 dried and packaged in labelled plastic hags for possible C g4 soxhlet extraction and/or eventual return
to the client, Sample material from thig study will be retained at GeoChem mtil advised of disposition.

Detailed C4-Cy Hydrocarbon

The 04~C7 gasollue-range hydrocarbon oontent of sediments reflects source quality, thermal maturation and organic facles., Com-
poeitional ‘data can be used In crude ofl-parent rock correlation work,

The C ~Cy hydrocarbon cantent and detailed molecular composition of hydrocarbon, in hand-picked lithologles, i determined by a
go ysis of the light hydrecarbon extracted from 1-2 gram cuttngs samples macerated in & mieroblender. A measured valume
of sample is placed in o sealed microblendsr along with a meesured volume of hot water. The rock sample s pulverized by the
blades of the blender. A sample of the Hberated light hydrocarbons which collect {n the air space at the top of the blender 19 in-
Jected into our Varian Asercgraph 1400 ge unit which 18 equipped with & eaplllary column, Date recording, computations, efc. are
comparable to thoge used for the C,-Cp analysls discussed previously in this report. Hydrocarbon concentration 1a expressed as
volume gas per million volumes of entfings.

Organic Cerbon

The total organie caxbon content of & Tock is a measure of its ol organic richness. This data s used, in conjunction witl visual
Kkerogen and C -Cys C4-Cq and Cy g, hydroecarbon content of a rock, to indicate the hydrocarbon scurce quality of rocks.

The procedure for determining the total organio carbon content of a Tock lnvolves drying the sample, grinding to & powder, weigh-
ing out 0, 2728 gram sample into a crucible, acidizing with hot and celd hydrochloric acid to remove calcium and magnesium car-
bonate, and carbon analysis by combustion in a Leco carbon analyzer,

We run several blank cructbles, standards (lron rings of known carbon content) and duplicate roek samples 1n this analysis at no
additional charge to the client for purposes of data quality control.

C; g4+ Soxhlet Exuraction, Deasphaitening and Chromatographic Separation

The amount and compositian of the organic matter which can bhe solvent-extracted from a rock reflects source guality and source
type. ¢18/c12 earhon isotopic, high mass speetrometric and ge analyses of the paraffin-naphthene and aromatic hydrocarhon
fractions of the soluble extract glves data which 19 used in erude oil-parent rock correlationg.

This analysis involveg grinding of a dry rock sample to a powder and removal of the soluble organic matter by soxhlet extrretion
using a co-distilled toluene-methanol azeotrope solvent. Where the amount of available sample material permits, we like to use
at least 100 grams of rock for this analysis.

The extracted bitumen is separated into an asphaltene (ASPH) and & pentane soluble fraction by normal pentana precipitatior. The
pentane goluble components are separated into a Cyp. paraffin-naphthene (P-N) hydrocarbon, C;5. aromatic hydrocarbon (AROM)
and C, . nifrogen-sulfur-cxygen containing fraction (NSO) by adsorption chromatogrephy on a silics gel-alumina column us'ng
pentane, toluene and tolwene-methanol azeotrope eluants,



GC Analysis of C154 Paraffin-Naphthens (P-N) Hydrocarbons

The content and molecular composition of the heavy Cj 5+ paraffin-naphthene (P-N) hydrocarbons of rocks, a5 determined by ge
analysis, reflects soaree quality, source type and degree of thermal maturation.

In thig snnlysis, we subject 6 very smell fractlon of the totdl amount of the P-N fraction extracted from a rock sample to ge analy-
sie. The gas chromatograph 1s a Varian Aerograph Model 1400 equipped with & soMd rod injection system and a entectic golumn.

The calculated C. B.1. (chrbon preference Index) values for the normal paraffin data is defined as the mean of two ratios which ara
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even-carbon numbered n-
pareffins, The C.P, Indices A and B were obtained by the formulas:

Co1#CagtCoptCar  Ca17CogtCagtCay CaptCortCaptCar _ CpptCoriCso+Cy
C.P. Index A = CopiCpgtCogrCpg  CyprCyptCaygtCog C.P. Index B= Cog+CpgtCaeiCaz  Cp4+C2g+Cag+Ca0
2 2
Visual Kerogen

A visual study of kerogen, the inscluble organio matter In rocks, can indicate the relative abundance, size, and stats of preserva-
tlon 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 state of thermal maturity of the sediments (. e. thelr time-temperature hstory), Thermnal
maturation plays an Important role In the generaticn of hydrooarbons from organic metter, and also affects the cornposition of
ras?rvoired hydrocarbong.

Onx procedure for visual kerogen siide preparation involves teclation of the organic matter of & rock by removal of the rock mate-
rial with hydrocblorie and hydrofluoric acid treatment and heavy liquid separation, Thia procedure 13 comparable to that ured by
the palynologlst except {t does not includs an axidasion stage. (The oxidation treatment i3 delsted from our procedure because it
rewoves & greet deal of kerogen and blanches any remaining kerogen to an extent whexeby it 13 useless for our kerogen color
observations.) The kerogen residue s mounted on 2 glaga slide and is examined visually under @ high power mieroscope.

Vitrinite Reflactance

Measurement of the reflectlvity of vitrinite particles (ERg) present in the korogen isclated from sedimentery rocks provides a method
of determining the state of maturation, and tne diagenetic (Hime-temparature) Mstory of the organie matter present in the sediments.

The kerogen, obtained from a 26 gram aliquot of crushed rock by the acid procedare preniously discussed, is dried and embedded
In e Bioplastic plug. The surface of the plug is polished using 0. 06 micron aluming and the reflectivity determined under ofl using
a Zieas high resolution microscope. A minimum of 40 values are required to adequately determine the Maturation Rank,

Fluorescence Spectrophotometric Analysls

Fluorescence snackrophotometry can boe naed ro characterize and fingerprint crade ofls, establish orude oil-sourcs rock relrtion-~
ships, ard to measure the hydrecarbon source potential of flne-grained sediments,

A one (1) microliter aliquot of elther () a ertde ofl or (ii) the sclvent extractable rock bitumen, i{s passed through an alumina
sillca gel micro column and the € 10+ ATOMAMC hydrocarbons 1goiated. The aromatle hydrocarbon 19 diluted and the emigsion and
excltation spectra determined at 240 nm and 420 nm using a Perkin-Elmer Model 512 Double Beam Fluorescence Spectropho®ometer,

GEOTHERMAL DIAGENETIC CRITERIA
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