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NEW MEXICO HYDROCARBON SOQURCE ROCK EVALUATION

WELL NAME: CASTLE & WIGZELL, NO.l KFELLY FEDERAL

APT NO.: 30-049-05001

AREA: NORTHWEST

LOCATION: SANTA FE COUNTY, NEW MEXICO SEC.11, T20N, ROE
GEOCHEM JOB NO.: 3611

TOTAL DEPTH: 2703 ft.

INTERVAI SAMPLED: 302~2695 ft.

TOTAL NUMBER OF SAMPLES: 4

ANALYSES

GEOCHEM g =
SAMPLE SAMPLE STRATIGRAPHIC o | A1 8|
NUMBER DEPTH INTERVAL o | B B 2 E
el ol 21818

3611-001 302-383 Tertiary X X X X

3611-002 850-950 Tertiary x| x| x| x

3611-003 2500-2600 Pennsylvanian X X X X

3611-004 2600-2695 Pennsylvanian X X X X
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CASTLE & WIGZELL, NO.l KELLY FEDERAL
SEC.11, T20N, R9E, SANTA FE COUNTY, NEW MEXICO
API #30-049-05001

GEOCHEM DEPTH TOTAL ORGANIC

SAMPLE INTERVAL CARBON
NUMBER {feet) (7 of Ro=k)
3611-001 302-383 0.18
3611-002 850-950 0.08
3611~003 2500-2600 0.83/0.81

3611-004 2600-2695 0.79




TABLE II

LITHOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CASTLE & WIGZELL, NO.l1 KELLY FEDERAL
SEC.11, T20N, R9E, SANTA FE COUNTY, NEW MEXICO

API #30-049-05001

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CAREON
NUMBER (feet) LITHO DESCRIPTION NO. (wt.%)
3611-001 302-383 0.18
-A 100% Mudstone, sandy, very
+  calcareous, light brown. SYR-6/4
3611-002 850-950 0.08
-A 100% Mudstone, sandy, very
calcareous, light brown. 5YR-6/4&
3611-003 2500-2600 0.83/0.81
-A 100% Limestone, fine crystalline,
medium dark gray. N4
3611-004 2600-2695 : 0.79
-A 100% Limestone, fine crystalline,
medium dark gray. N4



SUMMARY OF ORGARIC CARBON AND VISUAL EKEROGEN DATA

TABLE IIIL

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

CASTLE & WIGZELL, NO.l KELLY FEDERAL
SEG.11, T20N, R9E, SANTA FE COUNTY, NEW MEXICO
APT #30-049-05001

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE INTERVAL ORGANRIC ORGANIC MATTER RORMALIZED PERCENT ALTERATION ALTERATION
NUMBER (feet) CARBOR TYPE Al Amn H W I ETAGE INDEX
3611-001 302-383 0.18 H;Am#*¥*; T 0 33 &4 0 23 24+ to 3~ 2.8
3611-002 850~950 0.08 H3I;- . 0 0 57 0 43 2+ 2.6
3611-003 2500-2600 0.83/0.81 H;Am-W3T 0 20 50 20 10 2+ 2.6
3611-004 2600~-2695 0.79 H;Am;W(I) 0 27 45 18 10 2+ 2.6
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*¥ = Degraded Herbaceous

W = HWoody-Structured

u = (Umidentified Material

I = Inertinite

C = Coaly




TABLE IV

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

NEW MEXICO HYDROCARBOR SOURCE ROCK EVALUATION

CASTLE & WIGZELL, NO.1 KELLY FEDERAL

SEC.11, T20N, R9W, SANTA FE COUNTY, NEW MEXICO
API #30-049-05001

GEOCHEM DEPTH
SAMPLE IRTERVAL TMAX 81 s2 83 T.0.C. HYDROGER OXYGEN
NUMBER (Feet) (e) (mg/g) (mg/g) (mg/g) PI PCH (wt.X) INDEX INDEX
3611-001 302-383 33 0.15 . 0.25 1.29 0.37 0.03 .18 139 717
3611-002 850-950 320 0.15 0.09 0.61 0.62 0.02 0.08 112 762
3611~003 25002600 439 0.25 0.72 0.68 0.26 0.08 0.82 88 283
3611~004 2600-2695 452 0.07 0.28 1.19 0.21 0.02 0.79 35 151

T.0.C. = Total organic carbon, wt.X 53 = 002 produced from kerogen pyrolysis Oxygen

st = Free hydrocarbons, mg He/g of rock (mg C02/g of rock) Index = mg CO2/g organic carbon

52 = Residual hydrocarbon potential PC* = 0,083 (51 + 52) PL = 51/81 + 52

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

Index = mg HC/g organic carbon



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

CASTLE & WIGZELL GENERAL CAVED AND/OR SUMMARY
NO. KELLY FEDERAI’. INDIGENOUS POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION(S) ORGANIC
SEC.11, T20N, R9E TYPE OF COLOR OF STATE OF TYPE OF MATTER
SANTA FE COUNTY, NEW MEX1CO ORGANIC MaTTER| MATURATION INDEX ORGANIC ORGANIC MATTE ORGANIC MATTER| MATURATION INDEX TYPE
APT #30-049-05001
GEOCHEM No. DEPTH REMARKS
3611-001 | 302-383 [MHH H FTSIT) iAo 1
3611-002 | 850-950 HiT HH Helim
3611-003 | 2500-2600 K q 1‘ 2
3611-004 | 2600-2695 JHA] [ Hohpd; L
H:Am;W{1)

PP it aiegtey

|




LEGEND FOR SUMMARY DIAGEAM

DEPTH: in feet

LITHO LOG: gee lithology symbols

STRATLGRAPHY: by age

Z TOC: percent total organic carbon

HI: Rock-Eval, Hydrocarbon Index = 100 $2(0/00 We)/TOC

OI: Rock-Eval, Oxygen Index = 100 83 (0/00 Wt)/TOC

HC YIELD: Rock-Eval, $2 peak (ppm)

52/83: Rock-Eval, Ratio of S2 to S§3 peak

KEROGEN: see Kerogen symbols

T-MAX: Rock-Eval, maximum temperature of S2 peak, in degrees Centigrade

%RO (A): Vicrinite Reflectance {scale 0 to 5)

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

FREE HC: Rock-Eval, S1 peak (ppm)

PI: Rock~Eval, Productivicy Index = S1/(51+52)

LITHOLOGIES KEROGE!' TYPES

EZZZ! sHALE SILICEQUS ROCKS =23 AMORPHOUS

L22Z] MUDSTONE EVAPORITES HERBRCEOUS

=] SILTSTONE B oo 2] WOODY

INERTINITE

SANDSTONE 77/} IGNEOUS ROCKS

&5 BRECCIA

s MaRL

4 CONGLOMERATE

LIMESTONE

L DOLOMITE

3% voLcanics
N\ METAMORPHIC ROCKS

BASEMENT

OTHER

MISSING SECTION




APPENDIX A

Brief Pescription of Organic Geochemical analyses Carried Out by GeoChem

C;-Cq Hydrocarbon
The Cl-C,? hydrocarbon content and composition of sediments reflects source type, source quality and thermal matarity.

The C;-Cy hydrocarbon content of well cuttings t2 determined by analyzing both a sample of the cuttings and the air

space at the
top of the can. The results of the two analyses are summed to give an inventory of the 01—07 bydrocarbon content of the well cut-
Hings prior to any losses from the cutiings during the lapsed Hime period between collection at the wellsits and laboratory analysis,

‘The alr space G-C hydrocarbon analysis involves taking & measured vol

7 olume of the alr space gas out of the can with a syringe and
Injecting same into & gas chromatograph. GeoChem uses a Varian Aerograph Model 1400 instrument equipped with a Porapeo @
column, Ths gas sample is tnken through the column by a carrler gas and befors reaching the detector s separated Into its various
Cl(metha.ne), C, (ethane), Cj (propane}, iC, (ischutane), nCy (normsl butane), and Cg, Cg, C: hydrocarhon components,

This partcular analysis gives e complste separation of the C;-C4 gas-range hydrocarbons and a partial sepavation of the Cg-Crq
gasoline-range hydrocarbons. (A detailed Cy-Cq analysls, to be discussed leter, involving a capillary column, effects a complets
separaiion of this molecular range into ite several individual molecular species.)

The elecirical response of the various hydrocarbons ag they reach the detector 13 recorded on 2 paper strip chart ag a peal-, This
responge is simultnnecusly fed to an infegrator which computes the area of each peak, The concentration of Cy-Cq hydrocrrhons

in the air space, expressed a3 valumes of gas per milllon volumes of cuttings, {8 determined by a caleulation involving tha volume
of cuttings, volume of air space in the can, volume of sample injected, volume of standerd gas sample used in the callbration, cali-
bration factor for Cy, Cyp, Cg, etc. determined by ge analysis of a standard gas sample, and the ge peak response, ’

The C,~Cq hydrocarbon content of the cuttings is determined by degasification of a measured volume of cuttings {In & medirm of &
measured volume of water}) in a closed blender, gampling of the air space at the top of the blender, and Injection of @ mergired vol-
ume of gas into the gas chromatograph.

The Cy-Cy hydrocarbon data from the air space and cuttings gas analyses are summed to give a ' restored" C;-Cq hydrocarbon
content of the cuttinga.

Sample Washing and Hand-Plcking of Uncaved Lithology Samples

The outtings samples are washed to remove all drilling mud from the cuttings. Care is taken In the washing procedure not to re-
move any soft clays, claystones, ete. and any loose fine sand and silt. The washed cuttings are usually kept under water cover
untit picked, to pravent loss of any gasoline-range hydrocarhons. Using the Cy~Cq hydrocarbon data profile and the electrical

well log supplied to us and cur visual examination of the cuttings material under the binocular microscope, we carefully hand-plick
and describe a sulte of uncaved Uthologles representatve of the varieus stratigraphic zones penetrated by the well. The lithologi-
eal data 18 used to complle & grosa litho psrcentage log which is shown on all Figures. The 2-4 gram picked lithology samples are
stored under water tn amall gless vials in those instances where we wish to run detatled C,-C,, hydrocarbon analyses, This sample
get is used not only for the C —C'i' hydrocarbon analysis, but also for the visual kerogen and toial organic carbon analyses. All re-
maining cuttings moterial 18 ﬁrled &nd packaged in labelled plastic bags for possibls C,q, soxzhlet extraction and/or aventual return
to the client. Sample material from this study will be retained at GeoChem until advised of disposition.

Detalled C-i-'C'r Hydrocarbon

The C4—07 gracline-range hydrocarbon content of sedlments reflects source quality, thermal maturation and oxganic facies. Com-
positional date can be used in crude ofl-parent rock correlation work.

The C4-Cy hydrocarbon content and detailed molecular composition of bydrocarben, in hand-picked lithologies, 1s determined by a
go ysls of the Hght hydrocarbon extracted from 1-2 gram cuttings eamples macerated in a mi¢roblender., A measured volume
of sample i3 placed iu & sealed microblender along with & measured volume of hot water. Tha Tock asmple is pulverized by the
blades of the blender. A sample of the libexated light hydrocarbons which collect in the air apace at the top of the blender {a in-
jected into our Varian Aercgraph 1400 gc wnit which {3 equipped with a capillary column. Data recording, computations, ete. are
comparable to those used for the c,-C analysls discussed previcusly in this report. Hydrocarbon concentration is expressed as
volume gag per million volumes of cuttings.

Organic Carbon

The total organic caxbon contant of a rock i8 a measure of 1ts total organic richness. This data is used, in conjunetion witl* visual
kerogen and Cl-c4, Cy~Cyand Cygy hydrocarbon content of a rock, to indicate the hydrocarbon source quality of rocks.

The procedure for determining the total organlc carbon content of a rock involves drying the sample, grinding to a powder, welgh-
fng out 0.272% gram sample into a cruclble, actdizing with hot and cold hydrochlorie acld to remove calelum and magnesium car-
honate, and carbon analysis by combustion in a Leco carbon analyzer,

We run several blank crucibles, stendards (iron rings of known carbon content) and duplicate rock samples in this analysis at ne
additional charge to the cllent for purpeses of data quallty control.

Cibe Soxhlet Extraction, Deasphaltening and Chromatographic Separation

The amount and composition of the organic matter which can be solvent-extracted from a rock reflects source quality and source
type. c3/012 parbon Lsotople, high mass spectrometric and ge annlyses of the paraifin-naphthene and aromatio hydrocarbon
fractions of tha soluble extract gives data which 1s used In crude ofl-parent rock correlations.

This enslysis involves grinding of a8 dry rock sample to a powder and removal of the soluble organic matter by soxhlet extraction
using & co-distilied toluene-methancl azeotrope solvent, Where the amount of avallable 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 a pentane soluble fraction by normal pentane precipitatior. The
pentane scluble compenents are separated into a C, g . pareffin-naphthens (P-N) hydrocarbon, C;p, avomatic hydrocarbon (AROM)
and Cyg5. nitrogen-gulfur-oxygen containing fractlon (NSO} by adsorption chromatography on a silica gel-2lumina column using
pentane, toluene and toluene-methanol azeotrope eluants.



APPENDIX  {continued)

GC Analysls of Cyg54 Paraffin-Naphthene (P-N) Hydrocarbone

The content and melecular composition of the heavy Cy5, paraffin-naphthene (P-N) hydrocarbons of rocks, as determined by gc
analyais, reflects acurcs quallty, scurce type and degree of thermal maturation.

In this analyats, we subject a very smell fraction of the total amount of the P-N fraction extracted from a rock sample to ge ansly-
ais, The gus chromatograph {a a Varian Aerograph Model 1400 equipped with 2 solid rod injection system and a eutectic colnmn.

The czlculated C. P.I. {carbon pre.[el"e.nce Index) values for the normal paraffin data is defined as the mean of two ratlos which are
determined by dividing the sum of concentrations of odd-carbon numbered n-paraffina by the sum of even-carbon numbered n-
peraffina. The C.P. Indices A and B were obtalned by the formulae;

Cp1*CagtCastCay Co1+CagtCastCar C25+C27rC2e+Ca1 |, CostCaytCrgtCyy
C.P. Index A = CoptCpgtCagtCag  Co0+CaplpytCag C.P. Index B = Cgg+Cpa+Ca0+Ca2  C24+C26+C;87Ca0
z 2
Visual Kercgen

A visunl gtudy of kerogen, the insoluble organic matter in rocks, can indicate the relative abundance, slze, and state of prererva-
tion of the various recognizable kerogen types and thereby Indicats the hydrocarbon source character of 8 rock. The color of the
kerogen can be used to Indicate the state of thermal maturity of the sedimente (L. e. thelr time-temperature history)., Thermwal
maturation plays an important rols {n the generation of hydrocarbons {rom organic matter, and also affects the composition of
reservolred hydrocarbons,

Our procedure for visual kerogen slide preparation Involves taclation of the organic matier of a rock by removal of the rock mate-
rial with hydrochlorie and hydrofluorle actd treatment and heavy liquid separatfon. This procedure ta comparable to that ussd by
the palynologist except It dees not tnclude an ox!dation stege. (The cxidation treatment is deleted from our procedure becaure it
Temaves a greet deal of kerogen and blanches eny remaining kerogen to an extent whereby it 12 useless for our kerogan color
observations.) The karogen residue 16 mounted on 2 glass ellde and is examined visually under a high power microscope.

Vitrinite Reflectance

Meaanrement of the reflectivity of vitrinite particles (%Ro) preaent in the kerogen teolated from sedimentary rocka provides a method
of determining the state of maturation, and the dlagenetle {time-temperature) history of the organtc matter present in the sedimenta.

The kerogen, obtained from & 25 gram aliguet of erushed rock by the acid procedure previoualy dlscussed, la dried and emb=lded
in a Bloplastic plug. The surface of the plug is polished using 0. 05 micron elumina and the reflectivity determined under ofl using
a Zleas high resclution microscope. A winlmum of 40 values are required to adequately determine the Maturation Rank.

Fluorescence Spectrophotometric Analyais

Fluorescence spsctrophotometry ean be used to characterize and fingerprint crude oite, eatablish ¢rude ofl-source rock relation-
ships, and to measure the hydrocarbon source potential of fine-grainad sediments. .

A one (1) microliter allquot of efther ¢} a crude of! or (i) the solvent extractable rock bitumen, is passed through an alumina/
silica gel micro column and the C,,, Aromatic hydrocarbons {aclated. The aromatic hydrocarban {s diluted and the emisslon and
excltation spoctra detarmined at 240 nm and 420 nm using a Perkin-Elmer Model 512 Double Beam Fluorescence Spectrophotometer.

GEOTHERMAL DIAGENETIC CRITERIA

{GEQCHEM LABORATORIES, INC)
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