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NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATIOR

WELL NAME: TRANSOCEAN NO.1 STATE 2111

API NO.: 30-003-20004

AREA: NORTHWEST

LOCATION: CATRON COUNTY, NEW MEXICO SEC.12, T2N, RI&W

GEOCHEM JOB NO.: 3544

TOTAL DEPTH: 4275 ft,

INTERVAL SAMPLED: 1670-2790 ft.

TOTAL NUMBER OF SAMPLES: 11

ANALYSES
GEOCHEM g =
SAMPLE SAMPLE STRATIGRAPHIC o ol B
NUMBER DEPTH INTERVAL Bl o | B R S
S8l c|B|E

3544-001 1670-1720 San Andres X X X X
3544~002 | 1720-1770 San Andres x | x| x| x
3544~003 | 1770-1820 San Andres x | x| x| x
3544~004 1820-1870 San Andres X X X X
3544-005 1870-1910 San Andres X X X X
3544-006A | 2220-2250 Yeso x | x| x| x
3544-007A | 2270-2290 Yeso x | x| x| X
3544~008A | 2310-2380- Yeso x | x [ x| x
3544-0094A 2400-2460 Yeso X X X X
3544~010A | 2560-2620 Yeso x | x ! x| x
3544-011A | 2730-2790 Yeso x | x| x| x




SUMMARY FIGURE 1

TRANSOCEAN #1 S5.2111
JOB NUMBER 3544
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TABLE I

RESULTS OF TOTAL ORGARIC CARBOR

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO,.1 STATE 2111
SEC.12, T2N, RI8W, CATRON COUNTY, NEW MEXICO
APT #30-003-20004

3544-011A

2730~-2790

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLF, INTERVAL CARBON
NUMBER (feet) (%2 of Rock)
3544-001 1670-1720 0.30/0.28
 3544-002 1720-1770 0.33

3544-003 1770-1820 0.25
3544-004 ., 1820-1870 0.33
3544~005 1870-1910 0.35
3544~006A 2220-2250 0.27
3544-007A 2270-2290 0.68
3544-008A 2310-2380 0.53
3544-009A 2400-2460 0.52
3544-010A 2560-2620 0.40

0.94




TABLE II

!
LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO.1 STATE 2111
SEC.12, T2N, R18W, CATRON COUNTY, NEW MEXICO

APT #30-003-20004

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION RO, (wt.2)
3544~001 1670-1720 0.30/0.28
-A 100% Limestone, dolomitic,
fine to medium
crystalline, pale
yellowish brown. 10YR-6/2
3544-002 1720-1770 0,33
' -A 100% Limestone, dolomitiec,
fine to medium
crystalline, pale
yellowish brown. 10YR-6/2
3544-003 1770-1820 0.25
-A 100% Limestone, dolomitie,
fine to medium
crystalline, pale to 10YR=~6/2 to
dark yellowish brown, 10YR-4/2
3544~-004 1820-1870 0.33
-A 100% Limestone, dolomitie,
fine to medium
crystalline, pale to 10YR-6/2 to
dark yellowish brown. 10YR~4/2
3544-005 1870-1910 0.35
:Y 100% Limestone, dolomitic,
fine to medium
crystalline, pale to 10YR-6/2 to
dark yellowish brown. 10YR-4/2
3544~006 2220-2250
-4 45% bolomite, finely crystalline, 0.27
yellowish brown to brownish 10YR=-3/4 to
black, 5YR-2/1
-B 35% Sandstone, fine grained,
white (caved?). N9



TABLE II {(continued)

LITHOLOGICAL DESCRIPTIONS ARD ORGANIC CARBON ARALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO.l STATE 2111

SEC.12, T2ZN, R18W, CATRON COUNTY, NEW MEXICO
API #30-003-20004

GEOCHEM DEPTH ORCGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO, (wt. %)

3544-006 (continued)
=C 20%Z Mudstone, noncalcareous,
dark reddish brown (caved?). 10R-3/4
Trace anhydrite.

3544-007 2270-2290 0.68
‘ -A 35% Dolomite, finely
crystalline, yellowish
brown to brownish 10YR-3/4 to
black. 5YR-2/1
-B 60% Anhydrite, finely
crystalline, white. N9
-C 5% Varied lithology,
mudstone and sandstone.
3544-008 2310-2380
-A 35% Dolomite, finely 0.53
crystalline, yellowish
brown to brownish 10YR~3/4 to
black. 5YR-2/1
-B 60% Anhydrite, finely
crystalline, white, N9
-C 5% Varied lithology,
mudstone and
sandstone.
3544-009 2400-2460
-A 35% Dolomite, finely 0.52
crystalline, yellowish
brown to brownish 10YR-3/4 to
black. 5YR~2/1
-B 607 Anhydrite, finely
crystalline, white, N9
~C 5% Varied lithology,

mudstone and sandstone,



TABLE II (continued)

LITHOLOGICAL DESCRIPTIONS AND CRGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO.1 STATE 2111
SEC.12, T2N, RI8W, CATRON COUNTY, NEW MEXICO

API #30-003~20004

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt .2}
3544-010 2560~-2620
-A 50% Dolomite, finely 0,40
crystalline, yellowish 10¥YR-3/4 to
brown to brownish black. 5YR-2/1
-B 40% Anhydrite, finely
crystalline, white. N9
~C 10% Varied lithology,
' mudstone and sandstone.
3544~011 2730-2790
=A 50% Dolomite, finely 0.94
crystalline, yellowish 10YR-3/4 to
brown to brownish black. 5YR-2/1
-B 40% Anhydrite, finely
crystalline, white. N9
-C 10% Varied lithology,

mudstone and sandstone.



TABLE III

- SUMMARY OF ORGANIC CARBON AND VISUAL KEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO.1 STATE 2111
SEC.12, T2N, RISW, CATRON COUNTY, NEW MEXICO
APT #30-003-20004

GEOCREM PRPTH TOTAL VISUAL ABURDANCE THERMAL
SAMPLE IRTERVAL ORGARIC ORGANIC MATTER HORMALIZED PERCENT ALTERATION ALTERATION
NUMBER {feet) CARBON TYPE AL Am [ [] 1 STAGE INDEX
3544-001 1670-1720 0.30/0,28 Am—f¥ ;- W-1 0 40 40 10 10 2- to 2 2.0
3544002 1720-1770 0.33 Am-H¥*3 -3~ 0 50 50 0 0 2~ to 2 2.0
3544~003 1770-1820 0.25 Am—H*;—~;W 0 44 &4 12 o 2~ to 2 2.0
3544-004 1820-1870 0.33 B*;Am;— 0 44 56 0 o 2- to 2 2.0
31544~005 18701910 0.35 F*;Am;— 1] 44 56 i o] 2~ to 2 2.1
3544-~006A 2220-2250 0.27 H*; AmH-1 0 o 50 10 10 2- to 2 2,0
3544-007A 2270-2290 0.68 HiAm;- 0 X} 67 0 0 2- to 2 2.0
3544-008A 2310-2380 0.53 HiAm;- 0 7 63 o (] 2~ to 2 2.0
3544~009A 2400-2460 0.52 HiAm; - 0 37 63 0 0 2- to 2 2,0
3544—-010A 2560-2620 0.40 Hy~;W-~1 0 0 72 14 14 2- to 2 2,0
3544~011A 2730-2790 0.94 A= Am-Y-I 0 12 64 12 12 2- to 2 2.1
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am* = Relic Amorphous~Sapropel
Predominant; Secondary; Trace H = Herbaceous~Spore/Follen
60-100% 20-40% 0-20% H* = pegraded Herbaceous

W = Woody-Structured

U = Unidentified Material

1 = Inertinite

c = Coaly




TABLE 1V

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEXLCO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN NO,1 STATE 2111
SEC.12, T2N, R18W, CATRON COUNTY, NEW MEXICO
AP1 #30-003~20004

GEOCHENM DEPTH
SAMPLE IRTERVAL TMAX 81 82 83 T.0.C. HYDROGER OXYGEN
RUMBER (Feet) (c) (uz/) (mg/g) (mz/e) Pt PC* (wt.X) INDEX INDEX
A544~-001 16701720 417 0.02 0.40 0.3 0.05 0.03 0,29 137 117
3544-002 1720-1770 424 0,02 0.33 0.31 0,06 0,02 0.33 100 93
3544-003 1770-1820 421 0.04 0.30 0.33 0.12 0.02 0.25 120 132
3544=-004 1820-1870 424 0,01 0.30 0,32 0.03 0.02 0.33 90 96
3544~-005 1870-1910 426 0,09 0.50 0.39 0.16 0.04 0.35 142 111
3544~-006A 2220-2250 431 0.05 0,25 0.30 0.17 0.02 0.27 92 111
3544=-007A 2276-2290 427 0.03 0.64 0.27 0,05 0.05 0.68 94 39
3544-008BA 2310-2380 429 0.01 0.31 0.38 0.03 0.02 0.53 58 71
35440094 2400-2460 424 0.02 0.40 0.62 0.05 0.03 0.52 76 119
3544-010A 25602620 431 0.02 0.43 0.42 0.05 0.03 0.40 107 105
3544-011A 2730-2790 436 0.08 0.58 0.35 0.12 0.05 0.94 61 37

T.0.C. = Total organic carbon, wt,X 83 = C0Z2 produced from kerogen pyrolysis Cxygen

51 = Free hydrocarbons, mg Hc/g of rock (mg C02/g of rock) Index = mg CO02/g organic carbon

52 = Regidual hydrocarbon potential PCk = 0.083 (8] + 82) PL = 31/81 + 82

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

Index = mg HC/g organic carbon



TABLE V
VISUAL KEROGEN ASSESSMENT WORKSHEET

TRANSOCEAN GENERAL CAVED AND/OR SUMMARY
NO.1 STATE 2111 INDIGENOUS  POPULATION (INTERPRETED) CHARAGTERISTICS REWORKED POPULATION (S) ORGANIC
TYPE OF COLOR OF STATE OF TYPE ©OF MATTER
giﬁﬁéﬁ’c@ﬁﬁhpdggw MEX1CO ORGANIC MATTER| MATURATION INDEX ORGANIC MATTER|ORGANIC MATTER| 7  [ORGANIC MATTER{ MATURATION INDEX TYPE
Ll

AP #30-003-20004

L :J:’ 3,
GEOCHEM No, DEPTH
3544-001 | 1670-1720 H H Am—H% ;- W-T
3544-002 | 1720-1770 [ Am-H* 5 —;—
3544~003 | 1770-1820 | Am-H* ;¥
3544-004 | 1820-1870 [ H% : Ami—
3544-005 | 1870-1910 | H* 3 Amjy—
3544~006A] 2220-2250 H HT H¥; AmiW-1
3544~007A] 2270-2290 § H;Am3-
3544-008A] 2310-2380 | : HjAm;—
3544-009A] 2400-2460 HPTIH] H;Am;-
3544-010A4 25602620 nl ¥ T Hi—3W-1

3544~011A1 2730-27%0 m H;-;Am-W-I




LEGEND FOR SUMMARY DIAGEAM

DEPTH: in feet

LITHO LOG: see lithology symbols

STRATIGRAPHY: by age

Z TOC: percent total organic carbon

HI: . Rock-Eval, Hydrocarbon Index = 100 §2(0/00 Wt)/TOC
Ol: Rock-Eval, Oxygen Index = 100 83 (0/00 Wt)/TOC

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

$2/83: Rock-Eval, Ratio of S2 to 83 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of 52 peak, in degrees Centigrade
ZRO ( ): Vitrinite Reflectance (scale 0 to 5)

TAL (*): Thermal Alteration Index (Scale 1 to 5)

FREE HC: Rock-Eval, 51 peak (ppm)

PI: Rock-Eval, Productivity Index = S1/(S1482)

LITHOLOGIES KEROGEM TYPES

- -
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APPENDIX A

Brief Description of Organic Geochemical analyses Carried Out by GeoChem

Cq~Cq Hydrocarbon
The Cl-Cl7 hydrocarbon eontent and composition of sedimenta reflects source type, source quality and thermal maturity,

The Cy-Cy hydrocarbon content of well cuttings 18 determined by analyzing both a sample of the outfings and the air space at the
top of the can. The results of the two analyses are summed to give an inventory of the C, -Cq hydrocarbon content of the well cuf-
Hngs prior to any losses from the cutiings during the lapsed Hime perlod between colleoton 31 the wellsite and laboratory aualysis.

The air gpace Cy-Cq hydrocarbon analysis involves taking a measured volume of the alr space gas out of the can with a syringe and
Injecting same into & ges chromatograph. GeoChem uses a Varian Aercgraph Model 1400 Instrument equipped with & Porapec @
column. The gas sample i3 taken through the column by a carrier gas and befors reaching the detector is separated into ifs various
C, (methane}, C, (ethaua), Cjy({propane), 1C, (iscbutane), nC, {normal atane), and Cg, Cgs Cy hydrocarban components.

This particuler analysis gives a complete separation of the C1-C4 gng-range hydrocarbons and & partisl separation of the Cg~Crp
gasoline-range hydrocarbons. (A detailed C4~Cq aualyals, to be discussed later, involving a capillary column, effacts a complets
separation of this moleculay range into its several indlvidual molecular speoies. )

The electrical response of the various hydrocarbons as they reach the detector {8 recorded on a paper strip chart as a peak. This
response is simultansously fed to an integrator which computes the area of each peak. The eoncentration of C;~Cq hydrocerbons

in the air gpace, expressed a3 volumes of ga8 por million volumes of cuttingg, s determined by a calewlation involving the volume
of cuttings, volume of air space in the can, volume of sample Injscted, volume of standard gas sample used in the caMbration, cali-
bration factor for Cys Cgy Cgy ete. determined by ge analysis of a standard gas sample, and the go peak response. ’

The C1-Cy hydrocarhon content of the cuttings is determined by degasification of 2 measured volume of cutfings (in & medivm of &
meagived volume of water) In & closed blendsr, sampling of the alr space at the top of the blender, and injection of & meamred vaol-
ume of gas Into the gas chromatograph.

The Cy-Cy hydrocarbon deta from the air space and cuttings gas enalyses are summed to give & "restored" C;-Cq hydrocarbon
content of the cuttings,

Sampls Washing and Hand-Pleking of Uncaved Lithology Samples

The cuttings samples are washed to remove 41l drilling rand from the cuttings, Care is taken in the washing procedure not to re-
move any goft claya, clayatones, etc. and any loose fine sand and sflt. The washed cuttings are usually kept under water cover
until plcked, to provent loss of any gesolins-rangs hydroearbons, Using the C;-Cq hydroearbon data profile and the electrical

well log supplied to us and our visual examination of the cuttings material under the binocular microscope, we carefully hand-pick
and describe a sulte of uncaved lithologies representative of the various stratigraphic zones penetratsd by the well. The Hthologi-
cal data is used to compile o gross litho percentage log which i3 shown on all Figures. The 2-4 gram picked lithology semples are
stored under water in small glass vials in those instances where we wish to run detailed C,-C,, hydrocarbon analyses, Thin sample
get 1a used not only for the C 'C'.' hydrocarbon analysis, but #lgso for the visual kerogen and tor{al orgenic carbon analyses, All re~
waining cattings material is dried and packaged in labelled plastic bags for possible €54 Soxhlet extraction and/or eventual return
to the client. Sample material from this study will be retained at GeoChem untll advised of disposition.

Detailed C,-Cq Hydrocarhon

The C 4-07 gaaolins-range hydrocarbon content of sediments reflects source quality, thermal maturation and orgaaic facles. Com-
positional ‘data can be used in crude oil-parent rock correlation work.

The C -Cq hydrocarbon content and detailed molecular composition of hydrocarbon, in hand-picked lithologies, {3 determined by a
2o yals of the light hydrocarbon exiracted from 1-2 gram outtlngs samples macerated in & microblender. A mea2sured volume
of sample 3 placed in a gealed microblender along with & moeasured volume of hot water. The rock sample {s pulverized by the
hlades of the blendar, A sample of the liberated light hydrocarbons which collect in the air space at the top of the blender 1s in-
jected into our Varian Aerograph 1400 ge unit which is equipped with a capillary column. Data recording, computations, etc. are
comparable to those used for the €4-C analysis diseusaed previoualy in thls report. Hydrocarbon eoncentration i8 expresred as
volume gas per million volumes of cutgngs.

Orgenic Carbon

The total organic carbon content of a rock 1s 2 measure of ita total organic richnesa, This data 18 used, in conjunction with visual
kerogen and 01-04, C4-Cq and Cj g, hydrocarbon content of a rock, to indicate the hydrocarbon source quality of rocks.

The procadire for determining the total organic carbon content of a rock involves drying the sample, grinding to a powder, weigh-
ing out 0.2729 gram sample into a erucible, acldlzing with hot and cold hydrochloric seid to remove calelum and magnesium car-
bonate, and carbon analysis by comhustion in & Leco carbon analyzer.

We run several blank cructblea, stendards (iron rings of known carbon content) and duplicate rock samples in this analysis at no
additional charge to the client for purposes of data quality control.

Cl e Soxhlet Extraction, Deasphalfening and Chromatographic Separation

The ameiunt and composition of the organic matter which can be solvent-extracted from a rock reflects source guality and swrce
type. C13/c12 carbon isctople, bigh mass spectrometrio and ge analyses of the paraffin-naphthene and aromatic hydrocarbon
fractions of the soluble extract gives data which is used in crude ofl-parent rock correlations.

This analysis involves grinding of a dry rock sample to a powder and remeval of the soluble organic matter by soxhlet extraction
using a co-distilied toluene-methanol azeotrope solvent, Whera the amount of available sample material permitd, wo like to use
at least 100 grams of rock for this analysis,

The extracted bitumen is separated [nto an asphaltene (ASPH) and a pentane goluble fraction by normal pentane procipltation. The
pentane soluble components aTe sepavated Into a €y, peraffin-naphthens (P-N) hydrvocarbon, Cypsy sxomatic hydrocarbon (ARCM)
and C; g, nitrogen-sulfur-oxygen containing fraction (NS0) by sdsorption chromatography on a silica gel-alumina column using
pentane, toluene and tolueno-methanol azeotrope eluants.



GC Analysis of Cy5; Paraifin-Naphthene (P-N) Hydrocarbons

The content and molecular composition of the heavy Cyg.,. paraffin-naphthene {P-N) hydrocarbons of rocks, a8 determined by ge
analyais, reflects source quelity, source type and degree of thermal maturation.

In this analysls, we subject a very small fractlon of the total amount of the P-N fraction extracted from & rock sample to ge analy-
9ls. 'The gas chromatograph 1s 2 Vartan Aerograph Model 1400 equipped with & solid rod injection system and a eutectic column.

The calewlated C. P.1. (carbon preference index) values for the normal parnffin data 19 defined as the mean of two ratios which are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even-carboh numbersd n-
paraffins, The C.P. Indices A and B weTe obtdined by the formulas:

Co1#Ca3+CagtCay  CaptCagrCostCor Co5+Corilog+Cyy |, CoptCortCoo+Cay
C.P. Idex & = CyyrCpgrCygilag  CogCpn*CpgrCag C.P. Inder B= CggrCagtCyorCaz  C24+C267CogiCag
2 2
Yisual Kerogen

A visual study of kerogen, the insoluble organic matter In rocks, can indicate the relative abundance, size, and state of preserva-
tlon of the various yecognizakie kerogen types and thereby indicate the hydrocarbon source charactor of a rock. The color of the
kerogen can be used to Indicate the state of thexmal maturity of the sediments (i. ¢ thelr time-temperature hatory). Therwnal
maturation plays an important role in the generation of hydrocarbons from organic matter, and also affects the composition of
res?rvou'ed hydrocarbons,

Our procedure for visusl kerogen elide preparation involves isolation of the organic matter of a rock by removal of the rocl mate-
rial with ydrochloric and hydrofinoric acid treatment and heavy Uquid separation. This procedure 18 comparable to that used by
the palynologist except it does not includs an exidation stage. {The oxidation treatment is deleted from our procedure because it
removes & great deal of kerogen and bianches sny remaining kerogen to an extent whereby {t 13 useless for our kerogen color
observatlons,) The kerogen residue is mounted on a glass slide and s exnmined visually under a high power microscope.

Vitrinite Reflectance

Measurement of the reflectlvity of vitrinite particles (%Ro) present in the kerogen isolated from sedimentary rocks provider & method
of detertnining the stute of maturation, and the dingenstic {ttme-temperature) history of the orgenic matter present {n the sediments,

The kerogen, cbtained from a 25 gram aliquot of crashed rock by the acid procedure previously discussed, s dried and emhedded
ia a Bioplastie plug. The surface of the plug is polished uslng 0. 06 micron alumina and the reflectlvity detertuined under oil using
a Ziess high reaclution microscops. A minimum of 40 values are required to adequately determine the Maturation Rank,

Fluorescence Spectrophotometric Analysis

Fluorescence snectrophotometry can be uged ro characterize and fingerprint crude oils, establish crude oll-source rock relation-
ships, and to measure the hydrocarbon Source porential of fine-grained sediments.,

A one (1) tnferoliter aliquot of efther (1) 2 orude oil or (i) the solvent extractable rock bitumen, is paased through an alumins
silica gel mioro column and tha C; g+ Aromatic hydrocarbons Lsolated, The aromatic hydrocarbon is diluted and the emlssion and
excliation spectra determined at 240 nm and 420 nm using a Perkin-Elmer Model 512 Double Beam Fluorescefice Spectrophotometer,

GEOTHERMAL DIAGENETIC CRITERIA

{6EOCHEM LABDRATORIES, INC.)

NTOMGCARSGE COMIARTICM ALTERATIDN TERMROQLOGY
TR TTPE
I L] » 9 q [md.
L
% ir Ineeaturs
O L » J {102  Hmatue
1t ﬁ z- medraisy mitdlure
3 lt‘)j - 4 o g 2a102 Jeoderately (mfadture
E bt 2- - 2 modertty matare
[— L =
¥ E 5 = c 2 102+  moderoiety mature
Zl. ol |of 8 (854F 2 g 2 roaturs
¢ 3| |& S P
s =] |WL 4 ] 2riode  mataa
EHE I % 5
g IR wl 8 [eoq0 = 3-03  milue
o 21 el 9 Jesds 2 4 3 el oy matus
= Eh wl 3~ 3 3 maturs
E| L i : -
— E 1.3 sod| 3 7 g 4= sarerely anered
-4 b
d 2ol (295 3 Pl 4 savered citared
[ E
3 25 50 4- ] rtiaroronosed
g z0[ [gs
- 40 4 KERDOEN  TERwp0n08T
=
_g_ 2 3 A = AR M3 w = woody
|_[caie e H= A0 &— Gpaip




	Title

	Figure 1

	Table I

	Table II

	Table III

	TAble IV

	Table V

	Legend for summary diagram

	Appendix A


