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NEW MEXICO HYDROCAREBON SOURCE ROCK EVALUATION

WELL NAME: MORRIS B. JONES, NO.l BLUE QUAIL ENERGY ADDISON
APTI NO.: 30-057-20009
AREA: NORTHEAST
LOCATION: TORRANCE COUNTY, NEW MEXICO SEC.13, T2N, R7E
GEOCHEM JOB NO.: 3563
TOTAL DEPTH: 4284 fr,
INTERVAL SAMPLED: 200-4280 ft,
TOTAL NUMBER OF SAMPLES: 11
ANALYSES
2
GEOCHEM | &
SAMPLE SAMPLE, STRATIGRAPHIC o Ll el
NUMBER DEPTH INTERVAL E 2| 8 & E
w1 & ~ | o
3563-001 200-250 San Andres X X X X
3563-002 950-980 Glorieta X X X X
3563~003 1220-1240 Yeso X X X X
3563-004 1400-1450 Yeso X X X X
3563-005 1850--1900 Abo X X X X
3563-006 2850--2900 Abo X X X X
3563-007 3250-3300 Madera X X X X
3563~-008 3500-3550 Madera X X X X
3563-009 3750--3800 Madera X X X X
3563-010 3900-3950 Sandia X X X X
3563011 4230-4280 Sandia X X b:¢ X
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SUMMARY FIGURE 1
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TABLE I

RESULTS OF TOTAL ORGANIC CARBON

NEW MEXICO HYDROCARBON SOQURCE ROCK EVALUATION

MORRIS B. JONES, NO.1 BLUE QUAIL ENERGY ADDISON
SEC.13, T2N, R7E, TORRANCE COUNTY, NEW MEXICO
APT #30-057-20009

GEOCHEM DEPTH TOTAL ORGANIC
SAMPLE INTERVAL CARBON
NUMBER (feet) (Z of Ro~k)
3563-001 200-250 0.11
3563-002 950-980 0.05
3563-003 1220+1240 0.11
3563-004 1400-1450 0.04/0.04
3563-005 1850--1900 0.03
3563-006 2850-2900 0.09
3563~007 3250-3300 0.13
3563-008 3500-3550 0.16
3563-009 3750-3800 0.13
3563-010 3900-3950 0.52

3563~011

4230-4280

0.96




TABLE TI

-

LITBOLOGICAL DESCRIPTIONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MORRIS B. JONES, NO.l BLUE QUAIL ENERGY ADDISON
SEC.13, T2N, R7E, TORRANCE COUNTY, NEW MEXICO

APT #30-057-20009

GEOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt, %)
3563-001 200-250 0.11
-A 100% Limestone, dolomitic,
light brownish gray. 5YR-6/1
3563-002 950-980 0.05
-A 100Z Mudstone, calcareous,
moderate reddish brown. 10R-4/6
3563-003 1220-1240 0.11
-A 100% Limestone, dolomitic,
light gray. N7
3563-004 1400-1450 0.04/0.04
-A 100% Mudstone, very calcareous,
moderce reddish brown. 10R-4/6
3563-005 1850-1900 0.03
-A 100% Mudstone, noncalecareocus,
dark reddish brown, 10R-3/4
3563-006 2850-2900 0.09
-A 100% Shale, micaceous,
noncalcareous, dark
reddish brown. 10R-3/4
3563-007 3250-3300 0.13
~A 100% Shale, micaceous, slightly
calcareous, dark reddish 10R-3/4 to
brown to medium dark gray. N4
3563-008 3500-3550 0.16
-A 100% Shale, micaceous, slightly
calcareous, dark reddish 10R~3/4 to
brown to medium dark gray. N4
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TARLE II (continued)

LITHOLOGICAL DESCRIPTTONS AND ORGANIC CARBON ANALYSES

NEW MEXICO HYDROCARBON SOURCE ROCK EVALUATION

MORRIS B. JONES, NO.l BLUE QUAIL ENERGY ADDISON
SEC.13, T2N, R7JE, TORRANCE COUNTY, NEW MEXICO
APT #30-057-20009

GEQOCHEM DEPTH ORGANIC
SAMPLE INTERVAL GSA CARBON
NUMBER (feet) LITHO DESCRIPTION NO. (wt 2) .
3563-009 3750-3800 0.13
~A 100% shale, micaceous, slightly
calcareous, dark reddish 10R-3/4 to
brown to medium dark gray. N4
3563-010 3900-3950 0.52
-4 100% Shale, micaceous, slightly
calcareous, dark reddish 10R-3/4 to
brown to medium dark gray. N&
3563-011 4230-4280 0.96
~4 1007 Shale, micaceous, slightly
calcareous, dark reddish 10R-3/4 to

brown to medium dark gray. 2t



SUMMARY OF ORGANIC CARBON ARD VISUAL XEROGEN DATA

TABLE 11L

NEW MEXICO HYDROCARRON SOURCE ROCK EVALUATION

MORRIS B. JONES, NO.l BLUE QUALL ENERGY ADDISON

SEC.13, T2N, R7JE, TORRANCE COUNTY, NEW MEXICO
APT #30-057-20009

GEOCHEM DEPTH TOTAL VISUAL ABUNDANCE THERMAL
SAMPLE IRTERVAL ORGANIC ORGANIC MATTER NORMALIZED PERCENT ALTERATION ALTERATION
NUMBER (feet) CARBON TYPE Al Am H W 1 STAGE INDEX
3563-001 200-250 0,11 Am—H¥ ;=31 0 13 44 4] 12 2 to 2+ 2.4
3563002 950-980 0.05 H;Am-1;- 0 25 50 0 25 2 to 2+ 2.4
3563-003 1220-1240 0.11 H;Am-T ;W 0 22 44 12 22 2 to 2+ 2.4
3563-004 1400-1450 0.04/0.04 H;L;- 0 0 72 0 28 2 to 2+ 2.4
3563-005 1850-1900 0.03 H;Am¥**; T 0 28 57 0 15 2 to 2+ 2.5
3563-006 2850-2900 0.09 H-13W;~ 0 ] 36 28 36 2+ to 3- 2.9
3563-007 3250-3300 0,13 H-13W;— 0 0 36 28 36 3= 3.0
3563-008 3500-3550 0.16 H-I;W;- 0 0 36 28 36 3 3.0
3563-009 3750-3800 0.13 R-T;W;Am 0 9 33 25 33 3-to 3 3.2
3563-010 3900-3950 0.52 H-T ;W3- 0 0 36 28 36 3~ to 3 3.2
3563-011 4230-4280 0.96 H;1;AmW 0 16 41 16 27 2 to 2+ 2.4
LEGEND:
Al = Algal
KEROGEN KEY Am = Amorphous—Sapropel
Am** = Relie Amorphous-Sapropel
Tiedowinant;  Secondary; Trace H = Herbaceous-Spore/Pollen
60-100% 20-40% 0~20% - H*¥* = Degraded Herbaceous

W = Woody-Structured

u = Unidentified Material

I = Inertinite

c = Coaly




TABLE 1V

RESULTS OF ROCK-EVAL PYROLYSIS ANALYSIS

REW HEXICO HYDROCAREON SOURCE ROCK EVALUATION

MORRIS B, JONES, WO.! BLUE QUAIL ENERGY ADDISON

SEC.13, T2N, R7E, TORRANCE COUNTY, NEW MEXICO
APL #30-057-20009

GEOCHEM DEPTH
SAMPLE INTERVAL THAX s1 82 33 T.0.C. HYDROGEN OXYGEN
RUMBER (Feet) (e) {mg/x) (mg/g) (mg/g) PI PC* {wt.X) INDEX 1IRDEX
3563001 200-250 430 0.09 0.04 0.27 0.75 0,01 .11 36 245
3563-002 950-980 309 0.09 0.06 0.17 0.64 0.01 0.05 120 340
3563-003 1220-1240 265 0.04 0,05 3.31 0.50 0.00 .11 45 3009
3563-004 1400~1450 343 0.09 0.12 0.55 0.45 0,01 0.04 300 1375
3563-005 1850-1900 228 0.08 g.00 0.27 1.00 0.00 0,03 0 900
3563006 2850~2900 273 n.06 0.05 0.29 0.60 0.00 0.09 55 322
3563-007 3250-3300 233 0.06 0,01 0.25 1.00 0.00 0.13 7 192
3563-008 3500-3550 245 0.02 0.01 0.25 1.00 0.00 0.16 6 156
31563-009 3750-3800 267 0.02 0.03 0.35 0.50 0.00 0.13 23 269
3563010 3900-13950 482 0.03 0.16 0.26 0.17 0.01 0.52 30 50
3563-011 4230-4280 435 0.17 0.36 0.38 0.33 0.04 0.96 37 39
L

T.0.C. = Total organic carbon, wt.Z 83 = 002 produced from kerogen pyrolysis Oxygen

sl = Free hydrocarbons, mg Hc/g of rock (mg CO2/g of rock} Index = mg CO2/g organic carbom

S2 = Residual hydrocarbon potential PC* = 0.083 (81 + 52) PL = S1/Sl + 52

(mg AC/g or rock) Hydrogen Y TMAX = Temperature lundex, degrees GC.

Index = mg HC/g organic carbon -



TABLE V

VISUAL KEROGEN ASSESSMENT WORKSHEET

MORRIS B. JONES

NO.1 BLUE QUAIL ENERGY ADDISON
SEC. 13, T2N, R7E

TORRANCE COUNTY, NEW MEXICO
AP1 #30-057-20009

GENERAL CAVED AND/OR
INDIGENOUS  POPULATION (INTERPRETED) CHARACTERISTICS REWORKED POPULATION (S)
TYPE  OF COLOR OF STATE OF TYPE  OF
ORGANIC MATTER| WATURATION INDEX ORGANIC Mmsnlomm:c waTeER] *  |ORGANIC MATTER| MATURATION INDEX

SUMMARY
ORGANIC

MATTER
TYPE

GEQCHEM hNe.

DEFPTH

3563-001

200-250

3563-002

950--980

‘-,‘{, ATE: :“'p

.,
SR

(iYL V%] 3 -

H

3563-003

1220-1240

3563-004

1400-1450

3563~005

1850-1900

3563~006

2850-2900

3563-007

3250-3300

3563-008

3500-3550

3563-009

3750-3800

3563-010

3500-3950

3563-011

4230~4280




LEGEND FOR SUMMARY DIAGRAM

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
OL: Rock-Eval, Oxygen Index = 100 83 (0/00 wt)/TOC
HC YIELD: Rock-Eval, S2 peak (ppm)
§2/83: Rock-~Eval, Ratio of SZ to 83 peak
KEROGEN: see Kerogen symbols
T-MAX: Rock-Eval, maximum temperature of $2 peak, in degrees Centigrade
ZRO (A): Vitrinite Reflectance (scale 0 to 5)
TAL (%): Thermal Alteration Index (Scale 1 to 5)
FREE HC: Rock-Eval, S! peak (ppm)
PI: Rock~Eval, Productivity Index = §1/(S1+52)
LITHOLOGIES - KEROGEN TYPES
EZIZZ] SHALE %] SILICEOUS ROCKS E==23] AMORPHOUS
- =2=] MUDSTONE EVAPORITES HERERCEQUS
5] SILTSTONE B cos ‘ ] WOOLY
-] SANDSTONE 7] IGNEOUS ROCKS INERTINITE
] CONGLOMERATE  [S232) VOLCANICS
BRECCIR NN METAMORPHIC ROCKS
oy | IMESTONE BRSEMENT ‘
I NOLOMITE i OTHER
[aiietiid MARL MISSING SECTION




APPENDIX A

Brief Daseription of Orgenic Geochemical analyses Carrled Out by GeoChem

C1-Cq Hydrocarbon
The Cl-C,T hydrocarbon content and composition of sediments reflects source type, source uality and thermal maturity,

The C;-Cy, hydrocarben content of well cuttings is determined by anal

1.-Crp ater Y yzing hoth a sample of the cuttings and the air space af tha
top of the can. The results of the two analyses are summed to give an Inventory of the Cl-C hydrocarbon content of the wll cut-
Hngs prior to any losses from the cuttings during the lapsed time period between collecHtn 81 the wellgite and laboratory snalysia.

The air space C; -Cpy hydrocarbon analysis involves taking & measured volums of the air space gas ot of the can with a syringe and
Injecting same into & gaa chromatograph, GeoChem uses & Varlan Aerograph Mode] 1400 {nstrument equipped with a Porapec @
column, The gas sample 15 taken through the column by a cerrier gas and befora reaching the detector 18 separated into {t3 various
C, {methane), C, (ethane), Cy {propane), ic, (lsobutane), nCy fnormal kutane), and Cg, Cgs Cq hydrocarbon components,

This particular analysis gives a complete separation of the C,-C4 gas-range hydrocarbons end a partisl separaton of the C5-Cqp
gasoline-range hydrocarbons. (A detailed 04—07 analysis, to be discusged later, involving & capillary calumn, effects a complete
separation of this moleculsr range into its several individual moleculay species. )

The electrical response of the various hydrocarbons as they reach ths detector ie recorded on a papar strip chart as a pesk. This
Tesponse ia simultaneously fed to an integrator which computes the area of each peak. The concentration of C4-Cq hydrocarbons

In the alr space, expressed as volumes of gas per million volumes of cuttings, is determined by a calculation involving the volume
of cuttings, volums of alr space in the can, volume of sample injected, volume of stendard gas sample uged in the calibration, cali-
bration factor for Cps Cyps Cy, ete. determined by ge analysis of a standard gas sample, and the gc peak response.

The Cl-C7 bydrocarbon content of the cuttings 1s determined by degasification of a measured volume of cuttings (in a medium of &
meaguxed volume of water) in a elosed blender, sampling of the air space at the top of the blender, and injection of a2 measured vol-
ume of gas into the gas chromatograph.

The Cp-Cq bydrocarbon data from the alr space and cuttings gas anglyses are summed to glve a "reatored” C;-Cy hydroca~hon
content of the cuttings.

Sample Washing and Hand-Plcking of Uncaved Lithology Samples

The cuttings samplos are waghed to remove all drilling mud from the cuttings, Care is taken in the washing procedure not to re—
move any soft clays, claystones, etc. and any loose fine sand and sflt. The washed cuftings are usually kept under water cover
unifl picked, to prevent loss of any gasoline-range hydrocarbons. Using the C;~Cy hydrocarbon date profile and the electrical

well log supplied to us and our visual examination of the cuttings material under the binccular microscope, we carsfully hand-pick
and describe 8 suite of uncaved lithologles representative of the varions stratigraphic zones penetrated by the well. The lthologi-
cal data 18 used to complle a gross litho percentage log which 13 shown on all Figures. The 2-4 gram picked lithology samples are
stored undex water in small glass vials in thoge instences where we wish to nm detailed C,-C, hydrocaerbon analyses. Thi: sampla
sot 18 used not only for the C —C,? hydrocarbon anslysis, but also for the visunl kerogen and total organic carbon analyses. All Te-
maining cuttings material is dried and packaged in Inbelled plagtic bags for possible Ci54 saxhlet extraction and/or eventual return
to the client. Sample material from this stdy will be retained at GeoChem unt{l advised of dsposition.

Detalled C4-Co Hydrocarbon

The C‘L_C'F gasoline-range hydrocarbon content of sediments reflects scurce quallty, thermal maturation and organic facies. Com-
positional data can be used in crude ofl-parent Tock correlation work.

The C,-Cy hydrocarbon content and detailed molecular composition of hydrocarbon, in hand-picked Uthologles, 18 determinad by a
gc a.na&ys{s of the Hght hydrocarbon extracted from 1-2 gram cuttings samples macerated in a microblender. A measured volume
of sample is placed in a sealed microblender along with a measured volume of hot water., The rock sample i3 pulverized by the
blades of the blender. A sample of the Hberated light hydrocarbons which collect in the air space at tha top of the blender is in-
Jected into our Varian Aerograph 1400 gc unlt which is equipped with a capillary column, Data recording, computations, eto, are
comparable to those used for the Cl—C analysls digeussed previoualy in this report, Hydrocarbon cochcentration 18 expressed as
volume gas per million volumen of cuttings.

Organte Cathon

The total organic carbon content of a rock 1s a measure of it9 total organic richness, This data is used, in conjunction with visual
kerogen and C,-Cyg, C4-Cy and C; g4 bydrooarbon content of & rock, to indicate the hydrocarbon scurce quality of rocks.

The procedure for detormining the fotal organic carbon content of a rock involves drying the sample, grinding to a powder, welgh-
ing out 0,2728 gram sample into a crucible, acidizing with hot and cold hydrochlorio acid to remove calcium and magnesium car-
bonate, and carbon analysis by combustion in a8 Leco carbon analyzer,

We Tun several blank crucibles, standaxds (ron rings of kmown carbon content) and duplicate rock samples in thie analysis at no
additional charge to the client for purposes of data quality control.

Clﬁ + 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. ©13/c12 earbon 1sotople, Mgh mass spectrometric and ge anslyses of the peraffin-naphthene and aromatic hydrooarhon
fractong of the goluble extract glves data which is used in crude oll-parent rock correlations.

This analysis involves grinding of a dry rock sample to a powder and removal of the aoluble crganic maiter by soxhlet extreetion
using & co-distilled toluene-methanol azeotrope solvent, Where the amount of avallable sample material permits, we like to ugs
at least 100 grams of rock for this analysis.

The extracted bitumen i3 separated inio an asphaltene {ASPH) and o pentane soluble fraction by normal pentane precipitatior. The
pentane soluble components are separated into a C, .. paraffin-paphthene (P-N) hydrocarbon, Cyg, arometic hydrocarbon (AROM)
and Cy gy nitrogen-sulfur-oxygen contalning fraction (NSO) by adsorption chromatography on a sillca gel-zlumina column us'ng
pentane, toluene and toluene-methancl azeotrope eluants.



GC Analysia of Cy 54 Paraffin-Naphtheae (P-N) Hydrocarbons

Tha content and molecular composition of the heavy C;g,. paraffin-naphthene (P-Nj hydrocarboas of rocks, as determined by go
analysis, reflects source quallty, source type and degree of thermal maturation,

In this snalysis, we subject a very small fraction of the total amouat of the P-N fracifon extretcted from a rock sample to g analy-
gls. The gas chromatograph is a Varian Aerograph Modei 140¢ ~quipped with a solid rod injection system and a eutectic column,

The calculated C.P.I. (carbon preferencs index) values for the normal paraffin data {s defined as the mean of two ratios which are
determined by dividing the sum of conecentrattons of odd-carhon numbered n-paraffing by the sum of even—carbon numbered n-
paraffins. The C.P. Indices A and B were obtained by the formulas;

Co1*C237Co57Coy | C21*Cog#Cps-Cay Cop¥CoriCaptCar | CoptCariCagiCy
C.P. Index A = CpprCpa#CagtCag  CaotClpgrCpgtCpg C.P. Index B= CpatCagtCaotCae  Cag+Cog+Cps+Cao
2 2
Visual Kerogen

A visual study of kerogen, the insoluble organic matter In rocks, can indicate the relative abundance, size, and state of preserva-~
tion of the various recognizable kercgen types and thereby indicate the hydroearbon source 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 time-temperature history). Thermal
maturation plays an important role in the generation of hydrocarbons from oranic matter, and also affects the composttion of
reservolred hydrocarhons,

OQur procedure for visual kerogen slide preparation involves isclation of the organic motter of & rock by removal of the rock mate-
rial with hydrochloric and hydrofluoric acid treatment and heavy lMquid separation, This procedure i3 comparable to that used by
the palynologist except it does not include an oxidation stage. (The oxidation trestment is deleted from our procedure because it
removes a great deal of kerogen and blanches any remaining kerogen to an extent whereby it 19 useless for our kerogen color
observations.) The kerogen residue is mounted on 2 glass slide and 1 examined visuslly under & high power microscope.

Vitrinite Reflectance

Measurement of the reflectivity of vitrinite particles {¥Ro) present in the kerogen isolated from sedimentary rocks provides 2 method
of determining the staie of maturation, and tns dlagenetic (lme-temperature) history of the organlc matter present in the sediments.

The kerogen, obtained from a 25 gram aliquot of crushed rock by the acld procedure previvusly discussed, [3 dried and embedded
in a Bloplastic plug. The surface of the plug 1s polished using 0. 05 micron alumine and the reflectivity determined under ofl using
a Zless bigh resolution microscope. A minimum of 40 values are required to adequately determine the Maturation Rank,

Fluorescence Spectrophotometric Analyais

Fluorescence snoctrophotometry can be used to characterize and fingerprint erude olis, establish crude ofl-sourcw rock relation-
ships, and to measure the hydrocarbon source potentlal of fine-grained sediments.

A one (1) micxroliter aliquot of either () a cride ofl or (Ui} the solvent extractable rock bitumen, 18 passed through an alumina
ailica gel micro column and the Cy o Bromatic hydrecarbons 1solated. The aromsatic hydrocarbon is diluted and the emission and
excitation spectra determined at 240 nm and 420 nm using a Perkin-Elmer Model 512 Double Beam Fluorescence Spectrophotometsr,
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{GEOCHEM LABORATORIES, INC.}
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