‘}\:I TN

Q

-

I ]

~ [

. =i

£F #5300 Y

Information: 505/835-5420
Publications: 505/835-5410

New Mexico Bureau of Mines & Mineral Resources
Socorro, NM 87801

A DIVISION OF
NEW MEXICO INSTITUTE OF MINING & TECHNOLOGY

OPEN-FILE REPORT 293

HYDROCARBON SOURCE ROCK EVALUATION OF
TRANSOCEAN, HENDERSON NO. 1 SFPRR,
SEC. 35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO

By
G. S. Bayliss
and
R. R. Schwarzer

June 1987

NEW MEXICO TECH IS AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION INSTITUTION



NEW MEXICO HYDROCARBON SOURCE
ROCK EVALUATIOR PROJEGT

TRANSOCEAN, HENDERSON NO.1 SFPRR
S8EC.35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO
API NO. 30-053-20005
RORTHWEST AREA
GEOCHEM JOB RO. 3540

Prepared
for

PROGRAM PARTICIPANTS
by

Dr, Geoffrey S, Bayliss
and
Dr. Rudy R. Schwarzer

GEOCHEM LABORATORIES, INC,
1143-C BRITTMOORE ROAD
HOUSTON, TEXAS 77043
(713) 467-7011

CONFIDENTIAL
JUNE, 1987



NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATIORN

WELL NAME: TRANSOCEAN, HENDERSON ND.1 SFPRR

API NO.: 30-053-20005

AREA: NORTHWEST

LOCATION: SOCORRO COUNTY, NEW MEXICO SEC.35, TIN, R6W

GEOCHEM JOB NO.: 3540

TOTAL DEPTH: 9379 ft.

INTERVAL SAMPLED: 7800-9120 ft.

TOTAL NUMBER OF SAMPLES: 11

ANALYSES
GEOCHEM g =
SAMPLE SAMPLE STRATIGRAPHIC o 08
NUMBER DEPTH INTERVAL Rl 2| E
nle8l 2l B8

3540-001 7800-7950 Pb Wolfcamp X X X X
3540-002 8070~-8110 Pennsylvanian X X X X
3540-003 8190-8260 Pennsylvanian X X X X
3540-004 8320-8350 Pennsylvanian X X X X
3540-005 8440-8480 Pennsylvanian X X X X
3540-006 8600-8620 Pennsylvanian X X X X
3540-007 8750-8770 Pennsylvanian X X X X
3540-008 8800-8840 Pennsylvanian X X X X
3540~009 8870-8910 Pennsylvanian X X X X
3540--010 8930-8970 Pennsylvanian X X X X
3540011 9070-9120 Pennsylvanian X X X X




SUMMARY FIGURE 1
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

KEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN, HENDERSON NO,l1 SFPRR
SEC.35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO
API #30-053-20005

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBOM
RUMBER (feet) (% of Roek)

3540~001 7800-7950 0.05

3540-002 8070~8110 0.05

3540-003 8190-8260 0.05

3540-004 8320-8350 0.41/0.39

3540-005 8440-8480 0.05

3540-006 8600-8620 0.26

3540-007 8750-8770 0.15

3540-008 8800-8840 0.13

3540-009 8870-8910 0.31

3540~010 8930-8970 0.3570.37

3540~011 9070-9120 0.75




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN, HENDERSON NO.l1 SFPRR

8EC.35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO

APT #30-053-20005

GEOCHEM DEPTH ORGANIC
" SAMPLE IRTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION Ko, (wt.2)
3540-001 7800-7950 0.05

~A 100% Limestone, finely
crystalline, white to N9 to
brownish gray. 5YR-4/1
Trace yellow material
(sulfur?) and pyrite.
3540~-002 8070-8110 0.05
~A 100% Limestone, finely
crystalline, white to N9 to
brownish gray. SYR~4/1
3540-003 8190-8260 0.05
A 100% Limestone, finely
crystalline, white to N9 to
medium dark gray. N4
3540-004 8320-8350 0.41/0.39
=A 100% Shale, silty, very
calcareous, dark gray. N3
3540-005 8440~-8480 0.05
~A 1007 Limestone, dolomitic?,
finely crystalline, white N9 to
to brownish gray. 5YR-4/1
3540-006 8600~8620 0.26
-A 90% Shale, silty, very
calcareous, dark gray. N3
-B 10% Limestone, dolomitic?,
finely erystalline, white N9 to
to brownish gray. 5YR-4/1
3540-007 8750-8770 0.15
-A 80% Limestone, dolomitic?,
finely crystalline, white N9 to
to brownish gray. 5YR-4/1



TéBLE IT (continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSO

CEAN, HENDERSON NO.,1 SFPRR

SEC.35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO

APT #30-053-20005

GEOCHEM DEPTH ORGARIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3540-007 (continued)
-B 20%Z Shale, silty, very
calcareous, dark gray. N3
3540-008 8800-8840 0.13
-A 85% Limestone, dolomitic?,
finely crystalline, white N9 to
to brownish gray. 5YR-4/1
-B 15% Shale, silty, very
calcareous, dark gray. N3
3540-009 8870-891¢ 0.31
-A 607% Shale, silty, very
calcareous, dark gray. N3
-B 407% Limestone, dolomitic?,
finely crystalline, white N9 to
to brownish gray. 5YR-4/1
3540~010 8930-8970 0.35/0.37
-A 80% shale, silty, very
calcareous, dark gray. N3
-B 20% Limestone, dolomitic?,
finely crystalline, white N9 to
to brownish gray. S5YR-4/1
3540-011 9070-9120 0.75
-A 907 Shale, silty, very
calcareous, dark gray. N3
-B 10% Limestone, dolomitie?,
finely crystalline, white N9 to
to brownish gray. SYR-4/1

Trace conglomerate,
sandstone, pyrite,.



SUMMARY OF ORCANIC CARBOR AND V1SUAL KEROGEN DATA

TABLE II1

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATIORN

TRANSOCEAN, HENDERSON NO.1 SFPRR
SEC.35, TIN, R6W, SOCORRC COUNTY, NEW MEXICO
APL #30-053-20005

GCEOCHEM DEPTH TOTAL VISUAL ABUNDARCE THERMAL
SAMPLE INTERVAL ORGANIC ORGANIC MATTER NORMAL1ZEDP PERCENT ALTERATION ALTERATION
NUMEXR (feetr) CARBON TYPE Al Am H C] I STAGE INRDEX
3540-001 7800-7950 0.05 H-13;Am;¥W 0 18 36 10 36 2+ 2.6
3540-002 8070-8110 0.05 H;L;Am 0 22 45 0 33 2+ 2.6
3540-003 8190-8260 0.05 Am-1;H;~- 0 36 28 0 36 2+ to 3~ 2.7
3540-004 8320-8350 0.41/0.39 W-L;H;- 0 0 20 40 40 T 4 4,2
3540-005 8440-8480 0.05 H-T;H;~ 0 0 40 20 40 3~ to 3 3.3
3540-006 86006-8620 0.26 W-1;H;Am 0 10 18 36 36 4= 4,2
3540-007 87508770 0.15 W-1;Am;H 0 23 15 31 31 4~ 4,2
3540-008 8800~-8840 0.13 H-1;W;Am 0 15 31 23 k1! 4— 4,2
3540-009 8870-8910 0.1 H-1;W;Am 0 15 n 23 31 e 4,2
3540-010 8930-8970 0.35/0.37 W-1;Am;H _ 0 23 15 31 31 4~ 4,2
3540-011 9070-9120 0.75 W-1;H;Am 0 10 18 36 36 4— 4,2
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous-Sapropel
Am* = Reliec Amorphous-Sapropel
Predominant; Secondary; Trace H = Herbaceous-~Spore/Pollen -
60-100% 20-40% 0-20% H* = Dpegraded Herbaceous
W = Woody-Structured
" = Injdentified Material
- 1 = TInertinite
c = Coaly




TABLE TV

RESULTS OF ROCK—-EVAL FYROLYSIS ANALYSIS

WEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

TRANSOCEAN, HENDERSON NO.1 SFPRR
SEC.35, TIN, R6W, SOCORRO COUNTY, NEW MEXICO
APL #30-053-20005

GEQCHEM DEPTH
SAMPLE INTERVAL TMAX 81 852 83 T.0.C. HYDROGER OXYGER
RUMBER (Feet) (e) {mg/g) (mg/n) (mg/p) PI pPC* (wt. X) INDEX INDEX
3540-001 7800-7950 273 0.06 0.01 0.21 1.00 g.00 0.05 20 420
3540-002 BO70-8110 264 0.05 0.00 0.23 1.00 0.00 0.05 0 460
3540-0031 8190-8260 296 0.06 0.07 0.10 0.50 0.01 0.05 140 200
3540~004 8§320-8350 273 0.15 0.10 0.14 0.62 0.02 0.41 24 34
3540-005 8440-8480 260 N.04 0.02 4,30 0.67 0.00 0.05 40 600
3540-006 86008620 273 0.09 0.09 0.20 0.50 0.01 0.26 34 76
3540-007 8750-8770 262 0.06 0.03 0.21 0.751 0.00 0.15 20 140
3540-008 8800-8840 219 0.03 0.00 0.30 1.00 ¢.00 0.13 0 230
3540-009 88708910 249 0.13 0.03 0.36 0.81 0.01 0.31 9 116
3540-010 B8930-8970 248 0.05 0.00 0.34 1.00 0.00 0.37 0 91
3540-011 9070-9120 428 0.07 0.09 0.28 0.44 0.0l 0.75 12 37

T.0.C. = Total organic carbon, wt.Z s3 = 02 produced from kerogen pyrolysis Oxygen

s1 = Free hydrocarbons, mg He/g of rock (mg CO2/g of rock) Index = mg CO2/g organic carbon

52 = Residual hydrocarbon potential PC* = (0,083 (8] + 52) Pl = §1/81 + 82

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

Index = mg HC/g orgamic carbon



TABLE VI

VISUAL KEROGEN ASSESSMENT WORKSHEET

TRANSQCEAN
HENDERSON NO.l SFPRR
SEG. 35, TIN, R6W
SOCORRC COUNTY, NEW MEXICO
APl #30-053-20005

GEOCHEM No. DEPTH

INDIGENOUS POPULATION {INTERPRETED)

GENERAL

CHARACTERISTICS

CAVED

REWORKED POPULATION({S)

AND/OR

MATURATION INDEX

3540-001 | 7800-7950 H

3540-002 { 8070-8110 [

3540-003 | 8190-8260 HRyH{4

3540-004 | 8320-8350

3540-005 | 84408480

3540-006 | 8600-8620 H

3540-007 | 8750-8770 H M

3540-008 | 8800-8840 H

3540-009 | 8870-8910 |

3540-010 § 8930-8970 H 31

3540-011 | 9070-9120

COLOR OF

ORGANIC MATTER|ORGANIC MATTER

STATE OF

TYPE OF
ORGANIC MATTER

MATURATION INDEX

SUMMARY

ORGANIC

MATTER
TYPE

H-1;Am;W

B;1;Am

Am-13H;~

W=I1;H;-

H-LsW;~

W-I;H;Am

W-T ;Am3H

H-I;¥W;Am

H-T:WiAm

W-TI;Am;H

W=T:H;Am




LEGEND FOR SUMMARY DIAGFAM

DEPTH:
LITHO -LOG:
STRATIGRAPHY:
% TOC:

HI:

OI:

HC YIELD:
$2/53;
KEROGEN:
T-MAX:
ZRO ()
TAL :
FREE HC:
PI:

LITHOLOGIES

in feet

see lithology symbols

by age

percent total organic carbom

Rock-Eval, Hydrocarbon Index = 100 52(0/00 Wt)/TOC
Rock-Eval, Oxygen Index = 100 83 (0/00 wWt)/TOC
Rock-Eval, §2 peak (ppm)

Rock-Eval, Ratio of 52 to 83 peak

see Kerogen symbols

Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade
Vitrinite Reflectance (scale 0 to 5)

Thermal Alteration Index (Scale 1 to 5)

Rock-Eval, S! peak (ppm)

Rock-Eval, Productivity Index = S1/(S1+52)
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APPENDIX A

Brief Description of Organio Geochemigal analyses Carried Out by GeoChem

C,-Cq Hydrocarboa
The Cl_c’i’ hydrocarbon content and composition of gediments reflects source type, source quality and thermal maturity,

The C1-Cq hydrocarbon content of well cuttings 1s determined by analyzing both 2 sample of the cutiings and the air space 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 wall cut-
tings prior to any losses from the cuitings during the lapsed time perlod between collection J the wellsite and laboratory analysia.

The alr space CI—C? hydrocarbon analysls involves taking & measured volume of the alr apace gas out of the can with a syringe and
in)ecting same into a gas chromatograph. GeoChem uses & Varian Aerograph Model 1400 Instrument squipped with & Porapec Q
coluran, The gas sample s taken through the column by a carrier gas and bafore reaching the detector 13 separated Into 1ts various
Cltmatbane), Cy {ethane), Cg (propane), 1C, (ischutaue), nCy4 {normal butane), and Cg, Cg, Cy hydroearbon components.

Thils particular analysis gives & complete separation of the C1-C4 gas-range hydrocarbons and a parfial separation of the Cs-Cr
gagoline-range hydrocarbons. (A detailed C 4~ Cr analysis, to be discussed later, involving 4 capillary column, effects a complete
separation of this molecular range into ita several individual molecular specles.)

The electricel response of the various kydrocarbons s they reach the detector is recorded on a paper strip chart as a peak, This
Tosponse 13 simultancously fed to an integrator which computes the area of each peak, The concentration of Cy~-Cq hydrocsrhong

in the elr space, exprodsed as volumes of gas per million volumes of cuttings, is determined by a calculation involving the volume
of cuttings, volume of ajr space In the can, volume of sample injected, volume of standard gas sample used in the calibration, cali-
bration factor for CJ.’ Ca, CS' efc. determined by ge analysis of a standard gas sample, and the ge peak responss,

The 014-07 hydrocarbon content of the cuitings is determined by degasification of 8 measured volume of cuttings (in a medium of &
meeagured volume of water) in a closed blender, sampling of the air space at the top of the blender, and injection of a measured vol-
ume of gas into the gas chromatograph,

The C3-Cy hydrocarbon data from the air apace and cuttings gas analyses are summed to glve a "restoredn C1~Cy hydrocarbon
content of the cuttings.

Sample Was and Hand-Picking of Uncaved Lithol. Sam

The cuttings samples are washed to remove all drilting mud from the cuttings. Care 19 taken In the washing procedure nat to re-
move any soft clays, claystones, etc. and any loose fine sand and silt. The weshed cuttings are usually kept under water cover
until plcked, 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 euttings material undexr the binocular microscope, we carefully hand-plck
and describe a sutte of uncaved lithologies representative of the various stratigraphic zones penetrated by the well. The lithologi-
cal data 18 used to comptle & gross litho percentage log which is shown on all Figures, The 2-4 gram picked lithology samples are
stored undar water in small glass vials in those instances where we wish to run detailed C,-C,, hydrocarbon analyses. Thia sample
get 13 used not only for the C —C,., hydrocarbon aralysis, but alao for the visual kerogen and total organic carbon analyses, All re-
maining cuttings matarial 1s 3::1ad and packaged in labelled plastic bags for posstble Cy g soxhlet exiraction and/or eventual return
to the client. Sample matertal from this study will be Tetained at GeoChem untfl advised of disposition.

Detailed 0::4—07 Hydrocarbon

The ¢ 4-0 gngoline-range hydrocarbon cantent of sediments refiects source quality, thermal maturation and organic facles. Com-~
positional data coan be used in crude ofl-parent rock correlation work,

The C4-Cyy hydrocarbon content and detailed molecular composition of hydracarbon, in hand-picked lithologies, {s determinad by &
go yais of the light hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A messured volume
of sample is placed in a gealed microblender along with 2 measured volume of hot water. The rock sample 13 pulverized by the
blades of the blender. A sample of the iberated Hght hydrocarbons which collect {n the air space at the top of the blender i9 in-
jected into our Varian Aerograph 1400 go umit which is equipped with a capillary column, Data recoxrding, commtations, ete, are
comparable to those used for the C;-Cy analysis discussed previously in this report. Hydrocarbon concentration s expresced as
velume gas per million volumes of cuttings.

Organic Carbon

The total organic carbon content of a rook 18 a measure of its total organic richness, This data 18 uged, in conjunction witt visual
kerogen and C1-Cy4y Cy4~Cp and Cyg, hydrocarbon content of a rock, to indicate the hydrocarbon source quallty of racks,

The procedure for determining the total organic carbon content of & rock involves drylng the sample, grinding to & powder, walgh-
ing out ¢.2%28 gram sample into a crucible, acidizing with hot and cold hydrochloric acid to remove caleium and magnesium car-
bonate, and carbon analysis hy combustion in a Leco carbon analyzer.

We Tun severzl blank erucibles, standards (iroa rings of known carbon content) and duplicats rook samples in this analysts at no
additional charge to the client for pirposes of data quality control.

C; 54+ Soxilet Extraction, Deasphaitening and Chromatographic Separation

The amount and composition of the organic matter which can be sclvent-extracted from a rock reflects source quality and source
typa. 013/012 carbon isotoptc, high mass spectrometric and ge analyaes of the parnffin-naphthene and aromatic hydrocarbon
fractiong of the soluble exiract givea data which is used In crude ofl-parent rock eorrelations,

This analyats involves geinding of & dry rock sample to a powder and removal of the soluble organic matter by aoxhlet extrscton
using a co-distilled toluene-methanol azeotrope solvent. Where the amount of available sample material permits, we like to use
at leasgt 100 grama of rock for this analysis.

The extracted bitumen 19 separated into #n asphaltene (ASPH) and a pentane soluble fraction by normal pentane precipitatior. The
pentane soluble components are sepavated into a Ci5e paraffin-naphthene (P-N) hydrocarbon, Cq5, aromatic hydrocarbon (AROM}
and C 4. nitrogen-sulfur-oxygen oontaining fraction (NSO) by adsorpiion chromatography on a silica gel-alumina eclumn ugng
pentane, toluene and toluene-methancl azeotrope eluants.



GC Ansalysis of Cyg,. Paraffin-Naphthene (P-N) Hydrocarbons

The content and molecular composition of the haavy Cq 5+ paveffin-nephthone (P-N) hydrocarbons of rocks, as determined by ge
anelysis, refleots scuros quality, source type end degree of thermal meturation.

In this analysis, we subject o very small fraction of the total amount of the P-N fraction extracted from & rock sample to ge apaly-
gls. The gas chromatograph is a Varian Aerograph Model 1400 equipped with a solid rod injection system apd a eutectic column,

The caleulated C. P.1. (carbon preference Index) values for the normal paraffin data {s defined as the mean of two ratios which are
determined by dividiog the sum of concentrations of odd-carbon numbered n-paraffing by the aum of even-carbon numbered n-
paraffing, The C.P. Indices A and B were obtained by the formulas:

Ca11C23*C26*Ca7  Co1+CogtCaptCay Co6*CortCogiCa , CaptCartlagtCyy
C.P. Index A = 022+C24+C25+023 C20+C22+C24+C26 C.P. Index Bm C26+028+C30+C32 C24"’¢23""C28+C30
2 2
Visual Kerogen

A visual study of kerogen, the [nsoluble organic mattex in Tocks, can Indicate the relatve abundance, size, and state of praserva~
ton of the waricus recognizable kerogen types and thereby indleate the hydrocarbon scurce character of a rock. The color of the
kerogen can be used to indicate the state of thermal maturity of the sediments {l.e. thelr {me-temporature history), Thermal
maturation plays en tmportant role in the generation of hydrocarbons from organic matter, and also affects the compogitor of
res?rvo[red hydrocarbons.

Our procedure for visual kerogen slide preparation involves isolation of the organic matter of a rock by removal of the roelc mate-
rial with hydrochiorie and hydrofluoric actd treatment and heavy lquid separation. This procedurs i3 comparahble to that uged by
the palyncloglst except it doeg net inelude an oxidation stage. (The cxidation freatment iy deleted frot our procedure becanse it
removes & great deal of kerogen and blanches any remaining kerogen to an extent whereby it 19 usaless for our kerogen color
observations.) The kerogen residue s mounted on a glass slide and s examined visually under a high power microscope.

YVitrinite Reflectance

Measurement of the reflectivity of vitxinite particles (%Ro) present in the kerogen isclated from sedimentary rocks provides a msthod
of determining the state of maturation, and the dlagetetic (Hme-temperature) history of the organic matter present In the s»diments,

The kerogen, cbtalned from a £6 gram aliquot of crughed rock by the acld procedure previously discussed, la drled and emhedded
in & Bfoplagtic plug. The surface of the plug {s polished using 0. 05 micron aluming and the reflectivity determined under ofl using
& Ziess high resolution microscope. A minimum of 40 values are required to adequately determine the Maturation Rank.

Fluorescencs Spectrophotometric Analysis

Fluorescence snectrophotometyy can be used o characterize and fingerprint crude oila, establish crude oll-souroe Tock rTelation-
ships, and to measure the hydrocarhon source potentinl of fine-grained sstiments,

A cne (1) microliter aliquot of elther (i) & crude il or (11) the solvent extractable rock bitumen, is passed through an alumina
silfea gel miero column and the C10+ arometic hydrocarbong isolated. The avomatle hydrocarbon is dluted and the emisston and
excitation spectra determined at 240 nm and 420 nm using a Peridn-Elmer Model 512 Double Beamn Fluorescence Spectrophctometer,
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