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INTRODUCTION

Sixteen outcrop samples from the Brooks Range in Alaska were analyzed for TOC

content and with Rock-Eval pyrolysis. Twelve of the samples were designated for kerogen

microscopy and seven for solvent extraction and whole extract gas chromatography. No

other analyses were authorized but biomarker (gc/ms) data on a rew samples would have

provided useful information.

KEROGEN DATA

Total organic carbon is variable but most somples are rated as good (1.0 - 2.0 wr.®

TOC) in source gquality. A few are organic lean and are non source rocks (less than 0.5

wC.% TOC) and one (93-MU-80-1) 1is very organic rich (4.63 wt.% TOC). Organic carbon

contents can be reduced by ouCtcrop weathering but this cdoes not appear to be a major

problem here. Some reduction due Lo maturity, however, has taken place.

fyrolysis response 1is very low in nearly all of the camples, apparently due

primarily to fairly high maturity. T values are high

nax for moest gamples (449 to

483°C), indicating macurities between about 1.0 and 1.5 Ro’ Lower Tm_ values (444 &

Very
low Trax values (426 and 296°C} for samples 93~-MU-104 and 104-6 are invalid due to poor

4455C) for samples 93-MU-80-1 and la suggest maturities between 0.7 and 0.8 R,-

pyrolysis response. Sample 93-MU-80-1 differs from the others by having a much higher

hydrogen index (367), indicative of moderately mature, type (I, olil generaling kerogen.

It is possible that pyrolysis response has been reduced by outcrop weathering but thia

does not appear to be the case in these samples. Low oxygen indices also attest to lack

of kerogen oxidation.

Kerogen microscopy on twelve samplea reveal miyed morine and terrigenous organic

matfer with the marine component beiny the most abundant in most samples. Solid bitumen

is very common and indicates that oil generation has taken place. Stiructured lipids are

primarily liptodentrinite or minor terrligencus gperinite and cutinite. Thermal maturity

baged on good vitrinite populations ranges from 1.17 to 1.47 Ro for most samples and is

supported by pyrolysis Tmax data, 2+ to 3- TAI values, weak orange structured lipids

fluorescence, and moderate Co intense background fluorescence intensity. These samples

appear C[o be nearly spent oil source rocks in the late stages of oil generation. The

presence of appreciable amounts of terrigenous organic matter {ncluding some high rank,

racycled material, probably has reduced the oil generalicn capabiliLy of most samples.

2826 - 1
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ORGANIC CARBON AND_§OCK-EVAL PYROLYSIS DATA
BROOKS RANGE QUTCROPS
Project: DGS1/93/2828
SAMPJLE IDENTIFICATION TOC St s2 S3  Twmex SV Hi ol Y] PI
DGSI ID Wi% mg/g mg/g mglg degC  TOC - s3
1: 93-MU-101 - 130 031 041 034 479 24 32 26 121 043
2 : 93-MU-104 « 038 0.03 005 0.08 426 8 14 17 083 038
a: 93-MU-104-6 - 014 001 0.00 002 286 7 0 14 0.00 1.00
4 93.MU-€0 - 1.87 014 057 0.23 461 7 30 12 248 0.20
5 93%-MU-80-1 463 214 1700 034 446 48 387 7 60.00 0.11
8 : 93.MU-8C-1a 092 034 086 0.09 444 37 93 10 956 028
7: 93.MU-84 041 0.01 000 011 449 2 0 27 0.00 1.00
8 : 93.MU-87 181 023 055 052 483 13 30 29 1.06 029
9: 93.MU-88-1 108 015 038 0.08 478 14 34 6 6.00 029
10 : 93-MU-93 169 026 076 026 469 16 45 16§ 292 025
11 : 93-RKC-22.12.8 0.18 001 001 0.03 477 8 6 17 033 0.50
12 :  93.RXC.22-138.B 127 0.08 041 0.13 453 6 32 0 000 0.18
13 ;|  93.RKC-22.153-B 119 0.04 026 003 4856 3 22 3 887 043
14 .  93.RKC.22-36-B 184 0.08 058 0.04 468 4 30 2 1400 043
15 1  93.RXC.22-43-B 150 0.07 031 0.43 476 5 21 9 238 018
18 : 93.RXC-22-72-B ] 132 0.06 041 0.08 4585 4 31 0 000 011




Samples 93)-MU-B0, 80-1 and 80-la contain similar type kerogen but appear to be lower in

maturity thaon the others. Sample 93-MU-80 has a maturicy ot 0.92 Ro bur. the 0.74 & 0.77

Ro maturities of samples 93-MU-80-1 and 80-la are questionabie due to limited

reflectance measurements. It is possible cthat the vitrinite in these two samples is

weathered, lipid rich, or that some of the Ro values are on small fragments of solid

bitumen. ocher macurity indices such as pyrolysis Tmax‘ kerogen fluorescence, and TAI

support a macurity of abourt 0.9 te 1.0 Ro for these samples.

EXTRACT DATA

Seven outcrop samples were solvent extracted and analyzed with whole extract gas

chromatography (gc) .- Six samples have low extract/10C ratios {0.011 - 0.05!} and

probably contain indigenous bitumen. Sample 93-MU-80-la has a high extract/T0C ratio

{0.209), indicacing that it concains wigrated bitumen.

Samples 92-MU-80-1 and 9}-MU-80-1a, from the Upper Triassic Sublik Formation at

surprise Creek, contain indigenoua and migracted bitumen, respectively. Whole extract

gas chromatograms are similar, indicating the same source and thermal maturity.

Therefore, the migraced bitumen in sample 93-MU-80-la was probably derived Erom

adjacent, more organic-rich Sublik source rocks. The two extracta show quite similar

Cl15+ n-alkane distributions (continuously decreasing with increasing carbon number) and

isoprenoid distributions. The pristane/ncl7 ratios (0.45 - 0.47) and p]\ytane/nc1B

ratios (0.19 - 0.2)) (see Figure 2), high pristane/phytane ratfos (2.6 - 2.7), CPI

values > 1 (1.08 - 1.10) and minor C25¢ n-alkanes indicate a mix2d organic gource wich

relatively minor terrigenous organic matter (probably deposited under oxic or suboxie

conditions) . A thermal maturity close to Cthe peak oll generation stage 1is also

indicaced. Priscane/phytane ratios and pristane/ncl7 ratios for these samples might

have been Iincreased due to surface weathering and, therefore may not reaflect true

depositicnal conditions. Kerogen wmicrogcopy data 1ndlcate a predominance of oil

generating lipid kerogen and minor terrigenous organlc matter in the mixed organic
gource facies. Tmax data of 444 - 445°C are comparable with the maturity suggested from

the priatane/nt17 versus phytane/nc18 plot. Measure RO data (0.74 - 0.77%} are

approximate and arc somewhat lower.



Sample 93-MU-80 from the Neoccmian Kingkak shale at Surprise Creek contains

indigenous bitumen. A whole extract gas chromatogram suggests a mixed organic source

{type TII/IIX) with significant cCterrigenous organic matter deposited under mild to

moderately oxic conditions and a peak oil generaticn stage thermal maturity. This is

evidenced by the high pristane/phytane ratio of 2.0, the cross plot of pristane/ncl7

(0.35) versus phyt:ane/nC18 (0.23) in Figure 2, very significant CZS; n-alkanes, an odd

carbon number predominance in the nCog - nC,, range, and the high CPI of 1.33. Kerogen

microscopy data show 65% 1lipid kerogen (unstructured 1liuids 50%, structured lipids 5%,

solid bitumen 10%) and 35% humic kerogen (vitrinite 25%, incrtinite 10%) and agree with

the gc¢ data. The thermal maturity showm by the pristanc/nc17 versus phyt.:me/nc18 plot

(Figure 2) also agrees with the messured R, of 0.92%8. The Toax V2lue of 461°C is

vnreliable because of the low and undefined S, peak.

Sample 923-RKC-22-153-B probably, from Kingkak shale {top 'ling sandstone), and

sample 93-RKC-22-36-B from Kingkak shale (both from Tingmerkpuk Mountain} have extracc

gas chromatograms that are characterized by mixed organic {acies {(vype II/III) wich

slgnificant terrigenous organic matter and by high chermal wmaturities. This is

evidenced by high pristane/phytane ratios (2.0 and 5.1, respectively}, the pristane/nC17
versus phyl:ane/ncla plot (Pigure 2}, and the CPl values (1.21 and 1.0l, respectively).

Kerogen microscopy data support the gc data by showing abundant humic kerogen ({25 - 40%}

relative to lipid-rich kerogen (60 - 75%). A high thermal maturity ias also indicated

from the measured Ro values of 1.43 - 1.57%. T nay values are unreiiable because of low

and undefined 52 peaks.

Sample 93-MU-10l. representing the Albian Torok Pormation from Eagle Creek,

contains indigenous extract. A whole extract gas chromatogram shows a mixed organic

source (type III?) with primarily terrigenous organic matter deposiced under sub-oxic

depositional conditions and a high Cthermal rnaturity. This is shown by a high

pristane/phytane ratio of 2.4, the pristane/nc17 {0.37) vergus phycane/nc18 {0.18) plot
{Figure 2) and the CPI >1 (1.12). Kerogen microscopy data show & high proportion of
humic kerogen {(45%) relative to lipid-rich kerogen (355%; unstructured 50% and structured
54} and support the gc data. 7The bhigh measured R, of 1.47% alco supports the high

macurity indicated from pristane/ncl7 versus phycane/nc18 plot (Pigure 2).



Sasal brochor n
Sample 93-MU-93, from an unknown formacion in Tingmerkpuk Mountain, contains

indigenous extract derived from a mixed organic source containing significant

terrigenous organic matter (type L[I/III) and probably deposited under mildly reducing

conditions. This is indicated by the pristane/phytane ratio of 1.3, the priscane/nC, 4

(0.73) versus phytane/nc18 (0.680) plot in Pigure 2, the CPI >1 (1.08) and abundant C25+
n-alkanes. The pristane/ncl7 versus phytane/nc18 plot and the Dbimodal n-alkane

distribution suggest a relatively low thermal maturity (0.70% Ry} - Kerogen microscopy

data agree with the organic source facies suggested from the gec data. The measured R.
L9

of 1.17 1is significently higher than that suggested from the pristane/nC,, versus

phyr_ane/ncm plot (Figure 2). The Tmax value 1is unreliable because of a low and

undefined g, peak.

Considering all of the gc data, we conclude that the Brooks Rainge samples coatain

some mature, cil-prone source rocks thot have gencrated and expelled crude oil. Tha
organic-rich Sublik source rocks ({e.g. sample 93-MU-80-1) contain type IT, oil-prone
kerogen and are the best quality oil source rocks. The Kingkak shales are mature ro
highly ature and contain Jlow yield type II/III kerogen which probably has generated
some waxy oi) and gas. The Torok Pormation contains highly mature, type III =zource

rocks that generated mostly gas.

2826 -~ 4
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BROOKS RANGE OUTCROPS
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FIGURE 1 - Kerogen type determination from TOC and Rock-Eval pyrolysis

data. Types I and II will generate oil, type I gas, and type [V
little or no hydrocarbons.
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1993 Mull, Crowder Geochem Samples

17-Dac-¢1
Sample # Formaticn Discription Location Callector Comments

93-Mu-101 Kto ? Eagle Creek Muti
93-Mu-104 Klk 7 Kukpowruk R Mull
93-Mu-104-6 Kik ? Kukpowruk R, Mult
93-Mu-80 Kjk? ? Surprise Creek Mull
93-Mu-80-1 Trs ? Surprise Creek Mull
53-Mu-80-1a Tst Paper Surprise Creek Muil
93-Mu-84 Kijk ? Tingmerkpuk Mnt. Mull
93-Mu-87 ? ? Eagle Creek Muill
93-Mu-88-1 Kt Tingmerkpuk R. Mull
93-Mu-53 ? ? Tingmerkpuk Mnt. SE Muti

93-RKC-22-12-B Kingak Sh Sh Tingmerkpuk Mt Crowder

93-RKC-22-138-B Ting 35S S8 Tingmerkpuk Mtn. Crowder

53-RKC-22-153B | Top Ting SS Org 88 Tingmerkpuk Mtn. Crowder

93-RKC-22-36-B Kijk Tingmerkpul Mtn. Crowder

93-RK(C-22-43-B Ting ? ? Tingmerkpuk Min, Crowder

93-RKC-22-72-B Tirg §S 58 Tingmerkpuk Min, Crowder




ORGANIC CARBON AND PYROLYSIS DATA

Total Organic Carbon {TOC) and Rock-Eval pyrolysis data provide basic geochemical
information and are frequently used to select samples for more detailed studies,
particularly kerogen microscopy. extract chromatography and biomarker analyses. Well
data can be plotted to make geochemical logs. Onless otherwisze specified by a client,
DGSI uses LECO TOC then Rock-Eval IX pyrolysis as the scandard analytical sequence and
Rock-Eval is recommended for samples with greater than 0.4% TCC. Samples for LECO TOC
and Rock-Eval pyrolysis are ground Lo pass through a 60 mesh
homogeneity.

sieve to assure

LECO ORGANIC CARBON AND TOTAL SULFUR

Totai Organic Carbon is best determined by direct combustion. Approximately 0.1§
grams of sample are carefully weighed, Gtreated with concentrated HCl to
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed
in a ceramic crucible, dried., and combusted with pure oxygen in a LECO EC-12 or LECO
CS-444 carbon analyzer at about 1,000°C. A laboratory standard is run every five
samples. Total, insoluble, mineral plus organic sulfur can be determined by the CS-444
analyzer during the carbon analysis. Total carbonate can be determined from sample and

acid residue weight differences or by LECO combustion TOC differences before and after
acid digestion.

remove

ROCK-EVAL II PYROLYSIS

Rock-Eval TITI pyrolysis is used to determine kerogen type, Xerogen maturity and the
amount of free hydrocarbons. About 0.1 grams of the same ground sample used for LECO
TOC are carefuily weighed in a pyrolysis crucible and then heated to 300°C to determine
the amount of free hydrocarbons, S1, that is rCthermally distilled. Next, the amount of
pyrolyzable hydrocarbons, S, is measured when the sample is heated in an inert
environment which rises from 300° to 550°C at a heating rate of 25°C/minute. S1 and S2
are reported in mg HC/g sample. T . , & maturity indicator, js the Lemperature of
maximumn 32 generation. When 52 values are less than 0.2 mg HC/g sample, the S, maximum
typically has poor definition and thus, Thay Cannot be reliably determined (Peters,
19886) . carbon dioxide generated during Che 52 pyrolysis, an indicator of kerogen
oxidation, is collected up to a temperature of 390°C and reported as S, in unite of mg
coz/g gample. A laboratoxy standard is run every 10 samples. Hydrogen Index (HI =
52'100/T0C) and Oxygen Index (OI = 83'100/T0C1 are used as kercgen type indicators when
plotted on a van Krevelen type diagram.

ROCK-EVAL II PYROLYSIS PLUS TOC

Rock-Eval II Plus TOC is used to determine both Rock-~Eval data {S;. S,. Sy, T )
and TOC of a 0.1 gram ground sample. With this instrument, the pyrolysis

stage (Sz)
rampg to 600°C at which point the sample is

switched to an oxidation oven where the
sample is oxidized at 600°C for 5 minutes in air to measure the residual organic matter

(54). A laboratory standard is run every 10 samples. Sl' 52, 83‘ and s4 are summed
appropriately to calculate TOC. True TOC will be greater than this calculated sum for
samples with maturity greater than about 1.0% R_ because the Rock-Eval Einal temperature
is inadequate for complete combustion (Peters, 1986). This instrument is preferred when
there is insufficient sample to run TOC and pyrolysls separately, or when all samples in
a study are to be analyzed for both TOC and Rock-Eval data withouL prior TOC screening.

e



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA

BROOKS RANGE OUTCROPS

Project: DGS1/93/2826

SAMPLE IDENTIFICATION T0C S1 s2 S8 Tmax SV HI Ot sy Pl

DGSUID Wi% mg'g mee mg/g deaC TOC S3
1 93-MU-101 - [ 130 031 041 034 479 24 32 26 121 043
2 93-MU-104 - [ 036 003 005 006 426 8 14 17 083 0.38
3: 93.MU-104-6 - [ 0.14 0.01 000 0.02 2¢8 7 0 14 000 1.00
4 93.MU-86 - i 187 014 057 0.23 4561 7 30 12 248 0.20
5 93-MU-80-1 | 4863 214 17.00 0.34 445 46 367 7 5000 011
6 93-MU-80-1a | 082 034 086 0.09 444 37 93 iI6 956 0.28
7: 93-MU-84 | 0.41 001 0.00 0141 449 2 0 27 000 1.00
8 : 93-MU-87 | 181 023 055 0.52 483 13 30 25 1.06 0.29
9: 93-MU-88-1 | 1.06 0.15 036 0.06 475 14 34 6 6.00 0.29
10 . 93-MU-93 | 169 026 076 026 469 15 45 15 292 025
11 1 93-RKC-22-12-B | 0.18 001 001 003 477 6 6 17 033 050
12 7 93.RK(C-22.138.B | 127 0.08 041 013 453 8 32 0 000 018
13 93.RKC-22-151.8 | 119 0.04 026 0.03 465 3 22 3 867 013
14 ©  93-RKC-22-36-B | 1.84 008 (056 0.04 468 4 30 2 1400 013
15 @1 93-RKC-22-43-B [ 1.50 007 031 0.13 476 5 21 9 238 018
16 '  93-RKC-22-712-B | 132 0.05 041 0.08 455 4 31 0 000 311




VISUAL KEROGEN ANALYSIS TECHNIQUES

Visual kerogen analysis employs a Zeiss Universal microscope system equipped with

halogen, xenon, and ctungsten light sources or & Jena Lumar microzcope equipped with

halogen and wercury light sources. Vitrinite reflectance and kerogen typing are
performed on a polished epoxy plug of unflcated kerogen concentrate using reflected
light from the halogen source. The digital indicator is calibrated using a glass

standard with a reflectance of 1.02% in oil. This calibration is linearly accurate for
reflectance values ranging from peat (R, 0.20%) through anthracite (R, 4.0%).

Reflectance values are recorded only on good quality vitrinite, including obvious
contamination and recycled material. The relative abundance of normal, altered,
lipid-rich, oxidized, and coked vitrinite is recorded. When good gquality, normal
vitrinite 1s absent, notations are made indicating how the maturity
weathering, oxidation, bitumen saturation, or coking. When normal vitrinite is absent
or sparse, other macerals may be substituted. Solid bitumen, for example is present in
many samples. Although it often has a different reflectance than vitrinite, Jacob’s
calibration chart can be used to obtain an estimated vitrinite reflectance equivalent.
Graptolites have about the same reflectance as vitrinite and can often be used to obrain
maturity daca in early Paleozcic rocks thal have no vitrinite.

ig affected by

Unstructured lipid kerogen changes in texture and color during the maturation
process. Typlcally, unstructured Xkerogen at low maturity is reddish brown and
amorphous . Somewhere between Ry, 0.50 to 0.65%, the kerogen takes on a massive rLexture
and 1is gray 1in color. At higher maturity, generally above R, 1.30%,
kerogen is light gray and micrinized.

unstructured

Kerogen typing and macurity assessments from the pollshed plug are enhanced by
utilizing fluorescence from blue light excitation. The xenon or mercury lamp is used
with an excitacion filter at 495 nm coupled with a barriler filter of 520 nm. With the

Jena microscope we also have the option of cobserving fluorescence under uvlcra violet

excication. The incensity of fluorescence in the epoxy smounting medium {(background
fluorescence) correlates well with the onset of o0il generation and destruction. The
identification of structured and unstructured liptinite is also enhanced wicth the use of
fluorescence in those samples having a maturity less than Ry 1.3%.
abundance and type of pyrite is also recorded.

The relative

TAI is performed using tungsten or halogen llght source that is transmitted through
a glass slide made from the unfloated kerogen concentrate. Ideally, TAI coloer is based
on sporinite of terrestrial origin. When sporinite is absent, TAI is estimated from the
unstructured lipid material. Weathering, bitumen admixed with the unstructured material
and micrinization can darken the kerogen and raise the TAI value. The character of the

organic matter in transmitced light is correlated with observations made in reflected
light for kerogen typing.

Kerogen typing and maturity assessmenls from the slide preparation are also
reinforced by using different light sources. The slide Is first observed in transmicted
light to obtain TAL color and organic matter  structure or Lype.

The light is then switched to reflected halogen light to observe
pyrite, and finally to reflected blue light excitation from the

structure and amount of
Xenon Or mercury source
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for fluorescence. The fluorescence of structured and unstructured liptinite is not
masked by the epoxy fluorescence as it is in the reflected light mode because the
mounting medium is non~fluorescent. Remnant 1lipid structures {e.g. sporinite and
alginite) withia the unstructured kerogen can often be identified in blue lighe.

Maturity calculations are made from the vitrinite reflectance histograms.
Decisions as to which reflectance measurements indicate the maturity of the sample are
pased unot only on the histogram but on all of the kerogen descriptive elements as well.
Because it is not done at the time of measurement, alternate maturity caleculations can
be made if kerogen data and geological information dictate.

In summary, vitrinite reflectance wmeasurements are performed on a polished plug in
reflected light, TAl is performed on a slide in transmitted light, and kerogen typing is
escimaced from both preparations using a combination of reflected, transmitted,
fluorescent light technigues. Fluorescence in blue light is used
identificarion of structured and unstructured lipid material,

and
to enhance the

solid bitumens, and
drilling mud contaminants. Fluorescence also correlates with the maturity and state of

preservation of the sample. Maturity calculations from measured reflectance data are
made from the histograms and are influenced by all of the kerogen data.

VISUAL KEROGEN ANALYSIS GLOSSARY

Several key definitions are included in this glossary in order to make our reports
more self-explanatory. In our reports, we refer to organic substances as macerals.
Macerals are akin to minerals in rock, in that they are organic constituents that have
microscopically recognizable characteristics. However, macerals vary widely in their
chemical and physical properties, and they are noL crystalline.

1. UNSTRUCTURED KEROGEN, or sometimes called structureless organic matter {SOM} and
bituminite; it is widely held that unstructured kercgen represents the bacterial
breakdown of lipid material. It also includes fecal pellets, minute particles of
algae, organic gels., and may contain a humic component. As described on the first
page of this section, unstructured lipid kerogen changes characcer during
maturation. The three principal stages are amorphous, massive, and micrinized.
Amorphous kerogen is simply without any structure. Massive kerogen has taken on a
cohesive structure, as the result of polymerization during the process of oil
generation. At high maturity. unstructured kerogen becomes micrinized. Micrinite
ig characterized optically by an aggregation of very small (less than one micron)
round bodies that make up the kerogen.

2. STRUCTURED LIPID KEROGEN consists of a group of macerals which have a recognized
struccure, and can be related to the original living tissue from which they were
derived. There are many different types, and the types can be grouped follows:

a. Alginite, derived from algae. It is sometimes very useful to distinguish
the different algal types, for botryococcus and pediastrum are associated
with lacustrine and non-marine source rocks, while algae such as
tasmanites, gloecapsomorpha, and nostocopsis are typically marine.
Acritarchs and dinoflaggelates are marine organisms which are also
included in the algal category.
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b. cutinice, derived from plant cuticles, the remaing of leaves.

c. Resipite, (including (luorinite) derived from plant resins, balsams,
lacexes, and waxes.

d. Sporinite, derived from spores and pollen from a wide wvariety of land
plants.

e. Suberinite is derived from the corky tissue of land plants.

£. Liptodetrinite is that struectured 1lipid material that is too small to
be specifically identified. Usually, it is derived from alginite or
sporinice. .

g. undifferentiated. At times, one can readily distinguish structured lipid

macterial from the unstructured without being able to make a specific
determination of the structured material.

The algae are ap important part of many oil source rocks, both marine and
lacustrine. Alginicte has a very high hydrogen index in Rock-Eval pyrolysis. Resins,
cuticles, and suberinite contribute to the waxy, non-marine oils that are found in
Africa and the Far East. At  vitrinite reflectance levels above R, 1.2 - 1.4%,
structured lipid kerogen changes structure and it becomes very difficult to distinguish
them from vitrinice.

3. SOLID BITUMEN, also called migrabitumen and solid hydrocarbon. 1In 1992, che
International Committee for Coal and Organic Petrology (ICCP) has decided to
include solid bitumen in the Exsudatinite group. Solid bitumens are expelled
hydrocarbon products which have particular morphology. reflectance and fluorescence
properties which make it possible to identify them. They represent two classes of
supstances: onhe which i{s present at or near the place where it was generaced, and
second as a substance which is present in a reservoir rock and may have migrated a
great distance from its point of origin. The solid birumens have been given names,
such as gilsonite, impsonite, grahamite, etc., but they represent generaced heavy
hydrocarbons which remain {n place in the source rock or have migraoted into a
reservoir and mature along with the rock. Conseguently, it is possible Lo use the
reflectance of solid bitumens for msturacion determinations when vitrinite is not
present,

4. HUMIC TISSUE, that is organic material derived from the woody tissue of land
plants. The most imporcant of chis group is:

a. vitrinice is derived from woody tissue, which has been subjected to a
minimum amount of oxidation. Normally, it is by far the most abundant maceral
in humic coals, and because the rate of change of vitrinite reflectance is at
a more even pace cthan it is for other macerals, it offers the best weans of
obtaining thermal maturicy data in coals and other types of sedimentary rocks.

Because the measurement of vitrinite is so important, care is taken to distinguish
normal (fresh, unalcered) vitrinite from other kinds of vitrinite. Rouah vicrinite does
not take a good polish and therefore may not yield good data. Oxidized vitrinite may
have a reflectance bhigher or 1lower than fresh vitrinite; this is a problem ofcak
encountered in outcrop samples. Lipid-rich vitrinite, or saprovitrinite, has a lower
reflectance Cthan normal vitrinite, and will produce an abnormally low thermal maturity

/¥



value. Coked vitrinite is victrinite that has structures found in vitrinite heated in a
coke oven. Naturally coked vitrinite is the product of very rapid heating, such as that
found adjacent to intrusions. Where it is possible Lo do so, vitrinite derived from an
uphole portion of a well will be identified as caved vitrinite. Recycled vitrinite is
the vicrinite of higher maturity which clearly can be separated from the indigencus
first-cyele vitrinice population. Often, the recycled vitrinite merges in with the inert
group.

b. Inertinite is made up of woody tissue that has been matured by “a different
pathway. Early intense oxidation. usually involving charring, fungal attack,
biochemical gellification, creates the much more highly reflecting fusinite and
semi-fusinite. Sometimes the division between vitrinite and fusinite is
transitional. Sclerotinite, fungal remaina having a distinct morphology are
considered to bhe inert. An important consideration is that the inercs,
name implies, are largely non- reactive, "dead carbon". and they have an
excremely low hydrogen index in Rock-Eval pyrolysis.

as the

5. OTHER ORGANIC MATERIAL

a. In the cable, we have put lipid-rich, caved and recycled vitrinite in this
section so that we could show the percentages of these macerals; they are
described above.

b. Exsudatinite. O0il and oily exudates fall in this group. Exsudatinite
differs from the solid bitumens on the basis of mobility and solubility. We
prefer to maintain this distinction although the ICCP has now included the
solid bitumens in with the Exsudatinite group.

c. Graptolites are marine organisms Lhal range from the Cambrian to the lower
Mississippian; it has been found that they have a reflectance similar to that
of vitrinite, Because vitrinice is lacking in early Paleozoic rocks, the
proper identification and measurement of graptolites is important in these
sediments.

6. PYRITE. Various forms of pyrite can be readily ldentified under the microscope.
Euhedral is pyrite with a definite crystalline habit. Eframboidal is pyrite in the
form of grape-like clusters which are made up of euhedral to subhedral crystals.
Pramboidal pyrite is normally found in sediments with a marine influence; for
example, coals with a marine shale roof rock usually contain framboidal pyrite.
Massive pyrite ig pyrite with no particular external form; often this is pyrite
that forms racher late in the pore spaces of the sediment. Replacement/infilllng
ig self-explanatory.
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WHOLE EXTRACT GAS CHRCMATOGRAPEY

About 50 grams of sample are crushed, passed through a 20 wmicron sieve, accurately
weighed, and soxhlet extracted for 16 hours with dichloromethane. Other solvents can be
substituted if desired. The solvent is evaporated and the residue weighed to obtain the
weight percent of total organic evctract. The advantage of whole extract chromatography
over saturate chromatography is more of the lighter fraction (Cyg - c15] is preserved.
A minor disadvantage is the nonsaturate compounds are retained and complicate the
chromatograms in relatively immature extracts.

A sample of whole extract 1is injected directly into a Varian model 3400 gas
chromatograph fitted with a Quadrex 50 meter fused silica capillary column. The GC is
programmed from 40°C to 340°C at 10°C/minute with a 2 wminute hold at 409C and a 20
minute hold at 340¢C. Analytical cata are processed with a Nelson Analytical model 3000
chromatographic data system and IBM computer hardware. This software system facilitates
data processing and graphic display as well as electronic data transmittal. All
standard calculations are made including pristane/phytane ratio, carbon preference
index, and other key parameters.

Whole extract gas chromatography provides information on organic facies and thermal
maturity of source rocks and migrated petroleum. Tt serves as a basis for ojl-rock
correlations. It {s recommended primarily to evaluate known or suspected source beds,

oll shows, samples with anomalous pyrolysis S, values and to identify poseible
contamination products.



EXTRACT AND GAS CHROMATOGRAPHY

BROOKS RANGE OUTCROPS

DGSI/93/2826

"EXTRACT AND GAS CHRO

DGSI Sample Ideatification

No. PPM Ex1./TOC P1/Ph PriC17 Ph/C18 CPI TOC
1 93-MU-101 662 0.051 24 0.37 0.18 1.12 1.30
4 93-MU-80 N 0.017 2.0 0.35 0.23 1.33 1.87
5 93-MU-80-1 1888 0.041 2.7 0.4b 0.19 1.08 4.63
6 93-MU-80-1a 1925 0.208 2.8 0.47 0.21 1.10 0.92
10 93-MU-93 859 0.0%1 1.3 0.73 0.60 1.06 1.69

EXTRACT AND AREA DATA

DGS{ SAMPLE EXTRACT

No. wi. wt, Ci17 Pt ci18 Ph Cc28 c28 C30
1 61.8216 0.0408 101336 37594 87486 15436 112458 9846 6102
4 58.5042 0.01498 279586 98953 215968 48894 79957 84246 47087
S 67.6555 0.1277 828586 35886 70497 13893 9212 85086 85833
8 68,1916 0.1120 88571 41805 77582 16280 11881 11087 8298
{0 68,1321 0.0568 71386 52099 66185 19627 43424 38866 25868

NORMALIZED {SOPRENOID PERCENT

DGSH

No. ic13 ic14 iC16 ic18 ic18 ic19 ic20
1 9.2 14.1 31.8 35.4 3.8 4.0 1.6
4 9.1 8.5 11.86 18.0 17.9 23.5 11.6
5 6.0 8.1 11.0 21.2 24.1 21.6 8.0
6 10.7 13.7 13.4 19.2 17.8 18.1 7.0
10 8.8 10.2 16.5 22.8 13.2 16.2 12.4

AREA DATA

DGSI

No. ic13 iC14 iC18 ic16 ic18 ic19 iC20
1 87843 134295 30250t 336684 38052 37594 15438
4 38416 35883 48358 76014 75425  9B9B3 48894
5 10176 13878 18805 38126 41082  388BA 13693
6 24808 31870 31038 4457 41333 41205 18280
10 28135 32814 52810 73105 42431 52088 39627

3/



EXTRACT AND GAS CHROMATOGRAPHY

BROOKS RANGE QUTCROPS

DGSI1/93/2826

~ EXTRACT AND GAS CH

OGSl Semplae ldentification

No. PPM  Ext./TOC PriPh PriC17 Ph/C18 cPl TOC
13 93-RKC-22-153-B 152 0.013 2.0 0.21 0.14 1.21 1.19
14 93-RKC-22-36-B 199 0.011 5.1 0.20 0.08 1.01 1.84

EXTRACT AND AREA DATA

DGSI SAMPLE EXTRACT

No. wt. wit. c1\7 Pr cCis Ph C28 C29 C30
13 57.6186 0.0103 163494 33716 12008619 18984 20140 20714 13872
14 72.4508 0.0144 294824 60312 144373 11878 26572 21177 15387

" NORMALIZED ISOPRENOID PERCENT

DGSI

No. ic13 ic14 iC15 ic16 ic1d ic18 iC20
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 1.8 4.6 58 18.2 27.5 35.2 6.9

AREA DATA

DGSI

No. ic13 ic14 iC15 ic16 ic18 iC19 iC20
13 3194 7468 13698 41410 41363 33718 16364
14 3001 7918 9975 31084 47048 80312 11878

3
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ORGANIC CARBON AND PYROLYSIS DATA

Total Organic Carbon (TOC) and Rock-Eval pyrolysis data provide basic
geochemical information and are frequenily used to select samples for more detailed
studies, particularly kerogen microscopy, exmact chromatography and biomarker
analyses. Well data can be plotted 1o make geochemical logs. Unless otherwise specified
by a client, DGSI uses LECO TOC then Rock-Eval II pyrolysis as the stangdard anatytical
sequence and Rock-Eval is recommended for samples with greater than 0.4% TOC.

Samples for LECO TOC and Rock-Eval pyrolysis are ground to pass through a 60 mesh
sieve to assure homogeneity.

LECO ORGANIC CARBON AND TOTAL SULFUR

Total Organic Carbon is best determined by direct combustion. Approximately
0.15 grams of sample are carefully weighed, treated with concentrated HCI to remove
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed in
a ceramic crucible, dried, and combusted with pure oxygen in a LECO EC-12 or LECO
CS-444 carbon analyzer at about 1,000°C. A laboratory standard is nun every five
samples. Total, insoluble, mineral plus organic sulfur can be determined by the CS-444
analyzer during the carbon analysis. Total carbonate can be determined from sample and

acid residue weight differences or by LECO combustion TOC differences before and afier
acid digestion. :

ROCK-EVAL I PYROLYSIS

Rock-Eval II pyrolysis is used to determine kerogen type, kerogen maturity and
the amount of free hydrocarbons. About 0.1 grams of the same ground sampie used for
LECO TOC are carefully weighed in a pyrolysis crucible and then heated to 300°C 10
determine the amount of free hydrocarbons, Sy, that is thermally distlled. Next, the
amount of pyrolyzable hydrocarbons, S, is measured when the sample is heated in an
inert environment which rises from 300° to 550°C at a heating rate of 25°C/minute. S
and S, are reported in mg HC/g sample. Tmy a maturity indicator, is the temperature of
maximum S» generation. When Sy values are less than 0.2 mg HC/g sample, the S
maximum typically has poor definition and thus, Tmax cannot be reliably determined
(Peters, 1986). Carbon dioxide generated during the S» pyrolysis, an indicator of kerogen
oxidation, is collected up to a temperature of 390°C and reported as S3 in units of mg
CO,/g sample. A laboratory standard is run every 10 samples. Hydrogen Index (HI =

S»*100/TOC) and Oxygen Index (Ol = S3%100/TOC) are used as kerogen type indicators
when plotted on a van Krevelen type diagram.

ys



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA

BROOKS RANGE OUTCROPS

DGSI Project: 96/3631

SAMPLE IDENTIFICATION TOC S1 S2 S3 Tmax S S/ P1
DGSI ID iD Wt%  mg/g mg/g mg/Q degC TOC S3
1 96 Mu 33-5 18.65 0.77 52.11 0.84 435 4 27% 5 §2.04 0.01
2 96 Mu 33-7 312 0.09 4.09 0.43 439 3 131 14 9.51 0.02
3 86 Ha 9 0.86 0.03 0.28 0.31 451 3 3 36 0.90 010
4 96 Ha 11 1.09 0.08 037 0.37 463 7 34 34 1.C0 0.18
5 96 Ha 14 1.12 0.08 0.40 0.78 478 5 36 70 0.5 0.13
6 96 Ha 15 0.99 0.11 0.34 0.27 472 i1 K% 27 1.28 0.24
7 96 Ha {8 116 0.10 0.45 0.40 470 ] 39 4 1.13 0.18
8 96 Ha 45 1.15  0.06 0.51 0.61 460 5 44 53 0.84 0.11
9 96 Ha 48 1.23 0.04 0.24 0.57 421 3 28 46 0.80 0.11
10 94 Mu B5-A 1.38 0.07 0.38 0.64 464 5 28 46 0.59 0.16
1" 94 Mu 65-U1 0.16  0.01 0,00 0.24 N.A, 6 Q 150 0.00 1.00
12 94 My 85-U3 023 002 0.00 0.18 NA. 9 0 78 0.00 1.00
13 94 Mu 65-U8 0.10 0.02 0.02 0.10 276 20 20 100 0.20 0.50
14 94 Mu 65-U12J 0.14 0.0t 0.00 0.14 N.A. 7 0 100 0.00 1.00
15 94 Mu 65-U18 0.06 0.00 0.00 0.17 N.A. 0 0 283 0.00
16 94 Mu 85-U28 0.20 0.03 0.00 0.1 N.A, 15 0 55 0.00 1.00
17 96 Mu 28-3 0.12 0.00 0.00 0.22 N.A. Q 0 183 0.00
18 98 Mu 28-4 011 0.01 0.00 0.119 N.A. 9 0 100 0.00 1.00
18 96 Mu 28-§ 0.24 0.02 0.00 0.42 N.A. 8 Q 178 Q.00 1.00
20 96 MAW 6 0.57 0.08 0.33 0.18 443 16 58 ki) 1.74 0.21
21 96 MAW 7 2.88 0,84 7.31 0.2¢ 444 28 254 7 34.81 0.10
22 98 MAW 9 1.76 0.37 3.75 0.23 442 21 213 13 16.30 0.08
23 96 MAW 11 240 032 5.97 0.46 438 13 249 19 12.98 0.05
24 96 MAW 16-B 1.51 0.10 0.92 0.34 448 7 &1 23 2.71 0.10
25 98 MAW 18-B 0.47 0.02 0.05 0.65 454 4 11 138 0,08 0.29
26 96 MAW 20-£ 0.18 0.01 0.01 0.25 351 8 i} 139 0.04 0.50
27 96 MAW 21-8 a.21  0.01 0.00 0.19 N.A. 5 0 20 0.00 1.00
28 96 MAW 22-8 1.20 0.11 0.45 0.45 465 8 38 38 1.00 0.20
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VISUAL KEROGEN ANALYSIS TECHNIQUES

Visual kerogen analysis employs a Zeiss Universal microscope system equipped
with halogen, xenon, and tungsten light sources or a Jena Lumar microscope equipped
with halogen and mercury light sources. Vimnite reflectance and kerogen typing are
performed on a polished epoxy plug of unfloated kerogen concentrate using reflected
light from the halogen source. In certain situations, the whole rock is used for analysis,
This approach is used for coals, where acid treatment is unnecessary ,in studies of solid
birumen and graptolites where preservation of rock strucrure is important,"and in samples
too small for acid treatment. The digital indicator is calibrated using a glass standard
with a reflectance of 1.02% in oii. This calibration is linearly accurate for reflectance
values ranging from peat (R, 0.20%) through anthracite (R 4.0%).

Reflectance values are recorded only on good quality vitrinite, including obvious
contamination and recycled material. The relative abundance of normal, altered, lipid-
rich, oxidized, and coked vitrinite is recorded. When good quality, normal vitrinite is
absent, notations are made indicating how the maturity is affected by weathering,
oxidation, bitumen saturation, or coking. When normal vitrinjte is absent or sparse, other
macerals may be substituted. Solid bitumen, for example is present in many samples.
Although solid bitumen has a different reflectance than vitrinite, Landis and Castafio's
calibration chart can be used to obtain an estimated viwinite reflectance equivalent.
Graptolites have a slightly higher reflectance than vitrinite and can often be used to obtain
marturity data in Paleozoic rocks that have no vitrinite,

Unstructured lipid kerogen changes in texture and color during the maturation
process. Typically, unstructured kerogen at low maturity is reddish brown and
amorphous. Somewhere between Ry 0.50 to 0.65%, the kerogen takes on a massive

texture and is gray in color. At higher matunty, generally above Ry 1.30%, unstructured
kerogen is light gray and micrinized.

Kerogen typing and matunty assessments from the polished plug are enhanced by
utilizing fluorescence from blue light excitation. The xenon or mercury lamp is used with
an excitation filter at 495 nm coupled with a barrier filter of 520 nm. With the Jena
microscope we also have the option of observing fluorescence under uitraviolet
excitation. The intensity of fluorescence in the epoxy moumting medium (background
fluorescence) correlates well with the onset of oil generation and destruction. The
identification of structured and unstructrured liptinite is also enhanced with the use of
fluorescence in those samples having a matunty less than Ry 1.3%.  The relative
abundance and type of pyrite is also recorded.

TAJ is performed using tungster or halogen light source that is transmitted
through a glass slide made from the unfloated kerogen concentrate. Ideally, TAI color is
based on sporinite of terrestrial origin. When sporinite is absent, TAI is estimated from
the unstructured lipid material. Weathering, bitumen admixed with the unstrucrured
material and micrinization can darken the kerogen and raise the TAI value. The character
of the organic matter in transmitted lightis correlated with observations made in reflected
light for kerogen typing.

qy



Kerogen typing and marurity assessments from the slide preparation are also
reinforced by using different light sources. The slide is first observed in transmitted light
to abtain TAI color and organic mater soucture or type. The light is then switched to
reflected halogen light to observe siructure and amount of pyrite and finally to reflected
blue light excitation from the xenon or mercury source for fiuorescence.  The
fluorescence of structured and unsouctured liptinite is not masked by the epoxy
fluorescence as it is in the reflected light mode because the mounting medium is non-

fluorescent. Remnanr lipid structures (e.g. sporinite and alginite) wnhm the unsuucnred
kerogen can often be identified in blue Jight.

Matunty calculations are made from the viwinite reflectance histograms.
Decisions as to which reflectance measurements indicate the maturity of the sample are
based not only on the histogram but on all of the kerogen descriptive elements as well.
Because it is not done at the time of measurement, alternate marturity calculations can be
made if kerogen data and geological information dictate.

In summary, vitrinite reflectance measurements are performed on a polished plug
in reflected light, TAI is performed on 2 stide in transmiued light, and kerogen typing is
estimated from both preparations using a combination of reflected, transmirted, and
fluorescent light techniques. Fluorescence in blue light is used to enhance the
identification of structured and unstructured lipid material, solid bitumens, and drilling
mud contaminants. Fluorescence also correlates with the maturity and state of
preservation of the sample. Maturity calculations from measured reflectance data are
made from the histograms and are influenced by all of the kerogen data.

VISUAL KEROGEN ANALYSIS GLOSSARY

Several key definitions are included in this glossary in order to make our reports
more self-explanatory. In our reports, we refer to organic substances as macerals.
Macerals are akin to minerals in rock in that they are organic constituents that have
microscopically recognizable charactenstics. However, macerals vary widely in their
chemical and physical propenies and they are not crystalline.

1. UNSTRUCTURED KEROGEN is sometimes catled swuctureless organic matter
(SOM) or bituminite. It is widely held that unstructured kerogen represents the
bactenial breakdown of lipid material. It also includes fecal pellets, minute
particles of algae, organic gels, and may contain a humic component. As
described on the first page of this section, unstructured lipid kerogen changes
character during maturation, The three principal stages are amorphous, massive,
and micrinized. Amorphous kerogen is simply without any structure. Massive
kerogen has taken on a cohesive structure, as the result of polymerizaton during
the process of oil generation. At high matunty, unswucnired kerogen becomes
micrinized. Micrinite is characterized optically by an aggregation of very small
(less than one micron) round bodies that make up the kerogen.
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STRUCTURED LIPID KEROGEN consists of a group of macerals which have a
recognized structure, and can be related to the original living tssue from which

they ere derived. There are many different types, and the types can be group
follows:

a. Alginite, derived from algae. It is sometimes very useful to distinguish the
different algal types, for botryococcus and pediastrum are associated with
lacustrine and non-marine source rocks, while algae such as tasmanites,
gloecapsomorpha, and nostocopsis are tvpically marine. Acritarchs and
dinoflaggelates are marine organisms which are also included in the algal
category.

Cutinite, derived from plant cuticles, the remains of leaves.

c. Resinite, (including fluorinite) derived from plant resins, balsams,
latexes, and waxes.

d. Sporinite, denived from spores and pollen from a wide variety of land
plants.

e. Suberinite is derived from the corky tissue of land plants.

f. Liptodetrinite is that structured lipid material that is too small to be
specifically identified. Usually, it is derived from alginite or sporinite.

The algae are an imporant part of many oil source rocks, both marine and
lacustrine.  Alginite has a very high hydrogen index in Rock-Eval pyrolysis.
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are
found in Africa and the Far East. At vitrinite reflectance levels above Ry 1.2 -
1.4%, structured lipid kerogen changes structure and it becomes very difficult to
distinguish them {rom vitrinite.

SOLID BITUMEN also 15 called migrabitumen and solid hydrocarbon. In 1992,
the International Commitee for Coal and Organic Petrology (ICCP) decided to
include solid birumen in the Exsudatinite group. Solid bitumens are expelled
hvdrocarbon products which have particular morphology, reflectance and
fluorescence properties which make it possible to identify them. They represent
two classes of substances: one which is present at or near the place where it was
generated, and second is a substance which is present in a reservoir rock and may
have migrated a great distance from its point of origin. The solid bitumens bhave
been given names, such as gilsonite, impsonite, grahamite, etc., but they represent
generated heavy hydrocarbons which remain in place in the source rock or have
migrated into a reservoir and mature along with the rock. Consequently, it is
possible to use the reflectance of solid bitumens for maturation determinations
when vitrinite is not present.

HUMIC TISSUE is organic material derived from the woody tissue of land
plants. The most important of this group are vitrinite and inertinite:

a. Vimnite is derived from woody tissue which has been subjected to a
minimum amount of oxidation. Normally it is by far the most abundant
maceral in humic coals and because the rate of change of vitrinite reflectance
15 at a more even pace than it is for other macerals, it offers the best means of
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obtaining thermal maturity data in coals and other types of sedimentary
rocks.

Because the measurement of vitrinite is so important, care is taken to distinguish
normal (fresh, unaitered) vitrinite from other kinds of vitrinite. Rough vitrinite does not
take a good polish and therefore may not yield good data. Oxidized viminite may have a
reflectance higher or lower than fresh viminite; this is a problem often encountered in
outcrop samples. Lipid-nich vitrinite, or saprovitrinite, has a lower reflectance than
normal vitrinite and will produce an abnormally low thermal maturity value. Coked
vitrinite is vitrinite that has structures found in vitrinite heated in a coke oven. Naturally
coked vitrinite is the product of very rapid heating, such as that found adjacent to
intrusions. Where it is possible to do so, vitrinite derived from an uphole portion of a
well will be identified as caved vitinite. Recycled vitrinite is the vitrinite of higher
maturity which clearly can be separated from the indigenous first-cycle vitrinite
population, Often, the recycled vitrinite merges in with the inert group.

b. Inertinite is made up of woody tissue that has been matured by a different
pathway. Early intense oxidation, usually involving charring, fungal attack or
biochemical gelification, creates the much more highly reflecting fusinite and
semi-fusinite. =~ Sometimes the division between viminite and fusinite is
transitional.  Sclerotinite, fungal remains having a distinct morphology, are
considered to be inert. An important consideration is that the inerts, as the name
implies, are largely non- reactive “dead carbon" and they have an extremely low
hydrogen index in Rock-Eval pyrolysis.

5. OTHER ORGANIC MATERIAL

a. Lipid-rich, caved and recycled vitrinite. These are put in this section so we can
show the percentages of these macerals; they are described above.

b. Exsudatinite. Oil and oily exudates fall in this group. Exsudatinite differs from
the solid bitumens on the basis of mobility and solubility. We prefer to maintain
this distinctjion aithough the ICCP has now included the solid bitumens in with
the Exsudatinite group.

c. Graptolites are marine organisms that range from the Cambrian to the lower
Mississippian; it has been found that they have a refleciance slightly higher than
vitrinite. Because vitrimite 15 lacking in early Paleozoic rocks, the proper
identiftcation and measurement of graptolites is tmportant in these sediments.

6. PYRITE. Various forms of pyrite can be readily identified under the microscope.
Euhedral is pyrite with a definite crystalline habit. Framboidal is pyrite in the form of
grape-like clusters which are made up of eubedrai to subhedral crystais. Framboidal
pyrite is normally found in sediments with a manne influence; for example, coals
with a marine shale roof rock usually contain framboidal pyrite. Massive pyrite is
pytite with no particular external form. Often this is pyrite that forms rather late in
the pore spaces of the sediment. Replacement/infilling is self-explanatory.
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GENERATION AND DESTRUCTION

ZONES OF PETROLEUM

ORGANIC MATTER TIYPE
AMORPHOUS (OIL)  MIXED COALY (GAS)
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10

11

12

96 Mu 33-5

96 Mu 33-7

96 Ha 9

96 Ha 1)

96 Ha 14

96 Ha 15

9 Ha I8

96 Ha 45

96 Ha 49

94 Mu 63-A

94 Mu 63-Ut

94 Mu 65-U3

DGSI PROJECT:  96/3631

State of Alaska, Brooks Range QOuicrops

Organic marmer consists primarily of bitumen-like material with slightly angular
texture mixed with micrinized lipids. This material is difficult to differentjate from
alginite and some lipid-rich viminite fragments. Some solid bitumen fragments are
isolated from the micrinized groundmass and have granular texture, TAI values

may be raised by the presence of bitumen-|ike material in the unsmuctured ljpids.
Birumen may lower Tmax value.

Organic matter is primarily unstructured lipids with massive-micrinized texture and
inclusions of small, stringy to angular solid bitumen fragments. Bituren may

slightly lower Tmax value, but TAI, Ro, background fluorescence, and general
appearance of kerogen agree.

Dense groundmass of unstucnired lipids with micrinized-massive texture and
terrestrial fragments. Trace of high-rank recycled vitrinite. Tmax, TAI, Ro, and
background fluorescence agree.

Organic matter is primarily terrestrial with some grainy unswucrured material.
Some high-rank VL and normal vitrinite are difficult to differentiate. Tmax, TAI,
and Ro agree. Background fluorescence may be slightly high because of VI..

Similar to 96 Ha 11,but with slightly higher maturity.
Similar to 96 Ha 11. TAI oa sporinite.
Organic matter consists of terrestrial fragments with a small amount of

grainy, unsmuctured lipids. There are three populations ot vitrinite and VL.

Tmax tndicates a marurity of about Ro 1.3 which agrees with the background
fluorescence.

Organic matter is primarily terrestrial. Small fragments are difficult to idencify.
TAI, Tmax, Ro, and background fluorescence indicate a maturity slightly over (.0.

Mixture of terrestrial fragments with some grainy, unstructured lipids. A trace
of surface contamination may lower Tmax.

Organic marer is primarily terrestrial with some grainy, unstrucrured lipids.
Fragments consist of VL, normal vitrinite, coking vitrinite, inertinite, and
fluorescing liptodetrinite. Intense background fluorescence.

Trace of organic matter. Ro is on very small, vitrinite-like fragments.

Small amount of organic matter. Ro is on very small, vitrinite-like fragments.
Some acritarchs, ete. visible in slide.
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19

20

21

24

25

26

28

94 Mu 65-U8

94 Mu 63-U12]

94 Mu 65-U19

94 Mu 65-U28

96 Mu 28-3

96 Mu 284

96 Mu 28-6

96 MAW 6

86 MAW 7

96 MAW 9

96 MAW 11

96 MAW 16-B

96 MAW 18-B

96 MAW 20-E

96 MAW 21-B

96 MAW 22-B

Trace of organic matter. Ro is on very small. vitrinite-iike fragments.

Small amount of organic matter.

Organic matter is primarily unsoucrured lipids with massive texture. Small
vitrinite fragments are severely oxidized.

Trace of organic matter consisting primanly of very smal} terreswial fragments.
Trace of very small organic fragments, primarily terrestrial.

Small amount of unstructured lipids and terrestriat fragments. Some virrinite
is coking. TAI of 3.

Organic marter is primarily terrestrial. Many small fragments are difficult to
identify. TAI of 3+ agrees with Ro maturicy.

Primarily terrestriat fragments with some low-rank contamination which may
raise background fluorescence, TAlis 3 to 3+.

Unstructured lipids have micrinjzed texture and small, stringy, angular, solid
bitumen inclusions. Some oil generation has occurred. Solid bitumen may
slightly lower Tmax and raise TAI values. TALis 3-.

Mixture of unseructured lipids and terrestriat fragments. Some vitrmite has dark
oxidation rims and some Ro values may be lowered. Trace of solid birumen
which may lower Tmax and raise TAl values. TAlis 3-to 3.

Organic matter is primarily fine-grained, unstructured lipids with stringy,
angular, solid bitumen inclusions. Some oil generation has occurred. Solid
bitumen may slighdy lower Tmax and raise TAI values. TAlis 3-to 3.

Unstrucrured lipids have a grainy texture. Small terrestrial fragments are
difficult to identify. Trace of surface contamination, Surface contamination
and traces of solid bitumen may slightly lower Tmax vatue. TAI is 2+ 1o 3-.

Moderate amount of organic matter consisting primarily of very small, difficuit

to igentify terrestrial fragments. There is one large fragment of VL or solid
bitumen -like material. TAJis 2+, '

Small amount of organic matter consisting primarily of lipid-rich vitrinite,
TAT agrees with Ro for a marurity slightly less than 1.0.

Trace of organic matter, not enough for analysis.
Mixture of terrestrial material with a wide range of Ro values. Many small
fragments are difficult to identify. Micrinized lipids are mixed with mineral and

TAI cannot be determined. Background fluorescence agrees with tower
popuiation of vitrinite and VL.
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ANALYST TYPE/TREP LIPIDS ORGANIC MATTER INTENS. EQUIVALENCE COLOR VALUES
CTG Culnngs AL Alginite E  Exsudaunitc E  Euhcdial N Nunc & Noac B Biemea s w Whie 1+ Sirew Yellow
Castano CC  Conv, Core SB  Subenmilc C Gopudlitcs F  Frumboid | T Trce I Weak G Graproliles G Orecn t Fale Yellow
X O'Connor SWC  SideWallCore | € Cuiniic Vi, Lipid-Rich Vilsinite MA Massive Small Amu | 2 Moderate | VL Lipad-Rich Vidanite Y Yellow I+ Ycliow
oC  Ouscrop LD Lipiodetiniic v ViriniteComarmination | BRI Replace- M Mod. Amt | 3 Suong ¥C  Vilenile Contam, O Orange b Yellow-Chauge
NI o laform U Uediffcr. ¥R Recycled Vitinite infill +  LargeAm | ¢ Twgensc VYR Recycled Vitrigite R Red 1 Goldea
C Casl 5§  Sporinite ++  Abundaal B Brown M Amber
MICROSCOPE R Resinire BL. Black 3 Reddish Baowa
K Keragen O Oher 3 Medinm Browa
Iena WR  Whole Rock 3 Bwk lhown
X Lriss Lo Sigl - Browa-Ulsch
ad Mot Delcrmined VISUAL KEROCEN ANALYSIS D Dask 4 Black
Total Quality Geochemistry 4+ Black-Opanue




BROOKS RANGE OQUTCROFPS

DGSI Project: 9613631

FLUORESCENCE / TAI
ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro
LIPIDS HUMIC|OTIER VITRINITE LIrIDS LIS
DGSI {MSTRUCTURED STRUCTURED o UNSTR. | STHU. . UNSTR STRU. fad
) E : = Q
t 7 FAl | FLUOR. [TAl |FLUOR E
z.
a 2 Ll !j -
53] = [_( et [E)
: - ] % i 6
- — o oy 19
o DATE: Z = s = g
L cBlE @ a =z | . 1 g £ E.
=] = E (7] [ r w o oo o * - - lw
z SElE |8 | (B 5B |E A REIEINEE ElIE|S £ EEZ
o p = = @ | =
z 25 E |2 |2 2 |E |2 wla S|z z (2|8 elgl2zig|Clulz|2|2(2|2 |28
= 12/25/96 o E AL g td g E 25 | = E I~ E |2 S FRERENER P AR R r_: 5 Sl | 388 | £e
G 23 =12 |= z e =12 |2 |t Zlelclz lele g (51518 (8 El12lE |z|= 2 (B |z |2 |ES
= \D OR DEPTH & B % < | = | ; = By | S| - F: B | B sl | | g VIV |5 0[S Jals JO S | (O[S |-
Lo VL O .
2 96 MAW T " ®0C 50| 5 wli1s|1w0]| ¥ FlM|+« M| m|7T|T DB | 1 4 |3 |BL| 0 Y | 2 .36
Comments: Smafl, stringy, angwar sofigd b frag ez ed NpRIs. L
, Lo F 3 o} -
22 9 Maws ! WOC 0| T T |20 20 Ma| M| M| W M DB | 1 4]a|seL] o Y | 2 1.38
Comnmenis: Soms wilrinite has dark aodation nms - soma Ro values may be fowened
Lo 3 -
23 96 MAW 11 * HOC &1 T 2|1 5 Mal M| + [ M| M sl1]J]af2{a3a]3]|BL] o 71.16
Comments; Fine-grained, micripized ipuds with Stringy, angular sokd bituman inclustons.
. LD WL 2+ -
24 |96 Maw 168 woc | 50 10 s |zof5| T Flu|lvmm|m T]le | 4|3 ]efo PR 1.20
Commenis; Grainy unstruciured lipids  Smalf 1amasidal ieagmaents are dithcull ta idenify. Trage surfate comlamnabon.
[Re] 7 7 't -
A
25 96 MAW 18-8 woc | 10 T 7] 60| 30 Ma ] v+ [ M M| - | M nd 3 |2«|8BL| Q G| 7104
Comments: Mos! terrestnial fragmenis are very small and dificult o identity. One farge fragment VL or bituman-like materal,
SAMPLE STRUCTURED OTHER TYRITE ATTUNT. tLUOR vII. REFLECT. FLUOR TATCOLOR
ANALYST TYPE/PREP LIFINS ORGANIC MATTER INTENS. EGUIVALENCE COLOR YALUES
CTG  Cutings AL Algimie E  Exsudatinite £ iinhedral N None U Nuone & Lhienwe Tl w Wi 1+ Staw Yelow
Castano ¢ Conv. Corc 8 Suberiniic G Graplolites F  Frumboid | T  Trece T Wek € Graprolines G Gicen 1 Pale Yellow
X  O'Connor SWC  SideWnllCore | € Cutinite v Lapu-Rich Viltite MA Massive Small Annt | 3 Boderate | VI Lipid-Rich Viriwte Y Yellow 1+ Yellow
OC  Outerop LD Liptodetrinate Vi VirinikCostaminauon | 81 Replace- M hlod Ame | 3 Swong ¥ Vitrmig Contum, ¢ Orenge - Yellow-thange
NS Na Suform. U UndifTer VR Reeycted Vitninie infilf +  Loarge Ami [ & Ditense VR Recyecled Vivinite B Red 1 Golden
C Coal 5 Sporinite ++  mbundant B Brown v Amber
MICROSCOPE R Resinile BE. Rlack 3. Reddish yona
1 Krrogen O Other 3 bledinm Bsown
Jena WR  Wholc Rock 3+ Dark Buvwm
X Zeiss L Lighs 4 Nrown-Nlack
wil.  Nor Determined VISUAL KEROGEN ANALYSIS o sk 4 Nlack
Total Quality Geocliemistry 4 Black-Opugue
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BROOKS RANGE QUTCROPS

DGSI Project: 86/3631

FLUORESCENCE / TAl
b= ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro
LIPIDS HUMIC |OTIIER VITRINITE LIPS LIPIDS
P w
D G S I UNSTRUCTURED STRUCTUKRED E} UNSTR, | STRU. K UNSTR SR O
o g TAl | FLUOR. ITAl [FLUOR, | %
3 G 5~
(2] ~ - Poct ]
> z = & -
— S 3 oy = w B
e DATE: Ewlb [y = ™ ] : 2K
=] Op |z (8 =] . G & e
& £ E 13 @ 28 |w E < = |4 - - | . L |22
= so|E (8w (2 |2 |E S |2 2 & = Elx - Elez
z 2|k |2 g | E = G lal=s oz |8 [Z slz[8(8[z &=
= 12729096 s|zlc|g B lelelglelzl=g|lglelElg S22 |2(8 Gl |&(SE 1513868153842
4] B2 |2 |2 |2 £ E E E g |¥|E E E == lclel2 8218 IS|E|SlElzZzI8|Elx18lk]|E°
a ID QR DEPTH | & & 1% |2 |= n | & |- A e |[Fl2 |2 |30 O SlE 5|5 |0 T lo o
1 w‘ -
26 95 MAW 20-E KO 20 i | 20 | 50 MA| M - M M T BL 0 i 2+ | 8L | O G54
Comments: Smalf amount of arganic matler.
] -
27 96 MAW Z‘EAB1 KOs ¥ T T MA| - T + 8l Q n.d -
Commants: Trace of orpanic mattsr,
| u Vi BL| o -
28 936 MAW 22-B ! HOC o] T| s 2 | 30|35 Ma| M| + [ W[ M| M| T T]8B|O0[O08] 1] 3 |nd 0| 2 O 81
Commants: Mixiure of lemesidal fragments rangeng from VL to shohtly coked witrinite. Many Small iragmenis
Comments:
Commenis:
SAMPLE STROCTURED OTHER PFYRITE A FLUOH. Vil. REFLECTT. FL.UDR. TATCUOLOR
ANALYST TYPE/PREP LIPIDS ORGANIC MATTER INTENS, EQUIVALENCE COLOR VALIES
CTG  Cutnings AL Alginiic E  Exsudatinile E Euhcdral [N Mone 0 HNone B Buymen W Whilke 1 Swaw Yellow
Castano CcC  Conv. Carc S8 Suberinite G Graptolites F Frambaid | T  Teace 1 wesk G Grapiodiics G Gietn t  Pale Yetiow
X  O'Connor |swe  SidewsliCore | € Ciinste VL Lipid-Bich Virriaue MA Massive Small Amr | 2 Moderste | VL Lipid-Rich Viuinite Y Yellow 1+ Yellow
oL Cucrop LD Liplodeminie YC  ViuiniteC i R Repl M hoed Amu [ F 0 Sueng YT Vimnite Contam, 0 OCrange 1. Yellow-Orange
N1 M inform. U Undiffer, VR Becycled Vieinite it + LargoAmei| € Iniense ¥R Reeycled Viminite f Red 1 Golden
c Coal H Sponnite ++  Abundant B Biown 2+ Ansher
MICROSCOPE R Reqinile B Black 3-  Reddish Brown
.4 Kerogen 0 Other 3 Medivm Brown
Jena [WR  Whole Rock 3¢ Dok lhows
X Zeiss L Ligh 4 Brown-Black
wal.  Noi Deternnined VISUAL KEROGEN ANALYSIS v Dk 4 Diech
Total Quality Geochemistry 1r Black-Upayue




YITRINITE REFLECTANCE BROOKS RANGE OUTCROPS

DGSI Project 96/3631 Sampie No. | TYPE K/IOG
OTHER {D: 86 Mu 33-5 T0C 18.65
TMAX 435
| Rt 279
15 VITRINITE ; VRo  20.96
MEAN 096 B Ro 0.72
ST DEV 0.2 ’
VARIANCE 0.02 | VRE 1.03
MINM UM 083 |
10 L MAXIMUM T i
NUMBER s | Visyal Kerogen Summary
¢ Unslryctured Lipids 30
BITUMEN | Siructured Lipids -
5 1L ;ATES;, g»g Solid Bitumen 260
VARWNCE 0.01 ' Inerinile 5
MINIM UM 0.5 : -
; MAXIMUM 096 | Vilrinite -
0 . . NUM BER o | Other 5
) TOTAL 40
0 1 2 3 4 5 8 !
| —_—

Background Fluorescence  Strong
TAt Unstructured 3-
TAI Structured

B0.53 B0.67 L0.83 L1.00
B052 B8068 L0834 L1.03
80683 B0.74 BO0.B8 L1.11

B0B4 8077 BO0.89 COMMENTS:
8067 B078 80.90 Lipid-rich vitrinite

DGSI Project 96/3631 Sample No. 2 TYPE K/OC
OTHER 1D: 96 Mu 33-7 TOC 3.12
TMAX 439
| ! R 131
! 15 VITRINTE | V Ro .
M EAN .
! MeAN : BRo 7069
VARWNCE ! VRE 70.99
MINM UM |
MAXIMUM |
o1 HUMBER l Visual Kerogen Summary
! Unstruciured Lipids 75
BITUMEN ‘ Structured Lipids -
MEAN 0.69 >
5 1 ST OBV 008 i Sofid Bitumen 20
VARIANCE 0.01 1 Inertinite 5
M INM UM 083 P
MAKXMUM a7e | Vit T
.0 NUMBER 2 . Otner _0o
0 — — | TOTAL 100
0 1 2 3 4 5 6 |
{

Background Fluorescenca  Intense
8083

TAl Unstructured 2+
B 0.74 TAl Struciured
viz29
COMMENTS:

g1




VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project 96/3631 Sample No. 3 TYPE K/OC
OTHER ID: 96 Ha?9 TOC 0.88
TMAX 451
HI 33
15 VITRINITE V Ro 1.04
MEAN 104 -
STDEV 623 . B Ro
VARWNCE 005 VRE -
M NIV M 0.85 :
10 MAXMUM 148 i
T NUMBER 27 S Vi e e u
: Unstructured Lipids 65
BTUMEN I Structurad Lipids -
MEAN : .
S 1L ST DEV Solid Bitumen T
VARIANCE Inertinite 10
M INIM UM .
M AX M UM Vilrinite 250
n ﬂ n n NUM BER ' Other
0 | TOTAL 100
0 1 2 3 4 5 6 i
i Background Fluorescance  Strong
L0065 LO79 L0855 V108 L1.20 L1.39 v236 TAl Unstruciared 3-
L0071 V0.82 L1.01 L1.43 V1.23 L1468 v3.0d TAI Structured
LO.73 L0877 L1.01 L1415 V1.28 viS54 v333
L0.74 LOBT V101 V117 V134 1185 v4.42 COMMENTS:
LO78 LOSS V108 V119 L1389 1179
DGSI Project 96/3631 Sample No. 4 TYPE K/OC
OTHER ID: 96 Ha 11 TOC 1.09
TMAX 463
HI 34
15 VITRINTE '-; VRo 1.29
MEAN 128 . -
ST DEV 022 ) 8 Ro
VARIANCE oos ! VRE -
MMNMUM 083 t
10 MAXIMUM 162 ‘
T 1 NUMBER 27 ! Vlgnal KQ[QQQD S!ID][DQD!
': Unstructured Lipids 15
BITUMEN l Structured Ligids .
MEAN . X
51 . ST OBV 5. Solid Bitumen
11 VARIANCE | Inertinite 15
LU MINIM UM | Vilrinite 30
|! He H MAXM UM I oth 40
0 ik M NUMBER : er
! . i TOTAL 100
0 1 2 3 4 5 6
i : Background Fluerescenca  Strong.intensel
L0B3 V105 L1.32 L1238 L147 V180 1195 v2.44 TAl Unstruciuced 2+3
V0.87 V107 V133 V138 V147 V182 v207 v248 TA} Struciured
vV08e L1111 V135 V138 V149 1178 v208 v2594
V100 L1118 V136 V1.39 V153 v1.87 v2.i1 v3.08 COMMENTS:
V1.05 V3128 V137 V139 V158 v1.89 v229 v3.19 Some recycted vitrinite

{1



IT

BROOKS RANGE OUTCROPS
DGSI Project 96/3631) Sample No. 3 TYPE K/QC
OTHER ID: 86 Ma 14 JOC 1.12
TMAX 478
Ht 36
15 VITRINTTE VRo 1.33
MEAN 133
ST DEV 0.26 8Ro -
VARIANCE 0.07 VRE -
MINIM UM 0.97
10 1 MA XM UM 178
NUMBER 26 Visual Kerogen Summary
| Unstructured Lipids 20
BITUMEN | Stuctured Lipids -
M EAN
51 ST DEV Solid Bitumen -
VARWNCE ' Inertinile 20
MINMUM ! ..
_I MAXIM UM ; Vilrinite 50
i 10
ﬂ nﬂ NUMBER _ Other
0 | TOTAL 100
0 1 2 3 4 5 6 ‘
i Background Fluorescence  Strong
L0997 V105 V1.18 L1.40 VI.58 V178 TAI Unstructured 2+3
L1.00 L1.08 V123 L1468 ViB7 v194 TA! Structured 2+,3
VIO3 £1.13 L128 V151 V188 v2.38
V103 V1.14 V134 V154 V168 v2.38 COMMENTS:
V104 L3117 V135 L1.57 V175 v260
DGSi Project 96/3631 Sample No. 6 TYPE K/OC
OTHER {D. 96 Ha 15 TOC 0.99
TMAX 472
HI 34
15 VITRINITE V Ro 1.19
MEANR T .
ST D&V 0.8 8 Ro
VARWNCE 0.03 VRE -
MINIM UM 0.94
10 MAXIM UM 148
T NUM BER 28 M]E!Iﬁi KE[QQQ[] Sslmmant
Unsiructured Uipids 20
BTUMEN ¢ Structured Lipids 5
MEAN i : .
5 L ST DEV . Solid Bitumen
VARIANCE , lnartinite 20
MINIM UM :
MAXEM UM Vitrinite 40
0 M 0 NUM BER Other 15
TOTAL 100
0 1 2 3 4 5 8
Background Fluorescance  intanas
L0094 L1.0Y L1.07 L4123 V134 V145 vies viig TAI Unstructured n.d.
L0954 L1.01 V1.13 V128 V134 V147 vi74 TAS Structured 3-
L095 V1.02 L1.14 V128 Vi35 V148 v188
V09 V102 V118 V132 V138 1157 v2.14 COMMENTS:
L100 L107 V119 L1.34 V140 vi.62 v223

43




VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS
OGSt Project 96/3631 Sampie No. 7 TYPE K/OC
OTHERID: 86 Ha 18 -TOC 1.18
TMAX 470
. i Al 39
15 VITRINTE i V Ro 71.42
: MEAN 142 |
i ST OEV o | 8 Ro
; VARMNCE 003 VRE -
J M INtM UM 19 :
I 10 MAXIMUM 87
S NUM9ER o | Visual Kerogen Summary
: |
i | Unstructured Lipids 10
; BITUMEN | Stuctured tipids .
’ 54 ;‘TES:V | Solid Bitumen -
VARIANCE Inartnite 20
MINIMUM -
MAXIM UM Vitrinite 35
! 0 _ HUMBER Other 35
: ‘ - - TOTAL 100
| 1] 1 2 3 4 5
| —  Background Fluorescance  Slrong
1082 vO0.74 v0.80 V132 V159 vi92 TAI Unstructured n.d.
10.64 1081 10399 V3.36 V167 v1.95 TAI Structured
10.72 1082 V118 V1.42 v1.81 v1.97
10.74 1083 V1.22 V150 v1.85 v2.00 COMMENTS:
1074 v0.90 132 V150 vi88 v2.05 Lipid-rich vitrinite & recycled
vitrinite
DGSI Project 96/3631 Sampie No. TYPE K/OC
OTHER ID: 96 Ha 45 TOC 1.15
TMAX 480
HS 44
15 VITRINITE V Ro 1.20
' M EAN 120 a
. 8T DEV 0.9 BRo
:. VARWNCE 0.04 VRE -
H MINMUM 0.83
1 10 MAXM UM 156
| | NUMBER 2 Visual Kerogen Summary
'3 Unstructured Lipids 20
i BITUMEN Structured Lipids -
MEAN -
! 51 oT DEV Solid Bitumen
VARIANCE Inartinite 20
M INIM UM ..
H | MAXIMUM Vitrinite 30
” MI n] I NUMSER i Otner 30
P 0 ' ' TOTAL 100
0 1 2 3 4 5 .
‘I Background Fluorescenca  (ntense
L0.83 L1.02 L1.22 V132 V141 1173 TAl Unsiructured 3-
VO0.84 V107 V.23 V132 V142 v2.15 TAI Struclured
V091 L1115 V123 L1.33 V142 2215
L0.97 V118 V125 V133 V158 Z220 COMMENTS:
L1.03 V120 V128 V133 vi68 v3s36

&Y




VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS
DGSI Project 96/363 1 Sample No. 9 TYPE K/OC
OTHER ID: 96 Ha 49 JOC 1.23
TMAX 421
Mt 28
15 VITRINITE VRo 7118
M EAN t8
ST OEV 0.1 , BRo -
VARANCE 0.02 ; VRE -
MINMUM 0.98
10 L MAXIMUM 139 '
NUMBER ©» | Visyal Kerogen Summary
' Unstruciured Lipids 15
BITUMEN " Slructured Lipids 5
MEAN : '
51 ST DEV Sotid Bitumen -
VARWNCE . Inertinite 20
M (NIM UM : .
U _m
i n an NUMBER f Other
0 . TOTAL 100
0 1 2 3 4 5 6 !
: 8ackground Fluorescence  IMense
v0.56 vO0.87 10.75 V098 V124 vi81 Z245 TA} Unstructured n.d.
1057 v0.88 1077 V(01 V128 v200 v248 TAl Siruciured 2+
1065 vO070 1080 Vi.18 V138 v205 v293
v0B5 v0.70 vO0.80 V1.18 V1.39 v2.30 va4s COMMENTS:
10.87 1072 V098 V1.19 vi81 v233 2379 Liptd-rich & recycled vitrinite
DGSI Project 96/3631 Sample No. 10 TYPE K/OC
OTHER 1D:94 Mu 65-A TOC 1.38
TMAX 464
{ , HI 28
15 VITRINTE - V Ro 1.14
MEAN 11 : -
ST DEV 0.28 : B Ro
VARIANCE 0.08 VRE -
M INIM UM 0.78
10 L MAXMUM 185
NUMBER ® . Visual Kerogen Summary
: Unstructured Lipids 15
BITUMEN |[ Structured Lipids 5
MEAN -
51 oT DEV | Solld Bumen
VARWNCE I Inertinite 20
MINIMUM i
: MAXIMUM l Vitrinita 30
o LI dllodl ' ovr _®
] i . TOTAL 100
0 1 2 3 4 5 6
L Background Fluorescence  Intense
10681 vO0.69 L082 V115 V1.37 v209 v243 TAl Unstructured 3-2+
v0.85 vO0.72 V0.9 V1168 V144 2211 2264 TA! Structured
1068 V078 V088 V123 V145 v217 v2.74
10,68 LO0.80 VO0.88 V1.24 V1.55 2222 v288 COMMENTS:
1069 VO0.81 L0989 V1.30 V165 v2.24 2289

Some fipid-rich vitrinite & recycled
vitrinite

85




VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project 96/3631 Sampie No. 1] TYPE K/OC
OTHER iD94 Mu 65-U1 JOC 0.16
TMAX N.A.
! Hi 0
15 VITRNITE i VRo .
MEAN .
ST DEV . B Ro -
VARWNCE ! VRE -
MINIM UM |
10 L MAXIMUM i
NUMBER . Visual Kerogen Summary
|
| Unstruciured Lipids -
BITUMEN | Structured Lipids -
MEAN .
51 o7 OBV © Solid Bitumen -
VARINCE Inertinste T
M INIM UM .
W AXIM UM ; Vitripite T
nn NUMBER Other 0
0+—1 ! TOTAL 5
0 1 2 4 5 6 I
- Background Flucrescence  Waak
10.67 TA} Unstruciured 3
v 1.08 TAIl Structured
COMMENTS:
DGSI Project 96/3631 Sample No. 12 TYPE K/IOC
OTHER ID94 Mu 65-U3 TOC 0.23
TMAX N.A,
[ . Hi 0
15 VITRINTTE ; VRo 21.72
MEAN 72 ; }
$T 08V 08 B Ro
VARWNCE 003 VRE -
MINIMUM 155 i
10 MAXRM UM 203
1 NUMBER * | Yisual Kerogen Summary
ll Unstructured Lipigs -
BTUMEN | Structured Liplds -
M EAN : -
54 ST DEV 1| Solid Bitumen
VARIANCE Inertinie T
M INIM UM Vitrinite T
MAXHA UM
’ﬂ‘ﬂﬂ NUMBER | Other 0
0 - ! TOTAL 3
0 1 2 4 5 6 1
©  Background Fluorescenca  Weak
V158 VT4 TAl Unstructurad 3+
V1.58 V187 TAl Strucnhered
V188 V2.03
V 1.68 COMMENTS:
VvV 1.68

£6




VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGS) Project 96/363 1 Sample No. 13 TYPE K/OC
OTHER ID94 Mu 65-U8 TOC 0.10
TMAX 276
i : H 20
MEAN
ST OBV ! 8 Ro )
VARIANCE ' VRE -
MINIM UM ‘
10 L MAXIMUM !
NUM 8ER | vV m
l Unstruciured Lipids -
BITUMEN i Stuctured Lipids -
MEAN I
S o DRV | Solid Bitumen -
VARWNCE Inertinite T
MINIMUM ; .
MAXIMUM : Vitrinile T
0 NUMBER 1 Other 0
. TOTAL 0
0 4 5 6 ;
Background Fluorescence  Weak
10.90 TAl Unstructured n.d.
v 1.67 TA! Struciured
COMMENTS:
DGSI Project 96/3631 Sample No. 14 TYPE K/OC
OTHER I®4 Mu 65-U12J TOC 0.14
TMAX N.A.
. ; Hl 0
T VITRINITE : VRo -
H MEAN
| ST OEV 8 Ro
| VARWNCE VRE -
I MINIMUM
1 MAXIMUM
01 NUMBER Visuai Kerogen Summary
Unstructured Liplas -
BITUMEN Structured Lipids
M EAN : .
51 AN, 1 Solid Aitumen
VARWUNCE Ineftinite T
M INIM UM .
MAXIMUM Vitrinite T
NUMBER i Other o]
0 | TOTAL 0
0 4 5 6 !
i. |
- Background Flyorescance  Weak
v0.68 TA! Unstructured 2+3
TAI Structured
COMMENTS:

§7




VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS
DGSI Project 96/3631 Sampte No. 13 TYPE K/OC
OTHER [DB4 Mu 65-U19 JoC 0.06
TMAX N.A.
| : 5] 0
15 VITRINTE ] V Ro -
MEAN .
\ $T 0BV i BRo B}
VARIANCE VRE -
MINIMOM
‘ 10 1 MAXIMUM
! NUMBER Visual Kerogen Summary
‘ Unstructured Lipids 90
! BITUMEN Structured Lipids -
: MEAN .
i 5 1 STDEV | Solid Bitymen -
; VARIANCE | Inertinite S
M N UM : -
M AX (M UM ] Vilrinite 5
o NUM 8EA | Other L
| : i TOTAL 100
| 0 1 3 4 5 6 :
\ ' Background Fluorescance  Modarate
TA! Unstructured 2+
TA! Structured
COMMENTS:
DGS! Project 96/3631 Sample No. 16 TYPE K/OC
OTHER D84 Mu 65-U28 TOC 0.20
TMAX N.A.
Hi 0
:' 15 VTRINIE : V Ro .
. M EAN ! X
1 ST OBV i BRo
VARIANCE I VRE -
MINIM UM !
10 MAXMUM H
1 NUMBER | Visual Kgrogen Summary
| Unstructured Lipids -
BITUMEN ! Stuctured Lipids -
MEAR | -
51 ST bEY l Sofid Bitumen
VARWNCE i Inertinite 1)
M INIM UM i Vitrinite T
MAXIMUM I
g ﬂ NUMBER ! Other 0
¢ TOTAL 0
0] 1 3 4 5 8 !
! 8ackground Fluorescence  Weak
10.48 TA( Unstructurad n.d.
10.48 TAIl Structured
COMMENTS:

68




VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

OGSt Project 96/3631) Sampie No. 17 TYPE K/OC
QOTHER |D: 96 Mu 28-3 TOC 0.12
TMAX N.A.
Hl 0
MEAN 182
ST DEV o.v BRo )
VARWNGE 0.01 VRE -
M NIV UM 171
10 B MAX B UM 194
) NUMBER 3 Visual Kerogen Summary
l : Unstructured Uipids -
, BITUMEN . Structured Lipids -
5 L ¢ ;‘fgé‘v i Solld Bitumen -
VARIANCE Ineninita T
MINIM UM ' Vilrinite T
MAXIMUM , Otne 0
NUMAER . r
0 M ' TOTAL 0
0 1 2 3 4 5 & ;
!
Background Fiuorescence  None
V171 TAI Unstruciured n.d.
V 1.81 TAI Struciured
V 1.94
COMMENTS:
DGSI Project 96/3631 Sample No. 18 PE K/OC
OTHER 1D: 86 Mu 28-4 TOC 0.11
TMAX N.A.
! HI 0
15 V{TRINITE V Ro -
| MEAN , .
; ST DEV : BRo
| VARWUNCE ! VRE -
| MHIMUM !
: 10 t MAXMUM :
1 1 I NUMBER ' Visual Kerogen Summary
[ ] | Unstruetured Lipids -
BITUMEN [ Structured Lipids
51 ;EG:V II Solid Bitumen -
VARANCE 'l Inertinite T
MINIM UM : ;
1A AXIM UM ‘l \c/)ltrhlte 2;
NUMBER ' Other
0 I - ' TOTAL 0
! 0 1 2 3 4 5 6 '
! . Background Fluorescence  None
v 1.47 TAl Unstructured 3
TAl Structured
COMMENTS:

L7




VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGS! Project 96/3631 Sample No. 15 TYPE K/OC
OTHER ID: 96 Mu 28-8 JOC 0.24
TMAX N.A.
| '. HI 0
L 15 VITRINITE | VRo 1.87
MEAN 187 |
ST DEV 0.7 t BRo )
VARIANCE 0.03 : VRE -
MINMUM 156 ]
10 MAX®MOM 226 !
T NUMBER 20 Iﬁ er Su a
‘ Unstructured Lipids 30
BITUMEN i Structured Lipids -
MEAN ! . . .
5 1 . STOEV l Solid Bilumen
VARIANCE ;. lnertinite 20
MINIM UM i .
MAXMUM i Vitrinite 500
n i n ﬂ NUM BER I Other
0 | TOTAL 700
0 1 2 3 4 5 B ‘
Background Fluarescence  Weak
V158 V175 V(88 V189 v25) TAl Unstruciured 3+
V170 vi,78 V182 V202 TAIl Structured
V1720 V1.77 V194 V205
V4173 V77 V195 V207 COMMENTS:
V178 V1.81 V188 V22§
DGSI Projact 96/3631 Sample No. 20 TYPE K/OC
OTHER ID:; 96 MAW & TOC 0.57
TMAX 443
! , HI 58
I 15 VITRINITE i_ V Re 1.38
| MEAN 138 : -
ST DEV o ! 8 Ro
VARWNGE 003 : VRE -
MINIM UM 102 :
10 MAXM UM 188 !
' T NUMBER ® . Visual Kerogen Summary
| i Unstructured tipids 20
k BITUMEN '] Structured Lipids -
MEAN ) .
51 ST OBV | Solid Bitumen A
l VARWUNCE | Inertinite 20
: MmN UM | e
M AXIM M ! Vitrinite 60
n NUM 8ER i Other 0
P 0 | TOTAL 100
: 0 1 2 3 4 5 6
i 7 ' Background Fluorescance  Strong
0022 L1122 Vi.41 V158 vi86 v1.95 v2.03 TAl Unstructureg 3,3+
L1.02 V128 V142 V188 v188 vi86 v213 TAI Slructured
V119 £129 V142 v178 v192 v200
V1,19 V137 V148 v179 v1.92 v2.00 COMMENTS:
Vi1.20 V141 V153 v184 vi195 v20"

Some recycled vitrinite
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VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project 9673631 Sampte No. 21 TYPE K/QC
OTHER ID: 96 MAW 7 TOC 2.68
TMAX 444
[ HI 254
\. 15 VITRINTE VRo 1.36
I M EAN 136 -
i 5T OEV 021 8 Ro
VARIANCE 0.04 VRE -
M INIM UM 10
10 ! Maxmum 170
T NUMBER 1" I r u a
i ; Unstruciured Lipids 50
| BITUMEN | Structured Lipids 5
‘ MEAN .
l 5.L ST DEV Solid Bitomen 20
| VARWNCE Inertinite 15
‘ M INIM DM ..
’ M AX 1 UM Vitfinite 100
ﬂﬂ . ﬂ NUMBER Othet
| 0 i  TOTAL 700
| 0 1 2 4 5 6 .
! Background Fiuorescence  lntense
b0.58 V1.22 V142 v1.80 TA) Unstructured 3-
b0.7Y 5123 V157 v25§ TAI Structured
V110 L1.23 V184 v382
V113 V132 V70 COMMENTS:
V1.17 V141 v183
DGSi Project 96/3631 Sample No. 22 TYPE K/OC
OTHER ID: 96 MAW 9 TOC 1,78
TMAX 442
[; Hi 213
P15 VITRINMTE V Ro 1.38
I MEAN 138 _
; STOEV 023 BRe
VARWMNCE 0.08 VRE -
MINIM UM 109
10 MAXTMUM 178 .
T NUMBER ® i Visual Kerogen Summary
1
i Unstructured Lipids 60
BTUMEN © Siructured Upids -
MEAN i )
5 1 5T DEV i Soiid 8itumen T
VARIANGE . Inertinite 20
MINIMUM i Vitrinite 20
MAXIMUM :
nﬂ]ﬂn NUMBER © Other 0
0 . TOTAL 100
0 1 2 4 5 ) -:
1 |
‘ Background Fluorescence  intensa
b0.71 V121 V161 v211 TAt Unstructored 3-3
9091 V129 Vi.?76 v2.21 TAI Structured
b098 V134 v188 v235
V1.08 V141 v1.84 v3.56 COMMENTS:

V116 V160 v202

Some racycled vitrinite
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VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project 96/3631 Sample No. 23 TYPE K/OC
OTHER 1D: 96 MAW 11 JOoC 2.40
TMAX 439
: i Hl 249
.15 VITRINITE ‘ VRO 7116
| c A BRo -
VARWNCE 00y | VRE -
MINIMUM w08 |
10 L MAXIM UM 132
; NUMBER s Visual Kerogen Summary
; Unstructured Lipids 65
. BITUMEN Structured Lipids -
L5 L el I Solid Bitumen 20
VARWANCE Inertinile 10
. I iy :
: NUMBER Olher 0
oo IR AT | ToTAL 700
': o 9 2 3 4 5 6 :
' | Background Fluorescence  Strong
b0.68 V115 TAI Unsiructured 3-3
b0.74 V132 TAI Structured
V108 vi.76
V112 v21y COMMENTS:
Vi4
DGSI Project 96/3631 Sample No. 24 TYPE K/OC
OTHER 1096 MAW 16-B TOC 1.51
TMAX 448
i R$ 61
15 VITRINTE i V Ro 1.20
?YEDA:V ;_23 E BRo )
VARWANCE 0 ot : VRE -
i MINIM UM 103 |
: 10 1 MAXIM UM 139 l
: NUM BER ) SRV r
: Unsiruciured Lipids 50
! BITUMEN Structured Lipids 10
i 51 :TE;‘:V Solid Bitumen 5
: VARWANCE Inertinie 20
| . i s
. ]—l NUMBER Other 0
: ° 0 {Lm‘: | r.2 : 3 4 5 6 TOTAL 100
: ! Backgrouna fuarescence  (ntense
0030 V413 V131 v108 TAI Unstructured 2+,3-
b0.76 V116 V139 v248 TAJ Structused
b051 V1.18 v1.78
V103 L1.20 v1.87 COMMENTS:
Vil L1.27 v189
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VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project.96/3631 Sample No. 35 TYPE KIOC
OTHER 1096 MAW 18-B .TOoC 0.47
TMAX 454
| z H 1
| 15 VITRINITE i V Ro 21.01
| e aro -
I VARWNCE 0.03 : VRE -
’ MINIM UM 082 |
10 .J MAXIMUM 125
| [ NUMBER « | Visual Kerogen Summary
l | Unstructured Lipids 10
‘ BITUMEN | Structured Lipids -
b5 1 o © Sofid Bilumen T
' VARWANCE ' Ineninte 60
i ::‘m‘: " {  Vitrinhe 30
] rﬂ m n NUM BER ! Other 0]
| ; . . . ' TOTAL 700
1 .
' Background Fluorescence  Strong
L0.82 v1.48 TAl Unstruciured 2+
V0.99 vi1d9 TA\ StruCtured
VvV 0.8%
V1.25 COMMENTS:
v 1.39
OGSl Project 96/3631 Sample No. 26 TYPE KJ/OC
OTHER 1096 MAW 20-E TOC 0.18
TMAX 351
i , R 3]
15 VITRINITE i V Ro 0.94
" MEAN 094 B Ro _
! ST D6V 0.09
; VARIANCE 0.01 . VRE -
! M (NIM UM 07 ,
10 MAXIM UM 108 '
‘ T NUMBER 0 . Visuai Kerogen S!Immanz
1 H
i | Unstnuctured Lipids 20
BITUMEN | Stuctured Lipids -
} 51 :'—;ESE'V | Sofid Bitumen -
} VARINCE I nentinite 10
; M INIM UM .
| . MAX IV LM ‘ Vitsinite 20
|| NUM BER | Othar 80
. 0 : ' —_—
| : TOTAL 100
" 0 1 2 3 4 5
Background Fluarescence  Weak
L 0.76 L0.97 TA! Unstructured 2+
V0.8t V0.89 TAI Structured
L0802 V1.00
V0.98 V1.02 COMMENTS:
L 0.97 V105
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VITRINITE REFLECTANCE

BROOKS RANGE OUTCROPS

DGSI Project 96/3631 Sample No. 27 PE KOC
OTHER 1D86 MAW 21-B TOC 0.21
TMAX N.A.
i | HI 0
15 VITRINTE VRo .
MEAN
STDEV | B Ro -
VARIANCE ! VRE -
M (NM UM !
MAX DA UM
0T NUMBER Visual Kerogen Summary
Unstructured Lipids -
BITUMEN Structured Liplds -
M EAN .
51 ST DBV Solid Bituman -
VARWNCE . Inertinite T
MINIMUM .
MAXIMUM l Vitrinite T
0 NUMBER Other 0
- TOTAL 0
| 0 1 2 3 4 S
Background Fluarescence  None Weak
v0.81 TAI Unstructured n.g.
TAl Structured
COMMENTS:
DGSI Project 96/3631 Sample No. 28 TYPE KIOC
OTHER 1086 MAW 22-B TOC 1.20
TMAX 465
: HI 38
;15 VITRINTE 1 VRo 0.81
MEAN a.81 -
' ST OBV 0.6 l 8 Ro
VARWNCE auz i VRE -
M INIM UM (oK) !
; MAX B UM 1.4 i
04 NUMBER ® | Visual Keroaen Summary
i
i Unstructured Lipids 10
| BTUMEN Structured Lipids 5
) MEAN i
‘ 51 ST OBV Sofid Situmen -
VARIANCE ineninite 20
! ' MINIM UM Vitnnite 10
h ’.l MAXIMUM othe 35
! ﬂ-h |-| ﬂ-l J ﬂ NUMHBER r
L | TOTAL 100
I 0 1 2 3 4 5 i
! — Background Fluorescence  Strong
L0.59 L0770 VO0.83 L1.00 vi151 v2T7 TA{ Unstructured n.d.
L0682 L0773 LO08B L1.02 vi1.55 v283 TAI Structurad
L0685 V074 LO87 V113 v1i.60 v3.86
L0B9 VO.75 L0888 [1.41 v238 v467 COMMENTS:
LO70 LD77 LOSO 1142 v275

Ro on lipid-rich vitrinite
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Gill Mull July 30, 1997
State of Alaska/DNR

DGGS
3700 Airport Way
Fairbanks, AK 99709-4699

Dear Gill:

Enclosed is our report on the rwenty Alaska outcrops that you sent. This report
includes the Total Organic Carbon, Rock Eval Pyrolysis and Kerogen Microscopy. We
have also enclosed our invoice for the work performed thus far.

We have reviewed the data for both outcrop projects and we recommend that
seven samples be analyzed by soxhlet extraction/gas chromatography. From the first
project (96/3631) we recommend 96Mu33-5, S6MAW7, 96MAW9 and S36MAW] 1.
From the second project (97/3805) we recommend 94Mu72-1, 96Mu35-2 and 96Mu46.
After these are finished we will recommend that several be analyzed for biomarkers.

Please call or write if you have any questions about the work.

Sincerely,

e

Jghn Allen
Lab Manager

JRA/el
Enclosure

76
DGSI

Totat Quality Geochemistry
DGBI « 8701 NEW TRAILS DRIVE ¢« THE WOODLANDS, TX 77381

(281) 363-2176 ¢ FAX (281) 292-3528 « EMAIL: dgsilab@onramp.net ® www.dgsilab.com



172 1/96

Lower

Rq. TJ\L k«ngm iypa,

Shipment #° DGS!
GEOCHEM GAMPLES TO D048l 2nd SHIPMENT, OECEMOER
Sample ¥ Locatlon Box # | Collector | Formallan Age Description Analyels tegquesied Quadrangle Diacuaslen
T |ob My 6 ‘.NW ol Poke M 19 MUl Terok | Apian/Alblan?|Clay shake R perbe 2™ |DeLong Muns.
| Torok nIA Silty mua Ra, TAL korogm bypo (1) ong M
2 |98 Mu 12 Kukpowr sk Alver 18 Hull ore AplanfAlbian? y mudelone ok Eval, and TOC slong Mins,
3 |96 Mu 14 I8 Drillwood aniicline 18 pul Torok | ApienAlbian?|Shy mudsione R:;:‘éf_",‘“:‘n'_’l“.r'c"!’c” Misheguk Min
4 |08 Mu1s Tuptkchak Tynciine 19 | Mul | Naaushuk Athan  [Carb, shale R, ThL bros= 2% |Datang Mine,
n _
5 |98 Mu s0-2 Plimegea %lb. 32 Mut Kingak. Jutassle  |Gliearad bk sh & banwonl| e SRRSO UPY 5ot ang Mins.
8 o8 Mu 33 Theda Creak 23 Mull Kingax Jurassta  |Dk gr sh w benlanhs R;;;‘é‘v':‘['m"{w Detong Mins.
— —
7|94 Mu T2 Ipa wik Rivar 33 ul Klngak Juraesic Ok o p1pasic shale R;;l E'v’:f:fngf;‘ Delang Mins.
8 |90 Mu 35-2 Thats Ridgae 33 Muit Hirgak Jurassk Organic shale R:;Z%:t:ﬂ".rgz" Dalong Mwns.
Ro, TAL karogen 1ype, T T
8 |98 Mu 35-4 Theds Ridge a3 Mun Yorok AplanfAlblan?| Slity mudglone Rock Eval, and TOC Delong Mis.
TAL, koax
1G |08 My 48 Tingmackpuk Rlvar a3 Mut Torok Juragsio Oganle shala R:M P "me.rgf; Lelong Mms.
11 oo My 82 Hosusshoe Bond 08 | b Kingak Jurasela | BK organke shatg | P TALkecosenbyps g1 g M
1 u 82-3 Qsusehoe Be g urase rganke papar Rock Bval and TOC sLloag Mina.
Crettuiaeslc |0k gr w bk shala R;ﬁé‘vﬁ'ﬁ}%?‘ Delong Mins.
Lomt R TM ke [}
Splxaslighuruk Ck, Brooyan |PTOD8ble AptenSa, elist, sh Rock Bral nd TOE | Misheguk C8
14 |94 Ha 37 Plimegea ilbutary 27 Harlg Fingak  [J. Jur 10 L. Cse Bk shafe w conciedons R;'Qgﬂ’i?mn;’&" Deleng Cs
Lowes RaTAL hoogmpe |- | T T
16 (08 Ha 80 Upper Flumegon R, 43 | e |t |Probatie ApuarSa. stisl, ah Roch Evat st Tore. |DeLong C4
Lowsr Ro, TAL kerogen (yps, T
Brmkian Probable Aplarn S, slltsl, sh Roscke Ev-l. and TOC Misheguk Min. C5

i

Brookian | APUBMAIBIAN?| Claystane Rock Bval and TCC | Mishuguk CB
Lowar Re, TAL karogon Iyps,

Brooklan | 7P'12/AIDIRA7 shala Rock Bethand TCC |Misheguk G5
._:_./Ww ,

' : ] F' E 7 R R R e
Ttngrrmkpuk Fam Micke yr Lower Ro, TAL Jsrogen lype,
a- Y i
10 (B4 Mudd-t measured secton Eldar Brooklan ApilansAician? | Unh T ock Eval, mit TOC Delong Muns.
Tingmsaikpuk Piver Lawet R, TAL herogan typa, '
20 (04 Mu4d-io lmeaeured socdon Brookizn ApilansAlitan? | Unh 28-15.5 m, Rock Eval and TOC | D70ONG Minz,

Page )



ORGANIC CARBON AND PYROLYSIS DATA

Total Organic Carbon (TOC) and Rock-Eval pyrolysis data provide basic
geochemical information and are frequently used to select samples for more detailed
studies, particularly kerogen microscopy, extract chromatography and biomarker
analyses. Well data can be plotted to make geochemical logs. Unless otherwise specified
by a client, DGSI uses LECO TOC then Rock-Eval I pyrolysis as the standard-analytical
sequence and Rock-Eval is recommended for samples with greater than 0.4% TOC.

Samples for LECO TOC and Rock-Eval pyrolysis are ground to pass through 2 60 mesh
sieve to assure homogeneity.

LECO ORGANIC CARBON AND TOTAL SULFUR

Total Organic Carbon is best determined by direct combustion. Approximately
0.15 grams of sample are carefully weighed, treated with concentrated HCl to remove
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed in
a ceramic crucible, dried, and combusted with pure oxygen in a LECO EC-12 or LECO
CS-444 carbon analyzer at about 1,000°C. A laboratory standard is run every five
samples. Total, insoluble, mineral plus organic sulfur can be determined by the CS-444
analyzer during the carbon analysis. Total carbonate can be determined from sample and

acid residue weight differences or by LECO combustion TOC differences before and after
acid digestion.

ROCK-EVAL II PYROLYSIS

Rock-Eval IT pyrolysis is used to determine kerogen tvpe, kerogen marurity and
the amount of free hydrocarbons. About 0.1 grams of the same ground sample used for
LECO TOC are carefully weighed in a pyrolysis crucible and then heated to 300°C to
determine the amount of free hydrocarbons, S), that is thermally distilled. Next, the
amount of pyrolyzable hydrocarbons, S», is measured when the sample is heated in an
inert environment which rises from 300° to 550°C at a heating rate of 25°C/minute. S
and S, are reported in mg HC/g sample. T, a maturity indicator, is the temperature of
maximum Sy generation. When S; values are less than 0.2 mg HC/g sample, the S,
maximum typically has poor definition and thus, Tmax cannot be reliably determined
(Peters, 1986). Carbon dioxide generated during the Sy pyrolysis, an indicator of kerogen
oxidation, is collected up to a temperature of 390°C and reported as S3 in units of mg
CO,/g sample. A laboratory standard is run every 10 samples. Hydrogen Index (HI =

S5*100/TOC) and Oxygen Index (OI = S3*100/TOC) are used as kerogen type indicators
when plotted on a van Krevelen type diagram.
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ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA

ALASKA OUTCROPS

DGSI Project: 97/3805

SAMPLE IDENTIFIGATION TOC S1 S2 S3 Tmax S S PI
DGSI ID [s] W%  malg mg/g mg/g degC 7TOC S§3
i 96 Mu 5 1.78 0.10 0.44 0.78 467 8 25 44 0.98 0.19
2 96 Mu 12 1.12 0.09 0.43 0.63 471 8 38 56 0.68 0.17
3 96 Mu 14 0.88 0.25 0.47 0.27 458 28 53 31 1.74 0.35
4 96 Mo 18 1.38 0.05 0.58 0.80 448 4 41 58 0.70 0.08
5 96 Mu 30-2 1.12 0.04 0.39 0.28 446 4 35 25 1.39 0.09
6 96 Mu 33-1 422 0.09 7.48 0.14 438 2 \77 3 53.43 0.01
7 84 Mo 72-t 22.34 372 14299 1.48 431 17 640 7 97.94 0.03
8 96 Mu 15-2 12.86 0.75 60.09 1.48 434 6 487 12 40.60 0.01
9 86 Mu 35-4 0.96 0.05 0.43 0.38 440 5 45 41 1.10 0.10
10 96 Mu 46 9.84 040 26.69 0.73 438 4 271 7 36.58 0.0t
11 96 Mu 52-1 3.80 0.10 11.14 0.32 434 3 293 8 34.81 0.01
12 96 Mu 574 2.94 0.11 5.23 0.39 437 4 178 13 13.41 0.02
13 96 Ha 25 1.07 006 0.26 0.37 496 6 24 a5 0.70 0.18
14 96 Ha 37 292 0.10 0.86 0.56 497 3 29 19 1.54 0.10
15 86 Ha 58 090 0.02 0.24 0.32 499 2 27 36 0.75 0.08
16 96 Ha 66 1.25 0.10 0.52 0.59 473 8 42 47 0.88 0.16
17 98 T™M 29-8 1.12 0.06 0.34 0.43 499 5 30 a8 0.78 0.15
18 96 TM 56-A 0.45 0.05 0.07 0.39 498 1" 18 87 0.18 0.42
19 94 Mu 43-1 0.43 0.0% 0.07 0.22 504 2 16 51 0.32 0.13
20 94 Mu 43-16 1.80 0.08 0.70 0.62 46% 4 398 4 1.13 0.1¢
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HYDROGEN INDEX (HI)

ALASKA OUTCROPS
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FIGURE 1 Kerogen type determination from TOC and Rock-Eval pyrolysis data. Types
[ and Il will generate oil, type il gas, and type IV little or no hydrocarbons.
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VISUAL KEROGEN ANALYSIS TECHNIQUES

Visual kerogen analysis employs a Zeiss Universal microscope system equipped
with halogen, xenon, and tungsten light sources or a Jena Lumar microscope equipped
with halogen and mercury light sources. Vitrinite reflectance and kerogen typing are
performed on a polished epoxy plug of unfloated kerogen concentrate using reflected
light from the halogen source. In certain situations, the whole rock is used for analysis.
This approach is used for coals, where acid treatment is unnecessary in studies of solid
bitumen and graptolites where preservation of rock structure is important, and in samples
too small for acid treatment. The digital indicator is calibrated using a glass standard
with a reflectance of 1.02% in oil. This calibration is linearly accurate for reflectance
values ranging from peat (R, 0.20%) through anthracite (Rq 4.0%).

Reflectance values are recorded only on good quality viminite, including obvious
contamination and recycled material. The relative abundance of normal, altered, lipid-
rich, oxidized, and coked vitmnite is recorded. When good quality, normal vitrinite is
absent, notations are made indicating how the maturity is affected by weathering,
oxidation, bitumen saturation, or coking. When normal vitrinite is absent or sparse, other
macerals may be substituted. Solid bitumen, for example is present in many samples.
Although soilid bitumen has a different reflectance than vitrinite, Landis and Castanio's
calibration chart is used to obtain an estimated vitrinite reflectance equivalent. Graptolites
have a slightly higher reflectance than vitrinite and can often be used to obtain maturity
data in Upper Cambrian-Silurian rocks that have no vitrinite.

Unstructured lipid kerogen changes in texture and color during the maturation
process.  Typically, unstructured kerogen at low maturity is reddish brown and
amorphous. Somewhere between Ry, 0.50 to 0.65%, the kerogen takes on a massive
texture and is gray in color. At higher maturity, generally above R, 1.30%, unstrucrured
kerogen 1s light gray and micrinized.

Kerogen typing and maturity assessments from the polished plug are enhanced by
utilizing fluorescence from blue light excitation. The xenon or mercury lamp is used with
an excitation filter at 495 nm coupled with a barrier filter of 520 nm. With the Jena
microscope we also have the option of observing fluorescence under ultraviolet
excitation. The intensity of fluorescence in the epoxy mounting medium (background
fluorescence) correlates well with the onset of oil generation and destruction. The
identification of structured and unstructured liptinite is also enhanced with the use of
fluorescence in those samples having a maturity less than Ry 1.3%.  The relative
abundance and type of pyrite is aiso recorded.

Thermal alteration index (TAI) is performed using tungsten or halogen light
source that is transmitted through a glass slide made from the unfloated kerogen
concentrate. [deally, TAI color is based on sporinite of terrestrial origin. When sporinite
is absent, TAI is estimated from the unstructured lipid material. Weathering, bitumen
admixed with the unstructured material and micrinization can darken the kerogen and
raise the TAI value. The character of the organic matter in transmitted light is correlated
with observations made in reflected light for kerogen typing.
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Kerogen typing and marurty assessments from the slide preparation are also
reinforced by using different light sources. The slide is first observed in transmitted light
to obtain TAI color and organic matter structure or type. The light is then switched to
reflected halogen light to observe structure and amount of pyrite and finally to reflected
blue light excitation from the xenon or mercury source for fluorescence.  The
fluorescence of structured and unstructured liptinite is not masked by the epoxy
fluorescence as it is in the reflected light mode because the mounting medium is non-

fluorescent. Lipid structures (e.g. sporinite and alginite) within the unstructured kerogen
can often be identified in blue light. -

Maturity calculations are made from the vitrinite reflectance histograms.
Decisions as to which reflectance measurements indicate the maturity of the sample are
based not only on the histogram but on all of the kerogen descriptive elements as well.
Because it is not done at the time of measurement, alternate maturity calculations can be
made if kerogen data and geological information dictate.

DGSD’s vitrinjte reflectance histograms contain much useful information. All
reflectance measurements are graphically displayed and the individual readings are listed
below the histogram in numenc order. In the reflectance table, each reading is coded
with a letter corresponding to the measured maceral. Capital letters are used to designate
reflectance values that are used in calculating the mean reflectance while reflectance
values falling outside the selected range are shown with a lower case letter code.
Reflectance readings lying inside the selected range are marked with a pattemn on the
histogram diagram and readings falling outside the selected range are left open. Each
maceral has a different pattern. Codes currently in use include: Solid bitumen (B),
Granular solid biumen (X), Coked solid bitumen (Y), Graptolites (G), Inertinite (1),
Other | (O), Other 2 (W), Vitrinite (V), Lipid-rich vitrinite (L), and Coked Vitrinite (7).
The use of two ‘other’ categories allows us the flexibility of measuring unusual materials
that do not fall into one of the other classes or contamination from mud additives or
caving. Specific information regarding ‘other’ material is shown in the Comments

section at the lower right comer of the Figure and in the Comments section of the VKA
data sheet.

Statistics for selected macerals are listed adjacent to the histogram and the mean
reflectance values are also listed below the TOC and Rock-Eval data at the upper right
comer of the Figure. The measured reflectance values for solid bitumen and graptolites
are recalculated in order to obtain a vitrinite reflectance equivalent (VRE). Therefore, for
these two macerals we show both the measured reflectance and the VRE. For example,
VRE-B signifies vitrinite reflectance equivalent for solid bitumen and VRE-G is the
vitrinite reflectance equivalent for graptolites.

In summary, vitrinite reflectance measurements are performed on a polished plug
in reflected light, TAI is performed on a slide in transmitted light, and kerogen typing is
estimated from both preparations using a combination of reflected, transmitted, and
fluorescent light techniques. Fluorescence in blue light is used to enhance the
identification of structured and unstructured lipid material, solid bitumens, and drilling
mud contaminants. Fluorescence also correlates with the maturity and state of
preservation of the sample. Maturity calculations from measured reflectance data are
made from the histograms and are influenced by all of the kerogen data.
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VISUAL KEROGEN ANALYSIS GLOSSARY

Severai key definitions are inciuded in this glossary in order to make our TEPOrts

more self-explanatory. In our reports, we refer to organic substances as macerals.
Macerals are akin to minerals in rock in that they are organic constituents that have
rmicroscopically recognizable characteristics. However, macerals vary widely in their
chemical and physical properties and they are not crystalline.

L.

UNSTRUCTURED KEROGEN is sometimes called structureless organic matter
(SOM) or bituminite. It is widely held that unstructured kerogen represents the
bacterial breakdown of lipid material. It also includes fecal pellets, minute
particles of algae, organic gels, and may contain a humic component. As
described on the first page of this section, unstructured lipid kerogen changes
character during maturation. The three principal stages are amorphous, massive,
and micrinized. Amorphous kerogen is simply without any structure. Massive
kerogen has taken on a cohesive structure, as the result of polymerization during
the process of oil generation. At high maturity, unstructured kerogen becomes
micrinized. Micrinite is characterized optically by an aggregation of very small
(less than one micron) round bodies that make up the kerogen.

STRUCTURED LIPID KEROGEN consists of a group of macerals which have a
recognized structure, and can be related to the onginal living tissue from which

they were derived. There are many different types, and the types can be group
follows:

a. Alginite, derived from algae. It is sometimes very useful to distinguish the
different algal types, for botryococcus and pediastrum are associated with
lacustrine and non-marine source rocks, while algae such as tasmanites,
gloecapsomorpha, and nostocopsis are typically marine. Acritarchs and
dinoflaggelates are marine organisms which are also included in the algal
category.

b. Cutinite, derived from plant cuticles, the remains of leaves.

c. Resinite, (including fluonnite) derived from piant resins, balsams,
latexes, and waxes.

d. Sporinite, derived from spores and pollen from a wide variety of land
plants.

e. Suberinite ts derived from the corky tissue of land plants.

f. Liptodeminite is that strucrured lipid material that is too small to be
specifically identified. Usually, it is derived from alginite or sporinite.

The algae are an important part of many oil source rocks, both marine and

lacustrine.  Alginite has a very high hydrogen index in Rock-Eval pyrolysis.
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are

found in Africa and the Far East. At vitrinite reflectance levels above Ry 1.2 -

1.4%, structured lipid kerogen changes structure and it becomes very difficult to
distinguish them from viminite.
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3. SOLID BITUMEN also is called migrabitumen and solid hydrocarbon. In 1992,
the International Committee for Coal and Organic Petrology (ICCP) decided to
include solid bitumen in the Exsudatinite group. Solid bitumens are expelled
hydrocarbon products which have particular morphology, reflectance and
fluorescence properties which make it possible to identify them. They represent
two classes of substances: one which is present at or near the place where it was
generated, and second is a substance which is present in a reservoir rock and may
have migrated a great distance from its point of origin. The solid bitumens have
been given names, such as gilsonite, impsonite, grahamite, etc., but they tepresent
generated heavy hydrocarbons which remain in place in the source rock or have
migrated into a reservoir and mature along with the rock. Consequently, it is

possible to use the reflectance of solid bitumens for maturation determinations
when vitrinite is not present.

4. HUMIC TISSUE is organic material derived from the woody tissue of land
piants. The most important of this group are vitrinite and inertinite:

a. Vitrinite is derived from woody tissue which has been subjected to a
minimum amount of oxidation. Normally it is by far the most abundant
maceral in humic coals and because the rate of change of vitrinite reflectance
is at a more even pace than it is for other macerals, it offers the best means of

obtaining thermal maturity data in coals and other types of sedimentary
rocks.

Because the measurement of vitrinite is so important, care is taken to distinguish
normal (fresh, unaltered) vitrinite from other kinds of vitrinite. Rough vitrinite does not
take a good polish and therefore may not yield good data. Oxidized vitrinite may have a
reflectance higher or lower than fresh vitrinite; this is a problem often encountered in
outcrop samples. Lipid-rich vitrinite, or saprovitrinite, has a lower reflectance than
normal vitrinite and will produce an abnomally low thermal maturity value. Coked
vitrinite is vitrinite that has structures found in vitrinite heated in a coke oven, Naturally
coked vitrinite is the product of very rapid heating, such as that found adjacent to
intrusions. Where it is possible to do so, vitrinite derived from an uphole portion of a
well will be identified as caved vitrinite. Recycled vitrintte is the vitrinite of higher
maturity which clearly can be separated from the indigenous firstcycle vitrinite
population. Often, the recycled vitrinite merges in with the inert group.

b. Inertinite is made up of woody tissue that has been matwred by a different
pathway. Early intense oxidation, usually involving charring, fungal attack or
biochemical gelification, creates the much more highly reflecting fusinite and
semi-fusinite.  Sometimes the division between vitrinite and fusinite is
transitional.  Sclerotinite, fungal remains having a distinct morphology, are
considered to be inert. An important consideration is that the inerts, as the name

implies, are largely non- reactive “dead carbon" and they have an extremely low
hydrogen index in Rock-Eval pyrolysis.
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5. OTHER ORGANIC MATERIAL

a. Lipid-rich, caved and recycled vitrinite. These are put in this section so we c¢an
show the percentages of these macerals; they are described above.

b. Exsudatinite. Oil and oily exudates fall in this group. Exsudatinite differs from
the solid bitumens on the basis of mobility and solubility. We prefer to maintain
this distinction although the ICCP has now included the solid bitumens in with
the Exsudatinite group.

c. Graptolites are maripe organisms that range from the Cambrian to the lower
Mississippian; it has been found that they have a reflectance slightly higher than
vitrinite.  Because vitrinite is lacking in early Paleozoic rocks, the proper
identification and measurement of graptolites is important in these sediments.

6. PYRITE. Various forms of pyrite can be readily identified under the microscope.
Euhedral is pyrite with a definite crystalline habit. Framboidal is pyrite in the form of
grape-like clusters which are made up of euvhedraf to subhedral crystals. Framboidal
pyrite is normally found in sediments with a marine influence; for example, coals
with a marine shale roof rock usually contain framboidal pyrite. Massive pyrite is
pyrite with no particular external form. Often this is pyrite that forms rather late in
the pore spaces of the sediment. Replacement/infilling is seif-explanatory.
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ALASKA OUTCROPS
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ALASKA OUTCROPS
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VITRINITE REFLECTANCE

ALASKA OUTCROPS
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VITRINITE REFLECTANCE

ALASKA OUTCROPS
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f Unstructured Lipids 70
' Structured Lipids 20
51 Solid Bituman 10
Inertinite T
Viteinita T
- Othar 0
° 08 0 TOTAL 100
1 2
Background Fluorescence  Maderata
L0.83 TAIl Unstructured 3-
VvV 0.88 TAI Structured
v1.19
COMMENTS:
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VITRINTTE REFLECTANCE

ALASKA OUTCROPS

OGSt Project 97/3805 Sample No. S TYPE K/OC
OTHER ID: 96 Mu 35-4 TOC 0.96
TMAX 440
|
Vitrinke Hi 45
s l VRo 0.61
: MEAN 0.61 '
; ST OV 0.08 :
. VARIANGCE 0.00 |
f MINIM UM 0.5 |
: M AX (M UM 08%
' 10 L NUM SER “ : )“S”ﬂl Bgrgggn §umman[
f Unstruciured Lipids 25
i Structured Lipids -
Yosd Solid Bitumen -
(nertinite 10
! | Vtrinite 35
! |.| I‘ﬂ'\ ) Other 30
.0 [Tl [ TOTAL 100
! 0 | 2
' Background Fluorescenca  Strong
LO53 LO0.59 L0686 v0.83 vi03 v1.80 TAl Unstructured 3
L0554 V0682 V066 1099 1125 v1.86 TAI Slructurad 2+
L0556 V0B84 V067 v099 v1.37 v1i98
V0.56 LO64 L0699 11.00 v1.50 v2.09 COMMENTS:
V058 V085 (085 11.0% vis9 v2.58
DGSI Project 97/3805 Sample No. 10 PE K/OC
OTHER 1B: 86 Mu 46 TOC 59.84
TMAX 438
Vitrinite HI 2n
15 VRo 70.98
MEAN 098
sTogv 0. .
VARWUNCE 0.0% :
MINIM UM 0.32 |
MAXIMUM 18 .
"1 NUMBER ® | VisualKerogen Summary
i Unstruciured Lipids 30
: Structured Lipids 10
' 51 Solid Bitumen 55
: Inentinite T
| Vitrinite T
| Other 5
.0 TOTAL 100
0 1 2 [
' Background Fluorescenca  Weak,Mod
b 079 L1.04 TAI Unstructured 3+
V082 (104 TAI Slructured
L0.87 L 1.05
L0.87 V1.8 COMMENTS:
L1.01

75




VITRINITE REFLECTANCE ALASKA OUTCROPS

DGSI Project 97/3805 Sample No. (1 TYPE K/OC
OTHER ID: 96 Mu 52-1 TOC 3.80
TMAX 434
Vitrinite i R 293
15 | V Ro ?20.68
| MEAN 068 ,
| ST DEV 0.08
| VARWMNCE 8.00 X
M (NBM UM 063
MAXIM UM 0.2 '
1 101 NUMBER 3 : r Su a
! Unstruciuced Lipids 55
] Steuctured Lipids 10
5 | i Solid Bitumen 30
‘. Inartinite T
» ‘ Vitrinite T
i H..l Other 5
|0 = - | ToTAL 100
, 0 ! 2 3 |
I
’ 8ackground Fluorgscance  Mod.Strong
L 0.63 TAI Unstructured 3-
L 0.88 TA! Steuctured
vV 0.72
(1,39 COMMENTS:
DGSI Project 97/3805 Sample No. 12 TYPE K/OC
OTHER |D: 96 Mu 57-4 YOC 2.54
TMAX 437
Vitrinite H 178
1S V Ro ?1.08
M EAN 108
STDEV 0.08
, VARWNCE 0.00
' M INIM UM 1.01
| MAXIMUM 1
1 MM 2ER * | Visual Kerogen Summary
Unstruetured Lipids 70
' Structured Lipids 10
sl Solid 8itumen 10
{ineninite 5
} Vitrinite -
{ FH Other 5
0 b H A TOTAL 100
, 0 ] 2 3 :
* Background Fluorescence  Strong
L1.01 TAI Unstructured 2+,3-
L 1.10 TAI Structured
L1112
11.48 COMMENTS:

7¢




VITRINITE REFLECTANCE ALASKA OUTCROPS
DGSI Project 9773805 Sample No. 13 TYPE K/OC
OTHER ID: 96 Ha 25 TOC 1.07
TMAX 498
i Vitrinite HI 24
s V Ro 1.65
' MEAN 185
] ST DEV o.m
| VARIANCE 0.03
MINIM UM 142
MAXIMUM .92
SR L NUMBER 21 Visual Kerogen Summary
)
i Unstructured Lipids 30
| Structured Lipids 5
t 5 | Sofid Bitumen .
! Inertinite 20
li Vitrinita 45
Olher 0
b0 TOTAL 100
l 0 1 2 1
}
Background Fluorescenca  Strong
vi28 V151 V161 V1.78 V132 v240 TA! Unstructured n.g.
V1.42 V151 V187 V1.80 V1.92 v252 TAl Structored
V143 V151 V169 V1.83 v205 v255
Vi43 Vi51 V170 V185 v2.18 COMMENTS:
V145 V158 V1.72 V188 v2.33
DGSI Project 97/3805 Sample No. 14 TYPE K/OC
OTHER ID: 98 Ha 37 TOC 2.92
TMAX 497
Vitrinite HI 28
s V Ro 1.81
MEAN 181
ST DEV 024
VARIANCE 006
M INiM UM .48
MAXIMUM 2.3
1 NUMaER © . Visual Kerogen Summary
Unstructured Lipids 80
Structured Lipids -
! 5 ] Sold Bitumen 5
! Inertinite 5
| . Virinde 10
. i Other 0
0 - TOTAL 100
0 1 2 3
Background Fluorescance  Mod.Strong
V148 V187 TA! Unatructured 3-,3+
V150 V200 TA! Structured 3+
V154 V202
V.72 V204 COMMENTS:
V176 V213
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VITRINITE REFLECTANCE ALASKA OUTCROPS
DGSI Project 97/3805 Sample No. 13 PE K/OC
OTHER ID: 96 Ha 58 TOC 0.80
TMAX 499
Vitrinite H 27
! 15 V Ro 167
| MEAN 167
I $T DEV 0B
{ VARINCE 0.03
i M INIM UM 1.40
l 10 MAXIM UM 198
| NUMBER s Visual Kerogen Summary
Unstructured Lipids 10
| Structured Lipids -
s | Solid Bilumen -
| (nertinite 15
{ Vitrinite 75
i Other 0
| 0 TOTAL 100
! 0 i k)
: Background Fluorescence  Mod,Strong
V1.40 V161 V172 V1.6 TAI Unstructured n.d.
V145 V185 V174 v204 TAl Structured
Vid8 V185 V177 v213
V155 ViIBe7 Vigée v21i4 COMMENTS:
V157 V168 V185 v2.51
OGSI Project 97/3805 Sample No. 16 TYPE K/OC
OTHER ID: 96 Ha 66 TOC 1.25
TMAX 473
Vitrinite HI 42
15 V Ro ?1.2C
MEAN 120
ST OEV 0.03
VARWMNCE 0.01
MINMUM 108
MAX(MUM 134
~oto ] NUMBER 9 Visual Kerogen Summary
i Unstructured Lipids 30
: Structured Lipids
% s | Solid Bitumen -
i inertinite 20
i Witrinite 50
i Other (1]
0 : 0 N0 TOTAL 100
0 i 3
Background Flucrescence  (atense
L1.08 V122 vi51 vi89 v202 TAl Unstructured 3-
V111 V124 v158 vi73 v234 TAIl Structured
Vi1l4 V131 vist vi183 v240
V116 V134 vig2 visd v252 COMMENTS:
V118 v15t v186 v188 v275
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VITRINITE REFLECTANCE ALASKA OUTCROPS
DGSI Project 97/3805 Sample No. 17 TYPE K/OC
OTHER ID:96 TM 28-B TOC 1.12
TMAX 499
Vitrinite : H 30
15 ! VRo 1.72
M EAN 172 i
ST DEV 0.19 !
VARWNGE 0.04 i
MINIMUM 140 i
MAXMUM 209 |
10 1 NUM 8ER 22 i Visual EQ[QQED S”mmgu
‘| Unstructured Lipids 10
‘ Structured Lipids -
5 ] I Solid Bilumen -
¢ tnerinte 15
, \ Vitrinite 70
1 Other 5
] -2
0 [1 [T | TOTAL 100
0 1 2 3
’ Background Fluorescence  Moderate
(119 V158 V183 V185 V194 TAl Unstructured n.d.
L1.4D0 V180 V164 V189 V201 TAI Steuctured
V146 ViBl V187 V191 V200
L1.50 V168 V171 V192 v236 COMMENTS:
V156 V1683 V1.78 V193 v242
DGSI Project 97/3805 Sample No. 18 TYPE KOC
OTHER JD:96 TM 56-A TOC
TMAX
Virinite i
15 V Ro 1.72
MEAN 172
ST DEV 0.24
VARIANCE 0.06
MINIMUM 137
MAXIMUM 2.09
0+ NUM SER s Visual Kerogen Summary
Unstructured Lipids 20
Structured Lipids -
3 ). | Solid Bitumen -
lnertinite 20
':;' Vitrinita 80
T g Other 0
0 L I TOTAL 100
0 1 2 3 |
' Background Fluorescence  Weak
1121 V155 V178 V202 v247 YAl Unstructured n.d.
V137 V158 V184 V2,09 TAI Struciured
V142 V165 V198 v2.22
V143 L1.72 V198 v228 COMMENTS:
Vidd V172 V193 v238
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VITRINITE REFLECTANCE

ALASKA OUTCROPS

DGSI Project 97/3805 Sample No. 9 TYPE K/OC
OTHER (D: 94 Mu 43-1 TOC
TMAX ™
Vitrinite '; Hi
15 i V Ro 1.78
MEAN 178 \
ST DEV 0.7
VARIANCE 003 :
MINIMUM 149 ,
0 MAXIMUM 2.04 |
o1 NUMBER 2 | Visual Keroden Summary
| Unstructurea Lipids " 80
! Structured Lipids -
5 | Solid Bitumen -
|. (nertinite 20
W I Vitrinite 20
R I Other 0
2K TH ; ————
0 1 | TOTAL 100
0 ! 2 1
I Background Fluorescenca  Strong
V149 V175 V201 TAI Unstructurad 3
V158 V178 V2.04 TAl Structured
V1.86 V188
V168 V190 COMMENTS:
V189 V193
DGSI Project 97/3805 Sample No. 20 TYPE K/OC
OTHER ID:94 Mu 43-16 TOC
TMAX
|
Vitrinite : H)
15 V Ro 1.29
M EAN 129
8T DEV 0.09 '
VARIANCE 001 H
MINIMUM 8 '
MAXIMUM 144 .
7 NuMBER ® i Visual Kerogen Summary
Unstructured Lipids 70
Structured Lipids -
51 Solid Blitumen -
inentinte 10
Vitrinite 20
Other 0
0 - © TOTAL 100
0 2 '5
; Background Fluorescanca  (nmense
V118 V124 L1.41 v2.31 TA Unstructured 3-,3
V118 V125 V141 TAI Structured
V121 V126 Vis4
V123 V1.32 vi.ss COMMENTS:
V124 V133 v1.62
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Shlpment #2 to DGS) 12421796

T 0/

Mlck.w

St e,
»yvt.\‘:-é 3
3 oS

GEQCHEM EAMPLES TO DGSI, 2Znd SHIPMENT, DECEMBER
Bampls # Locatton Box r | Collector | Formatilon Age Dewcription Analysls requpaied Cuadrangie Digcuasion
, TAL ke . -
1 |98 Mus NW ot Poka Min 1o | b Toick | Apilan/AIblan?[Clay shate R b 0% | DaLang hine.
2 (oo Mu iz Kukpawuk Rlver 18 Mutt Tosok | Apilaniaibian?|Sitly mudstone Ro TAL ketogat bypa, |50 oo a4 o T
Rock Eval and TOC ang Mina.
1 |08 Mu 4 3 Difiwned antcine 1B Mut Forok Aplan/Alblan?| Sy mudslone R:;i“é\_‘:?:ﬁj‘;{? Micheguk Min
| Re, TA ypa ’ ot T
s 06 mu s Tupikchak syncline 18 Mst | Nanushuk Alblan  [Carb. sl o B TP Datong Mine.
5 lgs My 30-2 Pitmegen Wik, 33 Mud Kingak Jurasele  |Bheatad Bk sh & benton R;géyﬁ':ﬁf;g; Delong Mms.
8 |08 Mu 334 Thate Cssak 33 Mut Kingax Jutasake Dk g4 &N w Denlanhs R;x évﬁ":gdm.;a"%' Dslong Mume.
7 |ea Mu 724 Ipewik Rives 33 Mol Kingax Juragslc | Dk gr eiganic chals Ro, TAL kogon typs. | 0o Long M
or oigs Rodk Evel end TOC |U81OND MU,
Ro, TAL .
3 |08 Mu3s2  [Theds Atage 3z | M Kirgak Juiassls  [Ocgunic shale e o 7P |Detang Muws.
A
0 |96 #u 354 Thatls fldge aa Hul Toiok | AplaniAlbian?|Siky mudsions R s 2% |Detong Mie,
Ao, TAl ker
10 |96 Mu 44 Tingmerkpuk River 13 Mu¥ Torok Jutassle  |Qrganic ehale Py Sval :E:“T*g:‘ Dealong Mma,
Al
t1 (08 Mu 8241 Horeashoa Band -] Mut Kirgek Jurasalo Bk organlk paper shale R:‘GL svk.l'm';&“ Dalong Mma.
a8 Klngak | Cret.fJursssic |0k gr 1o bk shate R;;i"‘év’:‘i“’:‘d‘!r&‘ DeLong Mina.
T : R T N e
Lowar R TJ\L karogem |
L] I . Q, gom ype,
13 |90 Ha 28 Spikesitigiuruk Ck 27 Hafile Broakian Probable ApYar|Ss, sllisy, sh Rock Bval and TOC Misheguk CB
14 |96 Ha 37 Pltriegaa lbulary 27 Hartis ¥ingek b Jut 1o L Creq Bk shale w concistons R;;E\évﬁﬂ:ﬁﬂ? Datong G4
Lower Ro, Tl hmogrn 1 -
08 Ha 5 . & Lype,
15 |04 ia 58 Upper Pltmagens A 43 Hanla Bcookdan Probable Aptan 3s, slis), sh Rock Eval, and TOC Delong C4
Lidwar Ro, TAL katogan Iype,
14 (o8 Ha g8 Splke Craok 49 Hanly Sroskian Frobabls Aplard §s, siliel, sh Rock Eval, md TOC Misheguk Min. !::5g
Lower Ra, TAL k-uogm type,
37 |98 TM 2¢-8 ligluruk Cresk 31 Moose Grooklan AplaaAlbien?|Clayatons Rock Eval and TOC Mlt.haguk C6
Lower Ro, TAL karagan type,
98 TM 58-A iHgiutuk Creek -1 Moom Brogklan Aptlan/Aibian?| ehale Bodk Eval.m..i‘r()c Michaguk C&

Tlngrnelkpuk Rilv Lawar Ro. TAL katogrn typa,
19 |94 Mu#d-y  neasursd rection Eldar Brooklan Apvanialblan?| Uyl 7 Rodk Eval, sl TOC Delong Mins.
Tingmeskpuk Péver Lowas Ra, TAL kefogen i N
20 |8 -18 -  Rarogom P
4 Mudj-t fimesauad socton Brooxlan Apllan/AlElan?| Unll 28-85.6 m. Hack Evol sad TOC Detlong Mmne,
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ALASKA OUTCROPS

DG Sl Project: 97/3805

FLUQRESCENCE /TAl
ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro
LIPIDS HUMIC|OTHER VITRINITE LIPIDS LIPIDS
N [~
DGSI UNSTRUCTURED STRUCTURED ﬁ UNSTR. | STRU ﬁ [INSTH. STRU [}
l: ‘2 TAl | FLUOK. |TAY [FLUOR, E
3 & G-
L] 3 = 18
= [P
s 1 & 3
=4 Z w = & z o l-ul.. ﬁ
& DATE: |5 ¢ E 2 a Z |w & 3 - _ |8 , =
g AAEACANE g El1El= (|88 clIElg 2 EES
5 = 15 = |E 2 ||z W[ 2 = |2N|alz |8 |«|2 |5 p |3 w |2 |79
= 1INT s |2 (8lg |2 |le|a|lw|(lw|lS|lz|ld|lu(z|EE |22 8|28 | Zlcla |22 255|518
w wZ e O |& [ |- |[& |2 ||~ |8 e E =% |2 |2 (= = Fl2IEIC[2 2B |12 ([2]8 |Ex
7 i 2 S22 lFIEIEIEIRIZIE|E E pa slolS |52l |E|8lE 2|z 18 |E |= |2k |ES
=} IDENTIFICATION | & v % Z = IR Wi = a fa (Fle (2 o fo (L (U = Ja |- |5 |- LU |5 |-
LD VL MA -
3 o6 Mu 5 woo | W T 15 [ 15| 6O F - MM - + T Ing Do| 1 I |nd o] ¥ V020
Commenis: Mixture of small terre stnal fragments wiih some desmocollivle  Trace grapiule.
VL -
2 Mu 12 woc | 5 i|sp| 5 MAI M| M| + | - - T |nd 3 Ind V.04
Commants: Mixture of small lermasidal fragments. Trace graphils.
VL -
3 96 Mu 14 KOG 15 15| 65| & MA T M M + - - T |nd DOl 1 4 Ind o} 1 _3.0'89
Comments: Simitar io 96 Mu 12,
LD i o) 2 -
4 96 Mu 18 woc | 10 5 15 | 65| 5 Mol M| T «f - - LR Ol V] 4 [na Y | 3] V065
Commenlts: Terresidal iragmenis gs in 96 Mu 12 and 14, bul shghly larger,
LD VL t -
5 96 Mu 30-2 woc | 5 5 10| 70 | 10 MA| M| M| + T |ng 0] 3] 3 |nd 0| 2| V074
Comments: Mixiure of lamastrial lrsgments. Trace grephila.
SAMPLE STRUCTURED OTLIIER PYRITE ATTSD. FLUDR. ¥IT. REFLECT. FLUDK. TATCOLOR
ANALYST TYPE/FREP LIPIDS ORGANIC MATTER INTENS. EQUIVALENCE COLOR YALUES
CTG Cuntings AL Alginitc E  Exsudaunilc E  Eubedm! N Maone B HNonre B Bpemen W Whin 1= Saw Yellow
€C  Coov, Core 58 Suolenniwc G Graplofies F  Frmboid T Trace 1 Weak G Granoliles G Green t Pake Yellow
X O'Connor SWC SideWsliCore | € Cutindte VL Lipid-Rich Vinnite MA hlassive Small Amt | 1 Modersie | VLo Lipid-Rich Vitiniie ¥ Yelow I+ Yelow
oC Qutctop L Liptedemrinie YU ViuinireConleminattu L Replace- M Mod Ami | 3 Swong viZ  Vuginive Contam, Q  Ounge - Yollow-Orange
oI Mo Infoem, U Undilfer ¥R Recycled Vivinite infilk +  LlugeAmt | 4 intense ¥R Reeyeled Viriniie R Red 1 Golden
[ Coul 5 Sposinig ++  Abundan B Brown v Ambor
MICROSCOPE R Reindic BL Olik 3~ Reddish Brown
K Kerogen 0 Other 3 hledium Hiown
WR  Whole Rock 3+ Thak Drows
X Zeiss 1. kigh 4 Biewas-dllad
al.  Not Deterined YISUAL KEROGEN ANALYSIS TR PPN 4 Bk
Total Quality GGeochemisiry 4+ Blseh-Opsque
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ALASKA OUTCRQPS

OGSl Project: 9713805

FLUORESCENCE / TAl
ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro
LIFIDS 1HUMIC|OTILER YITRINITE LIPIDS LIPIDS
o
DGSI UNSTRUCTURED STRUCTURED =l UNSTR. | STRU. ﬁ UNSTR STRU 8
£ Z [ral[FLUOR [t [FLUOR. | %
w E o G
= & o &
. ) £ 4
o = o & z ; = :JJ
. [ 3] —
g oate: |88 |E o | g Z | N g g : _ |2 & %
A o ) — - - [R )
= < 5 AN E E & £ 5= ¥ 18 £ E1g E E ez
5 28 = |52 |& =~ |E|& Wl S|z 2f8 a2 |2 (e|2|C|u|z|2 |u(x|2|2T
7 e EEIZISIR|S|2|ele|elE|ElE|ele|RlE ISR EIEEI1ZIEISIEIZIRISIEI3|S|E |2
9 2221252 |& r E cl2 |2 £ clelzlz 1el2 121512 18 18 !Z slElzl1= 2 |E (= |2y |ES
=} IDERTIFICATION | v @3 s < |l | | |5 |- = e |e = |z |= a |[o [ Sl | = e[ | | |- |5 | -
LD 1 -
& 96 Mu 3241 [ 75 10 5 5 5 M M + ~ ol ] 1 4 2 | BL 0 Q 2 E 2077
Comments: Very smalf, angufar frag ts of sofid b In gramny ligeds. DiFficut (o differentiale wi irom non-angitfar s0d bil i kefogen sampte
AL ? VL 2+ 2 -
7 &4 Mu 72-% KOG 50 40 1wl T T MA | - * 3] - + B 1 Y 2 2 3-|1oB] 2 Y 4+ | V7069
Comments: Groundmass of Massive ¥pids with alginde and salid bilurnan fragmants - gifficult 1o aifferentiata in reflectad ight
AL ? VL -
8 96 My 35-2 oC 70 | 20 0 T ¥ T MA| - + M - M D8 1 O 2 2 3- |DOB| 1 o 2 | V7075
Commaents: Unstruciured bpids appear lo be micninized. Algnite and grenular bilumén as in 36 Mu 75 1. Remnant algal structure identified i shde
| s v MA 2 N
9 96 Mu 354 woe | 2% T T 10 ] 35| 30 F M M M - ] T | D& 1 O 2 3 3 | BL 0 21 o 3 Vv 61
Comments: Unsiructured lipids have greiny texiure. Trace graphils
AL VL F 1 -
10 96 Mu 46 WOC | w0 ssl 1| T )| 5 Ma| M| v - - + L]l o|BL| 0| 2]3[BL]| 0 V0 08
Comments: Angular solitf bituman dissolves wien analyzed for Rucrescence. Sema angular malenal may be aigwite. Biumen ralses TA! value.
SIMTLE STRUCTURED UTHER PYRITE ADUND. FLIOH. VIT. REFL.ECT. FITIOR, TATCOIOR
ANALYST TYPE/PREP LIPIDS ORCGANIC MATTER INTENS. EQUIVALENCE COLOR VALUES
CTC  Cuiiigs Al Alginie L Exsudaumic £ Eubedial N Hene 6 Mose B8 Biwemen W White 1. Smaw Yeiow
CC Coov. Care 5B Suberinue G Giaptolites F Framboid T  Trace H Weak G Gropiolites G Gicen ] Pule YeHow
X O'Connor SWC SideWaltlore C  Culinite VL Lipid-Raigh Vimmilz BLA  Alassive - Smul Ami |2 hioderale VL Lapid-Rich Vininile Y Yelow s Yellow
aC  Ouictop LD Lipledeinne VC ViniteC i K1 Replh M Alod Ami [ 1 Swuang YT Vitnaie Coacam, 0 Orange 2 ¥Yrolow-(henge
[t ] No inform U UndiiYer. ¥R Recycled Vitsbuie wiil +  Lage Aml | 4 Incnse YR Recycled Vitdrilc " Red 1 Golden
C Coal 5 Sponnite ++  Abundant B  Brown v Amber
MICROSCOPE R Resinile B Mlack 3 Reddish iown
K Keragen a  Ouer 3 Medium Hrown
WR  Whole Rock 3+ Dark Brown
x  Leiss L Ligly 4 Brown-Black
ad. Mot Determined . VISUAL KEROCEN ANALYSI1S b Puk 4 Black
Total Quality Geochemistry 4+ Black-Opaque




ALASKA OUTCROPS

DGSI Project: 97/3805

FLUORESCENCE / TAl
= ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro
LIPIDS HUMIC|OTIIER VITRINITE LIFIDS LIPIDS
D G S I UNSTRLUCTURED STRUCTURED I E; UNSTR. | $TRU. ﬁ: UNSTR STRU 8
£ & [rar | FLuor. Iral [FLUOR. | %
“ .
S 2 G -
o = Ly g v
b P L & =5
o Z tay E i E = L;.;"' -h-i':
~ DATE: 18 £1512| |a 5 | & g - \ |3 & =
Led - - - - ¢ -
z SE1E 18 | |8 HAHE £l 1El2]. (218 AMEE = = |EZ
2 rEAERERE 2 |ENE 2lE2FIEI1Z1R6182 2|22 e|5(2 |2 |2|2|28
= TusT S - - R A I R N N = A N E |z e |el2 B[S |18 |Q|&G 2R |I8|4 |12 |9k |
& =18 @0 e e e (D |S|E|e|ee [ |# [ |2 2|2 El2IE|CIZ |12 B |2 (2|F|EX
] 2 s3IZIEEEclglZ2lElzl12 20z 1ele 12121818 E(21E1Z2lZ218 12 (2 (|8|% |E°
AL 7 VL 2 1 -
i |6 Mu 52-1 ROC 55 10 Wl T | TS MA + - M| cB| 1 | o] 2] 3] 3 |oos| 0| 2 |V7?068
Comments: Mixture 0f angular soiid bil and { afgal siruciure ? - Giffcult fo identity. Unsir hpids have massive-mcanized laxtim
AL T Vi MA 2« | BL| O -
12 95 Mu 57-4 woe | 70 10 o] s 5 F - + N M + oe| ot O 1 3 3 |D08| 1 Q 1 |V 7108
Commenls: Grainy Npids with anguiar alginila and solld ditumen? - difficul to identify.
L -
33 96 Ha 25 koc | a0 5 20 | 45 MAf M|+ ]« ] -] Ll o|BL| o] 3 |na V 1.65
Comments: Smaii leosinial fragments - dificult to separala viliipite fom ingrbnite. Grainy hpds.
U 5 F 2 3 -
14 96 Ha a7 WG 80 T T 5 5 10 Ma | M + 23 M 7 M | BL O 8L o 3 3+ | BL 0 3+ | BL 1} Ve
Comments: Shight anisotrophy may lowar some Ro valies
u MA 2 -
15 96 Ha 58 woe | 10 T 15 | 75 £E| M| + ]+ n d. a8L| 0| 3 |na vV 1.67
Commants: Small terre sidal fragments,
sAMPLE STRUCTURED OTNER PYRITE ADIND. FLTIOR. VIT.RETLECT. FLUOR. TAICOLOR
ANALYST TYPE/FREP LIPIDS ORGANIC MATTER INTENS. EQUIVALENCE COLOR VALUES
HoTG Cuttings AL Algivile E  Exsudalipite L Eubedral N Mone v Mone B Bwncn Tw Wit 1= Suoaw Yellow
CC  Conv Core 58 Subcrinie G Gueprolies F  Framboid T  Teace P Wesk G Graptoliles G (neen I Fale Yellow
X C'Connor IswC  SideWellCore C Cutiniie Vi Ligid-Rich Vitrinile MA  hmszive - SmallAm |t Maodoete VL (ipid-Rich Vitcinire Y Yellow 1+ Yeltuw
€ Owicrop LD Liprodeuince ¥C  VimmieConwmiraion | 81 Repisce. M Mod Ami, | 3 Skong YT Viuinile Contam, 0 Onange - Yellow-{hange
NI No Inform. U Undilfer VR Reeycled Viginile whil +  LwgeAme | 4 Imeose VR feeycled Viuinite K Red 1 Golden
= Coal s Sporinitc ++  Abundani B Rrown 2+ Amber
MICROSCOPE M Resinue B, DBlack ¥ Heddish Brown
K Ke&sagen 0 Ouher 3 Medium Hrown
WR  Wholc Rock 3v Dusk Urown
X Zeiss L Ligh 4. Brown-Black
nd.  Not Delermined VISUAL KEROGEN ANALYSIS b Duk ¥ Black
Tota] Quality Geochemistry £+ Dlack-Opague
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ALASKA OUTCROPS

DGSI Project: 97/3805

FLUORESCENCE / TAl
ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED o
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7 DGST

EXTRACT SUMMARY SHEET

Alaska Outcrops DGSI Project: 97/3958
Other ID: 96 Mu 33-5 DGSI Project: 96/3631 Sample Mo, 1

BULK PROPERTIES

%C15 + Comp 8"°C Isoprenoid Distribution
API Gravity N.A, Sat 30.80 N.A.
% S N.A. Arom N.A. N.A.
ppm V N.A. NSO N.A.
ppm Ni N.A. Asph N.A.
SalVArom N.A. o ! & s é N E
@ 2 @ 9 ©

WHOLE EXTRACT GC

Pe/Ph 1.88
OEP N.A,
PinC17 0.28
Ph/nC18 025

AT

SATURATE BIOMARKERS

_ [P R ry e ] Terpane Ratios
; C, Telracyclic/Cog Tricyclics 0.8
: Cre + Co Tricyelics/Co Tricyclic 1.27
] TsTm 1.20
S C3» Hapane/C,, Hopsne 0.00
— Cy Norhopane/C,, Hopane 0.41
- C1o Oleanane/Cy, Hopane 0.00
:ML Gammacerane/Cy, Hopane 0.00
_ \L‘ LML““\— Tricyclics (%) 27.52
—t — — — - p— C15/Cas Extended Hopanes 0.42
Cyy Tricyclics/Coq Tricyclics 0.73

e 217,00 U94.20 2 314300 Ip0ay D
Al

o Sterane Ratios
= Diasteranes (%) 25.03
- 20S C1 Sleranes (%) 53.29
<os00 ] afip Cy Steranes (%) 4864
o | Hopanes/Steranes 0.94
. " ‘d ]‘A L\N «N Cay Sterane (%) 17.42
| L Cp, Slerane (% 20.83
: / \J‘L‘L U‘Ml&,\, *w e LM Cy Slecane E%; 2437
Womd>  Toa 008 4o AA00 | 0b 5050 oo Josa  In0e | w00 s6e kk:; Ca4 Sterane (%) 15.38
Cy Sterane (%) 13.03
Cy Slerane (%) 2.91
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B DGSI

EXTRACT SUMMARY SHEET

Alaska Outcrops DGS! Project: 97/3959
Other ID: 94 Mu 72-1 DGSI Project: 97\3805 Sampie No. 7

BULK PROPERTIES

%C15 + Comp 3 Isoprenoid Distribution
APl Gravity NA. ) Sat 47.00 N.A.
%S N.A. Arom N.A. N.A.
ppm V N.A. NSO NA.

ppm Ni N.A. Asph N.A.
SavArom N.A.

i

iCH3
Pt
Ph

1G14
ic1s
iC18
icC18

WHOLE EXTRACT GC

P:/Ph 3.04
OEP NA,
PrnCt7 1.45
Ph/nC18 0.77

SN

SATURATE BIOMARKERS

— s e L o I Terpane Ratios
i Cis Tetracyelic/C,q Tricyclics 0.58
1 Cie + Cxo Tricyclics/Cay Tricyctic 0.41
- | Ts/Tm 0.43
r— C1s Hopane/Cy, Hopane 0.00
— | C19 Norhopane/C,, Mopane 053
tibes i C10 Oleanane/C Hopane 0.00
s | i Gammacerane/Cy, Hopane 0.00
- l \L | | Tricycties (%) 18,54
— - — — = e ! C14/Cy4 Extended Hopanes 0.64
Cx Tricyclics/C,y Tricyclics 1.51

- 107,08 1678 10 211,707 30091 D

At Sterane Ratios
avens : Diasteranes (%) 44.05
‘70008 205 Cyq Sleranes (%) 49,53
o afip Cx Steranes (%) 3208
et i Hopanes/Steranes 0.73
woos I IR RE Coy Sterane (%) 4.37
coose | ’ N J .ﬂd ' Cx Sterane (%) 460
=1 wh\__wmmu ' Cor Sterane (%) 3545
T T e an Gl e wm  we  nm hm me wm e Cys Sterane (%) 2472
C Sterane {%) 27.33
Cio Sterane (%) 384
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B DGSI

EXTRACT SUMMARY SHEET

Alaska Outcrops
Other ID: 96 MAW 7

DGSI Project: 97/3959

Sample No. 21

BULK PROPERTIES

%C15 + Comp e

API Gravity N.A. Sat 45.30 N.A.

% S N.A. Arom N.A. N.A,
ppm YV NA. NSO N.A.
ppm NI N.A. Asph N.A.
Sat/Arom N.A.

Isoprenoid Distribution

|

iC15 {
icis
Pr

iCy)
IC14q
iC15

Ph

WHOLE EXTRACT GC

Pt/Ph 3.49
OEP N.A,
PinC17 054
Ph/nC18 0.20

| il Mllldﬁb‘lkﬂm I; LAM_LUVLL.M\

SATURATE BIOMARKERS

]
|

-1t (W ey e ¢ B |

STHHInm

N U l | J | M_L]J—-.-U’|NJ-ML L.

e PULAD Eva Po )1, Py i

Cvirerniitl

tﬁﬂd.l‘““%&“\u::w"%ﬂf(‘“”YJA"{%'L’A U U, |

Terpane Ratlos

Cy. Tetracyclic/C,a Tricyelics
Cip ¢ Cxp Tricyclics/C 4 Toicyche
T/ Tm

C2 Hopane/Cy, Hopane

C+ Norhopane/C,, Hopane
Cy Oleanane/Cy; Hopane
Gammacerane/C,, Hopane
Tricyelics (%)

C1JCy Extendad Mopanes
Cn Tricyclics/Cae Tricyclics

Sterane Ratlos
Diasteranes (%)

208 Cx Steranes (%)
afp Cw Steranes (%)
Hopanes/Sleranes
Cy Slerane (%)

Cn Sterane (%)

Cyr Sterane (%)

Co Sterane {%)

Cx Sterane (%)

Cyg Sterana (%)

0.55
0.60
2.80
0.00
0.3
0.00
0.00
13.97
0.42
0.67

28.92
53.70
52.80
491
8.74
9.55
202
168.17
39.68
3.64
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i DGSI

EXTRACT SUMMARY SHEET

Alaska Outcrops

Other iD: 96 MAW 11

DGSI Project: 97/3
Sample No. 23

859

BULK PROPERTIES

%C15 + Comp 8¢ Isoprenoid Distribution
AP§ Gravity N A, Sat 30.80 N.A.
%S N.A. Arom N.A. N.A.
ppm V NA. NSO N.A. i
ppm Ni N.A. Asph N.A.
Sat/Arom N.A. }'ﬁv - o - N ‘i
© & & 9§ ¢ © ®
WHOLE EXTRACT GC (L
i
Pr/Ph 2.64 | ;
OEP N.A. { : ;
Pr/nC17 0.56 i :
PnC18 0.27 '
|
i i
SATURATE BIOMARKERS
o 100,00 118,10 o 101,10 wm2T3 D Terpane Ratios
e Ce Tetracyclic/Coq Tricyclics 0587
— Cie + Cp Tricyclics/C py Tricyclic 0.70
: Ts/Tm 1.25
..._1 C2: Hopane/C., Hopane 0.00
— C2 Norhopane/Cy, Hopane 0.48
'::- Cso Oleanane/C.; Hopane 0.00
..,...J [ | Gammacerane/C,, Hapane 0.00
‘:_"4 . Tricyclics (%) 27.97
s 9 J‘JJ ;: ! _J,L EEL v JW v TN oy C1/Cy Extended Hopanes 0.53
Cos Tricyclics/Cag Tricyclics 1.07
lod NI QO(I16.70 1 N1, T YA ND
o Sterane Ratios
yoooa Diasteranas (%) 2192
50000 208 Cy Steranes (%) 51.80
toose ' afip Cz: Steranes (%) 53.40
w000 Hopanes/Steranes 2N
o Ca Sterane (%) 11.82
20000 ] ] Lu ‘ Cx Slerane (%) 13.52
oo LT ,* f\;\ Crr Sterane (%) 19.96
Ty m = A mw mo o C; Sterane (%) 16.99
Cx Sterane (%) 32,57
Cyp Sterane (%) 5.16




ORGANIC CARBON AND PYROLYSIS DATA

Total Organic Carbon (TOC) and Rock-Eval pyrolysis data provide basic
geochemical information and are frequently used to select samples for more detailed
studies, particularly kerogen microscopy, exmact chromatography and biomarker
analyses. Well data can be plotted 10 make geochemical logs. Unless otherwise specified
by a client, DGSI uses LECO TOC then Rock-Eval II pvrolysis as the standard analytical
sequence and Rock-Eval is recommended for samples with greater than 0.4% TOC.

Samples for LECO TOC and Rock-Eval pyrolysis are ground to pass through a 60 mesh
sieve 10 assure homogeneirty.

LECO ORGANIC CARBON AND TOTAL SULFUR

Total Organic Carbon is best determined by direct combustion. Approximately
0.15 grams of sample are carefully weighed, treated with concentrated HCI to remove
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed in
a ceramic crucible, dried, and combusted with pure oxygen in a LECO EC-12 or LECO
CS-444 carbon analyzer at about 1,000°C. A laboratory standard is run every five
samples. Total, insoluble, mineral plus organic suifur can be determined by the CS444
analyzer during the carbon analysis. Total carbonate can be determined from sample and

actd residue weight differences or by LECO combustion TOC differences before and after
acid digestion.

ROCK-EVAL II PYROLYSIS

Rock-Eval 1I pyrolysis is used to determine kerogen rype, kerogen maturity and
the amount of free hvdrocarbons. About 0.1 grams of the same ground sample used for
LECO TOC are carefully weighed in a pyrolysis crucible and then heated to 300°C to
determine the amount of free hydrocarbons, Sy, that is thermally distitled. Next, the
amount of pyrolyzable hydrocarbons, S, is measured when the sample is heated in an
inert environment which nses from 300° to 550°C at a heating rate of 25°C/minute. S,
and S are reported in mg HC/g sample. T, & maturity indicator, is the temperature of
maximum S; generation. When S values are less than 0.2 mg HC/g sample, the S,
maximum typically has poor definition and thus, Tmax cannot be reliably determined
(Peters, 1986). Carbon dioxide generated during the S, pyrolysis, an indicator of kerogen
oxidation, is collected up to a temperature of 390°C and reported as S3 in units of mg
COy/g sample. A laboratory standard is run every 10 samples. Hydrogen Index (HI =
S,*100/TOC) and Oxygen Index (Ol = S5*100/TOC) are used as kerogen type indicators
when plotted on a van Krevelen type diagram.



VISUAL KEROGEN ANALYSIS TECHNIQUES

Visual kerogen analysis employs a Zeiss Universal microscope system equipped
with halogen, xenon, and tungsten light sources or a Jena Lumar microscope equipped
with halogen and mercury light sources. Vitrinite reflectance and kerogen typing are
performed on a polished epoxy plug of unfloated kerogen concentrate using reflected
light from the halogen source. In certain situations, the whole rock is used for analysis.
This approach is used for coals, where acid treatment is unnecessary in studies of solid
bitumen and graptolites where preservation of rock structure is important, and in sampies
too small for acid treamment. The digital indicator is calibrated using a glass standard
with a reflectance of 1.02% in oil. This calibration is linearly accurate for reflectance
values ranging from peat (R, 0.20%) through anthracite (R 4.0%).

Reflectance values are recorded only on good quality vitrinite, including obvious
contamination and recycled matenial. The refative abundance of normal, altered, lipid-
rich, oxidized, and coked vitrinite is recorded. When good quality, normal vitrinite is
absent, notations are made indicating how the maturity is affected by weathering,
oxidation, bitumen saturation, or coking. When normal vitrinite is absent or sparse, other
macerals may be substituted. Solid bitumen, for example is present in many samples.
Although solid bitumen has a different reflectance than vitrinite, Landis and Castanio's
calibration chart is used to obtain an estimated vitrinite reflectance equivalent. Graptolites
have a slightly higher reflectance than vitnnite and can often be used to obtain maturity
data in Upper Cambrian-Silurian rocks that have no vitrinite.

Unstructured lipid kerogen changes in texture and color during the maturation
process. Typically, unstwuctured kerogen at low mamrity is reddish brown and
amorphous. Somewhere between Ry 0.50 to 0.65%, the kerogen takes on a massive
texture and is gray in color. At higher matunty, generally above Ry 1.30%, unstructured
kerogen is light gray and micninized.

Kerogen typing and maturity assessments from the polished plug are enhanced by
atilizing fluorescence from biue light excitation. The xenon or mercury lamp is used with
an excitation filter at 495 nm coupled with a barrier filter of 520 nm. With the Jena
microscope we also have the option of observing fluorescence under ultraviolet
excitation. The intensity of fluorescence in the epoxy mounting medium (background
fluorescence) correlates well with the onset of oil generation and destruction. The
identification of structured and unstructured liptinite is also enhanced with the use of
fluorescence in those samples having a maturity less than Ry 1.3%.  The relative
abundance and type of pyrite is also recorded.

Thermal alteration index (TAJ) is performed using tungsten or halogen light
source that is transmitted through a glass siide made from the unfloated kerogen
concentrate. [deally, TAI color is based on sporinite of terrestrial origin. When sporinite
is absent, TAI is estimated from the unstructured lipid matenal. Weathering, bitumen
admixed with the unstructured material and micrinization can darken the kerogen and
raise the TAI value. The character of the organic matter in transmitted light is correlated
with observations made in reflected light for kerogen typing,
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Kerogen typing and marurity assessments from the slide preparation are also’
reinforced by using different light sources. The slide is first observed in transmirted Jight
to obtain TAI color and organic matter structure or type. The light is then switched to
reflected halogen light to observe structure and amount of pyrite and finally to reflected
blue light excitation from the xenon or mercury source for fluorescence.  The
fluorescence of structured and unstructured liptinite is not masked by the epoxy
fluorescence as it is in the reflected light mode because the mounting medium is non-

fluorescent. Lipid structures (e.g. sponnite ang alginite) within the unstrucmured kerogen
can often be identified 1n blue light.

Maturity calculations are made from the vimjnite reflectance histograms.
Decisions as to which reflectance measurements indicate the maturity of the sample are
based not only on the histogram but on all of the kerogen descriptive elements as well,
Because it is not done at the time of measurement, alternate maturity calculations can be
made if kerogen data and geological information dictate.

DGSI's vitrnite reflectance histograms contain much useful information. All
reflectance measurements are graphically displayed and the individual readings are listed
below the histogram in numenc order. In the reflectance table, each reading is coded
with a letter corresponding to the measured maceral. Capital letters are used to designate
reflectance values that are used in calculating the mean reflectance while reflectance
values falling outside the selected range are shown with a lower case letter code.
Reflectance readings lying inside the selected range are marked with a pattern on the
histogram diagram and readings falling outside the selected range are left open. Each
maceral has a different pattern. Codes currendy in use include: Solid bitumen (B),
Granular solid bitumen (X), Coked solid bitumen (Y), Graptolites (G), Inertinite (1),
Other 1 (O), Other 2 (W), Vitrinite (V), Lipid-rich vitrinite (L), and Coked Vitrinite (Z).
The use of two ‘other’ categones allows us the flexibility of measuring unusual materials
that do not fall into one of the other classes or contamination from mud additives or
caving. Specific information regarding ‘other’ material is shown in the Comments
section at the lower right comer of the Figure and in the Comments section of the VKA
data sheet.

Statistics for selected macerals are listed adjacent to the histogram and the mean
reflectance values are aiso listed below the TOC and Rock-Eval data at the upper right
comer of the Figure. The measured reflectance values for solid bitumen and graptolites
are recalculated in order to obtain a vitrinite reflectance equivalent (VRE). Therefore, for
these two macerals we show both the measured reflectance and the VRE. For example,
VRE-B signifies vitrinite reflectance equivalent for solid bimumen and VRE-G is the
vitrinite reflectance equivalent for graptolites.

In summary, vitrinite reflectance measurements are performed on a polished plug
in reflected light, TAI is performed on a slide in transmitted light, and kerogen typing is
estimated from both preparations using a combination of reflected, transmitted, and
fluorescent light techniques. Fluorescence in blue light is used to enhance the
identification of structured and unstructured lipid material, solid bitumens, and drilling
mud contaminants. Fluorescence also correlates with the maturity and state of

preservation of the sample. Maturity calculations from measured reflectance data are
made from the histograms and are influenced by all of the kerogen data.
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VISUAL KEROGEN ANALYSIS GLOSSARY

Several key definitions are included in this glossary in order to make our reports
more self-explanatory. In our reports, we refer to organic substances as macerals.
Macerals are akin to minerals in rock in that they are organic constituents that have
microscopically recognizable characteristics. However, macerals vary widely in their
chemical and physical properties and they are not crystalline.

{. UNSTRUCTURED KEROGEN is sometimes called structureless organic matter
(SOM) or biruminite. It 1s widely held that unstructured kerogen represents the
bacterial breakdown of lipid material. It also includes fecal pellets, minute
particles of algae, organic gels, and may contain a humic component. As
described on the first page of this section, unstructured lipid kerogen changes
character during maturation. The three principal stages are amorphous, massive,
and micrinized. Amorphous kerogen is simply without any structure. Massive
kerogen has taken on a cohesive structure, as the result of polymerization during
the process of oil generation. At high mamrity, unstructured kerogen becomes
micrinized. Micrinite is characterized optically by an aggregation of very smali
(less than one micron) round bodies that make up the kerogen.

2. STRUCTURED LIPID KEROGEN consists of a group of macerals which have a
recognized structure, and can be related to the original living tissue from which

they were derived. There are many different types, and the types can be group
follows:

a. Alginite, derived from algae. It Is sometimes very useful to distinguish the
different algal rypes, for botryococcus and pediastrum are associated with
lacustrine and non-marnne source rocks, while algae such as tasmanites,
gloecapsomorpha, and nostocopsis are typically marine. Acritarchs and
dinoflaggelates arc marine orgamisms which are also included in the algai
category. '

b. Cutinite, derived from plant cuticles, the remains of leaves.

c. Resinite, (including fluorinite) derived from plant resins, balsams,
latexes, and waxes.

d. Sporinite, derived from spores and pollen from a wide vanety of land
planis.

e. Suberinite is derived from the corky tissue of land plants.

f. Liptodetrinite is that structured lipid material that is too small to be
specifically identified. Usually, it is derived from alginite or sporinite.

The algae are an important part of many oil source rocks, both marine and
lacustrine. Alginite has a very high hydrogen index in Rock-Eval pyrolysis.
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are
found in Africa and the Far East. At vitrinite reflectance levels above R,y 1.2 -
1.4%, structured lipid kerogen changes structure and it becomes very difficult to
distinguish them from vitrirute.

/1Y



3. SOLID BITUMEN also is called migrabiamen and solid hydrocarbon. In 1992,
the International Committee for Coal and Organic Petrology (ICCP) decided to
include solid bitumen in the Exsudatinite group. Solid bitumens are expelled
hydrocarbon products which have particular morphology, reflectance and
fluorescence properties which make it possible to identify them. They represent
two classes of substances: one which is present at or near the place where it was
generated, and second is a substance which is preseat in a reservoir rock and may
have migrated a great distance from its point of origin. The solid bitumens have
been given names, such as gilsonite, impsonite, grahamite, etc., but they represent
generated heavy hydrocarbons which remain in place in the source rock or have
migrated into a reservoir and mature along with the rock. Consequently, it is

possible to use the reflectance of solid bitumens for maturation determinations
when vitrinite 1s not present.

4. HUMIC TISSUE is organic matenal denved from the woody tissue of land
plants. The most important of this group are vitrinite and inertinite:

a. Vitrinite is derved from woody tissue which has been subjected to a
minimum amount of oxidation. Normally it is by far the most abundant
maceral in humic coals and because the rate of change of vitrinite reflectance
1s at a more even pace than it is for other macerals, it offers the best means of

obtaining thermal maturity data in coals and other types of sedimentary
rocks.

Because the measurement of vitrinite is so important, care is taken to distinguish
normal (fresh, unaitered) vitrinite from other kinds of vitrinite. Rough vitrinite does not
take a good polish and therefore may not yield good data. Oxidized vitrinite may have a
reflectance higher or lower than fresh vitrinite; this is a problem often encountered in
outcrop samples. Lipid-rich vitrinite, or saprovitrinite, has a lower reflectance than
normal vitrinite and will produce an abnormally low thermal matunty value. Coked
vitrinite 1s viminite that has structures found in vitrinite heated in a coke oven. Naturally
coked vitrinite is the product of very rapid heating, such as that found adjacent to
intrusions. Where it is possible to do so, vitmnite derived from an uphole portion of a
well will be identified as caved vitrinite. Recycled vitrinite is the vitrinite of higher
maturity which clearly can be separated from the indigenous first-cycte vitrinite
population. Often, the recycled vitrinite merges in with the inert group.

b. Inertinite is made up of woody tissue that has been matured by a different
pathway. Early intense oxidation, usually invelving charring, fungal attack or
biochemical gelification, creates the much more highly reflecting fusinite and
semi-fusinite.  Sometimes the division between vitrinite and fusinite is
transitional.  Sclerotinite, fungal remains having a distinct morphology, are
considered to be inert. An important consideration is that the inerts, as the name
implies, are largely non- reactive “dead carbon” and they have an extremely low
hydrogen index in Rock-Eval pyrolysis.
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5. OTHER ORGANIC MATERIAL

a. Lipid-rich, caved and recycled vitnnite. These are put in this section so we can
show the percentages of these macerals; they are described above.

b. Exsudatinite. Oil and oily exudates fall in this group. Exsudatinite differs from
the solid bitumens on the basis of mobility and solubility. We prefer to maintain
this distinction althougn the ICCP has now inciuded the solid bitumens in with
the Exsudatinite group. )

c. Graptolites are marine organisms that range from the Cambrian to the lower
Mississippian; it has been found that they have a reflectance slightly higher than
vitrinite. Because vitrinite is lacking in early Paleozoic rocks, the proper
identification and measurement of graptolites is important in these sediments.

6. PYRITE. Various forms of pyrite can be readily identified under the microscope.
Euhedral is pyrite with a definite crystailine habit. Framboidal is pyrite in the form of
grape-like clusters which are made up of euhedral to subhedral crystals. Framboidal
pyrte is normally found in sediments with a marine influence; for exampte, coals
with a marine shale roof rock usually contain framboidal pyrite. Massive pyrtite is
pyrite with no particular external form. Often this ts pyrite that forms rather late in
the pore spaces of the sediment. Replacement/infilling is self-explanatory.
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ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA

ALASKA OUTCROPS

DGSI Project: 97/3805

SAMPLE IDENTIFICATION TOC St 52 53 Tmax s/ Ri ol ¥] Pl
DGSI 10 ID W% mglg malg  mglg degC  TOC s3
1 96 Mu 5 178 010 044 0.78 467 6 25 44 0.5 019
2 96 Mu 12 112 009 043 083 47 8 38 58 068  0.17
3 96 Mu 14 088 025  0.47 027 453 28 53 31 174 045
A 96 Mu 18 38 005  0.56 0.80 448 4 41 58 070  0.08
5 96 Mu 30-2 112 004 039 028 448 4 35 25 1.3¢ 009
8 96 Mu 33-1 422 009 748 0.14 438 2 177 3 5343 o00f
7 94 Mu 72-1 2234 372 142,99 1.46 431 17 840 7 9784 003
8 96 Mu 35-2 1286 075  60.09 148 434 5 487 12 4060 0.0
) 96 Mu 354 086 005 043 039 440 5 45 41 110 0.10
10 96 Mu 46 9.84 040 26.89 073 438 4 271 7 3856 00
1 96 Mu 52-1 380 010 1114 032 434 3 293 8 23481 00t
12 96 Mu 574 294 0.1 §.23 039 437 4 178 13 1341 002
13 96 Ha 25 107 006 026 037 456 6 24 35 070  0.19
14 96 Ha 37 202 010 086 0.56 497 3 29 19 154 0.10
15 96 Ha 58 090 002 024 032 499 2 27 6 075 008
16 96 Ha 66 125 040 052 059 473 8 42 47 088 016
17 96 TM 29-8 112 006 0.4 043 439 5 20 38 079 015
18 96 TM 56-A 045 005  0.07 035 498 11 16 87 018  0.42
19 94 Mu 431 0.43 001 007 022 504 2 18 51 032  0.13
20 94 Mu 43-16 180 008  0.70 062 489 4 39 34 113 0.10
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HYDROGEN INDEX (HI)

ALASKA OUTCROPS
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FIGURE 1 Kerogen type determination from TOC and Rock-Eval pyrolysis data, Types
| and !l wliil generate oil, type tll gas, and typa IV little or no hydrocarbons.
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ZONES OF PETROLEUM
GENERATION AND DESTRUCTION
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CORRELATION OF VARIOUS MATURATION INDICES AND ZONES
OF PETROLEUM GENERATION AND DESTRUCTION.
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ALASKA OUTCROPS

DGSI Project 97,3805 Sample No. TYPE K/OC
OTHER ID: 56 Mus TOC 1.78
L TMAX 487
Rl 25
. 1S V Ro 0.90
; 0.50
) 0.08
! 000
: 08
: o | r 100 )
; g Visyal Kerogen Summary
‘: . 3 Unstructured Lipids 10
—‘; Structured Lipids -
5L '_- t Salid 8itymen -
s 5 Inemnite 15
: Viinnite 15
: K H l—h Other 60
' b A -
;0 E 1 TOTAL 100
: 0 1 2
l Background Fluorescence  Strong
£ 076 L0.87 LO91 L0S4 V100 vi.8Y TAl Unstructured n.d.
LO82 LO0O.87 LOSl LOS4 v1.10 v210 TAI Structured
Vo84 L0488 V091 LOSS 1119 v219
LO85 LOBS LO93 LO9S (1.48 v2.23 COMMENTS:
L0868 LOO91 LO94 LOY9 vi1.B0
OGSl Project 97/3805 Sample No. TYPE K/OC
OTHER ID: 96 Mu 12 TOC 112
- TMAX 471
HI 38
(s V Ro 1.04
105
: 005
; 400
‘I 0.95
i 184
| 10} o er a
1 Unstruciured Lipids 5
; Siructured Liplds -
i 51 Solid Bitumen -
| Inentinita 10
F Vitrnite 80
i l_l...‘_1 |—| N Other 5
to0 TOTAL 100
0 | 2
Background Fluorescence  Strong
V095 L1.05 V109 v3.30 v140 v158 v222 TAI Unstructured nd.

L0857 VION5S V140 v1.31 vi148 v1.74 (228

£100 V107 Vii12 vi131 vi48 v 178 v248

L1101 V107 1129 v133 vi51t vied
V1,03 V107 vi22 vi40 v1.59 v1.98

TAIl Structured

COMMENTS:
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ALASKA OUTCROPS

DGSI Project 97/3805 Sampte No. 3 TYPE K/OC
OTHER ID: 98 Mu 14 TOC 0.88
TMAX 459
Vitrinite al 53
13 V Ro 0.89
MEAN a8y
8T OEV 007
VARIANCE 001
M (N(M UM 0.78
10 MAXIMUM 10t
NUMBER g ] K e S a
Unstruciured Lipids 15
Structured Lipids -
5 Solid Bitumen -
ineciinite 15
Vitrinite 85
l I H { Owher 5
0. ] TOTAL 100
: 0 | 2 3
: Bacwground Fluorescance  Intense
LO078 LOS0 V095 vi.15 v1.28 vi.54 v232 TAl Unstructuced n.d.
(081 L0991 L0988 vi17 v13f v1.58 TAl Struciured
V082 V081 V101 vi20 vid4l vi163
LO83 VO0.982 vil08 vi24 vi42 vi7 COMMENTS:
V087 L0093 vil)l vi127 v149 v175
DGSi Project 97/3805 Sample No. 4 TYPE K/OC
OTHERID: 96 Mu 18 TOC 1.38
' TMAX 448
Vitrinite R 41
15 V Ro 065
MEAN 055
ST DEV 006
VARIANCE 000
MINIMUM o R
MAXIM UM o077
10} NUM BER 15 Visual Kerogen Summary
Unstructurad Lipids 10
Structured Lipids 5
5L Solid Bitumen -
Inertinite 15
Vitrinite 65
Other 5
0 NERESE! TOTAL 100
0 | 2 3
Background Fluorescence  Intense
V052 VO0.63 V067 v0.94 v1.12 vi1.79 YAt Unstructured n.d.
LDS59 LOB4 VO0.69 v0.87 vi.15 v2398 TAIl Strociurea
V058 L0B8 V069 v0.93 v1.26 v241
V059 V066 V074 vi05 vid4? v2.58 COMMENTS:
L0B0 L0.B87 VO.77 v1.09 vi52 v2898
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A | F A

ALASKA OUTCROPS

OGSI Project 97,3805 Sampie No. 3 TYPE K/OC
OTHER (D: 96 Mu 30-2 .TOoC 1.12
TMAX 446
| Vitrinite HI 3
s V Ro 0.74
! MEAN 074
| ST DEV 009
VARANCE 0.01
M INIM UM 061
" MAXIMUM 094
1 T NUMBER % vi roge a
! Unstructured Lipids 5
i Structured Lipids 5
|
| 5. Solld Silumen -
: Inertinite 10
; + Vitriaite 70
'f H—H H—I I_l Other 10
b0 — . TOTAL 100
| 0 1 2 3 !
¢ Background Fluocrescence  Strong
L0O.6Y V072 VO0.78 vi61 v1.91 v2.48 TA$ Unstruciured n.d.
V061 LO.74 VO0BO v1.67 v200 v247 TA) Structured
L0662 V075 VO0B3 vi1.72 v220 v248
V068 L0778 V094 viT4 v221 v269 COMMENTS:
V070 L0780 vi53 vigl 12468 v2.73
DGSI Project 97,3808 Sample No. 6 TYPE K/CC
OTHER ID: 96 Mu 33-1 TOC 4.22
TMAX 438
‘ Vitrinile Hi 77
15 V Ra 20.77
! MEAN 0
X ST D&V 0.02
‘ VARIANCE 000
| MINIM UM 0.7
| MAXIMUM 0
10 NUM BER * i Visual Keroaen Summary
Unstructured Ligids 75
| Stuctured Upids 10
S . ' Solid Bitumen 5
! Inertinite 5
Vilrinite S
;  Otnher 0
0 i TOTAL 100
; 0 1 2 3 |
: Background Fluorescanca  Intense
b D.74 TAI Unsiruciured 2+
b 0.78 TAI Structured
V0.76
vo0.78 COMMENTS:
Vv 0.78
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ALASKA OUTCROPS

DGSI Project 97/3805 Sample No. 7 TYPE | KIOC
OTHER ID: 94 Mu 72-1 .T0C 22.34
TMAX 431
Vittinite HI 640
LIS V Ro 70.69
MEAN 0.69
ST OEV 023
1 VARWUNCE 0.05
| MINIMUM 05
MAXIMUM 085 )
0 NuMsER ? | Visual Kerogen Summary
: Unstructured Lipids 50
Steuctured Lipids 40
S Sold Bitumen 10
Inertinite T
Vitrinite -
' Otner 0
| 0 0 £l . TOTAL 100
0 2 |
; Background Fluorescence  Moderale
L0.53 TA! Unstructured 2+.3-
LD.85 TAJ Structured
COMMENTS:
OGSI Project 97/3805 Sample No. 3 TYPE K/OC
OTHER 10; 96 Mu 35-2 TOC 12.86
TMAX 434
Vitrinite HI 467
15 V Ro ?0.75
MEAN 075
ST OBV 08
VARIWANCE 003
M IN#M UM 063 l
MAXIMUM 0.68 !
10 NUM BER 2 | Visual Kerogen Summary
:_ | Unstructured Lipids 70
| [ Steuctured Lipids 20
Poos | | Solid Bitumen 10
| | Ineninite T
l\ I Vitrinite T
i Other 0
-0 El | TOTAL 100
L0 2 |
¢ Background Fluarescance  Moderate
LO.83 TA! Unstructured 3-
vV 0.88 TAI Structured
v 1.5
COMMENTS:
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VITRINITE REFLECTANCE

ALASKA OUTCROPS

DGSI Project 97/3803 Sample No 9 TYPE K/OC
OTHER ID: 96 Mu 35-4 -TOC 0.96
TMAX 44Q
Vitrinite Al 45
1S V' Ro 0.61
MEAN 061\
STDEV 008
VARIANCE 000
MINIM UM 0
MAXIMUOM 069
10 NUMBER “ | Kero u
— Unstruciurea Lipids 25
' Structured Liplds -
51 Solid Bitumen -
K Inerinne 10
|- VAtrinite 35
NE | | ‘ \ H rﬂ_] Other a0
0 [T1 a TOTAL 100
0 ! 2
Bacxground Fluorescence  Strong
L0.53 L059 L0668 v0.85 v1.03 v1.80 TAIl Unstructured 3
LO054 VD62 VO6B 1099 1125 v 196 TAI Structured 2+
L05 V084 VOB7 v0.89 vI137 v196
V058 L064 LO69 11.00 wv1.50 v2.00 COMMENTS:
V0SB VO0.65 1065 11.01 v1.59 v258
OGS! Project 97/38035 Sampte No. 10 TYPE K/OC
OTHER ID; 86 Mu 486 TOC 9.84
TMAX 438
Vilrintte HI 271
s V Ro 70.98
MEAN 008
8T DEV 0.2
VARWUNCE 0.61
MINMUM 0.82
MAX(MUM 18
01 NUMBER s Yisual Kerogen Summary
Unstructured Uiplds 30
Structured Lipids 10
-l 51 Solid Bitumean 55
: Inentnite T
: P Vitrinite T
; 5 Other 5
C0 L TOTAL 100
0 l pl
: Background Fluorescance  Weak.Mod
b0.79 L 1.04 TA{ Unstructured 3+
V082 L1.04 TAI Structured
LO.87 L1.05
L0.87 V1.6 COMMENTS:
£ 1.01
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V1 N E T ALASKA OUTCROPS
DGSi Project 97/3805 Sample No 11 TYPE K/OC
CTHER ID: 96 Mu 52-1 TOC 3.80
TMAX 434
Vitrinna HI 293
15 VRo ?068
MEAN 068
ST 0BV 0.05
VARIANGE 000
M INIMUM 063
0 MAXIMUM an
' NUMBER ) Visual Kerogen Summary
Unstructured Lipids 55
Sleuctured Lipids 10
3 Solid Bilumen 30
Inertinite T
Vitrinite T
Hn‘l Other 5
0 TOTAL 100
0 | 2 3
Background Fluorescenca  Mod.Slrong
L0863 TAl Unstruciured 3-
L 0.69 TAl Suuctured
V0.72
11.39 COMMENTS:
DGSI Project 97/3805 Sample No. 12 TYPE KIOC
QTRHER D: 86 Mu 57-4 TOC 2.94
TMAX 437
Vitringe HI 178
L€ V Ro 21.08
M EANR 108
ST DEV 006
VARIWNCE 000
M INIM UM 101
MAXIMUM 12
"1 NUMBER ) Visual Kerogen Summary
Unstructured Lipids 70
Structured Lipids 10
5. Solid Bitumen 10
Inertinite 5
Vitinie -
F‘H Other 5
0 TOTAL 100
0 l 2 3
Background Fluorescence  Strong
L 1.01 TAI Unstructured 2+ 3-
L1.10 TAIl Strugiured
112
11.48 COMMENTS:
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VITRINITE REFLECTANCE ALASKA OUTCROPS
DGSI Project 97/3805 Sample No. B TYPE KIOC
OTHER ID: 96 Ha 25 TOC 1.07
TMAX 496
|
; Vitrinite H 24
! 18 V Ro 165
i MEAN 185
STDEV oV ;
‘ VARWNCE 003 :
| M INIM UM 142
| MAXIMUM 192 !
| 10 NUMBER 2 Visual Kerogen Summary
| |
l i Unstructured Lipids a0
| ' Structured Lipids S
! S L Solid Bilumen -
. lnernile 20
I: Vitdnde 45
i Olher 0
Y | TOTAL 100
! 0 1 2 '
1 : Background Fluorescence  Swirong
vi28 V151 V161 V179 V192 v2.40 TAI Unstructured n.g.
V142 V151 Vvis? VI80 V192 v2.52 TAl Structured
V143 V1531 VIBES VI83 v205 v255
V143 V151 V170 V185 v2.186 COMMENTS:
Vi45 V158 V172 V188 v21)
DGS! Project 97/3803 Sample No. 14 TYPE K/OC
OTHER ID: 86 Ha 37 TOC 2.92
TMAX 497
: Vitrinite Hi 29
s V Ro 1.81
! MEAN 181
| ST DEV 024
| VARWNCE 0.08
MINIM UM 148
- MAXIMUM 20
P10 NUM BER 0 : Visual Kerogen Summary
f i Unstructured Lipids 80
l | Stauctured Lipids -
! $ \ Solid Bitumen S
i Ii (nertinite S
'l _ : | Vitinita 10
| Al o o
0 Lol L | TOTAL 100
{ 0 | 2 |
|
k - Background Fluorescence  Mod.Strong
V148 Vv1.87 TAI Unstructured 3-3+
V150 V200 TAI Structured I+
V1.54 V202
V172 V2.04 COMMENTS:
V176 V213

124




VITRINITE REFLECTANCE

ALASKA OUTCROPS

DGSI Project 97/3303 Sample No. ) TYPE K/OC
OTHER (D: 96 Ha 58 TOC 0.90
TMAX 489
Vitrinite H 27
15 VRo 1.67
MEAN 187
ST OEV 0%
VARWNCE 303
MINIM UM 140
i MAXIMUM 196
o NoMsER ©  Visual Kerogen Summary
' Unstructurea Lipids 10
Siructured Liplds -
5 Solid Bitumen -
\ Inertinite 15
: Vitrinite 75
! Other 0
;0 TOTAL 100
| 0 i 3
: Background Fluorescence  Mod.Strong
V140 V181 V172 V196 TAI Unstreciured n.d.
V145 V165 V174 v2.04 TAl Structured
V148 VI85 V1.77 v213
V155 V187 V186 v2.14 COMMENTS:
V1587 V1.63 V1.95 v2.51
DGSSﬁoject 97/3805 Sample No. 16 TYPE K/OC
OTHER ID: 96 Ha 66 70C 1.25
TMAX 473
| Vitrinte Al 42
! 1% V Ro ?71.20
. MEAN 120
| ST DEV 0.08
; VARIANCE 0.01
| M INIM UM 108
: MAXMUM 134
FE R NUMBER 9 Visual Kerogen Summary
Unstructured Upids 30
| Structured Lipids -
| s L Solid Bitumen -
Inertinite 20
\' —l Vitrinite 50
’ ' Other 0
{ —_
L 0 ANl TOTAL 100
! 0 1 R}
Background Fluorescenca  Iniense
1108 V122 v151 vi89 v2.02 TAl Unstructured 3-
Vi1l V124 v158 vi173 v234 TAl Structured
V114 V131 viB1 V183 v240
V118 V1.34 v182 vi.84 v252 COMMENTS:
V118 vit51 v1.88 vi1.88 v275
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A4

ALASKA OUTCROPS

DGSI Project 97/3805 Sampile No. 17 TYPE K/OC
OTRER ID:96 TM 29-B TOC 112
TMAX 499
Virinite HI 30
15 V Ro 1.72
MEAN \72
ST OEV 09
VARWNGE 0.04
MINIM UM 140
0 MAXIMUM 209
-0 Hm gzR 2 Visual Kerogen Summary
Unstructured Lipids 10
! Structured Lipids -
5 Solid Bitumen -
Inertinita t5
Vitnnite 70
E| Other 5
0 u! [T] TOTAL 100
_ 0 | 2
: Background Fluorescance  Moderate
1119 V1,58 V163 V185 V1094 TAl Unstructured n.d.
L140 V160 V164 V188 V2.01 TAl Strucured
V146 VST V167 V191 V209
L1550 V61 V171 V192 v236 COMMENTS:
VIS8 V163 V176 V193 v2.42
OGSI Project 97/3805 Sample No. 18 TYPE K/OC
OTHER 1D:96 TM 56-A TOC
TMAX
Vitrinite M
15 V Ro 172
MEAN 172
8T DEV 024
. VARIANCE 008
; MINIM UM 37
M AXIM UM 2.09
B NUMBER * Visual Kerogen Summary
: Unstruciured Lipids 20
Stnuctured Liplds -
! 5 Solid Bitumen -
l Jnertinile 20
! Vitrinita 80
L]
. Other o
0 TOTAL 100
0 (
Background Fluorescance  Weak
{121 V155 V178 V202 v247 TA! Unstructures n.d.
V137 V158 V184 V2.09 TA Structured
V142 V165 V196 v2.22
V143 L1.72 V188 v2.28 COMMENTS:
V144 V172 V189 v2.38




VITRINITE REFLECTANCE

ALASKA OUTCROPS

DGSI Project 97/3805 Sample No. 19 TYPE K/OC
OTHER ID: 94 Mu 43-1 JOC
TMAX
Vittinite Al
15 VRo 1.78
MEAN 178 .
ST OEV 0.7 \
VARIANCE 003 .
MINIMUM 143 i
10 MAXIM UM 2.04 !
[ NUMBER ® | Visual Kerogen Summary
| Unstructured Lipids 60
Structlured Lipids -
s | ' Selid Bitumen -
Inertiniie 20
Vitrinite 20
100 ! Other 0
0 | TOTAL 100
0 I 2 |
- Background Fluorescenca  Strong
Vi49 V175 V204 TAIl Unstructured 3
VIS8 VIT79 V204 YAl Structured
V168 V186
V168 V1.90 COMMENTS:
V168 V1.93
OGSl Project 67,3805 Sample No 20 TYPE K/OC
OTHER ID:94 Mu 43-16 TOC
L TMAX
Vitrinite HI
1S V Reo 1.29
M EAN ¥29
SY 0EV 2.09
VARWUNCE 00!
MINIMUM 149
MAXMUM 144
10 NUMBER o ' Visual Kerogen Summary
. Unstructured Upids 70
i Structured Lipids .
3 —‘ , Soild Bitumen -
: " Inertinite 10
Vitrinite 20
0 i Other 0
0 i TOTAL 100
0 | 2 '
Background Fluorescence  [nlense
V118 V124 L1141 v2dy TA{ Unstruciured 3-3
V1.18 V1.25 V{44 TAI Structured
V121 V1.26 V1.44
V123 V132 v1.55 COMMENTS:
V124 V139 v182
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WHOLE EXTRACT GAS CHROMATOGRAPHY

About 50 grams of sample are crushed, passed through a 20 micron sieve,
accurately weighed, and soxhlet extracted for 16 hours with dichloromethane. Other
solvents can be substicuted if desired. The solvent is evaporated and the residue weighed
to obtain the weight percent of total organic extract. The advantage of whole extract
chromatography over saturate chromatography is more of the lighter fraction (Cyg - Ct5)
is preserved. A minor disadvantage is the nonsaturate compounds are retained and
complicate the chromatograms in relatively immature extracts.

A sample of whole extract is injected directly into a Varian model 3400 gas
chromatograph fitted with a Quadrex 30 meter fused silica capiliary column. The GC is
programmed from 40°C to 340°C at 10°C/minute with a 2 minute hold at 40°C and a 20
minute hold at 340°C. Analytical data are processed with a Nelson Analytical mode!
3000 chromatographic data system and IBM computer hardware. This software system
facilitates daia processing and graphic display as well as electronic data transmittal. All
standard calculations are made including pristane/phytane ratio, carbon preference index,
and other key parameters.

Whole extract gas chromatography provides information on organic facies and
therma) maturity of source rocks and migrated pearoleum. It serves as a basis for oil-rock
correlations. It is recommended primarily to evaluate known or suspected source beds,
oil shows, samples with anomalous pyrolysis S| values and to identify possible
contamination products.
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WHOLE EXTRACT GAS CHROMATOGRAPHY
Alaska Qutcrops

DGSI Project: 97/3959

Sample Identification TOC GAS CHROMATOGRAPHY RATIOS
DGStID Wt%  PPM Ext/TOC PriPh PriC17 Ph/iC18 OEP
OGSI Project; 96/3631 ;
1 . 96 Mu 33-5 18.65 3900 0.021 1.9 0.28 0.25 N.A
21 1 96 MAW 7 2.88 1630 0.057 s 0.54 0.20 N.A.
22 1 96 MAW 9 1.76 914 0.052 28 0.64 0.30 1.12
23 : 98 MAW 11 2.40 2829 0.118 28 058 Q.27 N.A
DGSI Project: 9713805 :
7 : 94 Mu 72-1 22.34 7216 0.032 3.0 1.45 0.77 N.A.
8 : 96 Mu 35-2 i2.86 2488 0.019 27 0.64 0.30 N.A.
10 . 96 Mu 46 ' 9.84 2043 0.021 2.8 0.49 0.24 N.A.
Sample Extract AREA DATA
DGSIWPD Weight Welght ct7 Pr c18 Ph c28 c29 cia
1 : 30,6144 0.1184 148592 41261 86362 21890 nd. nd, nd.
21 . 71.5364 0.1186 314488 168575 237874 48529 47319 41328 n.dg.
22 : 40.2630 0.0368 364857 231961 298173 88749 65671 83701 48045
23 : 59.5685 0.1685 148628 82703 116337 31298 25227 n.d. n.gd.
7 . 19.4701 0.1285 202661 294653 125487 96893 n.d. n.d. n.d.
8 : 30.7342 0.0764 238617 151881 191252 57302 n.g. nd. nd.
10 : 43.5065 0.0889 128716 63508 96432 22832 n.g. n.d. n.d.
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NORMALIZED ISOPRENQID PERCENT

Alaska Outcrops

DGSI Project: 87/3959

DGSIID iC13 iC14 IC15 IC16 IC18 iC19 iC20
1 45 377 18.4 21.8 43 88 47

21 49 21.8 13.5 185 11.7 23.0 6.6
22 8.4 7.4 7.6 19.9 7.0 359 13.7
P 11.4 10.5 131 20.9 120 233 8.8

7 2.5 2.4 6.5 16.5 17.8 409 13.4

8 N.A. N.A. 7.9 27.0 19.4 332 12.5

10 N.A. 23.3 4.8 20.8 118 28.9 10.4

AREA DATA

DGS!ID iC13 iC14 IC15 1C16 iC18 1G19 ic20
) 21189 176457 86012 101185 20176 41261 21880

21 35333 160461 99800 136104 86386 169575 48529
22 54140 47921 42102 128758 45255 231561 B8B749
23 40502 37167 46307 74002 42498 82703 31298

7 17810 17290 47212 118635 1285959 294653 56893

8 n.d. n.d. 36281 123598 88882 151861 §7302

10 n.d. 51141 10441 45694 25978 83508 22832
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GCNIS (BIOMARKER) ANALYSIS

Computerized gas chromatogracny/mass specromery (GC/MS) of saturate and aromatic fracrions is used
to evaluate various geochemical characteristics of oils and rock exwracts, including organie facies, thermal mamrity
level and dearee of alteration. The saturat: and aromatic fractions are isolated by liquid chromatography from whole
otls or rock exmracts and injected inte a HP5890 gas chromatograph finted with 2 Quadrex 50M fuzed silica
capillary column coupled to 2 HP3971A Mass Selective Detector (MSD). The analysis targets two important

hydrocarbon classes: triterpane and sterane biomarkers and 2- and 3-ring aromatic hydrocarbons.

Triterpane and sterane biomarkers are biologically-derived naphthenic hydrocarbons found in most oils and
rock extracts. These biological precursors are incorporated either directly or with some alteration into petraleum,
imparting a fingerprint to a rock-exgact or oil. By careful comparison of these fingerprints as well as the relative
concentration and ratios of specific compouads, geochemical information regarding correlation, maturity, migration,

and biodegradation can be obtained.

In describing the specific compounds, chemical conventions are used to delineate specific structural
differences. Alpha “a” or beta "B" designations refer to the orientation of carbon-hydrogen bonds in the ring
system: “a” refers to orientation above the plane of the ring, whereas "8" is below the plane, The S and R
designations are chemical conventions for designating molecular chiral centers in the hydrocarbon chams: R
designates clockwise and S the counter-ciockwise orientation in these sequencing rules. Normaily the isomers are

reported in eiution order, first 208 then 20R.

The Selected lon Monitering (SIVD feature of the GC/MS data acquisition system permits specific ions to
be monitored. [ons with mass/charge (mvz) 191 allow characterizadon of specific miterpenoid compounds, while
jons with m/z 217 are diagnostic for steranes. Steranes with different chemical structures can be identfied using
different ions. Thus, m/z 218 is characteristic of steranes with abb stereochemistry and diasteranes exhibit a
pronounced m/z 259 fragment. [n addition, molecular ions characteristic of individual triterpane and sterane
compounds (m/z 370, 372, 384, 386, 398, 400, 412, 414 and 426) are acquired. These motlecular ions are not
provided as part of the routine analytical report, but are available to confirm peak identifications and to identify
unknown compounds. In addition to safurated steranes, monoaromatic and triaromati¢ steranes are identified in the

aromatic fractions by the ions m/z 253 and 231, respectvely.

Two- and three-ring aromatic hydrocarboris are useful as indicators of thermal maturity as well as organic
facies. Three classes of aromatics are monitored: Dimethy} and trimethylnaphthalenes are detected using ions with
m/z 156 and 170, phenanthrenes are measured by monitoring ions with m/z 178, 192 and 206, and

dibenzothiophenes are identified by the m/z 184, 198 and 202 ions.
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Parameter

Sterane Carpon Numoer (%%)

Hopane Carbon Number (%)

Sterane [somer Distribution (%)

Triterpane Distribution (%%)

Extended Hopane Distribution (%)

Cyo + C-g Tricyctics/Cay Tricyclic

C., Tetracyelic/Cy4 Tricyclics

Cay Tricyelic/C,, Tricyelic
C.s Tricyclics/Cyq Tricyclics

C.q Bisnorhopanes/C,, Hopane

C.y 25-Norhopane’C,, Hopane

C.q Norhopane/C,, Hopane

C,, Diahopane/ C,, Hopane

Definition

Relative abundanee of Gy, Cy, Cys,
Cay, €y and C;, sizmanes expressed
as percent.

Relative abundancs of Cqp, Cayq, Cog,
C)oand C;, - C;¢ hopanes expressed
as percent.

Relative abundance of diasteranc,
aaa, aff steranes (C,y through C,,)
and short-chain (C,, and C..)
steranes expressed as percent,

Relative abundance of tricyclic
terpanes, hopanes and other
triterpanes expressead as percent.

Relative apundance of C,, through
C,; extended hopanes expressed
as percent.

JHL

BIOMARKER EXPLANATIONS

Interpretive Guidelines

Sterane carbon number disTioutions are used to
infer source characieristics. An enrichment in
Cyy steranes is indicative of atgal inputs, while
higher plant organic marer is emriched in C.
steranes.  Cyy (24-propyl) sterapmes arz found
exclusively in marine depositional environments,
while an enrichment s C,; and C,. sieranes is
comunon in carbonate settings.

Hopane carbon number distributions can be used
10 infer source characteristics. Enrichment in C,y
hopanes is primarily dve to the presence of
bisnochopane, a marker of highly reducing
depositional conditions. Enrichment in Cy, ~ Cy4
hopanes is characteristic of some marine and
carbonate depositional environments.

Sterane isomer distributions vary with both
mawrity and source type., Carbonate systems
exhibit a low proportoa of diasteranes, while
siliciclastic  environments arc  eariched in
diasteranes. Carbonates can also be ennched in
shortchain and afp steranes. Maturity results in
an increase in diasteranes and a8 steranes.

Triterpane distributions are both maturry and
source related.  Enrichment in tricyctic terpanes
is common in lacustrine sysiems, but can ziso
result from high mamrity, Triterpanes like
gammaccrane  and  oleamane are  source-
diagnostic,

Enhanced abundance of extended hopanes, in
pacticular the Cyq isomers. are found in sulfur-
nch oils and in carbonates and calcareous
mudstones.  Their abundance decreases with
increasing macuration level.

Cy¢ and C,, tricyclics are associated with higher
plant marerial found in deitaic systems.

The C., temracyclic terpanc can be enriched in
carbonate environments.

Can vary for dilferent oil families.
Can be diagnostic for lacustrine systems.

Bisnorhopane is associated with highly reducing
coaditions,

Norhopanes arc markers of biodegradaton, but
also result from highly reducing conditions.

C,, Norhopane rivals or exeeeds the Cy
compound in some carbonates.

Diahopane can be cariched in siliciclastic
samples; it also increases with increasing thermal
manurity.



BIOMARKER EXPLANATIONS

Parameter

Cyo Oleanane/C;; Hopane

C,y 30-Norhomotr.opane/Cy, Hopane

Gammacerane. C,, Hopane

Extended Hopanes (2%)

C,5/C;, Extended Hopanes

Tricyclic Terpanes/Hopanes

Hopanes Steranes

Biomarker [somerization Ratios (24)

TsTm

C.y Neohopane (29Ts)/Cyy Norhopane

Diasteranes (%%)

Shart-chain steranes (%%)

Definition

Sum of C;, through Cy; extended
hopanes, expressed as percent of
total oiterpanes.

Sum of C,4 extended hopane isomers
(22S and 22R) divided by the sum
of Cy extended hopane isomers
(225 and 22R).

Sum of alt tricyelic terpanes (C,q
through C,;) divided by the sum of
all hopanes (Csy through Cy).

Sum of C,, through Cyq hopanes
(mvz 191) divided by the sum of all
steranes (avz 217).

A series ol biomarker parameters
that are maturity dependent: % 208
C.y Sieranes, % aBp C Steranes,
% 225 C,, Hopane, % 225 C,,
Hopane, and %% C,, Moretane.

Interpretive Guidelines

Oleanane is a marker of angiosperm plant input
that is associated with declaie, predominzndy
Terary, semings.

A series of northomohopanes are found in
carbonates and calcareous mudstones.

Gammaceranc is a marker of hypersalinity and is
also enriched in some freshwater lacustrine
seqings.

Marine conditions are typified by 2n abundance
of extended hopanes.

Carbonate samples can exhibit C,¢/Cy, hopane
values greater than (.0

An enrichment in tricyclic terpanes is associated
with lacusmrine samples, but ca2a also be an
indicatar of high matrity

The hopane/sterane ratio is used to infer source
chasacteristics. Manne environments exhibit low
values, while deltaic and (acusmine enviroaments
arc characterized by elevated values. Hypersaline
and some manne carbonate environments can also
exhibit elevated hopane/sterane radios.

With increasing thermal maturation level, sterane
and hopane biomarkers are transformed from an
unsibje “biological™ configuration to a more
stable “geological™ configuation  These rauos
quantify the progression of the transiormation,
All increase with increasing matunty with the
exczption of the % C,, Moretane parameter.
which decreases.

The TyTm rto increases with increasing
maturation level, This rauo also ¢xhibils some

facies dependence.

This ratio behaves simifarly to the T/Tm ratio.

Sum of all diasteranes (C,; through The relative praportion of diasteranes will
C,q expreessed as percent of total increase with increasing maturation level  This

steranes

parameter is 2lso source-dependent.

Sum of all C,, and C., steranes The relauve abundance of short-chain steranes

expressed as percent of total steranes,

Y3 .

will increase with increasing maruration ievel.
Short-chain steranes are alse enriched in some
carbonase environmeats.
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY

Interpretation of Saturate Biomarker Ratios

Alaska Outcrops

Other ID: 96 Mu 33-5 DGSI Project: 96/3631

OGS Project: 97/3959
Sample No. 1

ORGANIC FACIES AND DEPQOSITIONAL ENVIRONMENT

Ratio

Cig9 + Cyp Tricyclics / Cyy Tricyclic
C,s Tetracyciic / Cy6 Tricyclics
Cas Tricyclics / Cyg Tricyclics
C.a Bisnorhopane / G4 Hopane
C,s Norhopane / Cay Hopane
C4 Diahopane / Cq Hopane
Cap Oleanane / Cy, Hopane
Gammacerane / C45 Hopane

% Caq - Cas Extended Hopanes
Cas/Cy4 Extended Hopanes
Hopane/Sterane

% C,7 Steranes

% Cyo Steranes

Diasteranes

1sosteranes (abb)

Shon-chain steranes
Pristane/phytane

Ts/Tm
% C30 Moretane

22S / (228+22R) C31 Hopane (%)

% 20S/(20S + 20R)
% abb/(abb + aaa)
Odd Even Preference
Prstane/nC17
Phytane/nC18

THERMAL

Value

1.27
0.88
0.73
0.00
0.41
0.20
0.00
0.00
255
0.42
0.94
244
19.0
25.0
19.5
38.3
1.9

MATURITY

1.20
9.34
56.3
§3.3
49.6
N.A.
0.3
0.3

Interpretation

Not diagnastic
Not diagnostic
Non-marine
Not diagnostic
Not diagnostic
Sllicictastic and/or terrigenous
No significant angiosperm input
Not tacustrine or hypersatine
Marine maturity-influenced
Not diagnostic
Marine
Mixed source
Not higher piant dominated
Mixed Source
Not diagnostic
Carbonate or hypersaline
Marine

Mature
Greater than 0.5% Ro equivalent
Greater than 0.5% Ro equivalent

Between 0.6% and 1.0% Ro equivaient
Between 0.6% and 1.0% Ro equivalent

N.A.
Paraffinic
Paraffinic

Copyright @, DGSI, 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Outcrops DGSI Projec:t: 97/3859
Other (D: 96 Mu 33-5 DGSI Project: 96/3631 Sample No. 1

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Sterane Carbon Number (%) Hopane ¢arbon Numbper (%]
;1\ T 1 T
Cy 17.4 S Cyy 21.2 ; !
C17 209 m\\\\\\:m\\\-&\‘x\m\\xm\m Cz 8 0 0 ' ]
Co 24.4 ST TRt e e Cyo 17.2 AR |
Ca 154 Cso 36.2 £ St ey
Cas 190 : Car - Cus popEmmmmme——
Cszo 29 ég 0 10 20 1o 40
o] 10 20 20
Sterane Isomer Distribution (%) Triterpane Distribution (%)
Diasteranes Ca-Cyq Tricyclics 27.5 SSSNNY
abb Steranes CarCys Tricyclice 00
gaa Steranes Hwaneﬁ 89.9 §v:\\za\v.\\\\«\mm“\\\\-«\\\x«\\\\\\\\\\\\-
Shart-chain Other Triterpanes 26 @ - !
steranes

0 W0 20 30 4 SO 60 70

Extended Hopane Oistribution (%}

Ca

Cas

CJJ

Cu

Cas

30 40
ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS

Chg + Gy Tricyctics / Gy, Tricyclic 1.27 Cag Oleanane / Cyy Hopane 0.00
C,. Tetracyclic / C,, Tricyclics 0.88 C1 30-Norhomohopane / Cy Hopane 0.05
Co3 Tricyclic / C,4 Tiicyelic 1.81 Gammacerane / Cy Hopane 0.00
C,s Tricyclics / G4 Tricyclics 0.73 Extended Hopanes (%) 17.80
C 2, Bisnorhopane / C4, Hopane 0.00 C13/Cq¢ Extended Hopanes 0.42
Cay 25-Norhopane / Gy, Hopane 0.00 Tricyclic Terpanes / Hopanes 0.39
C Norhopane / C3y Hopane 0.44 Hopanes / Steranes 094
Cao Diahopane / C,, Hopane 0.20

Copyright @ DGSI, 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

,

Alaska Outcrops DGSi Project: 97/3959
Other ID: 86 Mu 33-5 DGSI Project: 96/3631 Sample No. 1

THERMAL MATURITY

Biomarker Isomerization Ratlos (%)

% 208 C,4 Steranes 533 A MO OIS N G TN RO IO I ARET T AT

% abb C,, Steranes

H
@,6 AN R R A A N T T NN RN MO N R0
v

% 225 C\ Hopane —
% 228 C,, Hopane Sy
% Cq Moretane :
40 50 80
Maturity-Dependent Ratios
Ts/Tm 1.20
Ca9 Neohopane (29Ts) / C Norhopane 0.36
C,s Diahopane / Cyq Hopane 0.20
% Diasteranes 250
Tncyclic Terpanes / Hopanes 039
% Short-chain steranes B3
TRITERPANE AND STERANE DISTRIBUTIONS
; !
: |
|
|
|
|
{listed ie slution arder) .!.{:C':::::

Copynght & DGSI 1897
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TRITERPANE REPORT (m/z 191)

Alaska Outcrops

DGSI Project: 97/3959

Sampte No. 1 Other 10: 86 Mu 33-5 DGSI Project: 96/3631

No. 10 Triterpana Name Ret Time Area Area¥,
1 A Cis Tricyclic Terpane 26.603 4583088 3.87
2 8 Cx Tricyclic Terpane 30.883 4265201 3.60
3 c Cy Tricyclic Terpane 35.741 4974153 4.20
4 D Cx Tricyclic Terpane 40.373 1523B87 1.29
5 E Caa Tricyclic Terpane 45,903 6957085 5.87
8 F C4 Tricyclic Terpane 49.020 4312008 3.64
7 G C2s Tricyctic Terpane (22R) 55.159 566862 0.82
8 G Cas Trcyclic Terpane (223) 55.334 1553977 1.3%
9 H Ca( Tetracyclic Terpane 55.074 3042459 257
10 | Cag Tricyclic Terpane (22R) 59.704 1920085 1.62
11 | Cs Tricyclic Terpane (228) 60.118 1556929 1.31
12 J C2s Tricyclic Terpane (22R) a 0.00
13 J Cae Tricyclic Terpane (225) 0 0.00
14 K C2¢ Tricyclic Terpane (22R) 0 0.00
15 K Ca9 Tricyclic Terpane (225) 0 0.00
16 (W C27 18aH-Trisnorhopane {Ts) 75.612 9553323 8.08
17 M Cx 17aR-Trisnorhopane (Tm) 77.442 7992063 6.74
18 N Cao Tricyclic Terpane (22R) 0 0.00
19 N Cio Tricyclic Terpane (225) 0 0.00
20 o C2a 17aR,18aH,21bR-28,30-Bisnorhopane 0 0.00
21 P Ca« Tricyclic Terpane (22R) o] 0.00
22 Q C2s 17aH.21bH 25-Norhopane 0 0.00
23 P Ca1 Tricyclic Terpane (225) 0 0.00
24 R Cz 173H,216H-Norhopane 83.890 9073213 7.66
25 S C2 18aH-Nomeohopane (29Ts) 84.129 3274774 2.78
26 T Cyo 172H Diahepane 84.930 4495821 3.79
27 U Coe 176R,213H-Normaretane B5.991 1897742 1.80
28 \Y Ci0 18aH+18bH-Oleanane 0 0.00
28 W Cao 17aH,21bH-Hopane 87.844 22000068 18.57
30 X C30 30-Nor-23-homo-17aH-hopane 88.138 1204753 1.02
31 Y Cao 170H.21aH-Morstans 83.643 265288 1.91
32 2 Cas Tricyclic Terpane (22R) 0 0.00
33 VA Caa Tncyclic Terpane (228S) 0 0.00
34 a Css 173H.21bH-Homohapane (228} 92.058 5009010 423
35 b Ca1 17aH,21bH-Homohopane (22R) 93.574 ag81315 3.28
a6 c C1s Gammacerane o] 0.00
a7 d Caa Tricyclic Terpane (22R) o] 0.00
38 d Ca4 Tricyclic Terpane (22S) 0 0.00
39 e C1z 17aH,21bH-Bishamohapane (228) 97.538 3455943 292
40 f C32 17aR,21bH-Bishomohopane (22R) 98.577 2712525 2.28
41 g Cas Tricyclic Terpane (22R) 0 Q.00
42 9 Cas Tricyclic Terpane (225) 0 0.00
43 h C1x 17aH,2106H-Trishomohopanae (22S) 103.675 1930825 1.64
44 i Ca3i 17aH,215H-Trishomohopane (22R) 105.361 1510983 1.28
45 i Cac 17aH,21bH-Tetrahomohopane (225) 111.248 1118494 0.84
46 K Cs« 17aH,21bH-Tetrahomohopane (22R) 113.736 691777 0.58
47 ( C3s 17aH,216H-Pentahomohopane (225) 120.228 471388 0.40
48 m Cas 17aH.21bH-Pentahomohopane (22R) 123.897 296455 0.25

Cooveight® CGSI, 1997
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Alaska Outcrops
36 Mu 33-5
DGSI Project: 97/3959
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STERANE REPORT (m/z 217)

Alaska Qutcrops

DGSI Project: 97/3959

Sample Na. 1 Othar ID: 86 Mu 33-5 OGSl Project: 98/3831

No. [s] Sterane Name Ret Time Area Area%
1 A C diasterane 36.77 4889418 5.56
2 B C,y abb sterane 41.02 10422499 11.88
3 c C,3 diasterane 41.30 8318043 9.47
4 D C» abb sterane 47,30 10042597 11.43
5 E C»y ba diasterans (205) 64.64 3530968 4.02
6 F Cy7 ba diasterane (20R) 66.49 2177671 2.48
7 G C37 ab diasterane (20S) §7.87 1654490 1.88
8 H Cy7 ab diasterane (20R) 88.85 15841779 1.75
9 ] Ca ba diasterane (208) 69.28 2813731 3.20
10 J Cs ba diasterane (20R) 71.22 1881771 2.14
11 K C2p ab diasterane (20S) 72.39 634326 0.72
12 L C27 aaa sterane (20S) 72.63 3302275 3.99
13 M C7 abb star-(20R)+C 4 ba dia-(208) 73.02 5108992 5.814
14 N C»7 abb sterane (20S) 73.41 3810253 4.11
i5 (e} C2a ab diasterane (20R) 73.74 10268816 1.47
16 P C»7 aaa sterana (20R) 74.80 2843638 3.24
17 Q C19 ba diastecane (20R) 75.14 2710888 3.08
18 R C-g ab diasterane (20S) 76.05 955188 1.09
18 S C2e 8a3a sterans (20S) 77.27 508964 0.68
20 T C29 ab diasterane (20R) 77.66 515857 0.59
21 u C2s abb sterane (20R) 77.92 2058514 2.34
22 v C2s abb sterane (20S) 78.29 2631930 2.99
23 w Cys aaa sterane (20R) 79.72 1869580 2.13
24 X C 29 aaa sterane (208) 81.11 2679296 3.05
25 Y Co5 abb sterane (20R) 81.85 2427374 2.76
26 pA C29 abb sterane (2089) 82.11 2527948 2.88
27 a C1s aaa sterane (20R) 83.85 2348586 2.87
28 b Cag aaa sterane (208) 84.10 738417 0.84
29 c Cio abb sterane (20R) 85.15 1052555 1.20
30 d Caq abb sterane (208) 85.43 253404 Q.29
31 ) Cao aaa sterane (20R) 87.32 510260 0.58
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Alaska Outcrops
56 Mu 33-5
DGSI Project: 97/3959
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY

Interpretation of Saturate Biomarker Ratios

Alaska Outcrops

Other 10: 94 Mu 72-1 DGS] Project: 97\3805

DGS! Project: 87/3959
Sample No. 7

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Ratlo

C\g + Cy Tricyclics / Cx Tricyclic
C,4 Tetracyclic / Cyg Tricyclics
Cis Tricyclics / Cyg Tricyctics
C,g Bisnorhopane / Cy Hopane
C,9 Norhopane / Cy, Hopane
Ca Diahopane / Cy Hopane
Cio Ofeanane / Cyo Hopane
Gammacerane / Cy Hopane

% Ca4 - C35 Extended Hopanes
C1s/Cs Extended Hopanes
Hopane/Sterane

% C,7 Steranes

% C49 Sleranes

Diasteranes

tsosteranes (abb)

Short-chain steranes
Pristane/phytane

Ts/Tm

% C30 Moretane

22S / (225+22R) C31 Hopane (%)
% 20S/(20S + 20R)

% abb/(abb + aaa)

Odd Even Preference
Pristane/nC17

Phytane/nC18

Value

0.41
0.58
1.51
0.00
0.53
0.09
0.00
0.00
412
0.64
0.73
35.1
273
440
15.9
9.0
3.0

THERMAL MATURITY

0.41
15.38
592
485
33.0
N.A.
1.8
0.8

Interpretation

Not diagnostic
Not diagnostic
Not diagnostic
Not diagnostic
Not diagnostic
Not diagnostic
No significant angtosperm input
Not (acustrine or hypersaline
Marine
Not diagnostic
Marine
Mixed source
Not higher ptant dominated
Siliciclastic
Not diagnostic
Not diagnostic
Marine temgenous influence

Low maturity
Facies-influenced
Greater than 0.5% Ro equivaient
Approx. 0.8% Ro equivalent
Approx. 0.6% Ro equivalent
N.A,

Low maturity or biodegraded
Mature

Copyright @, DGSI, 1597
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Qutcrops
Other ID: 94 Mu 72-1 DGSI Project: 97\3805

DGSI Project: 97/3958
Sample No. 7

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Sterane Carbon Number {%)

Ca 44 @

Ca 48 ¢ ' .

Cxn 35,1 e ———

Cas 247

Cas 273 |

Cao 38 =y ;
0~-—-hi/(]~ 20 30 40

Dlasteranes 0
abb Steranes 159
aaa Steranes 31.1
Shori-chain 90

stecanes 0 10 20 30 40 50

Extended Hopane Distribution (%)

Hopane Carbon Number (%)

Cy 11.2
Css 00]

Cx 16.4 (Em———
Cr 20.2 (Y
Ci-Cus N 7 e T
0 10 20 30 40 50

Triterpane Oistribution {%)

C-Co Tricyclics 169 SV

E

i

C15-Cys Tricyclics 1.7 § ]|
Hopanes 80.5 |
Other Triterpanes 10 I i

0 0O 20 30 40 S0 60 70 80 SO

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS

Ca
c!?
Cis
Css
Cy
40
C\p + Cop Tricystics / Cy, Tricyelic 0.41
C,. Tetracyelic / Cq Tricyclics 0.58
Cp Tricyelic / Cy Tricyclic 243
Gos Tricyclics / Cqp Tricyclics 1.51
C)s Bishorhopane / Cyy Hopane 0.00
C2s 25-Norhapane / Cyo Hopane 0.00
C oy Norhapane / Cyy Hopane 053
Cy Diahopane / C,, Hopane 0.0e

C,0 Oleanane / Gy, Hopane 0.00
Cy0 A0-Norhomohopane / G5 Hopane 0.03
Gammacerane / C,4 Hopane 0.00
Extended Hopanes (%) .17
C4s/Cy Extended Hopanas 0.64
Tricyclic Terpanes / Hopanes 0.23
Hopanes / Steranes 073

Copyright ® DGSI, 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Outerops DGS! Project: 97/3959

OtheriD: 94 Mu 72-1 DGS| Project: 97\3805

Sample No. 7
THERMAL MATURITY
Bi i on Ratiosg {%
% 208 € Steranes @5 i —
% abb C.; Steranes 3.0 eaas eso
% 22S Cy¢ Hopane . I
% 228 C32 HODar\e = g
% Cyo Moretane P
Y 40 <0 30
Maturi ependent Ratios
Ts/Tm 041
C o Neohopane (28Ts) / C2s Norhopane 0.30
Cy Diahopane / C,, Hopane 008
% Diastevanes 440
Tricyche Terpanes / Hopanes 023
% Short-chain steranes 9.0

TRITERPANE AND STERANE DISTRIBUTIONS

Area

. S
isded in elation ocder) . teranes
Trverpanes

Coovnght ® DGSI, 1997
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TRITERPANE REPORT (m/z 191)

Alaska Outcrops

DGSI Project: 97/3959

Sample No, 7 Other ID: 94 Mu 72-1 DGSI Project: 9713805

No. iD Triterpane Name Ret Tima Area Area%
1 A Chg Tricyclic Terpane 26.185 937931 0.42
2 B Cao Tricyclic Terpane 30.77% 1923798 0.87
3 C Ca: Trieyelic Terpane 35.608 3375028 1.53
4 o} Cxn Tricyclic Terpane 40,274 980038 0.44
5 £ Cn Tricyclic Terpans 45.821 6970681 3158
6 F Caq Trieyclic Terpane 48.942 3266229 1.48
7 G Cas Tricyclic Terpane (22R) 55,113 2588581 147
8 G Cas Tricyclic Terpane (225) §5.280 2893670 1.31
9 H Ca4 Totracycic Terpane 59.037 2102336 0.95
10 { Cqs Tricyclic Terpane (22R) 58.679 1916638 0.87
1 | Cas Tricyclic Terpane {228) 60.090 1710881 0.77
12 J C1s Tricyclic Tarpans (22R) 639.897 1978925 0.50
13 J Czs Tricyclic Terpane (228) 70.840 2520325 1.14
14 K C Tricyclic Terpane (22R) 72.943 3797749 1.72
15 K C2q Tricyclic Terpane (228) 73.726 2418433 1.09
156 L Cyzy 18aR-Trisnorhopane (Ts) 75.649 5783759 2.62
17 M C 17aH-Trisnarhopane (Tm) 77.476 14228083 844
18 N C3o Tricychic Terpane (22R) 78.329 2219449 1.00
19 * N Cao Tricyclic Terpane (22S) 79,228 1482637 0.67
20 O Czs 17aH, 18aH, 21bH-28,30-Bisnorhopane 0 0.00
21 P Ca, Tricyelic Terpane (22R) 0 0.00
ps; Q Co¢ 172H,21bH 25-Norhopanse 0 0.00
23 P Cy1 Tricyclic Terpane (225) 0 0.00
24 R Cx 17aR,21bH-Norhopzne 83.911 211306141 9.56
25 s C2e 182H-Norneonopane (29Ts) 84.158 6241413 2.82
26 T C3p 17aH Diahopane 84.936 3427334 1.55
27 U Cy 170H,21aH-Nermoratane 86.014 5304102 2.40
28 Y Cao 18aH+18bM-Oleanans o 0.00
29 w Ci 17aH,21bH-Hopane 87.892 39986202 18,09
30 X C30 30-Nor-29-homo-172H-hapane 88.196 1227737 0.58
31 Y Cip 17bH,21aH-Moretane 89.679 7268707 3.29
RN z Cyy Tricyclic Terpane (22R) 0 0.co
a3 Z Cyxs Tricyclic Terpana (228) 0 0.00
34 a Cat 17aH.21bH-Homohopane (225) 92.991 16265314 7.36
35 b Cay 17aH,21bH-Homohopane (22R) 93,621 11179983 5.06
35 c Cip Gammacerane 0 0.00
37 d Cu Tricyclic Terpane (22R) 0 0.00
a3 d Caa Tricyclic Terpane (22S) 0 0.00
39 a Ci2 17aH,21bH-Bishomohopana (225) 87.557 8768180 397
40 f Caz 17aH,21bH-Bishomohopane (22R) 98.587 6841238 310
41 g Cas Tricyclic Terpane (22R) 0 0.00
42 g Cas Tricyclic Terpane (22S) 0 0.00
43 h Cx 172aH,21bH-Trishomohopane (228) 103.734 883022 4.00
44 i Cy3 17aH,2tbH-Trishomohopane (22R) 105.423 5678123 2.57
45 ] C14 17aH,28bH-Tetrahomohopana (228) 111.308 5703743 2.58
45 K Cy 17aH, 210kt Tetrahomahopane (22R) 113.794 3927438 1.78
47 | Cas 17aH,21bH-Pentahomohopane (228) 120.328 3692460 1.87
48 m Cas 17aH.29bH-Pentahormohopane (22R) 123.972 2429229 1.10

Copynght®, DGSI 1997

/57




L5/

Alaska Outcrops

94 Mu 72-1
DGSI Project: 97/3959
pbundance Ton 191.00 (190.70 to 191.70): 395957.D T
] W
;
350000
300000 1
250000 -
R
200000 -
150000 - a
M
b
100000 - s
E Y
U
T
50000 - c F N
B
aiu.mlwum. ) uJMJM%JNNmﬂ | Aﬁ
1 A
JAMMALI'&A M A'M'LL AM‘\"\A—
0 T T J T T T T i T T T T r T T T T T l T
Time——> 30.00  40.00  50.00  60.00  70.00  80.00  90.00 100.00 110.00 ;go 00




Alaska Outcrops
94 Mu 72-1

|
| MWW )

DGST Project: 97/3959
Abundance Ion 191.00 (190.70 to 191.70): 3959S7.D
' 7
300000 4
|
I
200000 - i
|
|
100000ﬂ ‘ '
m ol
. L U
‘|

"Jw\’ v\N\AJM. IL. "‘k“i W) [\/\I\A/\_ v % L \_ﬁ \
Time-—ﬂ0.00 80.00 90 OO lOO 00 llO 00 120 00
Abundance Ion 177.00 (176.70 to 177.70): 39598587.D

80000 +
60000 - I
40000 A ;
J !
2ooooJ wwkj k‘

1 ~ L A N T M | T T T W—/\.‘—Arﬁ‘\w\ T )\—“»—Tﬁ
Time--=>70.00 80. 00 90.00 lOO 00 110 00 120 00
Abundance Ion 205.00 (204.70 to 205.70): 395957.D

30000 -
20000j

10000 - V\J\\/\,‘J V\,\
v T T T ] Al T r l A} ¥ L T Lo i Al T T Al I T v L
Eime-—ﬁo.oo 80.00 90.00 lOO 00 110.00 120.00

/57



STERANE REPORT (nmvz 217)

Alaska Qutcrops

DGSI Project: 97/3959

Sample No. 7 Other iD: 94 Mu 72-1 DOGSI Project: 97\3805

No, ID Sterane Name Ret Time Area Area%
1 A Cay diastarane 36.65 6441887 2.64
2 8 C,¢ abb steransg 40.88 4209022 1.73
3 Cc Cy3 diasterane 41.23 8872484 2.82
4 ») Co abb sterane 47.25 4340745 1.78
5 E C2y ba diasterane (20S) 64.87 16675812 6.84
6 F Cy7 ba diasterane (20R) 88.50 10461447 4.29
7 G C27 ab diasterans (20S) 87.89 6176331 253
8 H Co; ab diasterana (20R) ©68.85 7306174 3.00
9 ( C2s ba diasterane (20S) 69.34 14303853 5.87
10 J C4 ba diasterane (20R) 71.25 9787734 4,02
11 K Coa ab diastsrane (205) 72.40 4567517 1.87
12 L C27 aaa sterane (208) 72.67 15004689 8.16
13 M C271 abb ster-(20R)+C 4 ba dia-(20S) 73.05 16082461 6.60
14 N C27 abb sterane (20S) 73.45 5435465 2.23
15 O C1s ab diasterane (20R) 73.78 5478461 2.25
16 P C2; aaa starane (20R) 74.65 16557223 879
17 Q C2¢ ba diasterane (20R) 75.43 12480398 512
18 R Cz ab diasterane (208) 768.09 6831850 2.80
19 S C»s aaa sterane (208) 77.30 4123081 1.69
20 T C>¢ ab diasterane (20R) 77.70 5246215 215
21 (6] C1s abb starane (20R) 77.95 5133101 2.1
22 Vv C2s abb sterans (20S) 78.32 5498648 2.28
23 W C2s aaa starane (20R) 79.75 11354553 4.66
24 X Cog aaa sterane (208) 81.14 11292088 4.63
25 Y C 8bb sterane (20R) 81.91 3823959 1.57
26 pA C2q abb sterane (20S) 82.12 7384211 3.03
27 ] Co9 aaa sterane {20R) 83.90 11506486 4.72
28 b Ca, aaa sterane (205) 84.11 2884479 1.18
29 c Cap abb sterane (20R) 85.17 1778822 0.73
30 a C3o abb sterane (208) 85.46 1581797 0.65
31 e Cio aaa sterana (20R) 87.34 3108203 1.27
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY

Interpretation of Saturate Biomarker Ratios

Alaska Outcrops
Other !D: 98 MAW 7

DGSI Project: 97/3859
Sample No. 21

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Ratio

Cy t+ CQO TI’;CYC"CS /Cy TfiCYC“C
C,4 Tetracyclic / Cys Tricyclics
C,s Tricyclics / Cyg Tricyclics
C,g Bisnornopane / Cy Hopane
C,5 Norhopane / Cyy Hopane
C4 Diahopane / Cyg Hopane
Cag Oteanane / Cy Hopane
Gammacerane / Cyy Hopane
% Ca4¢ - C35 Extended Hopanes
C1s/Cas Exiended Hopanes
Hopane/Sterane

% C,; Steranes

% C,g Steranes

Diasteranes

1sosteranes (abb)

Shont-chain steranes
Pristane/phytane

Ts/Tm
% €30 Moretane

225 / (228S+22R) C31 Hopane (%)

% 20S/(20S + 20R)
% abb/(abb + aaa)
Odd Even Preference
Pristane/nC17
Phytane/nC18

Value

0.60
0.585
0.67
0.00
0.43
0.07
0.00
0.00
33.0
0.42
4.93
20.2
38.7
28.8
30.1
18.3
KRS

THERMAL MATURITY

2.80
8.89
57.9
53.7
52.8
N.A.
0.5
0.2

Interpretation

Terrigenous
Not diagnostic
Non-marine
Not diagnostic
Not diagnostic
Not diagnostic
No significant angiosperm input
Not lacustrine or hypersaline
Temigenous
Not diagnostic
Terrigenous ar non-marine
Mixed source
Terrigenous
Mixed Saurce
Maturity-influenced
Maturity-influenced
Terrigenous

Elevated maturity
Greater than 0.5% Ro equivaient
Greater than 0.5% Ro equivalent

Between 0.6% and 1.0% Ro equivalent
Between 0.6% and 1.0% Ro equivalent

N.A.
Mature
Paraffinic

Copyright @, DGSI, 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Outcrops DGSI Project: 97/3959
Other ID: 98 MAW 7 Sample No. 21

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Sterane N er (% Hopane Carbon Number (%]
, e S L
Cu 87 =y Cx 11 4 ey '
o 96 ME Ca oo
Cyp 202 Cx 188 ey :
Cae 16.2 Cw 36.8 3= sremwyprmreme=cerer B
Cx 37 : : weeme | Cy-Cy 0 Bt ;...'_'_".--;Q_H_
Cho 56 duey ; 0 0 20 30 40
0 T .
Sterane r Olst tion (% Triterpane Distribution (%)
T - v B T g 4
Diasteranes 289 ' : C5-C3 Tricyciics 14.0@ ' o
abb Steranes 201 T " Cy-Cys Tricyolcs 0.0ﬁ : \ Vo
i H : .
aza Steranes  22.7 m | Hopanes 85.1 [
Short-chain 18.3 ¥ - Other Triterpanes ool Lo
steranes 0 10 20 0 a0 0 10 20 30 40 S0 80 70 BO 90
end opane Dlsfri %
o — e e
Ca 440 ETERTERET TR |
Cy 286 .
Cn 152 :
Cu 80

Cys 33 B

20 30 40

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS

Cq * Cop Tricyclics / Coy Tricyclic 0.80 C1 Oleanane / C,, Hopane 0.00
C,« Tatracyclic / G, Tricyclics 055 C3p 30-Narhomohopane / Cy, Hopane 0.04
C Tricyclic 7 C,, Tricyche 1.48 Gammacerane / Cy, Hopane 0.00
G35 Tricyclics / Cae Tricyctics 0.87 Extanded Hopanes (%) 28.11
C1¢ Bisnorhopane / C49 Hopane 0.00 C,s/Ca Extended Hopanes 0.42
Ca 25-Nothopane / C4, Hopane Q.00 Tricyclic Terpanes / Hopanes 0.16
C 2 Norhopane / G4y Hopane 0.43 Hopanss / Steranes 493
Cy, Diahopane / €, Hopane 0.07

Copynght © OGS, 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Outcrops DGSI Project; 97/3958

Other |D: 96 MAW 7 Sampie No. 21
THERMAL MATURITY
lomnarker { rization Ratios (%
% 208 Cs, Steranes 53.7 (e—————
% abb Cy Steranes 52,8 T
% 228 C,( Hopane 57 O e ———
% 228 Cy; Hopane 58 .6 [ —— OB . > ‘
% Cyp Moretane 8.7 @' S ;
0 10 20 30 K 50 30

Maturity-Dependent Ratios

Ts/Tm 280
C:o Neohopane (29Ts) / C»y Norhopane 0.29
Cyo Diahopans / C,q Hopane 0.07
% Diasteranes 289
Tricyclc Terpanes / Hopanes 0.16
% Short-chan steranes 183

TRITERPANE AND STERANE DISTRIBUTIONS

Arrca

Biomarker - .
(lixted im elutian srder) . eranes
nlcrpancy

Coovnght ® DGS! 1997
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TRITERPANE REPORT (m/z 191)

Alaska Qutcrops

DGSI Project: 97/3959

Sample No. 21 Other iD: 96 MAW 7 DGSI Project: 57\3805

No. 1D Tritarpane Name Ret Time Area Area’
4 A C o Tricyclic Terpane 28.327 1844004 0.48
2 B8 Cyo Tricyclic Terpane 30.613 3653888 0.87
3 c Cay Tricyclic Terpane 35,435 5534918 1.48
4 D Cyz Tricyclic Terpane 40.129 16687472 0.44
5 £ Cx Tricyclic Terpane 45,694 9066730 2.42
8 F Ca4 Tricyclic Terpane 48.831 8118342 1.63
7 G Co5 Tricyclic Terpane (22R) 55,020 17494919 0.47
8 G Cas Tricychic Terpane {228) 55.185 2250731 0.61
] H Caq Tetracyclic Terpane 58.952 3318556 0.88
10 | Cog Tricyclic Terpane (22R) 59.592 2996002 0,80
11 ( C»s Tricyclic Terpane (228) 60.005 3046917 0.84
12 J Cas Tricyclic Terpane (22R) 65.800 3279282 0.87
13 J C2s Tricyclic Tarpane (225) 70.540 2545770 0.68
14 K Cx Tricyclic Terpane (22R) 72.838 5558777 1.48
15 K Cys Tricyclic Terpana (225) 73.651 3078528 0.82
18 L C»7 18aR-Trisnorhopane (Ts) 75.573 26910597 7.18
17 M Cyy 172R-Trisnorhopane (Tm) T7.385 9608352 2.58
18 N C39 Tricyclic Terpane (22R) 0 0.00
19 N Cyy Tricyclic Terpane (22S) o 0.00
20 Q Cz 17aH,18aH,21bR-28,30-Bisnarhopane o 0.00
21 P Ca Tricyclic Terpane (22R) 0 0.00
22 Q Cog 173H.21bH 25-Norhopane 0 0.00
23 P Ca¢ Tricyciic Terpane (225) Q 0.00
24 R Czs 17aH,21bH-Norhopanes 83.919 42296328 11.28
25 S C+s 18aH-Nomeahopana (29Ts) 84.152 12371883 3.30
26 T C1g 17aH Dizhopane 84.923 6810041 1.78
27 U Cog 170M,.21aH-Normoretans 85.996 5207441 1.39
28 vV Cy 18aH+18bH-Oleanane 0 0.00
29 w Cao 172H,216H-Hopane 87.954 97925192 26.1%
30 X C1s 30-Nor-28-homo-17aH-hopane 88.184 3614811 0.96
31 Y Ci0 170H.21aH-Moretane 89.686 9324981 2.49
32 Z Cx Tricyclic Terpane (22R) 0 0.00
a3 Z Caa Tricyclic Terpane (22S) 0 0.00
34 2 Csy 17aH,21bH-Homohopans (229) 93.044 27448983 7.32
as b Car 17aH,21bH-MHomohopans (22R) 93,675 19924261 5.31
36 c Cy Gammacerane 0 0.00
37 d Cq4 Tricyclic Terpana (22R) o} 0.00
38 d Cy Tricyelic Terpane (225) 0 0.00
39 e Ciz 17aH,21bH-Bishomohopane (228) 87.840 17636255 470
40 t Cx2 17aH,21bH-Bishomohopane (22R) 98.671 12467748 3.32
41 g C1s Tricyclic Yerpane (22R) 0 0.00
42 g Cis Tricyclic Terpane (225) 0 0.00
43 h Ca3 17aH,21bH-Trishomohopane (22S) 103.818 9669896 2.58
44 i Ci3 17aH,216H-Trishomohopane (22R) 105.540 8308734 1.68
45 j Cy 17aH,21bH-Tetrahomohopane (228) 111.412 5511308 1.47
48 K Ca 17aH,21bH-Tetrahomohopane (22R) 113.833 2887810 0.77
47 | Css 17aH,21bH-Pentahomohopane (228) 120.452 2348560 0.63
48 m C3s 17aH,21bH-Pentahomohopane (22R) 124.158 1182014 0.32

Copynght®, DGS), 1997
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Alaska Outcrops

96 MAW 7
DGSI Project: 97/3959
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STERANE REPORT (m/z 217)

Alaska Outcrops

DGSI Project: 97/3955

Sample No. 21 Other ID: 968 MAW 7 DGSI Project: 97\3805

No. I8} Sterane Name Ret Time Area Area%
i A C,¢ diasterane 36.50 1655691 2.56
2 8 C2¢ abb sterane 40.73 3998629 6.18
3 C C, diasterane 41.09 3093965 478
4 8] Cx abb sterane 47.04 3086099 {77
5 g C7r ba diasterane (20S) 64.56 2348986 31.63
6 F C2 ba diasterane (20R) 68.38 1358788 210
7 G Cy7 ab diasterane (208) 67.77 859741 1,02
8 H Cyy ab diasterane (20R) 68.74 901159 1.39
9 | C2s ba diasterane (205} 69.23 1972384 3.05
10 J G2 ba diasterane (20R) 7115 1246380 1.93
11 K C2g ab diasterane (208) 7229 438684 0.68
12 L C,7 aaa sterane (20S) 72.55 1589284 2.48
13 M Cy7 abb ster-(20R)+C g ba dia-(208) 72.94 5265616 8.14
14 N Cyy abb sterane (205) 73.34 2111041 3.26
B (o} C2s ab diasterans (20R) 73.67 491144 0.78
16 P Czy @aa sterana (20R) 74.55 1484590 2.29
17 Q Coo ba diasterane (20R) 75.09 3780144 5.84
18 R Czg ab diasterane {20S) 76.01 1648017 2.54
19 s C2s aaa sterane (208) 77.23 598303 0.92
20 T Co9 ab diasterane (20R) 77.62 1238142 1.91
21 U Czs abb sterane (20R) 77.89 1460748 2.28
22 \% C2s abb sterane (20S) 78.25 2762470 4.27
23 W C29 aaa sterane (20R) 79.74 1488882 230
24 X Co¢ aaa starane (208) 81.10 4150418 8.41
25 Y C29 abb sterane (20R) 81.83 4848373 7.49
26 Z Cx abb sterane (208) 82.10 3797536 5.87
27 a Cz9 aaa sterans (20R) 83.88 3578870 5.53
28 b Cjp aaa sterane (208) 84.13 989512 1.53
29 ¢ Cao abb sterane (20R) 8512 1485167 226
30 d Cio abb sterans (20S) 8547 408876 0.63
31 e C1 aaa sterane (20R) 87.36 783547 1.21
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Alaska Outcrops
96 MAW 7

DGSI Project: 97/3959
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY

Interpretation of Saturate Biomarker Ratios

Alaska Outcrops
Other ID: 96 MAW 11

DGS! Project: 97/3959
Sample No. 23

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

Ratio

Cg + Cyo Tricyclics / Cy3 Tricyclic
C,4 Tetracyclic / Cyg Tricyclics
C,5 Tricyclics / Cyg Tricyclics
C,p Bisnorhopane / Cy Hopane
Cqo Norhopane / Cy, Hopane
Cy Diahopane / Cs Hopane
Ci Oleanane / Cay Hopane
Gammacerane / C3y Hopane

% Cay - Cag Exdended Hopanes
Cas/Caq Extended Hopanes
Hopane/Sterane

% C,7 Steranes

% Cqg Steranes

Diasteranes

tsosteranes (abb)

Short-chain steranes
Pristane/phytane

Ts/Tm

% C30 Moretane

225/ (22S+22R) C31 Hopane (%)
% 20S/(20S + 20R)

% abb/(abb + aaa)

Odd Even Preference
Pristane/nC17

Phytane/nC18

THERMAL

Value

0.70
0.57
1.07
6.00
0.48
0.10
0.00
0.00
314
0.53
2.73
20.0
32.6
21.9
29.6
25.3
26

MATURITY

1.25
9.65
57.8
51.8
53.4
N.A.
0.6
0.3

interpretation

Not diagnostic
Not diagnastic
Not diagnostic
Not diagnostic
Not diagnostic
Not diagnostic
No significant angiosperm input
Not lacustrine or hypersaline
Marine maturity-influenced
Not diagnostic
Terrigenous or non-marine
Mixed source
Not higher ptant dominated
Mixed Source
Not diagnostic
Carbonate or hypersaline
Termigenous

Mature
Greater than 0.5% Ro equivaient
Greater than 0.5% Ro equivalent

Between 0.6% and 1.0% Ra equivalent
Between 0.6% and 1.0% Ro equivalent

N.A.
Mature
Paraffinic

Copyright ®, DGSI, 1687
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Outcrops DGSI Project: 97/3959
Other ID: 96 MAW 11 Sample No. 23

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT

S{erane Carbon Number (%) H C W
Co 118 1 Cy 120 oY . ;'
Cx 135 Ca ood |
Cy 200 Cyp 193 ey : 3
Cz 170 ¥ Co 36 4 TRy
Coy 326 ¢ Cay - G 314 T
Cie 52 0 10 20 30 40
Sterane v_Distribytio ne Dis n

: H ™ H ¥ T
Dia ste:anes 21 9 Ig\w.\\:-\\\\\\\\\::~.\\\\\\\\\\\\l\\\\\w\\\\\\\\- ! C 19- C 20 ‘r !iCyCIICS 26 2 W ! . . : :
abb Steranes 206 S S A O S BN SN \ Cw—C 35 T'}cyc"cs 18 L I| | I l, II 1
aaa Steranes 231 N«\\\\\\t\“\\\\vﬂ\“\\\\\\\:«m\\\\\\\\\\\\«- ! H0panes 70.68 RN N SN |

| ¢ v 1

Short-chan 253 S S Other Triterpanes 1.4 L ML B
steranes 0 10 20 0 O 10 20 30 40 50 60 70 80
Extended e Distributi S
Cy
Ci
C‘.\J
€y
Cas

ORGANIG FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS
Cig + Cxp Tricyclics / Gy, Tricyclic 0.70 Cyp Oleanane / C;q Hopane 0.00
C 4 Tetracyclic / Gy Tricyclics Q.57 Co 30-Norhomohopane / Cy, Hopane 004
C Tricyclic 7 C .« Tricyclic 1.18 Gammacerane / C,, Hopane 0.00
Cos Tricyetics / Cag Tricyclics 1.07 Extanded Hopanes (%) .16
C1e Bisnornopane / Cy Hopane 0.00 C14/Cy Extended Hopanes 0.3
T4 25-Norhopane / Cqq Hopane 0.00 Tricyclic Terpanes / Hopanes 0.40
C,o Norhopane / Cyg Hopane 0.48 Hopanes / Steranes 273
Csp Olahopane / Cj, Hopane 0.10

Copynght ® DGS). 1997
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY
Triterpanes and Steranes

Alaska Qutcrops DGS! Project: 97/3959
Other 10: 38 MAW 11 Sample No. 23

THERMAL MATURITY

a l zation Ratlo
% 20S C,, Staranes St 8 T —
% abb C,e Sleranes 53.4 _\\'\\s\\\w\\‘\m\xvxmm\mxxwmnmxwmexvm
% 228 G4 Hopane 578 T E—
% 228 Cxy Hopane 58.7 s oo =y
% Ciq Moretane T .
6 10 20 30 40 50 50
Maturity-Dapendent Ratios
Ts/Tm 1.25
C» Nechopane (28Ts) / C, Norhopane 0.26
Cap Diahopane / Cyy Hopane 0.t0
% Diasteranes 219
Tneyclic Terpanes / Hopanes 0.40
% Short-chain steranes 253

TRITERPANE AND STERANE DISTRIBUTIONS

Arvy

Bilotmarker
(tizted In elution order)

Copvnght ® DGSI. 1897
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TRITERPANE REPORT (m/z 191)

Alaska Outcrops

DGS! Project: 97/3959

Sampie No. 23

Other ID: 96 MAW 11

DGSI Project; 97\3805

No, ID Triterpane Name Ret Time Area Area%
1 A C:s Tricyclic Terpana 26.486 3688641 0.96
2 B Cop Tricyclic Terpane 30.810 8408581 2,20
3 C Czy Tricyclic Terpane 35.626 11141317 2.92
4 D Ca Tricyclic Terpane 40.291 2760985 0.72
5 E Ca3 Tricyclic Terpane 45,859 17156628 4.50
6 F C24 Tricyclic Terpane 48.973 14525398 3.81
7 G Czs Tricyclic Terpane (22R) 55.150 4756801 1.25
8 G Cog Tricyclic Terpane (225) 55.325 5554358 1.46
9 ] C.« Tetracyclic Terpana 59.075 55113568 1.44

10 ) Cas Tricyclic Terpane (22R) 59,650 4988485 1,31
19 ( Cag Tricyclic Terpane (223) 60.100 4656493 1.2
12 J Cas Tricyclic Terpana (22R) 69.881 4582499 1.20
13 J Cos Tricyche Terpane (225) 70.610 4201397 1.10
14 K C2g Tricyclic Terpane (22R) 72.870 7967748 2,03
15 K Ca¢ Tricyclic Terpane (225) 73.695 5490869 1.44
16 L Cyy 18aH-Trisnorhopane (Ts) 75.621 19353043 5.07
17 M Cxr 17aH-Trisnorhopane (Tm) 77.456 15523809 4.07
18 N Cao Tricyclic Terpane (22R) 76.309 3725934 0.98
19 N Csp Tricyclic Terpane (228) 79.223 3148861 0.83
20 [e] Caa 17aH,18aH.21bH-28,30-Bisnorhopane 0 0.00
21 P Cay Tricyclic Terpane {22R) 0 0.00
pr) Q Cog 17aH,21bH 25-Norhopane o 0.00
23 P Cy¢ Tricyclic Terpane (229) 0 0.0
24 R Cag 17aH,21bH-Norhopane 83.95¢ 37717857 9.88
25 S C1ze 18aH-Nornechopane {29Ts) 84.184 9805401 257
26 T Cag 17aH Diahopane 84.952 7649121 2.00
27 V] Co 17b6H,21aH-Normoretane 88.028 4490797 1.18
28 \ Cip 18aH+18bH-Oleanane 0 0.00
29 w Cap 17aH,216H-Hopane 87.964 768714057 20.62
30 X Cas 30-Nor-29-homo- § 7aH-hopane 88.207 3166391 0.83
31 Y Ca 1706H,21aH-Moretane 89.703 B411869 2.20
32 b4 Cy, Tricyclic Terpane (22R) 0 0.00
a3 Z Caa Tricyclic Terpane (228) 0 0.00
34 a Car 17aK.21bH-Homohopane (22S) 93.020 20788651 5.45
35 b Cay 17aH,21bH-Homohopans (22R) 93.864 15155851 397
36 c Cy Gammacerana 0 0,00
a7 a Cu Tricyctic Terpane (22R) 0 0.00
38 d €y Tricyclic Terpane (225) [4] 0.00
as e Ca2 17aH,21bH-Bishomohopane {225) 97.610 14218578 3.72
40 f €1z 17aH,21bK-Bishomohopane (22R) 98.838 10000092 2.682
41 g Cas Tricyclic Terpane (22R) 0 0.00
42 9 Cas Tricyclic Terpane (225) 0 0.00
43 h Cia 17aH,21bH-Trishomohopane (22S) 103,753 8223863 218
44 i Ca3 17aH,21bR-Trishomohopane (22R) 105.442 5269109 1.38
45 j Ca4 17aH,21bH-Tetrahomohopane (228) 111.336 4418511 1.18
46 k Cy 17aH,21bH-Tetraltomohopane (22R) 113,829 2706703 0.7
47 ( Cas 17aH,21bH-Pentahomohopane (228) 120.348 2485452 0.65
48 m Cas 17aH,21bH-Pentahomohopane (22R) 123.982 §337152 0.35

Cooyngiv®, OGS, 1997
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Alaska Outcrops
96 MAW 11
DGSI Project: 97/3959

Abundance Ion 151.00 (190.70 to 191.70): 3959S823.D
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STERANE REPORT (m/z 217)

Alaska Qutcrops

DGSI Project: 97/3959

Sample No. 23 Other ID: 86 MAW 11 DGSI Project: 97\3R03

No. ID Sterane Name Ret Tima Area Area%
1 A C,y diasterane 36.67 2978178 3.02
2 8 Co¢ abb sterane 40.92 8694418 8.80
3 C Cx, diasterane 41.13 5582321 5.685
4 D Cy; abb sterane 47.24 7765163 7.9
5 E C ba diasterane (20S) 64.63 2829162 2.88
6 F C27 ba diasterane (20R) 86.48 1588503 1.61
7 G C»7 ab diastarane (20S) 87.85 888123 0.90
8 H C27 ab diasterane (20R) 68.81 869748 0.98
9 i Cs ba diasterane (203) 69,32 1866043 1.98
10 J C2s ba diasterans (20R}) 71.21 1823091 1.85
i1 K Czp ab diasterane (208) 72.38 607723 0.62
12 L C2; 8aa sterane (20S) 72,82 3101348 3.14
13 M C27 abb ster-(20R)+Cy ba dia-(20S) 73.02 6519165 8.60
14 N C3y abb sterane (208) 73.41 4030044 4.08
15 0 C2s ab diasterane (20R) 73.73 925459 0.94
16 P C.7 aaa sterane (20R) 74.61 3043703 3.08
17 Q C2g ba diasterane (20R) 7517 4411800 4.47
i8 R Co9 ab diasterane (20S) 76.04 1504112 1.52
18 S Ce 833 sterans (20S) 77.27 1258502 1.27
20 T C2 ab diasterane {20R) 77.65 873792 0.88
21 U C2a abb sterane (20R) 77.93 3121059 3.16
22 Vv Cas abb sterane (20S) 78.25 4448670 4.50
23 W C2s aaa sterane (20R) 79.73 2615082 2.85
24 X Cyg aaa sterane (20S) 81,11 5339267 5.41
25 Y Co abb sterane (20R) 81.87 6208881 8.29
26 Z Co¢ abb sterane (20S) 8213 55993682 5.87
27 a Cx aaa sterane (20R) 83.88 4967428 5.03
28 b Cao aaa sterane (20S) 84.14 1364231 1.38
29 c Cio atib sterane (20R) 85.14 2033085 2.06
30 d Cya abb sterans (208) 85.46 532088 0.54
31 e Cw aaa sterane (20R) 87.36 1157412 1.47
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Alaska Outcrops
36 MAW 11
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DGSI Project: 97/3959
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