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REW MEXICO HYDROCARBON SQURCE ROCK EVALUATION

WELL NAME: J. D. HANCOCK, NO.l1 SEDBERRY
API NO.: 30-047~20003
AREA: NORTHEAST
LOCATION: SAN MIGUEL COUNTY, NEW MEXICO SEC,.25, TIJN, R1GE
GEOCHEM JOE NO.: 3550
TOTAL DEPTH: 5135 f¢t.
INTERVAL SAMPLED: 500-5130 ft,
TOTAL NUMBER OF SAMPLES: 14
ANALYSES
GEOCHEM E
Bl B
SAMPLE SAMPLE STRATIGRAPHIC o I 8 %
NUMBER DEPTH INTERVAL El | B 5| E
ol 8 8 3
3550~-001 500~ 540 Morrison X X X X
3550-002 780- 820 Morrison X X X X
3550-003 1100-1150 Chinle X X X X
3550-004 1780-1840 Chinle X X X X
3550-005 1840~1880 Chinle X X X X
3550-006 2300-2350 Glorieta/San Andres X X X X
3550-007 2650-2700 Yeso X X X X
3550-008 3200~3250 Abo X X X X
3550-009 3510-3550 Abo X X X X
3550~010 3890-3920 Pennsylvanian X X X X
3550-011 3970-4020 Pennsylvanian X X X X
3550-012 4240-4280 Pennsylvanian X X X X
3550-013 4600-4650 Pennsylvanian X X X X
3550-014 5080-5130 Penunsylvanian X X X X
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TABLE I

RESULTS OF TOTAL ORGARIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

J. D, HANCOCK, NO,1 SEDBERRY
S8EC.25, T17N, RI6E, SAN MIGUEL COUNTY, NEW MEXICO
API #30~-047-20003

GEOCHEM DEPTH TOTAL OF “ARIC
SAMPLE INTERVAL CARBCR
NUMBER (feet) (Z of Fack)
3550-001 500~ 540 1.5¢€
3550-002 780- B20 0.12
3550-003 1100~-1150 0.07
3550~004 1780-1840 0.13/0.12
3550-005 1840-1880 0.1C
3550-006 2300-2350 0.1¢
3550-007 2650-2700 .08
3550-008 3200-3250 0.08
3550-~009 3510-3550 0.0¢
3550-010 3890-3920 0.0¢
3550-011 3970-4020 0.8¢
3550-012 4£240~4280 0.83
3550-013 4600-4650 0.82
3550-014 5080-5130 0.72/0.72




TABLE II

LITHOLOGICAL DESCRIPTIORS AND ORGARIC CARBON ARALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

J. B, HANCOCK, NOC.l SEDBERRY
SEC.25, TI17N, R16E, SAN MIGUEL COUNTY, NEW MEXICO

API #30-047-20003

to dark reddish brown.

GEQCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.2)
3550-001 500~ 540 1.56
' -A 100% Shale, calcareous,
medium dark gray. N4
3550-002 780- 820 0.12
-A 100% Shale, silty,
noncalcareous,
grayish red. 10R-4/2
3550-003 1100-1150 0.07
=-A 100% Shale, silty,
calcareous, grayish red 10YR-4/2 to
to dark reddish brown. 10R~3/4
3550-004 1780-1840 0.13/0.12
-4 100% Shale, silty, slightly
calcareocus, variegated
dark reddish brown to 10R~3/4 to
grayish green. 10G6Y~5/2
3550-005 1840-1880 0.10
-A 100% Shale, silty,
calcareous, grayish red 10YR-4/2 to
to dark reddish browm. 10R-3/4
3550-006 2300~2350 0.10
-4 1007 Shale, silty, non-
calcareous, grayish red 10YR-4/2 to
to dark reddish brown. 10R-3/4
3550-007 2650~-2700 0.08
~A 100% Shale, silty, non-
calcareous, grayish red 10YR~-4/2 to

10R-3/4



TABLE IT (continued)

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

J. D

. HANCOCK, NO.l1 SEDBERRY

SEC.25, T17N, RI6E, SAN MIGUEL COUNTY, NEW MEXICO

APT #30-047-20003

GEOCHEM DEPTH ORGANIC
SAMPLE IRTERVAL GSA CARBON
RUMBER (feet) LITHOC DESCRIPTIOR RO, (wt,2)
3550-008 3200-3250 0.08
) -A 100% Shale, silty, non=-
calcareous, grayish red 10YR-4/2 to
to dark reddish brown. 10R-3/4
3550-009 3510~-3550 0.09
-4 1007 shale, silty, non-
calcareous, grayish red 10YR-4/2 to
to dark reddish brown. 10R-3/4
3550~010 3890~3920 0.09
-A 1007 Limestone, finely
crystalline, medium gray N5 to
to brownigh gray. 5YR=4/1
3550-011 3970-4020 0.86
A 100% Shale, micaceous,
slightly, calcareocus,
grayish black. N2
3550~-012 4240-4280 0.83
-A 100% Shale, micaceous,
slightly, calcareous,
grayish black, N2
3550-013 4600-4650 0.82
~A 1007% Shale, micaceouns,
slightly, calcareous,
grayish black. N2
3550-014 5080-5130 0.72/0.72
-A 100% Shale, micaceous, 1
slightly, calcareous,
grayish black. N2



TABLE LIE

SUMMARY OF ORGANIC CARBON ARD VISUAL KEROGEN DATA

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

J. D, HANCOCK, N0.l1 SEDBERRY
S8EC,.25, TI7N, RI6E, SAN MIGUEL COUNTY, NEW MEXLCO
APE #30-047-20003

GEOCHEM DEPTH TOTAL VISUAL ABUNDARCE THERMAL
SAMPLE THTERVAL ORGARN1C OBGANIC MATTER NORMALIZED PERCENT ALTERATION ALTERATION
RUMBER (feetr) CARBON TYPE AL Am i} W 1 ETAGE IRDEX
3550-001 500- 540 1.56 R=W;Am; 1 o 25 33 a3 9 2 to 2+ 2.5
3550-002 780~ 820 0.12 Am~H;W; T 0 33 33 23 11 2 to 2+ 2.5
3550-003 1100-1150 0.07 Hi;Am-1:W 0 25 38 12 25 2 to 7+ 2.5
3550-004 1780-1840 0.13/0.12 W-1;H;-~ 0 0 28 36 36 2+ to 3- 2.7
3550-005 1840-1880 0.10 H-1;W;~ 0 0 36 28 36 2+ to 3- 2.7
3550~006 2300-2350 0.10 H-1;W;— 0 0 40 20 40 7+ to 3~ 2.8
3550~007 2650~2700 0.08 H;I;W 0 0 45 i3 22 2+ to 3- 2.8
3550-008 3200-3250 0.08 Hel W~ 4] 0 6 28 36 2+ to 3- 2.8
3550-009 3510~3550 0.09 A~1 ;Am;W ] 18 36 10 36 2+ to 3= 2.8
3550-010 3890-3920 0.09 Am;=;H-1 0 66 17 0 17 2+ to 3~ 2,9
3550-011 3970-4020 0.86 W=1;H;Am 0 15 23 3 31 2+ to 3~ 2.9
3550-012 4240~4280 0.83 W-13;Am~H;—- 0 21 21 29 29 - 3,0
3550-013 4600~4650 0.82 H=1:H;Am 0 10 18 36 36 3- 3.0
3550-014 5080-~5130 0,72/0,72 W~ ;H;Am 0 10 18 36 36 3 to3 3.1
LEGEND:
Al = Algal
KEROGEM YEY Am = Amorphous-Sapropel
- Am* = Relic Amorphous—Sapropel
Predominant; Secondary; Trace H = Herbaceous-Spore/Pollen
60-100% 20-402 0-202% H* = Degraded Herbaceous

w = Woody—Structured .

U =  Unidentified Material

i = Inertinite

C = Coaly




TABLE LV

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

REW MEXLCO HYDROCARBON SOURCE ROCK EVALUATION

J. D. RBANCOCK, WO.l1 SEDBERRY
SEC.25, TI7N, RI6E, SAN MLGUEL COUNTY, NEW MEXICO
API #30-047-20003

GEQCHEM DEFTH ]
SAMPLE INTERVAL TMAX st s2 53 T.0.C, HYDROGEN OXIGEN
NUMBER {Feet) (e) (nz/g) (mg/e) (me/e) P1 PC* (vt X) INDEX IRDEX
3550--001 500- 540 445 0.50 2.00 0.51 0.20 0.20 1.56 128 32
3550~-002 780- B20 324 0.05 0.11 0,51 .31 0.01 0.12 91 425
3550--003 1100-1150 332 0.04 0.11 0.34 0.29 0.01 0.07 157 485
3550-004 1780-1840 253 0.02 0.04 0.2} 0.33 0.00 0.13 30 161
3550~005 1840-1880 275 0.04 0,09 0.19 0.33 0.01 0.10 90 190
3550-006 2300-2350 275 0,03 0.08 0.24 0.30 0.00 0.10 80 240
3550-007 2650-2700 283 0.03 0.08 0.20 0.30 0,00 0.08 100 250
3550-008 3200-3250 271 0.06 0.05 0.24 0,60 0.00 0.08 62 300
3550-009 3510-3550 272 0.11 0.06 0.20 0.69 0.01 0.09 66 222
3550-010 3890-3920 440 0.04 0.04 0.35 0.50 0.00 0.09% 44 388
3550-011 3970~4020 363 0n.08 0.21 0.36 0.29 0,02 0.86 24 41
3550-012 4240-4280 328 0.05 0.06 0,40 0.50 0.00 0.83 7 48
3550-013 4600-4650 326 0.02 0.08 0.36 0.20 0.00 0.82 9 43
3550-014 5080-5130 3z1 0.06 0.11 0.23 0.37 0.01 0.72 15 k3|

T.0.C, = Total organic carbon, wt.% 83 = $02 produced from kerogen pyrolysis Oxygen

51 = Free hydrocuarbons, mg Hc/g of rock (mg CO2/g of rock) Index = mg C02/g organic carbon

52 = Regidual hydrocarbon potential PG* = 0.083 {51 + §2) PL = 81/8i + 82

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

Index = mg HC/g organic carbon



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

J. D. HANCOCK GENERAL CAVED AND/CR SUMMARY
¥0.1 SEDRERRY INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION{S) ORGANIC
7 MATTER
EC.2 17N, RI16E COLOR OF STATE OF TYPE OF
gAN Mic,:UELTgomRmr, MATURATION INDEX orcanic MaTTER|orsaNnic marter| % JorcaNIC wmaTTER| MATURATION INDEX TYPE
| - &
APT #30-047-20003 & ‘éo > o &
& v & T & 3%
Ok % iy /% 4 £
oA g g A o
A A \'-é. AT "*.‘\'o-o s
d‘:ﬂ*.ﬁ‘a"’ b4 ‘;: 4 ‘; £ d_a‘;e\_‘ :;-""VQ":";‘ .a:‘-\“f,‘.&:‘s &
GEOCHEM No. DEFTH SRS VA 28 A B SIS “'“‘n-ﬁ o"i".
.3550-001 | 500- 540 [HHH H H-W;Am; 1
3550-002 780- 820 FRHIM il || Am-H;W;T
3550-003 | 1100-1130 K M HsAm-1;W
3550-004 | 1780-1840 H W-T;H;-
3550-005 | 1840~1880 I H-I;W;-
3550-006 | 2300-2350 H H-T W3~
3550-007 | 2650-2700 H H:Ll:W
3550-008 | 3200-3250 1 H-L;W;-
3550-009 | 3510-3550 K i Bl :Am:W
3550-010 | 3890-3920 FHEHHH ! Amg’"——;u;ﬂ_l
3550-011 | 3970-4020 HH i W-1:H;Am
3550-012 | 4240-4280 H H W-T :Am-H: -
3550-013 | 4600-4650 HIHTHH H W-T:F:Am
3550-014 | 5080-5130 H TR 1] 1 W~T:H;Am




LEGEND FOR SUMMARY DIAGRAM

DEPTH: in feet

LITHO -LOG: see lithology symbols

STRATIGRAPHY: by age

Z TOC: percent total organic carbon

HI: . Rock-Eval, Hydrocarbon Index = 100 52(0/00 Wt)/TOC
OI: Rock-Eval, Oxygen Index = 100 S3 (0/00 Wt)/TOC

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

§2/53: Rock-Eval, Ratio of 82 to S3 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, 81 peak (ppm)

PIL: Rock-Eval, Productivity Index = S1/(S81+82)

LITHOLOGIES - KEROGEN TYPES

- -

% SILICEOUS ROCKS =zzzz] AMORP-0US

-

-=T=3] SHALE

2221 MUDSTONE EVAPORITES HERBRTZEOUS
=T sILTSTONE ™ . 25 WOODY

i SANDSTONE IGNEQUS ROCKS INERTINITE

e .

b concLoveraTE  RREEE voLoanics

N METAMORPHIC ROCKS

oo | IMESTONE 2! BASEMENT

5o DOLOMITE OTHER

r‘:‘-‘:&“-l:“d.

o] MARL MISSING SECTION




APPENDIX A

Brief Description of Organioc Geoehomical analyses Cerrled Out by GeoChem

C! ~Cq Hydrocarbon
The 01-07 hydrocarbon content and composition of sed{ments reflects source type, source quality and thermal maturity.

The C;-Cy hydrocarbon contant of well cuttings is determined by analyzing hoth a sample of the cuttings and the air

gpace at the
top of the can, The results of the two analyses are summed to give an inventory of the C. -C hydrocarbon content of the well cut-
tings prior to any losses from the cuttings during the iapsed time period between collaction aI the wellsite and laboratory analysis.

The air space Cy-Cy hydrocarbon analysts tavolves taking 2 measured volume of the alr space gas out of the can with a syringe and
Injeciing same into a gas chromatograph. GeoChem uses 8 Varlan Aerograph Model 1400 instrument equipped with a Porapec @
column. The gag sample i5 taken through the eclumn by a carrier gas and hefore reaching the detector is separated into its various
C, (methane), C, (ethane), Cj {propane), iC, {isobutane), nCy (normal butane), and Cgs Cgs Cy hydrocarbon components.

This particular analysis gives a complete separaton of the C1-C4 gas-range hydrocarbong and a partial separation of the Cg-Cq
gasoline-range hydrocarbong. (A detailed €4-C, enalysis, to be discussed later, involving a capillary column, sffects e complete
Acparation of this molecular range into its several individual molecular specles.)

The electrical regponss of the various hiydrocarbons as they reach the detector 18 recorded on a paper gtrip chart as a peal’, This
response is simulianeously fed to an integrator which compirtes the avea of each peak. The concentration of C1-Cq hydrooarbons

in the air space, expressed as volumes of gas per million volumes of cuttings, is determined by a celeulation involving the volums
of cattings, volums of alr space in the can, volume of sample injected, volume of standard gas sample used In the ealibration, cali~
bration factor for Cir Cos Cyqs efc. determined by ge analysis of e standard gas sample, and the ge peak response.

Ths €;~Cy hydrocarbon content of the cuttings 18 determined by degusification of 2 mensured volume of cuttings (In a medirm of a
meagured volume of water) in a closed blender, sampling of the air space at the top of the blender, and injection of a mesared vol-
umse of gag into the gas chromatograph,

The C;-Cn hydrocerbon data from the alr space and cuttings gas analyses are summed to glve a "restored™ C1-Cq hydrocarbon
content of the cuttings,

Sample Washing and Hand-Picking of Uncaved Lithology Samples

Thse outtings samples are washed to remove all drilling mud from the cuttings, Care is taken In the vashing procedure not fo re-
move any soft clays, claystonss, ste. and any loose fine sand and silt. The washed cuttings are usually kept under water cover
until picked, to prevent loss of any gagoline-range hydrocarbons, Using the C;-Cq hydrocarbon data profile and the elecirfcal

wall log supplied to us and our visual examination of the cuttings material under the binccular microscope, we carefully hand-plck
and describe a suite of meaved lithologles representative of the various stratigraphic zones penetrated by the well, The Hihologi-
cal data s used to complle a grosa litho percentage log which 18 shown on all Figures. The 2-4 gram pleked lthology samples are
stored under water in small glass vialg in those instances where we wish to run detailed C,-C, hydrocarbon analyses. This sample
Bet 18 used not only for the C -c,? hydrocarbon analysis, but also for the visual kerogen and tczal organic carbon analyses. Al re-
meaining cuttings material is ér[ed and packaged in labelled plastic bags for possgible C,g, saxhlet extraction and/or eventusl return
to the client, Sample material from this study will be retuined at GeoChem wuntll advised of dispoaition.

Detalled CyCr Hydrocarbon

The C 4'07 gagolfne~-range hydrocarbon content of sediments reflects gource quality, thermal maturation and organic facies. Com-
positional data can be used in crude oll-parent rock corralation work.

The C;-Cy hydrocarbon content and detalled moleculer composition of hydrocarbon, in hand-picked lithologles, ia determined by &
gc ﬂ.naiyais of the light hydrocarhon extractad from 1-2 gram cuttings samples macerated in & microblender. A measured volume
of samgple 18 placed in & sealed microblender 2long with a measured volume of hot water. The rock sample 1s pulverized by the
blades of the blender. A semple of the liberated light hydrocarbons which collect In the air space at the top of the blender is In-
jected into cur Vartan Aerograph 1400 gc unit which is equipped with a capillary column. Data recording, computationg, etc. are
cemparable to those used for the C,-C analyels discussed previcusly in this report. Hydrocarbon concentration is expressed as
volume gas per million volumes of g9,

Organic Carhbon

‘The total organic carbon content of & rock {3 2 measure of its total organic richuess. This data 13 used, in conjunction with visual
kerogen and C;-Cq C4-Cy ard C, 5, hydrocarbon content of 2 rock, to indicate the hydrocarbon source quality of rocks.

The procedure for determining the total organic carhon content of & rock invalves drying the sample, grinding to a powder, welgh-
ing out 0.2720 grom sample Into & erucible, acidizing with hot and cold hydrochloric acid to remove calejum and magnesium car-
bonate, and carbon analysis by combueton in a Leco carbon analyzer,

We run geveral blank crucibles, standarde (lron rings of known carbon content) and duplicate rock samples in this analys!s at no
ndditional charge to the client for purposes of data qualify control.

Cips Soxhlet Extraction, Deagphaltening and Chromatographio Separafion

The amount and composttion of the organic matter which can be solvent-extracted from a rock reflects source qualliy and source
type. ¢13/012 carbon 1sotople, high mass spectrometrie and ge anelyses of the paraffin-naphthene and aromatic hydrocarhon
fractions of the soluble extract gives data which is used in crude oil-parent rock correlations,

This analysis involves grinding of a dry rock sample to & powder and removal of the scluble organic mattor by soxhlet extrection
using a co-distilled toluene-methanol ageotrope solvent, Where the amount of avallable sample material permits, we like to use
at leasy 100 grams of rock for this analysis.

The extracted bitumen {3 separatad into an asphaltene (ASPH} and a pentane soluble fraction by normal pentane precipitatior. The
pentane soluble components ave separated Infoa Cyp paraffin-naphthene (P-N) hydrocarbon, C;g, aromatic hydrocarbon (AROM)
and Cy g, nitrogen-sulfur-oxygen containing fraction NSOy by adgorption chromatography on a silica gel-alumina column us‘ng
pentane, toluene and toluene-methanol azeotrope eluants.



GC Analysis of Cy5, Paraffin-Naphthene (P-Ny Hydrocarbons

The content and molscular composition of the heavy Cy 5, paraffin-naphthens (P-N) hydrocarbona of rocks, as determined by ge
analysis, reflects source quality, source type and degreo of thermal maturation,

In this analysis, we subject a very small fraction of the total emount of the P-N fraction extracted from a Tock sample to ge analy-
sis, The gas chromatograph 1s a Varlan Asrograph Model 1400 equipped with a solid rod inJection system and a sutectic eolumn,

The calculated C. P.1. {carbon preforence index) velues for the normal paraffin data is defined as the mean of two ratlos which are
determined hy dividing the sum of concentrations of odd-carbon numbered n-paraffing by the sum of even-carbon numbered n-~
paraffins, The C.P. Indices A and B were obtained by the formulas:

C21#CogtCa5+Con Co1+CpgtCpsiCor Co6+CyriC2otCar | Cos*CortCagrCa
C.P. Index & = CpptCgqtCogilpg  Co0+CpatCoqrCog C.P. Index B = Cpg+Cog=Cyo+rCaz  CoqtCogtpstCao
2 2
Vigual Keropen

A visual study of kerogen, the insoluble organlc matier in rocks, can indieate the relatlve abandance, size, and state of praserva-
ton of the various recogulzable 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 (i.e. their HHme-temporaturs history), Thermal
maturation plays sn imporiant role in the generation of hydrocarbens from organic matter, and also affects the compositior of
reservoired hydrocarbona,

Cuxr procedure for visual kercgen slide preparation involves iaclation of the organte matter of & rock by removal of the rocl mate-
rial with hydrochlorie and hydrofluoric acid freatment and heavy liquid separation. This procedure 13 comparable to that used by
the palynologist except it doas not include an cxidation stage, (The oxidation treatment 13 deleted from our procedure beoauss it
removed a great deal of kerogen and blanches any remaining kerogen 1o an extent whereby it 13 useleas for our kerogen colery
obgervations.) The kerogen residus {s mounted on a glags slide and is examined visually under a high power microseops.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles (%Ro} present {n the kerogen igolated from sedimentary rocks providen a method
of determining the state of maturation, and toe diagenetic (Hme~temperature) history of the organic matter present in the sodiments,

The kerogen, obtalned from a 26 gram aliquot of crushed rock by the acid procedure previously discussed, [s dried and embedded
in & Bioplastic plug, The surface of the plug 1s pnlished using 0. 06 micron slumina and the reflectivity determined under oil using
8 Zieas high resolution microscope. A minimum of 40 values are required to adequately determine the Maturation Rank.

Fluorescence Spectrophotometric Analysis

Fluorescance snegtrophotometry can be used ro characterize and fingerprint orude ofls, establish crude oil-socurce rock relation-~
ships, and to measure the hydrocarbon source potential of fine-grained sediments,

4 one (1) microliter allquot of either {) & erude oll or (li) the solvent extractable rock bitumen, is passed through an alumina
sllica gel micro column and the C, 1, &romatle hydrocarbons isolated, The aromatie hydrocarbon is diluted and the emissico and
excitation spectra determined at 240 nm and 420 nm using 2 Perkin-Elmer Medel 512 Double Beam Fluorescence Spectrophotometer.,

GEOTHERMAL DIAGENETIC CRITERIA

(BEOCHEM LABORATORIES, INC.)
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