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INTRODUCTION 

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

content and with Rock-Eva1 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/ins) data on a tew s~mples would have 

provided useful information. 

KEROGEN DATA 

Total organic carbon is variable but mosr- samples are rated as good (1.0 - 2.0 wt.% 

TOC) in source quality. A few are organic lean and are nor1 source rocks (less than 0.5 

wt.8 TOC) and one (93-MU-80-1) is very organic rich (4.63 wt.% TOC). Organic carbon 

contents can be reduced by outcrop weathering but this does not appear to be a major 

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

Pyrolysis response is very low in nearly all of t h  sanlples, apparently due 

primarily to fairly high maturity. Tmax values are high for most samples (449 to 

483OC), indicating maturities between about 1.0 and 1.5 RG. Lower Tlnax values (444 & 

4450C) for samples 93-MU-80-1 and la suggest maturities between 0.7 and 0.8 Ro. Very 

low Tmax values (426 and 296OC) for samples 43-MU-104 and 104-6 are invalid due to poor 

pyrolysis response. Sample 93-1.N-89-1 differs from the others by having a iriuch higher 

hydrogen index (367), indicative of moderately nature, type 11, oil general--ing kerogen. 

~t is possible that pyrolysis response has been reduced by outcrop weaChering but this 

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

of kerogen oxidation. 

Kerogen microscopy on twelve samples reveal nixed marine and terrigenous organic 

matter with the marine component being the most abundant in most samples. Solid bitumen 

is very common and indicates that oil generation has t.aken place. Structured lipids are 

primarily liptodentrinite or minor terrigellous sporinite and cutinite. Thermal maturity 

based on good vitrinite populations ranges from 1.17 to 1.47 Ro for moat samples and is 

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

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

appear to be nearly spent oil source rocks in the late stages of oil generation. The 

presence of appreciable amounts of terrigenous organic matter including some high rank, 

recycled material, probably has reduced the oil generation capability of most samples. 
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ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA 

BROOKS RANGE OUTCROPS 

Project: DGSV9312826 

SACIPI,E IDEN'l'IYICATION 
DGSI ID 

TOC S1 S2 S3 Tmrx St1 HI 01  SU PI 
WPA mg/g mg/g mglg degC TOC S3 

rx-i-i-rZZJ- - 

1 :  93-MU-101- 1 1.30 0.31 0.41 0.34 479 24 32 26 1.21 0.43 
2 :  93-MU-104- 1 0 0.03 0.05 0.06 426 8 14 17 0.83 0.38 
3 : 93-MU-104-6 - I 0.14 0.01 0.00 0.02 296 7 0 14 0.00 1.00 
4 : 93-MU-80 - 1 1.87 0.14 0.57 0.23 461 7 30 12 2.48 0.20 
5 :  93-MU-80-1 1 4.63 2.14 17.00 0.34 445 46 367 7 50.00 0.11 

6 : 93-MU-80-1s ( 0.92 0.34 0.86 0.09 444 37 93 10 9.56 0.28 
7: 93-MU-84 1 0.41 0.01 0.00 0.11 449 2 0 27 0.00 1.00 
8 :  93-MU-87 1 1.81 0.23 0.55 0.52 483 13 30 29 1.06 0.29 
9 :  93-MU-88-1 1 1.06 0.15 0.36 0.06 475 14 34 6 6.00 0.29 

10 : 93-MU-93 I 1.69 0.26 0.76 0.26 469 15 45 15 2.92 0.25 

1 I : ~ I - R X C - ~ ~ . I Z - B  1 0.18 0.01 0.01 0.03 477 6 6 17 0.33 0.50 
12 : 93-RKC-22-138.8 1 1.27 0.08 0.41 0.13 453 6 32 0 0.00 0.16 
13 : 93-RKC-22.153-8 I 1.19 0.04 0.26 0.03 465 3 22 3 8.67 0.13 
14 : 93-RKC-22-36-8 1 1.84 0.08 0.56 0.04 468 4 30 2 14.00 0.13 
15 : 93-RKC-22-43-B 1 1.50 0.07 0.31 0.13 476 5 21 9 2.38 0.18 

16 : 93-RKC-22-72-B 1 1.32 0.05 0.41 0.08 455 4 31 0 0.00 0.11 

L - 



Samples 93-MU-80, 80-1 and 00-la ccntain similar. type kerogen but appear to be lower in 

maturity than the others. Sdmple 93-MU-80 has a maturity ot 0.92 Ro bur. the 0.74 & 0.77 

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

reflectance measurements. It is possible that the vitrinite in these t.wo samples is 

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

bitumen. Other maturity indices such as pyrolysis Tmax, kerogen fluorescence, and TAI 

support a maturity of about 0.9 to 1.0 Ro for these samples. 

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

chrormtography (gc). Six samples have low extract/'POC ratios (0.011 - 0.051: and 

probably contain indigenous biturnen. Sample 93-MU-80-la has a high exLracti'YOC ra~io 

(0.209), indicating that it contains migrated bitumen. 

Samples 92-MU-80-1 and 93-MU-80-la, frorn the Upper Triassic Sublik Formation a: 

Surprise Creek, contain indigenous and migrated bitumen, respectivelv. Whole extracr. 

gas chromatograms are similar, indicating the same source and thermal mati~rity. 

Therefore, the migrated bitumen in sample 93-MU-80-la was probably derived fron~ 

adjacent, more organic-rich Sublik source rocks. The two extracts show quite si~nilar 

~ 1 s t  n-alkane distributions (continuously decreasing with increasing cnrSon number) and 

isoprenoid distributions. The pristane/nC17 ratios (0.45 - 0.47) arid pliytanu/llCl8 

ratios (0.19 - 0.21) (see Figure 2 ) ,  high pristane/phytane ratios (2.6 - 2.7), CPI 

v,2lues > ? (1.08 - 1.10) and minor C25t n-alkanes indicate a mixed organic source with 

relaCively minor terrigenous organic mat-ter (probably deposited under oxic or subo:tic 

conditions). A thermal maturity close to the peak oil generation stage is also 

indicated. Pristane/phytane ratios and pristane/nCI7 ratios for these san~ples might. 

have been increased due to surface weathering and, therefore may not reflect t.r~tt? 

deposit.iona1 conditions. Kerogen microscopy data indicat-e a predomillance c ~ i  oil 

generating lipid kerogen and minor terrigenous organic matter in the mixeci urganic: 

source Eacies. Tmax ddta of 444 - 44S0C are comparable with the mat.urity suygested frorn 

the pristane/nC1., versus phytane/nC18 plot. Measure Ro data (0.74 - 0.77%) are 

approximate and are somewhat lower. 



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

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

(type II/III) with significant terrigenous organic matter dep~sited under mild to 

moderately oxic conditions and a peak oil gcneratic.n stage thzrmal maturity. This is 

evidenced by the high pristane/phytane ratio of 2.0, the cross plot of pristane/nCI7 

(0.35) versus phytane/nC18 (0.23) in Figure 2, very significant Ca5+ n-alkazes, an odd 

carbon number predominance in the nC25 - nC35 range, and the high CPI of 1.33. Kerogen 

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

solid bitumen 10%) and 35% humic kerogen (vitrinite 25%, iri~?rtinite 10%) and agree wiLh 

the gc data. l'he thermal maturity shown by the pristan~!nC~.~ versus phytane/~~C~~ plot 

(Figure 2) also agrees with the measured Ro of 0.92%. The Tmax value  of 4610C is 

unreliable because of the low and undefined S2 peak. 

Sample 93-RKC-22-153-B probably, from Kingkak shale (top 'I1i.ng sandstone), and 

sample 93-RKC-22-36-B from Kingkak shale (both from Tingaerkpuk Mo~~ritain) have extract 

gas chromatograms that are characterized by mixed organic facics ( L y p a  IIIIII) wich 

significant terrigenous organic matter and by high t.henna1 maturities. This is 

evidenced by high pristane/phytane ratios (2.0 and 5.1, respectively), the pristane/nC17 

versus phytane/nClB plot (Figure 2), and the CPI values (1.21 and 1.01, respectively). 

Kerogen microscopy data support the gc data by showino abundant hunic kerogen ( 2 5  - 40%) 

relative to lipid-rich keroyen (GO - ' 1 5 % ) .  A high thernlal maturity is also indicated 

from the measured Ro values of 1.43 - 1.578. Tmax values are unreliable because of low 

and undefined S2 peaks. 

Sample 93-MU-101, representing the Albian Torok Fornutiox from Mgle Creek, 

contains indigenous extract. A whole extract gas chrornatogram shows a mixed orgdrric 

source (type III?) with primarily terrigenous or-gahic i~atter deposited under sub-oxic 

depositional conditions and a high t.herrna1 maturity. This i:: sho*ni by a high 

~ristane/phytane ratio of 2.4, the ~ristane/nC~.~ (0.37) versus phyt.ane/n(l (0.18) plot 18 

(Figure 2) and the CPI >1 (1.12). Kerogen microscopy data sliuw e high proportior. of 

humic kerogen (45%) relative to lipid-rich keroacn (55%; unstructured 5 0 1  and st.ructured 

5%) and support the gc d a b .  The high measured Ro ot 1.47% also supports the high 

maturity indicated from pristane/nC17 versus phytane/nC18 plot (Figure 2 ) .  



B ~ ~ ~ / ~ X I P L D J / C ~  
Sample 93-MU-93, Erom an unknown formation in Tingmerkpuk Mountain, contains 

indigenous extract derived Erom a mixed organic source containing significant 

terrigenous organic matter (type II/III) and probably deposited under mildly reducing 

conditions.  his is indicated by the pristane/phytane ratio of 1.3, the pristane/nC17 

(0.73) versus phytane/nC18 (0.60) plot in Figure 2,  the CPI >1 (1.06) and abundant C25+ 

n-alkanes. The pristane/nC17 versus phyt.ane/nC18 plot and the bimodal n-alkane 

distribution suggest a relatively 101~ thermal maturity (0.708 Ro). Kerogen microscopy 

data agree with the organic source facies suggested from the gc data. The measured RG 

of 1.17 is significantly higher than that suggested from the pristane/nC?., versus 

phytane/nCI8 plot (Figure 2 ) .  The Tmax value is unreliable because of a low and 

undefined S2 peak. 

Considering all of the gc data. we conclude that the Brooks Rarige samples contain 

some mature, cil-prone source rocks that hove generated and expelled crude oil. The 

organic-rich Sublik source rocks (e.g. sanlple 93-MU-80-1) contain type 1 1 ,  oil-prone 

kerogen and are the best quality oil source rocks. The Kingkak =hales are rrat.ure to 

highly mature and contain low yield type II/III kerogen which probably has generated 

some waxy oil and gas. The Torok Formation contains highly mture, t;~e 111 source 

rocks that generated mostly gas. 
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FIGURE 1 - Kerogen type determination from TOC and Rock-Eva1 pyrolysis 
data. Types I and II will generate oil, type IU gas, and type IV 
little or no hydrocarbons. 



FIGURE 2 - Plat from chromatography data showing organic matter type, 
cnrrrrc.  rack r l t rn~sit i~nal  environment. and thermal maturitv. 



1993 Mull, Crowder Geochem Samples 
17-Dec-93 

Sample # Formation Discription Location Collector Comments 
r 

93-Mu-I 01 
93-Mu-1 04 

93-Mu-1 04-6 
93-Mu-80 

93-Mu-80-1 
93-Mu-80-1 a 

93-Mu-84 
93-Mu-07 

93-Mu-88-1 
93-Mu-93 

93-RKC-22-1 2-8 
33-RKC-22-138-8 
93-RKC-22-1538 
93-RKC-22-36-B 
93-RKC-22-43-8 
93-RKC-22-72-B 

Mull 
Mull 
Mull 
Mull 
Mull 
Mull 

K to 
Klk 
Kjk 

Kj k? 
Trs 
Tsr 

Kjic 
? 
Kt 
'7 

Kingak Sh 
Ting SS 

Top T~~~Fs 
Kjk - 

Ting ? 
Ticg SS 

Mull 
Mull 
Mull 
Muli 

Crowder 
Crowder 
Crowdsr 
Crowder 
Crowder 
Crowder 

-- 

? 
? 
? 
? 
? 

Paper 
? 
? 

? 
Sh 
SS 

Org SS 

? - 
SS -- 

Eagle Creek 
Kukpowruk R 
Kukpowruk R. 

Surprise Creek 
Surprise Creek 
Surprise Creek 

Tingmerkpuk Mnt. 
Eagle Creek 

Tingrnerkpuk R. 
Tingmerkpuk Mnt. SE 

Tingrnerkpi~k Mtn. 
Tingmerkpuk Mtn. 
Tingmerkpuk Mtn. 
Tingrnerkpuk Mtn. 
Tingrnerkpuk Mtn. 
Tingrnerkpuk Mtn. 



ORGANIC CARBON AND PYROLYSIS DATA 

Total Organic Carbon (TCC) and Rock-Eva1 pyrolysis data provide hasic geochemical 
info-tion and are frequently used to select samples for more detailed studies, 
particularly kerogen microscopy, extract chromtography and biomarker analyses. Well 
data can be plotted to make geochemical logs. Unless otherwise specified by a client, 
~ S I  uses LECO T K  then Rock-Eva1 I1 pyrolysis as the standard analytical sequence and 
~ock-~val is recommended for samples with greater than 0.4% TCC. Samples for LECO TK 
and ~ock-Eva1 pyrolysis are ground to Pass through a 60 mesh sieve to assure 

homogeneity. 

L E O  ORGANIC CARBON AND TOTAL SULFUR 

Total Organic Carbon is best determined by direct combustion. Approximately 0.15 
grms 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 comhusted with pure oxygen in a LECO Ec-12 or LECO 
CS-444 carbon analyzer at about l.OOO°C. A laboratory standard is run every five 
sa,ples. Total, insoluble, mineral plus organic sulfur can be determined by the C S - 4 4 4  

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 I1 PYROLYSIS 

Rock-Eva1 I1 pyrolysis is used to determine kerogen type, kerogen 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 thermally distilled. Next, the amount of 
pyrolyzable hydrocarbons. S2, is measured when the sample is heated in an inert 
environment which rises from 300° to 550°C at a beating rate of 2S°C/minute. S1 and S2 

are reported ir~ mg HC/g sample. T-, a maturity indicator, is the temperature of 
m i m u m  S2 generation. When S2 values are less than 0.2 mg HC/g sample, the S2 maximum 

typically has poor definition and thus, Tmax cannot he reliably determined (Peters, 
1986). Carbon dioxide generated during the S2 pyrolysis, an indicator of kerogen 

oxidation, is collected up to a temperature of 390°C and reported as Sj in units of rng 
co2/g sample. A laboratory standard is run every 10 samples. Hydrogen Index [HI = 
s2f100/~OC) and Oxygen Index (01 = s3*100/TOC) are used as kerqen type indicators when 
plotted on a van Krevelen type diagram. 

ROCK-EVAL I1 PYROLYSIS PLUS TOC 

~ock-Eva1 I1 Plus TOC is used to determine both Rocic-Eva1 data (S I' S2, S3. T-1 
and TOC of a 0.1 gram ground sample. With this instrument, the pyrolysis stage (s2) 
ramps 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 
(s4) . A laboratory standard is run every 10 samples. S1, S2, S3, and s4 are summed 
appropriately to calculate TOC. True TOC will be greater than this calculated sum for 
samples with maturity greater than about 1.08 Ro because the Rock-Eva1 final temperature 
is inadequate for complete combustion (Peters, 1986). This instrument is preferred when 
there is insufficient sample to run TOC and pyrolysis separately, or when all samples in 
a study are to be analyzed for both TOC and Rock-Eva1 data without prior TOC screening. 



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA 

BROOKS RANGE OUTCROPS 

Project: DGSll9312526 

SAMPLE IDENTIFICATION 
DCSI ID I 

TOC S1 52 S3 Tmax S11 MI -01 S2I PI 
WL% mglg mgg m g g  dzgC TOC S3 

1 :  9 3 - ~ ~ - i o i  - 1 1.30 0.31 0.41 0.34 479 24 32 26 1.21 0.43 
2 : 93-MU-104 - 1 0.36 0.03 0.05 0.06 426 8 14 37 0.83 0.38 
3 93-MU-104-6 - 1 0.14 0.01 0.00 0.02 226 7 O 14 0.00 1.00 
4 : 93-MU-80 - 1 1.87 0.14 0.57 0.23 481 7 30 12 2.48 0.20 
5 :  93-MU-80-1 ) 4.63 2.14 17.00 0.34 445 46 367 7 50.00 0.11 

6 : 93-MU-80-1a 1 0.92 0.34 0.86 0.09 444 37 93 .I0 9.56 0.28 
7 : 93-MU-84 1 0.41 0.01 0.00 0.11 449 2 0 27 0.00 1.00 
8 :  93-MU-87 1 1.81 0.23 0.55 0.52 483 13 30 29 1.06 0.29 
9 : 93-MU-88-1 1 1.06 0.15 0.36 0.06 475 14 34 6 6.00 0.29 

10 : 93-MU-93 1 1.69 0.26 0.76 0.26 469 15 45 15 2.92 0.25 

11 : 93-RKC-22-12-8 1 0.18 0.01 0.01 0.03 477 6 6 :7 0.33 0.50 
12 : 93-RKC-22-138-8 1 1.27 0.08 0.41 0.13 453 6 32 0 0.CO 0.16 
13 : 9 ? - ~ ~ - 2 2 - 1 5 3 - ~  1 1.19 0.04 0.26 0.03 465 3 22 3 3.67 0.13 

I 
14 : 93-RKC-22-36-B 1 1.84 0.08 0.56 0.04 463 4 30 2 14.00 0.13 
15 : 93-RKC-22-43-B 1 1.50 0.07 0.31 0.13 476 5 21 9 2.38 0.18 

16 : 93-PXC-22-72-B 1 1.32 0.05 0.41 0.08 455 4 31 0 0.03 3.11 

A 



VISUAL KEROGEN ANALYSIS TECHNIQUES 

Visual kerogen analysis employs a Zeiss universal microscope system equipped with 
halogen, xenon, and tungsten light sources or a Jena Lurnar 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. The digital indicator is calibrated using a glass 
standard with a reflectance of 1.02% in oil. This calibration is linea$ly accurate for 

reflectance values ranging from peat (R, 0.20%) through anthracite (R, 4.0%). 

Reflectance values are recorded only cn good quality vitrinite, including obvious 
contamination and recycled material. The relative   bun dance of normal, altered, 
lipid-rich, oxidized, and coked vitrinite is recorcled. k'hen good quality, normal 

vitrinite is absent, notations are made indicating how the maturity is affected b.1 
weathering, oxidation, bitumen saturation, or coking. When normal vitrinite is absent 
or sparse, other macerals m y  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. 
~r-ptolites have about the same reflectance as vitrinite and can often be used to obtain 
maturity data in early Paleozcic 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 R, 0 . 5 0  to 0.658, the kerogen takes on a massive texture 
and is gray in color. At higher wturitlr, generally above R, 1.30%, unstructured 

kerogen is 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 run coupled with a barrier filter of 520 nm. With the 
Jena microscope we also have the option of observing fluorescence under ultra violet 
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 dnd unstructured liptinite is also enhanced with the use of 
fluorescence in those samples having a maturity less than R, 1.3%. The relative 
abundance and type of pyrite is also recorded. 

TAI is performed using tungsten 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, TAX 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 observat-ions made in reflected 

light for kerogen typing. 

Kerogen typing and maturity assessments from the slide preparation are also 
reinforced by using different light sources. l'he 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. Remnant 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. 

In summary, vitrinite reflectance measurements are performed on a polished plug 
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 O E  the kerogen data. 

VISUAL KERCGEN 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. 

1. UNSTRUCTURED KEROGEN, or sometimes called structureless organic matter (SOU) and 
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 
~turation. The three principal Stages are amorphous, massive, and micrinized. 
Amorphous kerogen is simply without any structure. Massive kerogen has taken on 2 
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 WLIregation 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 
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 grouped follows: 

a. Alqinite, derived from algae. It is sometimes very useful to distinguish 
the different algal types, for botry~coccus 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 Erom 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 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 alyinite or 

sporinite. 
g .  Undifferentiated. At times, one can readily distinguish structured lipid 

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

The algae are an important W r t  of EtnY oil source rocks, both marine and 
lacustrine. ~lginite has a very high hydrogen index in Rock-Eva1 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 8 ,  

structured lipid kerogen changes structure and it becomes very difficult to distinguish 

them from vitrinite. 

3. SOLID B I T ~ E N ,  also called migrabitumen and solid hydrocarbon. In 1992, the 
International Committee for Coal and Organic Petrology (ICCP) has decided to 
include solid bitumen in the Exsudatinite group. Solid bitumens are e-xpelled. 

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 as a substance which is Present in a reservoir rock and may b~ave 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 t.o use the 
reflectance of solid bitumens for maturation determinations when vitiinite is not 

present. 

4. H ~ I C  TISSUE, that is organic material derived from the woody tissue of land 

plants. The most important of this group is: 

a. vitrinite is derived Erom woody tissue, which has been subjected to a 
minimum amount of oxidation. Normally, it is by far the most abunddnt maceral 
in humic coals, and because the rate of change of vitrir~ite reflcctar~ce is ac 
a more even pace than it is for other maccrals, it offers the best raeana 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. Rouah vitrinite does 
not take a good polish and therefore may not yield good data. Oxidized vitrinite may 

tlave 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 abnorrr=llly low thermal nlaturity 



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 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. ~nertinite is made up of woody tissue that has been matured b y b  different 
pathway. Early intense oxidation, usually involving charring, fungal attack, 
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. Ar1 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-Eva1 pyrolysis. 

5. OTHER ORGANIC MATERIAL 

a. ~n the table, 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. 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 marine organisms that range from the Cambrian to the lower 

Mississippian; it has been found that they have a reflectance similar to that 
of vitrinite. Because vitrinite is lacking in early Paleozoic rocks, the 
proper identification and measurement of graptolites is important in these 

sediments. 

PYRITE. Various forms of pyrite can be readily identified under the microscope. 6. - 
Euhedral is pyrite with a definite crystalline habit. Frambaidal is pyrite in the 

form of grape-like clusters which are made up of euhedral to subhedral crystals. 
~ r a h i d a l  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/infi?linq 

is self-explanatory. 
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BROOKS RANGE OUTCROPS 

Project: DGS119312826 
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BROOKS RANGE OUTCROPS 

93-MU-101 OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.47 Ro Std. Dev. : 0.15 No. Readings : 43 
_ _ _ _ _ _ _ _ _ _ - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

= Maturity Values REFLECTANCE VALUES 

hi.23 h1.35 k1.50 h1.60 h1.68 

BROOKS RANGE OUTCROPS 

93-MU-80 OUTCROP KEROGEN 

INTERPRETED MATURITY : 0.92 Ro Std. Dev. : 0.13 No. Readings : 23 

= Maturity Values REFLECTANCE VALUES 



BROOKS RANGE OUTCROPS 

93-MU-80-1 OUTCROP KEROGEN 

INTERPRETED MATURITY : 0.74 RO? Std. Dev. : 0.05 No. Readings : 4 

0 ' 2 4 
I " "  

= Maturity Values REFLECTANCE VALUES 

BROOKS RANGE OUTCROPS 

93-MU-80-la OUTCROP 

INTERPRETED MATURITY : 0.77 RO? Std. Dev. : 0.05 No. Readings : 7 
_ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

* = Maturity Values REFLECTANCE VALUES 



BROOKS RANGE OUTCROPS 

93-MU-87 OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.47 Ro Std. Dev. : 0.14 No. Readings : 32 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* = Maturity Values 

k1.24 k1.42 k1.53 

10 : 

5 : 

REFLECTANCE VALUES 

n rn 

BROOKS RANGE OUTCROPS 
93-MU-88-1 OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.19 Ro Std. Dev. : 0.12 No. Readings : 23 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o 2 4' e I " "  ' " ' i " . '  

* = Maturity Values REFLECTANCE VALUES 



BROOKS RANGE OUTCROPS 

93-MU-93 OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.17 Ro Std. Dev. : 0.11 No. Readings : 24 

* = Maturity Values REFLECTANCE VALUES 

BROOKS RANGE OUTCROPS 

93-RKC-22-138-B OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.44 Ro Std. Dev. : 0.12 No. Readings : 25 
_ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

* = Maturity Values REFLECTANCE VALUES 



BROOKS RANGE OUTCROPS 

93-RKC-22-153-B OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.57 Ro Std. Dev. : 0.11 No. Readings : 29 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* = Maturity Values REFLECTANCE VALUES 

- -  - 

BROOKS RANGE OUTCROPS 
93-RKC-22-36-B OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.43 Ro Std. Dev. : 0.09 No. Readings : 20 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* = Maturity Values REFLECTANCE VALUES 



BROOKS RANGE OUTCROPS 

93-RKC-22-43-B OUTCROP KEROGEN 

INTERPRETED MATURITY : 1.43 Ro Std. Dev. : 0.12 No. Readings : 23 

* = Maturity Values REFLECTANCE VALUES 

BROOKS RANGE OUTCROPS 

93-RKC-22-72-B OUTCROP KEROGEN 

INTERPREED MATURITY : 1.46 Ro Std. Dev. : 0.15 No. Readings : 27 

* = Maturity Values REFLECTANCE VALUES 



WHOLE EX'I'RACT GAS CHROMA'IWRAPHY 

 bout 50 grams of sample are crushed, passed through a 20 micron sieve, accurately 

weighed, and soxhlet extracted for 16 hours with dichlorornethane. Other solvents can be 
substituted if desired. The solvent is evaporated and the residue weighed to obtain the 
weight percent of total organic evrract. The advantage of whole extract chromatography 
over saturate chromatography is more of the lighter fraction (CI0 - 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 

chomatograph fitted with a Quadrex 50 xeter fused silica capillary 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 aata 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- 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 S1 values and to identify possible 

contamination products. 



BROOKS RANGE OUTCROPS 

1 93-MU-101 662 0.051 2.4 0.37 0.18 
4 93-MU-80 321 0.017 2.0 0.35 0.23 
5 93-MU-80-1 1888 0.041 
6 93-MU-80-1 a 1925 0.209 2.6 0.47 0.21 1.10 0.92 
10 93-MU-93 859 0.051 1.3 0.73 0.60 1.06 1.69 

61.6215 0.0408 101336 37594 87486 15436 11245 
58.5042 0.0188 279586 98953 215968 48894 79957 84246 47087 
67.6555 0,1277 82856 36886 70497 13693 
58.1916 0.1120 88571 41905 77582 16250 11861 11087 
66.1321 0.0568 71386 52099 66185 39627 43424 36866 25868 

t .  I 
NORMALIZED ISOPRENOID PERCENT 

DGSl 
No. 1C13 1C14 iC l5  iC16 ;C18 iC19 IC 20 

1 9.2 14.1 31.8 35.4 3.8 4.0 1.6 
4 9.1 8.5 11.5 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 
DGSl 
No. 1C13 1C14 1C15 1C16 1Cl8 1Cl3 1C20 

1 87843 134295 302501 336684 36052 37591 15436 
4 38416 35883 48356 76014 75425 98953 48894 
5 10176 13876 18805 36126 41062 36886 13693 
6 24805 31870 31036 44571 41353 41905 16280 
10 28135 32614 52810 73105 42431 52099 39627 



EXTRACT AND GAS 

BROOKS RANGE OUTCROPS 

EXTRACT AND GAS CHROMATOGRAPHY RATIOS 

DGSl Sample Identification 
No. PPM Ext./lOC PrlPh PrlC17 PhlC18 CPI TOC 

EXTRACT AND AREA DATA 
DGSl SAMPLE EXTRACT 
No. w t .  wt. C17  Pr C18 

1 NORMALIZED ISOPRENOID PERCENT 
DGSl 
No. iC13 iC14  iC15 iC16 iC18 iC13 iC20 

7 

AREA DATA 

I DGSl 
No. iC13 iC14 iC15 iC16 iC18 iC19 iC20 









BROOKS RANGE OUTCROPS 
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BROOKS RANGE OUTCROPS 
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BROOKS RANGE OUTCROPS 
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BROOKS RANGE OUTCROPS 
93-RKC-22-153-8 
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ORGANIC CARBON .bW PYROLYSIS DATA 

Total Organic Carbon (TOC) and Rock-Eva1 pyrolysis data provide basic 
geochemical information and are frequently used to select samples for more detailed 
studies, particularly kerogen microscopy, e.utract 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-Eva1 I1 pyrolysis as the standard analytical 
sequence and Rock-Eva1 is recommended for samples with greater than 0.4% TOC. 
Samples for LECO TOC and Rock-Eva1 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 HC1 to remove 
carbonates, and vacuum filtered on glass fiber paper. The residue and paper are placed in 
a ceramic crucible, dried, and cornbusted with pure oxygen in a LECO EC-12 or LECO 
CS-444 carbon analyzer at about l,OOO°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 I1 pyroiysis is used to determine kerogen type, kerogen maturity and 
the amount of free hydrocarbons. About 0.1 grams of the same ground sample used for 
LECO TOC are c a r e ~ l l y  veighed in a pyrolysis crucible and then heated to 300°C to 
determine the amount of free hydrocarbons, S1, that is thermally distilled. Next, the 
amount of pyrolyzabie hydrocarbons, S2, is measured when the sample is heated in an 
inert environment which rises from 300" to 550°C at a heating rate of 25"CIminute. S1 
and S2 are reported in mg HClg sample. T, a maturity indicator, is the temperature of 
maximum Sz generation. When Sz values are less than 0.2 mg HC/g sample, the S2 
maximum typically has poor definition and thus, Tmax cannot be reliably determined 
(Peters, 1986). Carbon dioxide generated during the Sz pyrolysis, an indicator of kerogen 
oxidation, is collected up to a temperature of 390°C and reported as S3 in units of mg 
C02/g sample. A laborator). standard is run every 10 samples. Hydrogen Index (HI = 
Sz* 100/TOC) and Oxygen Index (01 = S3* 100flOC) are used as kerogen type indicators 
when plotted on a van -Krcqelen type diagram. 



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA 

BROOKS RANGE OUTCROPS 

DGSl Project: 9613631 

1 0.16 0.01 0.00 0.24 N.A. 6 0 150 0.00 1.00 
j 0.23 0.02 0.00 0.18 N.A. 9 0 78 0.00 1.00 
j 0.10 0.02 0.02 0.10 276 20 20 100 0.20 0.50 
/ 0.14 0.01 0.00 0.14 N.A. 7 0 100 0.00 1.00 
j 0.06 0.00 0.00 0.17 N.A. 0 0 283 0.00 

SAMPLE IDENTIFICATION 

ID I ID 

1 0.20 0.03 0.00 0.11 N.A. 15 0 55 0.00 1.00 
/ 0.12 0.00 0.00 0.22 N.A. 0 0 183 0.00 
j 0.11 0.01 0.00 0.11 N.A. 9 0 100 0.00 1.00 
j 0.24 0.02 0.00 0.42 N.A. 8 0 175 0.CO 1.00 
i 0.57 0.09 0.33 0.19 443 16 58 33 1.74 0.21 

TOC S1 S2 S3 Tmax S11 HI 0 1 s Zl PI 
Wt% rnglg rnglg m g / g  degC TOC S3 

21 : 96MAW7 j 2.88 0.84 7.31 0.21 444 29 2 54 7 34.81 0.10 
22 : 96MAW9 j 1.76 0.37 3.75 0.23 442 21 21 3 13 16.1@ 0.09 
23 : 96 MAW 11 1 2.40 0.32 5.97 0.46 439 13 249 19 12.98 0.05 
24 : 96 MAW 16-5 j 1.51 0.10 0.92 0.34 446 7 61 23 2.71 0.10 
25 : 96 MAW 18-8 i 0.47 0.02 0.05 0.65 454 4 11 138 0.08 0.29 

26 : 96 MAW 20-E 
27 : 96MAW 21-8 
28 : 96 MAW 22-5 

/ 0.18 0.01 0.01 0.25 351 6 6 139 0.04 0.50 
1 0.21 0.01 0.00 0.19 N.A. 5 0 90 0.00 1.00 
/ 1.20 0.11 0.45 0.45 465 9 38 38 i .30 0.20 



BROOKS RANGE OUTCROPS 

OXYGEN INDEX (01) 

FIGURE 1 Kerogen type determination from TOC and Rock-Eval pyroiysis data. Types 
1 and II will generate oil, type Ill gas, and type IV little or no hydrocarbons. 



VISUAL KEROGEN ;LUALYSIS 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 concentsate 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 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 quaiity, 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 Castaiio's 
calibration chart can be used to obtain an estimated vitrinite reflectance equivalent. 
Graptolites have a slightly higher reflectmce than vitrinite and can often be used to obtain 
maturity 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 R, 0.50 to 0.65%, the kerogen takes on a massive 
texture and is gray in color. .4t bgher maturity, generally above R, 1.30%, unstructured 
kerogen is light gray and rnicrinized. 

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 nrn. With the Jena 
microscope we also have the option of observing flcorescence 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 R, 1.5%. The relative 
abundance and type of pyrite is also recorded. 

TAI is performed using tungsten or halogen light source that is transmitted 
through a glass slide made from the uniloated 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 unstructured 
material and micrinization can darken the kerogen and raise the TAI value. The character 
of the organic matter in transmitted light i s  correlated with observations made in reflected 
light for kerogen typing. 



Kerogen typing and maturity assessments from the slide preparation are also 
reinforced by using different light sources. The slide is fust observed in transmirted lioJlt - 
to obtain TrV color and organic matter srructure or type. The light is then switched to 
reflected halogen light to observe suucme and amount of pyrite and finally to reflected 
blue light excitation from the xenon or mercury source for fiuorescence. The 
fluorescence of structured and unstrucmed liptinite is not masked by the epoxy 
fluorescence as it is in the reflected light mode because the mounting medium is non- 
fluorescent. Remnant lipid structures (e.g. sporinite and alginite) within the unstructured 
kerogen can ofien be identified in blue light. 

Maturity calculations are made from the viuinite 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. 

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. 

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 characterisrics. However, macerais vary widely in their 
chemical and physical properties and they are not crystalline. 

1. UNSTRUCTLJRED KEROGEN is sometimes called structureless organic matter 
(SOW or biturninite. It is widely held that unstructured kerogen represents the 
bacterial breakdown of lipid material. It also includes fecal pellets, minute 
particies 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 nicrinized. 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. 



2, STRECTURED LIPID KEROGEN consists of a group of macerais which have a 
recomized - 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 types, for botryococcus and pediastnun 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 fluorinite) derived £rom plant resins, balsams, 

latexes, and waxes. 
d. Sporinite, derived fronl spores and pollen from a wide variety of land 

plants. 
e. Suberinite is derived from the corky tissue of land plants. 
f. Liptodetrinite is :hat structured lipid material that is too small to be 

specifically identified. Usuaily, it is derived from alginite or sporinite. 

The algae are an imponant part of many oil source rocks, both marine and 
lacustrine. Alginite has a very high hydrogen index in Rock-Eva1 pyrolysis. 
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are 
found in Africa and the Far East. At vitrinite reilectance levels above R, 1.2 - 
1.4%, structured lipid kerogen changes structure and it becomes very dificult to 
distinguish them from vitrinite. 

3. SOLID BITUMEN also is called migrabiturnen 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 w'nich 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, gnhamite, 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 prcsent. 

4. HUMIC TISSUE is organic material derived fiom the woody tissue of land 
plants. 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 ccjals and because the rate of change of vitrinite reflectance 
is at a more even pace than it is for other rnacerds, 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) v i ~ n i t e  fiom other h d s  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 fiesh vimnite; 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 maturity ialue. 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 fiom 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 Bom 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 hia&ly 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-Eva1 pyrolysis. 

5. OTHER ORGANIC h I A T E R I a  

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 distinction although the ICCP has now inciuded the solid bitumens in with 
the Exsudatinite group. 

c. Graptolites are marine organisms that range fiom the Cambrian to the lower 
Mississippian; it has been found that they have n reflectance slightly higher than 
vitrinite. Because vitrinite is lacking in early Paleozoic rocks, the proper 
identification and measurement of gr~ptolites 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 euhedral 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. Replacementlinfilling is self-explanatory. 



ZONES OF PETROLEUM 
GENERATION AND DESTRUCTION 

CORRELATION OF VARIOUS MATURATION INDICES AND ZON 
OF PETROLEUM GENERATION AND DESTRUCTION. 



DGSI PROJECT: 96/363 1 

State of Alaska, Brooks Range Outcrops 

Organic matter consists primarily of bitumen-like marerial with slightly angular 
texture mixed with micrinized lipids. This material is difficult to differentlate from 
alginite and some lipid-rich vininite fia~gnents. Some solid bitumen fragments are 
isolated from the micrinized groundmass and have granular texture. TAI values 
may be raised by the presence of bitumen-like material in the unstructured lil~ids. 
Bitumen may lower Tmax value. 

Organic matter is primarily unstructured lipids with massive-micrinized texture and 
inclusions of small, stringy to angular solid bihmen fragments. Bitumen ma.y 
slightly lower Tmax value, but TAI, Ro, background fluorescence, and general 
appearance of kerogen agree. 

Dense groundmass of unstructured 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 unstructured 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. 

Simiicu to 96 Ha 1 1. TAI on sporinite. 

Organic matter consists of terresmal fragments with a small amount of 
grainy, unsnuctured lipids. There are three populations of vitrinite and VL. 
Tmax indicates a maturity of about Ro 1.3 which agrees with the background 
fluorescence. 

Organic matter is primarily terrestrial. Small fragments are difficult to identify. 
TAI, Tmax, Ro, and background fluorescence indicate a maturity slightly over 1 .O. 

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

Organic matter is primarily terrestrial with some grainy, unstructured 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. etc, visible in slide. 



13 94 Mu 65-US Trace of organic matter. Ro is on very small. vitrinite-likc fragments. 

20 96 MAW 6 

23 96 MAW 11 

24 96 MAW 16-B 

25 96 MAW 18-B 

26 96 MAW 20-E 

27 96MAW21-B 

28 96 MAW 22-B 

Small amount of organic matter. 

Organic matter is primarily unsmctured lipids with masswe texture. Small 
vitrinite fragments are severely oxidized. 

Trace of organic matter consisting primarily of very smali terresuial f r aqen t s .  

Trace of very small organic fragments, primarily terrestrial. 

Small amount of unstructured lipids and terrestrial fragments. Some vitrinite 
is coking. TAI of 3. 

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

Primarily terrestrial fragments with some low-rank contamination which may 
raise background fluorescence. TAI is 3 to 3i.. 

Unstructured lipids have micrinized texture and small, s t r i ~ p j ,  angular, solid 
bitumen inclusions. Some oil generation has occurred. Solid bitumen may 
slightly lower Tmax and raise TAI values. TAI is 3-. 

Mixture of unstructured lipids and terrestrial fragments. Some vitrinite has dark 
oxidation rims and some Ro values may be lowered. Trace of solid bitumen 
which may lower Tmax and raise TAI values. TAI is 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 slightly lower Tmax and raise TAI values. 7.41 is 3- to 3. 

Unstructured lipids have a grainy texture. Small terrestrial fragments are 
difficult to identi@. Trace of surface contamination. Surface contamination 
and traces of solid bitumen may slightly lower T m a .  value. TAI is 2+ to 3-. 

Moderate amount of organic matter consisting primarily of very small, difficult 
to identify terrestrial fragments. There is one large fragment of VL or solid 
bitumen -like material. TAI is 2+. 

Small amount of organic matter consisting primarily of lipid-rich vitrinite. 
TAI agrees with Ro for a maturity slightly less than 1 .O. 

Trace of organic matter, not enough for analysis. 

Mixture of terrestrial material with a wide range of Ro vaiues. Many small 
fragments are difficult to identify. Micrinized lipids are mixed with mineral and 
TAI cannot be determined. Background fluorescence agrees with lower 
population of vitrinite and VL. 
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C a s t a n 0  CC Conv. Corc SB Suberir~itc C Graptolitcs F Frar~tboid T Trace I Weak C Graptolitcs C Gtccn I Palc Ycllo\v 

x O'COIIIIO~ SWC SidcWallCorc C Culi~~i le  \'I. L.il~~d-Klcll Vitri~~itc hl,\ Massive - Small A~nt  2 hlodcratc \'I. I.ipid-Rich \'~trinite Y I 1 1  Yellow 

OC Outcrop LL) l.iplodstrin~lc VC V~triniteCostamit~at~on RI Replace- hl hlod Aint 3 Strong VC Vitri~litc Contan. O Ordngc 2- Ycl I~ ) \v -Ot~~z~~c  

NI No Inform. U UndiTTcr. \'R Kccyclcd Vitrinitc infill + Lorgc All11 4 111tcnsc VR Rccyclcd Vitrinitc R Rrd 2 Guldcn 

C Coal S Sporinitc II Brown 2+ A~nbcr  ++ Abundant 

hfJCROSCOPE R Resinitc DL. Black 3- Kcddist! U~cnvn 

K Kcrogcn 0 OLcr 3 hlccliu~n Bro\vn 
Jena $YR Wltolc Rock 3+ Dark l110wt~ 

x Leks L l iglll 4- Brt1wn-13lach 
3t.d. ~ o t  Dctcrmi~ad VISlJAL KEROGEN ANA1,YSIS D I)urk 4 ItIack 

l'otnl Qtnlity Ceocltcrltistry 4, I ~ I ~ ~ c L - ~ ~ I z ~ ~ ~ ~ ~ c  



BROOKS RANGE OUTCROPS 

DGSl Project: 9613631 

FLUORESCENCE I 'I'Al 

ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro 

1,Il'IDS l1llRllC OI'IIEH VI?RINITE 1,IPlUS 1.11'Il)S 

DGSI ~ ~ U C T U R E D  

z W 
SFKIJCI  UKEI) E UNS.IR. STKU. UNS'1.U S'I KIJ 

' 

k U 

l A l  FLUOR. IAI 1:LUOK $ 
2 c 
Z z a 

~4 n u a cl: X 
3 
Z 

12129196 z .  
u 

IDOR DEPTH 
VL 

M A M  - - M M  T 

x O'Connor 

hllCROSCOPE 
3 blcdium Brown 
3+  Dark I3ruwe 

4- Brown-Blnrh 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 1 TYPE KIOC 
OTHER ID: 96 MU 33-5 TOC 18.65 

I 
--- 

i 15 VmlNm 
! 

MEAN 0 96 1 
ST OEV 

I VARWNCE 
O f Z  I 0 02 

TMAX 435 
HI 279 
V Ro ?0.96 
B Ro 0.72 
VRE 1.03 

M INlM UM 0 83 
MAXIMUM 1.11 I 

NUMBER j Visual Keroaen Summarv 
1 Unstructured Llplds 30 

BITUMEN I S t ~ ~ t u r e d  L IP I~S 

MEAN 0 72 
ST OEV o n Solld Bltumen 760 
VARIANCE o 01 lnert~n~te 5 
MINIMUM 

O I Vitnnlte MAXIMUM 0 90 I 

0 
NUMBER U I Other I TOTAL 

0 1 2 3 4 5 6 I 
I .. A I Background Fluorescence Strong 

B 0.53 8 0.67 L 0.83 L 1.00 TAI Unstructured 3- 
B 0.62 B 0.68 L 0.84 L 1.03 TAI Structured 

B 0.63 B 0.74 B 0.88 L 1.11 

B 0.64 B 0.77 B 0.89 COMMENTS: 
8 0.67 8 0.78 8 0.90 Lipid-rich vitrinite 

DGSl Project 961363 1 Sample No. 2 rYPE WOC 
OTHER ID: 96 MU 33-7 TOC 3.12 

TM AX 439 
HI 131 
V Ro 
8 Ro ?0.69 
VRE ?0.99 

! 
I 

I 

V ITRlNm ! 15 

Visual Keroaen Summary 

I 
I 
I 
1 10 

i 
! 
i 

I 
I 

Unstructured Lipids 75 

M EAN 
ST OEV 
VARIANCE 
M INlMUM 

1 
i 

MAXIMUM 
NUMBER 

i 
I 
I 

BITUMEN 
MEAN i 

0.69 1 
ST DEV 0.08 1 
VARlANCE 0.01 1 
M lNlM UM 0.63 1 
MAXIMUM 0.74 1 
NUMBER 2 

I 

Structured Lipids 

Solid Bitumen 20 

1 2 3 4 5 6 

lnertinite 5 

Other 0 
TOTAL 100 

I I ' Background Fluorescence Intense 

B 0.63 TAI Unstructured 2+ 
B 0.74 TAI St~ctured 

v 1.29 

COMMENTS: 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 3 TYPE KIOC 
OTHER ID: 96 Ha 9 TOC 0.86 

I TMAX 451 

M EAN 104 
ST O N  0 23 
VARIANCE 0 05 

B Ro 
VRE 

M lNlM UM 0.65 1 
MAXIMUM 146 , 

NUMBER 27  ! Visuai Keroaen Summary 
! 
I Unstructured Lipids 65 

BITUMEN ! Structured Lipids 

I ! Background Fluorescence Strong 

L 0.65 L 0.79 L 0.95 V 1.08 L 1.20 L 1.39 v 2.36 TAI Unstructured 3- 
L0.71 V0.82 L l . 01  L1.13 V1.23 L1.46 v3.03 TAI Structured 

L0.73 L0.87 L1.O1 L1.15 V1.26 v1.54 v3.33 

L0.74 L0.91 v 1.01 v 1.17 v 1.34 11.65 v 4.42 COMMENTS: 
L0.78 L0.95 V1.06 V1.19 L1.39 11.79 

5 

0 

DGSl Project 961363 1 Sample No. 4 TYPE KIOC 
OTHER ID: 96 Ha 11 TOC 1.09 

TMAX 463 

MEAN 
ST O N  

Solid Bitumen T 
VARIANCE lfleftinlte 10 
MINIMUM 
MAXIMUM 

Vitrin~te 5 

NUM BER : Other 20 
I TOTAL 

M EAN 1.29 
ST DEV 0 22 
VARIANCE 0.05 

I 
100 

0 1 2 3 4 5 6 I 

B Ro 
VRE 

M INlM UM 0 83 
MAXIMUM 162 
NUMBER 27 1 Visual Keroaen Sumrnarv 

I Unstructured L~pids 15 
BITUMEN 1 

, Structured L~p~ds  
MEAN / Solid B~turnen 
ST D N  
VARIANCE j lnertinite 15 
M lNlM UM 
MAXIMUM 
NUMBER 

i 
j Vitrinite 

/ Other 

8 TOTAL 

I : Background Fluorescence Strong,lnten 

L0.83 V 1.05 L 1.32 L 1.38 L 1.47 V 1.60 11.95 v2.44 TAI Unstructured 2+,3 
V0.87 V1.07 V1.33 V1.38 V1.47 V1.62 v2.07 v2.46 TAI Structured 

V0.99 L 1 . l l  V1.35 V1.38 V1.49 11.78 v2.08 v2.94 

v1.00 L1.18 V1.36 V1.39 V1.53 v1.87 v2.11 v3.06 COMMENTS: 
~ 1 . 0 5  ~ 1 . 2 ~  ~ 1 . 3 7  ~ 1 . 3 8  ~ 1 . ~ 6  ~ 1 . 8 9  ~ 2 . 2 0  ~ 3 . 1 9  Some recycled vitrinite 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 5 TYPE WOC 
OTHER ID: 96 Ha 14 TOC 1.12 

TMAX 
I 478 

HI 36 
V ~ N ~  V  Ro 1.33 

M €AN t33  
ST D N  0.26 
VARIANCE 0.07 
M INIM UM 0 97 
MAXIMUM 178 
NUMBER 26 

M €AN 
ST DEV 
VARIANCE 
M INIMUM 
MAXIMUM 
NUMBER 

B Ro 
VRE 

Visual Keroaen Summaw 
Unstructured Lipids 20 
Structured Lipids 

Solid Bitumen 

lnertinite 20 
Vltrinite 50 

Other 10 

TOTAL 100 

I Background Fluorescence Strong 

L 0.97 V 1.05 V 1.19 L 1.40 V 1.59 V 1.78 TAI Unstructured 2+,3 
L1.00 L1.08 V1.23 L1.46 V1.67 v1.94 TAI Slructured 2+,3 
V1.03 L1.13 L1.28 V1.51 V1.68 v2.36 

V 1.03 V 1.14 V 1.34 V 1.54 V 1.68 v 2.38 COMMENTS: 
V1.04 L1.17 V1.35 L1.57 V1.75 v2.60 

DGSl Project 961363 1 Sample No. 6 TYPE KIOC 
OTHER ID. 96 Ha 15 TOC 0.99 

TMAX 
r 

472 
I HI 34 
! 15 V r n N E  V Ro 1.19 

M €AN 
ST D N  
VARIANCE 
M INlMUM 
MAXIMUM 
NUMBER 

M €AN 
ST DEV 
VARMNCE 

B Ro 
VRE 

0 94 
148 
28 Visual Keroaen Summary 

Unstructured Lipids 20 
I Structured Lipids 5 
I Solid Bitumen 

M MIMUM 
MAXIMUM 

Vitnn~te 

0 
NUMBER * Other 

TOTAL 
1 2 3 4 5 6 

I Background Fluorescence Intense 

L0.94 L1.O1 L1.07 L1.23 V1.34 V1.45 v1.66 v3.19 TAI Unstructured n.d. 
L0.94 L1.O1 V1.13 V1.28 V1.34 V1.47 v1.74 TAI Structured 3- 
L 0.95 V 1.02 L 1.14 V 1.28 V 1.35 V 1.48 v 1.86 

vo.99 v1.02 v1.16 v1.32 v1.38 11.57 ~ 2 . 1 4  COMMENTS: 
L1.00 L1.07 V1.19 L l . 3 4  V1.40 v1.62 v2.23 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 7 TYPE KIOC 
OTHER ID: 96 Ha 18 ..TOC 1.16 

TM AX 470 

M €AN 1.42 
ST D N  0.77 
VP.RWNCE 0.03 
M lNlM UM 1.18 
MAXIMUM 1.67 
NUMBER 0 

BITUMEN 

HI 3 9 
V Ro ?I .42 
B Ro 
VRE 

Visual Keroaen Summaw 
Unstructured Lipids 10 

S t ~ ~ t ~ r e d  Lipids 

Solid Bitumen 

lnertinite 20 

M €AN 
ST D N  
VARWNCE 

-- ; Background Fluorescence Strong 

10.62 v 0.74 v 0.90 V 1.32 V 1.59 v 1.92 TAI Unstructured n.d. 
10.64 10.81 10.99 V 1.36 V 1.67 v 1.95 TAI Structured 

10.72 10.82 V1.18 V1.42 v1.81 v1.97 

I 0.74 I 0.83 v 1.22 v 1.50 v 1.85 v 2.00 COMMENTS: 
10.74 v 0.90 L 1.32 v 1.58 v 1.88 v 2.05 Lipid-rich vitrinite & recycled 

vitrinite 
DGSl Project 96/363 1 Sample No. 8 TYPE KIOC 
OTHER ID: 96 Ha 45 TOC 1.15 

M €AN 
ST DEV 
VARIANCE 
M lNlM UM 
MAXIMUM 
NUM RER 

M EAN 
ST DEV 
VARlANCE 
MINIMUM 
MAXIMUM 

0 
NUMBER 

TMAX 460 
HI 44 
V Ro 1.20 
B Ro 
VRE 

Visual Keroaen Summary 
Unstructured Lipids 20 
Structured Lipids 

Solid Bi imen 

lnertinite 20 

Vitrinite 30 
Other 30 
TOTAL 100 

Background Fluorescence Intense 

TAI Unstructured 3- 
TAI Structured 

COMMENTS: 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 9 TYPE WOC 
OTHER ID: 96 Ha 49 TOC 1.23 

TMAX 42 1 
I 

HI 2 8 
VITRINITE V Ro ?1.18 

MEAN 118 
ST DEV 
VARIANCE 

015 , 
0 02  

B Ro - 
VRE 

MINIMUM 0 9 8  
MAXIMUM 139 
NUMBER lo I Visual Keroaen Summarv 

I Unstructured Lipids 15 
BrnMEN ' Structured L i~ ids  5 

M €AN Solid Bitumen 
ST DEV 
VARIANCE lnertinite 20 
M INlMUM 
MAXIMUM Vitrin~te 

NUMBER Other 

m TOTAL 
1 2 3 4 5 6 

! 
I * Background Fluore!jcence intense 

v 0.56 v 0.67 10.75 V0.98 V 1.24 v 1.81 Z 2.45 TAI Unstructured n.d. 
10.57 v 0.68 10.77 V 1.01 V 1.29 v 2.00 v 2.48 TAI Structured 2+ 
10.65 vO.70 10.80 V1.16 V1.38 v2.05 v2.93 

v0.65 v0.70 v0.80 V1.19 V1.39 v2.30 v3.45 COMMENTS: 
10.67 10.72 v 0.98 v 1.19 v 1.81 v 2.33 z 3.79 Lipid-rich & recycled vitrinite 

DGSl Project 961363 1 Sample No. 10 TYPE WOC 
OTHER ID: 94 MU 65-A TOC 1.38 

M €AN Itl I 

ST DEV 0 28 
VARIANCE 0 08 

TMAX 464 
HI 28 
V RD 1.14 
B Ro 
VRE 

M INlM UM 0 78 
MAXIMUM 165 
NUMBER " , Visual Keroaen Summary 

I UnSt~ctured Lip~ds 15 
BITUMEN i Structured L~p~ds  5 

M €AN I 
' Solid Bitumen 

ST DEV 
VARIANCE ' ~nertinite 20 
M INMUM 
MAXIMUM I Vitrinite 30 

I 

NUMBER ! Other 30 ' 0 1 TOTAL 100 
0 1 2 3 4 5 6 

I 
L ' Background Fluorescence Intense 

10.61 v 0.69 L0.82 V 1.15 V 1.37 v 2.09 v 2.43 TAI Unstructured 3-,2+ 
v0.65 v0.72 V0.91 V1.16 V1.44 22.11 22.64 TAI Structured 

10.68 V 0.78 V 0.96 V 1.23 V 1.45 v 2.17 v 2.74 

10.68 LO.80 V0.98 V1.24 V1.55 22.22 v2.88 COMMENTS: 
10.69 vo.81 L0.99 V1.30 v1.65 v2.24 22.89 Some lipid-rich vitrinite & recycled 

vitrinite 



VITRINITE REF1,FCTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 11 TYPE KIO C 
OTHER ID94 MU 65-U1 TOC 0.16 

TMAX N.A. 
HI 0 

VrnNITE V Ro 
MEAN 
ST D N  
VARIANCE 
MINIMUM 
MAXIMUM 
NUMBER 

BITUMEN 
M €AN 
ST DEV 
VARlANCE 
M INIM UM 
MAXIMUM 
NUMBER 

1 2 3 4 5 6 

B Ro 
VRE 

I 
I Visual Kerogen Summary 
, Unstructured Llplds 

' Structured Llplds 
I 

Solld Blturnen 

lnertin~te T 

Wtnnlle T 
! Other 

/ TOTAL 
I 
! 

L I 

Background Fluorescence Weak 

10.67 TAI Unstructured 3 
v 1.06 TAI Structured 

COMMENTS: 

DGSl Project 961363 1 Sample No. 12 TYPE WOC 
OTHER ID94 MU 65-U3 TOC 0.23 

TMAX N.A. 

M €AN t 72 
ST D N  0 X1 
VARWNCE 0 03 

B Ro 
VRE 

M lNlh4 UM 
MAXIb!UM 

8 

2 03 
NUMBER 8 I Visual Keroaen 

I 
Summary 

/ Unstructured Liplds 
BITUMEN I I Strudured Liplds 

1 Solid Bitumen 
I 
I lnertinite 

1 Ytrinite 

5 

0 ,  
/ Other 

/ TOTAL 

M U N  
ST D@/ 
VARIANCE 
M lNlM UM 
MAXIMUM 
NUMBER 

' Background Fluorescence Weak 

V 1.55 V 1.71 TAI Unstructured 3+ 
V 1.56 V 1.87 TAI Structured 

V 1.66 V 2.03 

v 1.68 COMMENTS: 
V 1.68 

0 1 2 3 4 5 6 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 13  TYPE KIOC 
OTHER ID94 MU 65-U8 T.OC 0.10 

M €AN 
ST DEV 
VARIANCE 
M INIM UM 
MAXIMUM 
NUMBER 

MEAN 
ST DEV 
VARIANCE 
M INIM UM 
MAXIMUM 
NUMBER 

B Ro 
VRE 

I Visual Keroaen Summary 
i Unstructured Lipids 

/ Structured Lipids 

i Solid Bitumen 

lnertinite T 
i Vitrinile T 
: Other 0 
! TOTAL 0 

1 Background Fluorescence Weak 

10.90 TAI Unstructured n.d. 
v 1.67 TAI St~ctured 

I COMMENTS: 

DGSl Project 961363 1 Sample No. 14 TYPE WOC 
OTHER 1D.4 MU 65-U12J TOC 0.14 

TMAX N.A. 
HI 0 

15 VnRJNKE V Ro 
MEAN 
ST DEV 
VARIANCE 
M INlM UM 
MAXIMUM 
NUMBER 

M EAN 
ST D O I  
VARIANCE 
M lNlM UM 
MAXIMUM 
NUMOER 

B Ro 
VRE 

I Visual Ke 
I roaen Summary 
j Unstructured Lipids 
I 1 Structured Lipids 

1 Solid Bitumen 

1 lnertinite 

Vitrinite 

Other 

TOTAL 

I Background Fluorescence Weak 

v 0.66 TAI Unstructured 2+,3 
TAI Structured 

I COMMENTS: 



VITRINITE REFJ.ECTANCE BROOKS RANGE OUTCROPS 

. 

DGSl Project 961363 1 Sample No 15 TYPE KIOC 
OTHER IC84 MU 65-U19 JOC 0.06 

TMAX N.A. 
I 
I HI 0 
i 15 VlTFUNrE V Ro 

i 
I 10 

1 
I 

1 5  
I 

i 
0 

MEAN I 
B Ro 

ST DEV I 
VARIANCE I VRE 
M INIMUM 
MAXIMUM 1 
NUMBER 1 Visual Keroaen Summary 

/ Unstructured Llplds 90 
BITUMEN I Structured Llplds 

MEAN I 
I Solld Bitumen 

ST O N  
VARLANCE I Inerbnlte 5 
M INIM UM 
MAXIMUM I Vltflfllte 

5 
NUMBER I Other 0 

I I TOTAL 100 
0 1 2 3 4 5 6 

I 
I Background Fluorescence Moderate 

TAI Unstructured 2+ 
TAI Structured 

COMMENTS: 

DGSl Project 961363 1 Sample No. 16 N P E  KIOC 
OTHER IC84 MU 65-U28 TOC 0.20 

TMAX N .A. 
HI 0 

' 15 VllRlNlTE V Ro 
I 
I 
I 

I l o  

5 I 
1 
1 
l o  

M EAN B Ro 
ST D N  
VARIANCE I VRE 
M INlM UM I 

MAXIMUM I 
NUMBER I Visual Keroaen Summary 

Unstructured Llplds 
BrRlMEN i Structured Llplds 

ST M €AN D N  I S0lld Bitumen 

VARIANCE 1 hemnne T 
M INIM UM I V~tnnrte T 
MAXIMUM 
NUMBER ' Other 0 

I TOTAL 0 
0 1 2 3 4 5 6 

, Background Fluorescence Weak 

I 0 46 TAI Unstructured n.d. 
1046  TAI Structured 

COMMENTS: 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 17 TYPE WOC 
OTHER ID 96 MU 28-3 ?OC 0.12 

TMAX N.A. 
Hi 0 i l5 

V r n N n E  

1 l o  
I 

1 
I 

1 O 

V Ro 31.82 
M €AN 182 B Ro 
ST ON o a 
VARIANCE o 01 VRE 
M lNlM UM f71 
MAXIMUM 194 

NUMBER 3 Visual Keroaen Summary 
Unstructured Liplds 

BrnMEN Structured Llp~ds 
MEAN 

I Solld B~tumen 
ST D N  
VARIANCE lfleitlnlte T 
M INIM UM 
MAXIMUM Mtnn~te T 
NUM BER Other 0 

TOTAL 0 
0 1 2 3 4 5 6 

I 
Background Fluorescence None 

V 1  71 TAI Unstructured n.d. 
V 1 81 TAI Structured 

v 1  94 

COMMENTS: 

DGSl Project 961363 I Sample No. 18 W P E  WOC 
OTHER ID. 96 MU 28-4 TOC 0.11 

TMAX N.A. 
I HI 0 
1 15 VTTTUNITE V RO 
1 

I 
1 

10 i 
I 

I 5  
I 

I 

I O 

MEAN 8 Ro 
ST O N  
VARIANCE 

1 VRE 
M INlM UM I 

MAXIMUM 
NUMBER I Yisual Keroaen Summarv 

I UnSt~ctured L~plds 
BITUMEN / Structured L I ~ I ~ S  

M €AN / Solid Bitumen 
ST DEV 
VARIANCE ' Ineanlte 

I 
T 

M lNlM UM 
MAXIMUM 

, Vltnn~te T 
NUMBER ' Other 0 

I 
' TOTAL 0 

0 1 2 3 4 5 6 
I 

Background Fluorescence Nane 

v 1.47 TAI Unstructured 3 
TAI Structured 

COMMENTS: 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 19 N P E  UOC 
OTHER ID: 96 MU 28-6 roc 0.24 

TMAX N.A. 

MEAN 187 ; 
ST D N  0.77 I 
VARIANCE 0 03 

B Ro 
VRE 

M lNlM UM 1.56 
MAXIMUM 2.26 1 
NUMBER 2o I Visual Keroaen Sumrnarv I 1 Unstructured Lipids 30 

BITUMEN I S t ~ c t ~ r e d  Lip~ds 
M EAN j Solid Bitumen 
SF D N  
V ~ R I A N C E  ' lnertin~te 20 
M INIMUM 
MAXIMUM 

1 Vitrinite 

NUMBER Other 
0 1 TOTAL 

0 1 2 3 4 5 6 i 
I 1 Background Fluorescence Weak 

V 1.56 V 1.75 '4 1.88 V 1.99 v 2.51 TAl Unstructured 3 + 
V 1.70 V 1.76 V 1.92 V 2.02 TAI Structured 

V 1.70 V 1.77 V 1.94 V 2.05 

v 1.73 v 1.77 v 1.95 v 2.07 COMMENTS: 
V 1.75 V 1.81 V 1.96 V 2.26 

DGSI Project 961363 1 Sample No. 20 T\IPE KlOC 
OTHER ID: 96 MAW 6 TOC 0.57 

TM AX 44 3 
Hi 58 

1 15 - 
V i lF4NE 1 V RO 1.36 

MEAN 136 
ST DEV o.n 
VARIANCE 0.03 
M INlM UM 102 
MAXIMUM 1.68 
NUMBER B 

n 1 

MEAN 
ST DEV 
VARIANCE 
MINIMUM 
MAXIMUM 
NLM BER 

B Ro 
VRE 

Visual Keroaen Summary 
Unstructured Lipids 20 
S t ~ c t ~ r e d  Lipids 

Solid Bitumen 

lnertinite f 0 
Vitrinite 60 
Other 

TOTAL 

1 :  Background Fluorescence Strong 
TAI Unstmctured 3,3+ 
TAI Structured 

COMMENTS: 
Some recycled vitrinite 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSl Project 961363 1 Sample No. 2 1 lY PE KIOC 
OTHER ID: 96 MAW 7 TOC 2.88 

TMAX 444 
I 
i HI 254 1 15 VnRlNrE V Ro 1.36 
I M E4N 136 8 Ro 

ST D N  0.21 
VARIANCE 0.04 VRE 1 l o  
M INlMUM I D  : 
MAXIMUM 1.70 
NUMBER 11 Visual Keroaen Summary 

1 

I i Unstructured Lipids 50 
I BITUMEN 
1 : Structured Lipids 5 
1 5  M EAN 1 Solid Bitumen 20 

ST DEV 
VARIANCE , lnertinite 15 

I MINIMUM 

MAXlMUhi 
Vitrinite 10 

I O 
NUMBER ' Other 0 

I 
TOTAL 100 

0 1 2 3 4 5 6 
I 
j Background Fluorescence Intense 

b 0.58 V 1.22 V 1.42 v 1.90 TAI Unstructured 3- 
b 0.71 b 1.23 V 1.57 v 2.55 TAI Structured 

V1.10 L1.23 V1.64 v3.82 

v 1.13 v 1.32 v 1.70 COMMENTS: 
V 1.17 V 1.41 v 1.83 

DGSl Project 961363 1 Sample No. 22 TYPE WOC 
OTHER ID: 96 MAW 9 TOC 1.76 

TMAX 442 
HI 21 3 

1 

15 VmNIl€ V Ro 1.38 
I 
I 
I 
1 
i 1 10 

5 

M €AN 138 
ST OEV o 23 8 Ro 
VARIANCE o 08 VRE 
MINIMUM 109 
MAXIMUM 1.76 
NUMBER 9 i Visual Keroaen Summary 

i Unstructured Lipids 60 
BrmMEN ' Structured Lipids 

M €AN 
ST D N  

j Solid Bitumen T 

VARlANCE lnertinite 20 
MINIMUM 

4 

MAXIMUM 
/ Vitrinite 20 

NUMBER I Other 0 
0 TOTAL 100 

I 0 1 2 3 4 5 6 
i 

Background Fluorescence Intense 

b 0.71 V 1.21 V 1.61 v 2.1 1 TAI Unstructured 3-,3 
b0.91 V1.21 V1.76 v2.21 TAI Slructured 

b0.98 V1.34 v1.86 v2.35 

v 1.09 v 1.41 v 1.94 v 3.56 COMMENTS: 
v 1.16 v 1.60 v 2.02 Some recycled vitrinite 



VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 

DGSI Project 961363 1 Sample No. 23 TYPE WOC 
v 

OTHER ID: 96 MAW 1 1 JOC 2.40 
TMAX 439 
HI 249 

15 VITFUNTTE V Ro ?1.16 

I I 0  

j 
I 

I 

! 5 

j 0 ,  

MEAN 1.16 j B Ro 
ST D W  0.X) 1 
VARLANCE 0.01 i VRE 
M INIM UM 1.06 1 
MAXIMUM 1.32 / 
NUMBER 1 1 Visual Keroaen Summary 

/ Unstructured Lipids 65 
BITUMEN / Structured Lipids 

MEAN 
ST DO/ 

I Solid Bitumen 
i 

20 

VARIANCE 1 lnertinite 10 
M INIM UM 
MAXIM IJM 1 Yitrinite 5 
NUMBER i Other 0 

-- 

-- 

I I TOTAL 
I 0 1 2 3 4 5 6 1 

100 

I 
1 ' Background Fluorescence Strong 

b0.69 V1.15 TAI Unstructured 3-,3 
b 0.74 V 1.32 TAI Structured 

V 1.06 v 1.76 

v 1.12 v 2.11 COMMENTS: 
V 1.14 

DGSl Project 961363 1 Sample No. 24 TYPE K/O C 
OTHER ID96 MAW 16-B TOC 1.51 

TMAX 446 
1 HI 6 1 

15 V m N m  
I V Ro 1.20 

m r n  

! 

I 0  
, 

i 
i 
i 

r 

-- 

-- 

n n  

MEAN 1.20 I B Ro 
ST O N  0.11 ! 

VARWNCE 0.01 VRE 
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VITRINITE REFLECTANCE BROOKS RANGE OUTCROPS 
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VITRINITE REFLECTANCE BROOKS U N G E  OUTCROPS 
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Gill Mull 
State of Alaska/DNR 
DGGS 
3700 Airport Way 
Fairbanks, AK 99709-4699 

July 30, 1997 

Dear Gill: 

Enclosed is our report on the twenty Alaska outcrops that you sent. Uzis report 
includes the Total Organic Carbon, Rock Eva1 Pyrolysis and Kerogen Microscopy. We 
have also enclosed our invoice for the work pevormed thus far. 

We have reviewed the data for both outcrop projects and we recommend that 
seven samples be analyzed by soxhlet exrraction/gas chromatography. From the first 
project (96/3631) we recommend 96Mu33-5, 96MA W7, 96MA W9 and 96MA Wl  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, 

~ # z n  Allen 
Lab Manager 

JRAIel 
Enclosure 

Total quality Geochemistry 

DQSI 8701 NEW TRAILS DRIVE THE WOODLANDS, TX 77381 

(281) 363-2176 FAX (281) 292-3528 EMAIL: dgsilabOonramp.net 1vww.dgsi1ab.com 
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ORGANIC CL-IXBON AND PYROLYSIS DATA 

Total Organic Carbon (TOC) and Rock-Eva1 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-Eva1 I1 pyrolysis as the standard-analytical 
sequence and Rock-Eva1 is recommended for samples with greater than 0.4% TOC. 
Samples for LECO TOC and Rock-Eva1 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 l,OOO°C. A laboratory standard is run every five 
samples. Total, insoluble, mineral plus organic sulfur can be determined by the CS344 
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 I1 PYROLYSIS 

Rock-Eval I1 pyrolysis is used to determine kerogen type, kerogen maturity 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, Sl,  that is thermally distilled. Next, the 
amount of pyrolyzable hydrocarbons, S2, 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 HCIg sample. T,, a maturity indicator, is the temperature of 
maximum S2 generation. When Sz values are less than 0.3 mg HCIg sample, the S2 
maximum typically has poor definition and thus, Tmax cannot be reliably determined 
(Peters, 1986). Carbon dioxide generated during the S2 pyrolysis, an indicator of kerogen 
oxidation, is collected up to a temperature of 390°C and reported as S; in units of mg 
COz/g sample. A laboratory standard is run every 10 samples. Hydrogen Index (HI = 
S2* 1001T0C) and Oxygen Index (01 = S3* 1 OO/TOC) are used as kerogen type indicators 
when plotted on a van Krevelen type diagram. 



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA 

ALASKA OUTCROPS 

DGSl Project: 9713805 

TOC S1 52 S3 Tmax S11 HI 01 S 21 PI 
Wt% mglg mglg rnglg degC TOC S3 

SAMPLE IDENTIFICATION 

1 : 96 Mu 5 / 1.78 0.10 0.44 0.78 467 6 25 44 0.56 0.19 
2 : 9 6 M u 1 2  1 1.12 0.09 0.43 0.63 471 8 38 56 0.68 0.17 
3 : 9 6 M u 1 4  1 0.88 0.25 0.47 0.27 459 28 53 3 1 1.74 0.35 
4 : 9 6 M u 1 8  1 1.38 0.05 0.56 0.80 448 4 4 1 58 0.70 0.08 
5 : 96 MU 30-2 1 1.12 0.04 0.39 0.28 446 4 35 25 1.39 0.09 

6 : 96 MU 33-1 j 4.22 0.09 7.48 0.14 438 2 177 3 53.43 0.01 
7 : 94 MU 72-1 1 22.34 3.72 142.99 1.46 431 17 640 7 97.94 0.03 
8 : 96 MU 35-2 1 12.86 0.75 60.09 1.48 434 6 467 12 40.60 0.01 
9 : 96 Mu 35-4 1 0.96 0.05 0.43 0.39 440 5 45 41 1.10 0.10 
10 : 9 6 M u 4 6  i 9.84 0.40 26.69 0.73 438 4 27 1 7 36.56 0.01 

11 : 96 Mu 52-1 j 3.80 0.10 11.14 0.32 434 3 293 8 34.81 0.01 
12 : 96 Mu 57-4 ! 2.94 0.1 1 5.23 0.39 437 4 178 13 13.41 0.02 
13 : 96 Ha 25 i 1.07 0.06 0.26 0.37 496 6 24 35 0.70 0.19 
14 : 9 6 H a 3 7  1 2.92 0.10 0.86 0.56 497 3 29 19 1.54 0.10 
15 : 9 6 H a 5 8  / 0.90 0.02 0.24 0.32 499 2 27 36 0.75 0.08 

16 : 9 6 H a 6 6  1 1.25 0.10 0.52 0.59 473 8 42 47 0.88 0.16 
17 : 96 TM 29-6 1 1.12 0.06 0.34 0.43 499 5 30 38 0.79 0.15 
18 : 96 TM 56-A 1 0.45 0.05 0.07 0.39 498 11 16 87 0.18 0.42 
19 : 94Mu43-1 i 0.43 0.01 0.07 0.22 504 2 16 5 1 0.32 0.13 
20 : 94 MU 43-16 1 1.80 0.08 0.70 0.62 469 4 39 34 1.13 0.10 

DGSl ID ID 



ALASKA OUTCROPS 

OXYGEN INDEX (01) 

FIGURE 1 Kerogen type determination from TOC and Rock-Eval pyrolysis data. Types 
I and II will generate oil, type Ill gas, and type IV little or no hydrocarbons. 



VISUAL KEROGEN ANALYSIS TECRNIQUES 

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 (R, 3.0%). 

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 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 Castaiio's 
calibration chart is used to obtain an estimated vitrinite reflectance equivalent. Graptolites 
have a slightly hlgher 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 R, 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%, unstructured 
kerogen is 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 nrn coupled with a barrier filter of 520 nm. With the Jena 
microscope we also have the option of o b s e ~ n g  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 R, 1.3%. The relative 
abundance and type of pyrite is also 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. Ideally, TAI color is based on sporinite of tenestrial 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. 



Kerogen typing and maturity assessments fiom 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 fiom 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. 

DGSI's vitrinite reflectance histograms contain much useful information. All 
reflectance measurements are graphically displayed and the individual readings are listed 
below the histogram in numeric 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 currently in use include: Solid bitumen (B), 
Granular solid bitumen (X), Coked solid bitumen (Y), Graptolites (G), Lnertinite (I), 
Other 1 (0)' Other 2 (W), Vitrinite (V), Lipid-rich vitrinite (L), and Coked Vitrinite (Z). 
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-Eva1 data at the upper right 
corner of the Figure. The measured reflectance values for solid bitumen and graptolites 
are recalculated in order to obtain a vitrinite reflectance equivalent ME). 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 techmques. 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 A4NALYSIS 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 bituminite. It is widely held that unstructured kerogen reprm;sents 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. 

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 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 fluorinite) derived from plant resins, balsams, 

latexes, and waxes. 
d. Sporinite, derived 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 a1,ainite 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-Eva1 pyrolysis. 
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are 
found in Afnca 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 vitrinite. 



3. SOLID BITUMEN also is called migrabirumen 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, gahamite, 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. 

4. HUMIC TISSUE is organic material derived from the woody tissue of land 
plants. 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 abn~rmally 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 vitrinite is the vitrinite of higher 
maturity which clearly can be separated from the indigenous fist-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 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-Eva1 pyrolysis. 



5 .  OTHER ORGAYIC 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 
thls distinction although 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 
~ i s i i s s i ~ ~ i a n ;  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 euhedral to subhedral crystals. Frarnboidal 
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 self-explanatory. 



ZONES OF PETROLEUM 
GENERATION AND DESTRUCTION 

CORRELATION OF VARIOUS MATURATION INDICES AND ZONES 
OF PETROLEUM GENERATION AND DESTRUCTION. 
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HI Rcplacc- 

inlill 

I. 1.igI~t 
u I h k  

hl Mod. A~nt .  

+ 1.srgc Anrl 
++ Abundant 

4- I)~uwn-lllrcl 
4 Iilach 

4+ U I ~ C ~ - o p a t l ~ c  

3 Strong 

4 lrrlcnsc 

VC Vitrilrilc Contam. 

YR Rccyclcd Vitrinitc 

O Orallgc 

H Kcd 
U L)cu!vlr 

81. Ijlnch 

2- Ycllow-01a11gc 

2 Coldc~r 
2 t  Arr~bcr 

3- I<cJdi,l~ l l ~ o w t ~  
3 hlcdi~rr~r Hrows 
3+  I)uth ll~a>wn 



I 
ALASKA OUTCROPS 

DGSl Project: 9713805 

FLUORESCENCE 1 TAI 

ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRANSMITTED Ro 

LIPIDS 11tJnllc OTIIEH VITIUNITE LIPIDS I ~ I I ~ I I I S  

DGSI " . ~ U ~ R E D  
a ' W 

STRUCTURED E UNSTR STRU. 5: UNSTR. STKU. U 
2 

TAI FI.tJOI<. 'rA1 FI.IJOR. 4 
2 ~ 6 

W C. 
b Y E 

a Z 
d W n u 

P 
3 
2 

713197 Fi 
U 

IDENTIFICATION 

AL 7 VL 2 1 

x O'Connor 

nllCROSCOPE 3- Kcddisfi llrowi 
3 hicdiuil~ Brown 
J t Dark Brown 





VITRIYITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 971'3805 Sample No. I TYPE WOC 
OTHER ID: 96 M u  5 TOC 1.78 

TMAX 467 

Vitrinite HI 25 
I 1 1 5  V Ro 0.90 : 
j 

10 I 
I 
! 
i j 
I 

I 

i 
1 
0 

MEAN 0.90 
ST DEV 0 0 6  , 
VARIANCE 0.00 
M lNlM UM 0.76 
MAXIMUM 100 
NUMBER 21  ; Visual Keroaen Summarv 

I Unstructured Lipids 10 
I 
i Structured Lipids 

1 I Solid Bitumen 

I lnertinite 
i 

15 

I Vitrinite 15 

j Other 60  

I / TOTAL 100 
i 0 1 2 3 
I 1 

Background Fluorescence Strong 

L 0.76 L 0.87 L 0.91 L 0.94 V 1.00 v 1.61 TAI Unstructured n.d. 
i L 0.82 L 0.87 L 0.91 L 0.94 v 1.10 v 2.10 TAI Structured 

V 0.84 L 0.88 V 0.91 L 0.95 1 1.19 v 2.19 

L 0.85 L 0.89 L 0.93 L 0.95 I 1.48 v 2.23 COMMENTS: 
L 0.86 L 0.91 L 0.94 L 0.96 v 1.60 

DGSl Project 9713805 Sample No. 2 TYPE K/OC 
OTHER ID: 96 Mu 12 TOC 1 . I 2  

TMAX 47 1 
I 

Vitrinite HI 38 

I 15  V Ro 1.04 
M EAN to5 
ST DEV 0.05 
VARIANCE 0.00 
M lNlM UM 0.95 

I MAXIMUM 
1 10 NUMBER 

1Q , 

0 Visual Keroaen Summarv 
~nstmctured Lipids 5 1 Structured t i p i d  

I 5  Solid Bitumen 
I 
I I lnertinite 10 

/ Virinite 80 
/ Other 5 

1 0  
I 

i TOTAL 
i 

100 
0 1 2 3 

! 
Background Fluorescence Strong 

V0.95 L1.05 V1.09 ~ 1 . 3 0  v1.40 v1.59 v2.22 TAI Unst~ctured n.d. 
L 0.97 V 1.05 V 1.10 v 1.31 v 1.46 v 1.74 12.28 TAI Structured 

L.l.00 V 1.07 V 1.12 v 1.31 v 1.48 v 1.78 v2.48 

~ 1 . 0 1  v i . 0 7  11.21 ~ 1 . 3 3  ~ 1 . 5 1  ~ 1 . 8 8  COMMENTS: 
V1.03 V1.07 v1.22 v1.40 v1.59 v1.99 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSI Project 97:3805 Sample No. 5 TYPE WOC 
OTHER ID: 96 Mu 14 TOC 0.88 

T M A ~  459 

I Vitrinite 
HI 5 3 1 1 5  V Ro 0.89 

1 
I 
i 

1 I0  
! 

I 
1 5 . . .  
I 

! 

i o I  

M EAN 0 89 
ST D N  0.07 
VARIANCE 0.01 
M lNlM UM 0.78 
MAXIMUM 1.0 1 
NUMBER Visual Keroaen Summary 

, Unstructured Lipids 15 

/ Structured Lipids 

Solid Bitumen 

: lnertinite 15 

Vitrinite 65 
1 Other 5 

I 

.- 

; TOTAL 100 
! 0 1 2 5 

I 
1 Background Fluorescence lntense 

L0.78 L0.90 V0.95 v1.15 v1.28 v1.54 v2.12 TAI Unstructured n.d. 
L 0.81 L0.91 L 0.98 v 1.17 v 1.31 v 1.58 TAI Structured 

V 0.82 V 0.91 V 1.01 v 1.20 v 1.41 v 1.63 

L 0.83 v 0.92 v 1.08 v 1.24 v 1.42 v 1.71 COMMENTS: 
V 0.87 L 0.93 v 1.11 v 1.27 v 1.49 v 1.75 

DGSI Project 9713805 Sample No. 4 TYPE KIOC 
OTHER ID: 96 Mu 18 TOC 1.38 

TMAX 448 

I Vitrinite 
HI 41 
V Ro 0.65 

M EAN 0 65 
ST DEV 0.06 
VARIANCE 0.00 
MINIMUM 0.52 
MAXIMUM 0.77 
NUMBER 1s Visual Keroaen Summary 

I Unstructured Lipids 10 

I Struclured Lipids 
i 

5 

( Solid Bitumen 

: lnertinite 15 
; Vitrinite 65 
: Other 5 

TOTAL 100 
I 0 1 2 3 

Badground Fluorescence Intense 

v 0.52 v0.63 V 0.67 v 0.94 v 1.12 v 1.79 TAI Unstructured n.d. 
L 0.59 L 0.64 V 0.69 v 0.97 v 1.15 v 2.39 TAI Structured 

V 0.59 L 0.66 V 0.69 v 0.99 v 1.26 v 2.41 

v 0.59 v 0.66 v 0.74 v 1.05 v 1.47 v 2.56 COMMENTS: 
L 0.60 L 0.67 V 0.77 v 1.09 v 1.52 v 2.89 

- 

m .. 

I- 

.. .. 
.: 

7 

- 
- . .  ' 

- 

- - 

n 



VTTRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 5 TYPE WOC 
OTHER ID: 96 MU 30-2 TOC 1.12 

Visual Keroaen Summary 
Unstructured Lipids 5 
Structured Lipids 5 
Solid Bitumen 

lnertinite 10 

Vtrinite 70 

, Vitrinite 
1 15 

O h r  10 

TOTAL 100 

1 
I 

j 10 

I 

I 

Background Fluorescence Strong 

TAI Unstructured n.d. 
TAI S t ~ c t ~ r e d  

M €AN 0.74 
ST D N  0 09 
VARIANCE 0 01 , 
M INIMUM 061 , 
M AXIM UM 0.94 

NUMBER I4 1 
I 

i 

COMMENTS: 

DGSl Project 9713805 Sample No. 6 TYPE WOC 
OTHER ID: 96 MU 33-1 TOC 4.22 

1 

: 5 
I 
i 
i 
i 

I 

' 0  

Vitrinite 

I 

I 
! 

i 
I 
I 
I 
! 

MEAN 0.77 
ST D N  0.02 : 
VARIANCE 0.00 
MINIMUM 0.78 
MAXIMUM 0.79 , 

NUMBER 3 I 

0 1 2 3 
I 

1 

L0.61 V0.72 V0.79 v1.61 v1.91 v2.46 

, V0.61 L0.74 V0.80 v1.67 v2.00 v2.47 

I 
L 0.62 V 0.75 V 0.83 v 1.72 v 2.20 v 2.48 

V 0.68 L 0.78 V 0.94 v 1.74 v 2.21 v 2.69 

V 0.70 L 0.79 v 1.53 v 1.91 12.46 v 2.73 

TMAX 438 
HI 177 
V Ro ?0.77 

Visual Keroaen Surnma~y 
Unstructured Lipids 75 
Structured Lipids 10 
Sdid Bitumen 5 
lnertinite 5 
Vin i te  5 
Other 0 
TOTAL 100 

I 
Background Fluorescence Intense 

b 0.74 TAI Unstructured 2+ 
b 0.76 TAI Structured 

V 0.76 

v 0.76 COMMENTS: 
V 0.79 



VTTRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 7 TYPE WOC 
OTHER ID: 94 MU 72-1 TOC 22.34 

TM& 431 

Vitrinite 
1 5  

M EAN 0.69 
ST D N  0.23 
VARIANCE 0 05 
M lNlM UM 0.53 
MAXIMUM 0.85 
NUMBER 2 Visual Keroaen Summarv 

Unstructured Lipids 50 
Structured Lipids 40 
Solid Bitumen 10 
lnertinite T 

Vitrinite 

Other 0 
TOTAL 100 

Background Fluorescence Moderate 

L 0.53 TAI Unstructured 2+,3- 
L 0.85 TAI Structured 

COMMENTS: 

DGSl Project 9713805 Sample No. 8 TYPE KIOC 
OTHER ID: 96 Mu 35-2 TOC 12.86 

TMAX 434 

Vitrinite 

M €AN 0.75 
ST D N  0.16 
VARIANCE 0 03 
M lNlM UM 0.63 
MAXIMUM 0.88 
NUMBER 2 Visual Keroaen Summary 

, Unstructured Lipids 70 
, Structured Lipids 20 

Solid Bitumen 10 
; lnertinite 

Vitrinite 

' Other 

I TOTAL 

Background Fluorescence Moderate 

L 0.63 TAI Unstructured 3- 
V 0.86 TAI Structured 

v 1.19 

COMMENTS: 



VlTRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 3 TYPE KIOC 
OTHER ID: 96 MU 35-4 TOC 0.96 

T M ~  440 

Vitrinite 
HI 

I 
45 

j 15 I V Ro 0.61 

! 

10 

j 

I 
I 

! 
0 

MEAN 0.61 
ST DEV 0.05 ; 
VARIANCE 0 0 0  i 
MINIMUM 0.53 1 
MAXIMUM 0.69 j 
NUMBER " i Visual Kerouen Summary 

/ Unstructured Lipids 25 
! Structured Lipids 1 Solid Bitumen 

lnertinite 10 ' Vitrinite 
i 

35 
30 

I o I 2 3 1 ?FiAL loo 
! 1 

Background Fluorescence Strong 

L 0.53 L 0.59 L 0.66 v 0.85 v 1.03 v 1.80 TAI Unstructured 3 
L 0.54 V 0.62 V 0.66 10.99 1 1.25 v 1.96 TAI Structured 2+ 
L 0.56 V 0.64 V 0.67 v 0.99 v 1.37 v 1.96 

v 0.56 L 0.64 L 0.69 I 1.00 v 1.50 v 2.09 COMMENTS: 
V 0.58 V 0.65 10.85 1 1.01 v 1.59 v 2.59 

DGSl Project 9713805 Sample No. 10 N P  E KIOC 
OTHER ID: 96 Mu 46 TOC 9.84 

TMAX 438 

Vitrinite 
HI 271 

1 1 

I S  V Ro ?0.98 

10 

j 

i j 

I 

I 

0 

MEAN 0 98 
ST OEV o.a 
VARIANCE 0.01 
M INIM UM 0.82 1 
MAXIMUM I S  
NUMBER 8 Visual Kero en Summary / Unstructured Lipid: 30 

I Structured Lipids 10 
/ Solid Bitumen 55 
1 lnertinite T 

Vltrinite T 
Other 5 

! TOTAL 100 
0 1 2 3 [ 

I Background Fluorescence Weak.Mod 

b 0.79 L 1.04 TAI Unstructured 3+ 
V 0.82 L 1.04 TAI Structured 

L 0.87 L 1.05 

~ 0 . 8 7  v1.16 COMMENTS: 
L 1.01 



VITRINITE REF1,ECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 11 TYPE WOC 
OTHER ID: 96 Mu 52-1 TOC 3.80 

TM& 434 
I Vitrinite I HI 293 

1 1 5  I V Ro ?0.68 
! 
i 
i 

I 10 
I 

1 
I 
i 
1 5  

I 
1 

M EAN 0.68 
ST D N  0.05 
VARNNCE 0.00 , 
M INIM UM 0.63 
MAXIMUM 0.72 
NUMBER 1 Visual Keroaen Summary 

/ Unstructured Lipids 55 
1 Structured Lipids 10 
! Solid Bitumen 30 
i , lnertinite T 
I 

; Wtrinite 
I 

T 
I Other 5 l o  / TOTAL 100 

1 0 1  2 3 

! i Background Fluorescence Mod.Strong 

L 0.63 TAI Unstructured 3- 
L 0.68 TAl Structured 

V 0.72 

I 1.39 COMMENTS: 

DGSl Project 9713805 Sample No. 12 TYPE KIOC 
OTHER ID: 96 MU 57-4 TOC 2.94 

TMAX 437 

Vitrinite 
HI 178 

15 V Ro ?1.08 
MEAN 1.08 , 

ST D N  0.06 
VARNNCE 0.00 ; 
M INlMUM 1.01 
MAXIMUM 1.Q 1 10 NUMBER 

I 3 j Visual Keroaen Summary 
i I Unstructured Lipids 70 
I / Structured Lipids 10 

l 5  I Solid Bitumen 10 

I lnertinite 5 ! Vitrinite 

I I Other 5 
1 0  I TOTAL 

! 
100 

0 1  2 3 \ 
' Background Fluorescence Strong 

L 1.01 TAI Unstructured 2+,3- 
L 1.10 TAI Structured 

L 1.12 

I 1.48 COMMENTS: 



VITRINITE REFLECT-ANCE ALASKA OUTCROPS 

b 

DGSl Project 9713805 Sample No. 13 TYPE WOC 
2 

OTHER ID: 96 Ha 25 TOC 1.07 
T M A ~  496 

! Vitrinite HI 24 

i 1 5  V RO 1.65 
I 
I 
i 
i 

1 10 

I 
I 

MEAN 165 
ST O N  0.n 
VARIANCE 0 03 
MINIMUM 1.42 
MAXIMUM 192 
NUMBER 2 1 Visual Keroaen Summary 

I Unstructured Lipids 30 
! Structured Lipids 5 

i 5 

I 
! 
I 

i 0 

i Solid Bitumen 

, lnertinite 20 
; Mtrinite 45 

Other 0 
' TOTAL 100 

1 0 I 2 3 
I 

Background Fluorescence Strong 

v1.26 V1.51 V1.61 V1.79 V1.92 v2.40 TAI Unstructured n.d. 
V1.42 V1.51 V1.67 V1.80 V1.92 v2.52 TAI Structured 

V 1.43 V 1.51 V 1.69 V 1.83 v 2.05 v 2.55 

V1.43 V1.51 V1.70 V1.85 v2.16 COMMENTS: 
V 1.45 V 1.58 V 1.72 V 1.88 v 2.33 

DGSl Project 97/3805 Sample No. 14 N P E  KIOC 
OTHER ID: 96 Ha 37 TOC 2.92 

TMAX 497 

Vitrinite HI 29 

1 5  V Ro 1.81 
MEAN 101 
ST D W  0 24  
VARIANCE 0 06 
M INlM UM 1.40 

10 
MAXIMUM 2.Q 
NUMBER I Visual Keroaen Summary 

I , Unstructured Lipids 80 
/ Structured Lipids 

! 5  : Solid Bitumen 5 
I 

: Ineflinite 
! 

5 

I 1 Vitn'nite 10 
i Other 0 

0 j TOTAL 100 
0 1 2 3 

Background Fluorescence ModStrong 

V 1.48 V 1.87 TAI Unstructured 3-,3+ 
V 1.50 V 2.00 TAI Structured 3+ 
V 1.54 V 2.02 

v 1.72 v 2.04 COMMENTS: 
V1.76 V2.13 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 15 TYPE KIOC 
OTHER ID: 96 Ha 58 TOC 0.90 

T M A ~  499 

I Vitrinite 
HI 27 

1 15 V Ro 1.67 
I MEAN 167 

ST DEV 0.S 
I VARIANCE 0.03 

M INIM UM 1.40 

j 10 
MAXIMUM 1.96 
NUMBER 6 Visual Keroaen Sumrnarv 

1 Unstructured Lipids 10 
Structured Lipids 

1 5  Solid Bitumen 

I lnertinite 15 

! Mtrinite 75 
Other 0 

o TOTAL 100 

0 1 2 3 

Background Fluorescence Mod-Strong 

V1.40 V1.61 V1.72 V1.96 TAl Unstructured n.d. 
V 1.45 V 1.65 V 1.74 v 2.04 TAI Structured 

V 1.48 V 1.65 V 1.77 v 2.13 

V 1.55 v 1.67 v 1.86 v 2.14 COMMENTS: 
V 1.57 V 1.69 V 1.95 v 2.51 

DGSl Project 9713805 Sample No. 16 TYPE WOC 
OTHER ID: 96 Ha 66 TOC 1.25 

TMAX 473 

Vitrinite 
HI 42 

15 V Ro ?1.20 
MEAN 120 
ST DEV 0.09 
VARIANCE 0.01 

t M INlM UM 108 
MAXIMUM 1.34 

10 NUMBER 9 Visual Keroaen Summaw 
Unstructured Lipids 30 

Structured Lipids 
I 
1 5 Solid Bitumen 

I 
lnertinite 20 

I 

I Wtrinite 50 

! : Other 0 
o TOTAL 100 

0 I 2 3 

Background Fluorescence Intense 

L 1.08 V 1.22 v 1.51 v 1.69 v 2.02 TAI Unstructured 3- 
V 1.11 V1.24 v1.58 v1.73 v2.34 TAI Structured 

V 1.14 V 1.31 v 1.61 v 1.83 v 2.40 

~ 1 . 1 6  v i . 3 4  v1.62 v1.84 v2.52 COMMENTS: 
V l . 1 8  v1.51 v1.66 v1.88 v2.75 



'CWRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 17 TYPE KIOC 
OTHER ID: 96 TM 29-8 TOC 1.12 

TMAX 499 

Vitrinite 
HI 3 0 

! V Ro 1.72 , 
M EAN 1.72 
ST ON 0 19 ! 
VARlANCE 0 0 4  1 
M INlM UM 1.40 
MAXIMUM 2.09 1 
NUMBER 2 2  ; Visual Keroaen Summary 

1 ~nstnkured Lipids 10 

i Structured Lipids 

( Solid Bitumen 

! lnertinite 15 
/ ~itrinite 70 

DGSl Project 9713805 Sample No. 18 TYPE KIO C 
OTHER ID: 96 TM 56-A TOC 

TMAX 

o 

Vitrinite 

\ Other 5 
! TOTAL 

1 5  I MEAN 172 

i 100 
0 1 2 3 

I Background Fluorescence Moderate 

11.19 V 1.58 V 1.63 V 1.85 V 1.94 TAI Unstructured n.d. 
L 1.40 V 1.60 V 1.64 V 1.89 V 2.01 TAl Structured 

1 
V 1.46 V 1.61 V 1.67 V 1.91 V 2.09 

L 1.50 v 1.61 v 1.71 v 1.92 v 2.36 COMMENTS: 
V1.56 V1.63 V1.76 V1.93 v2.42 

ST D N  0 2 4  
VARIANCE 0 0 6  
M INIM UM 137 
MAXIMUM 2 09  ' 
NUMBER s / Visual Keroaen Summary 

I I i Unstructured Lipids 20 

I 1 / Stnictured Lipids 

I 5 1 I 

I Solid Bitumen 

I I I lnertinite 20 
( Wtrinite 

/ Other 

i TOTAL 

s Background Fluorescence Weak 

I 1.21 V 1.55 V 1.78 V 2.02 v 2.47 TAI Unstructured n.d. 
V 1.37 V 1.58 V 1.84 V 2.09 TAI Stnictured 

V1.42 V1.65 V1.96 v2.22 

V 1.43 L 1.72 V 1.96 v 2.26 COMMENTS: 
V 1.44 V 1.72 V 1.99 v 2.38 



RINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 19 N P  E  KlO C 
OTHER ID: 94 MU 43-1 TOC 

TMAX ' 

ST OEV o . n  
VARIANCE 0.03 ; 
M INIM UM 1.49 1 
MAXIMUM 2.04 1 
NUMBER Q ! Visual Keroaen Summary 

Vitrinite 
HI 

I 

j Unstructured Lipids 60 

, 15 

j Structured Lipids 

I 

j Solid Bitumen 

I lnertinite 

V Ro 1.78 
M EAN t78 , 

I Wtrinite 20 
j Other 0 i TOTAL 100 
! 

I '  
I 

Background Fluorescence Strong 

V1.49 V1.75 V2.01 TAI Unstructured 3 
V 1.56 V 1.79 V 2.04 TAI Structured 

I 
V1.66 V1.86 

v 1.68 v 1.90 COMMENTS: 
V 1.69 V 1.93 

DGSl Project 9713805 Sample No. 7-0 N P E  KJOC 
OTHER ID:94 MU 43-16 TOC 

TMAX 

Vitrinite 
HI 

15 - 
V Ro 1.29 

M €AN t29 
ST D N  0.09 
VARIANCE 0 0 1  ' 

MINIMUM 1. l8 
MAXIMUM 1.44 : 

10 . NUMBER a / Visual Keroaen Summary ) Unstructured Lipids 70 
Strudured Lipids 

1 5  I Solid Bitumen 
I I lnertinite 10 

1 Wtrinite 20 
/ Other 0 

O i TOTAL 100 
0 I 2 3 I 

i 
a Background Fluorescence Intense 

V1.18 V1.24 L1.41 v2.31 TAI Unstructured 3-,3 
V 1.18 V 1.25 V 1.41 TAI Slructured 

V 1.21 V 1.26 V 1.44 

~ 1 . 2 3  V1.32 v1.55 COMMENTS: 
V1 .24  V1.39 v1.62 
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Shipment H2 to DGSl 1 2 / 2 1 / 9 6  

GEOCHEM SAMPLES 

Sample I Loeal lon 

!NW ot Poko MWI 

;St. 2nd SHIPMENT. DECEMBER 

Dlscusalon 
-. - - 

---- pp -- - . . - - . - - - - 

Sllty mudslorla 

Colleclor 

MuU 
-- 

Mull 

Formallon 

Torok 

Torok 
-- - - - -. - - - - -- - . - -- 

Sllly mudslone Torok ApllenlAlblan; 

Alblan 

9 U r l l ~ ~ w o d  antlcllne 

Tuplkchak syncllnr 

----- - -  - 
I(o TAI, k-rogm type. 
io& E V . ~  ~ T C C  DeLong Mms. - I I Nanushuk Corb. shale 

I 
Ko,TAl, karogsn type, 
Ra* Eval T"‘ DeLony h4ms. Gltearad bk eh L benlon 

---- 
Dk gr sh w bentonite 

Dk gr o r ~ s n l c  shale 

Klngak 

M u l  1 Klngak I Juraeslo 

Mu!l 1 Klngak 1 Jurasslc 
-- 

Ro, TAI, karogm typq DeL Rock Eva\ MJ 1CC ong Mtns 7-- -- KO, TAl, kamgm type, 
Rock E v r l  .nd.fCC DeLOng Mms' 

Ro, Thl, h o g a n  type, 
Radr Era( mJTCC D e L O n ~  

Ro, TAI, k ~ m ~ ~ n  lyp* 
R o d r  6v.l ud T W  DeLOnO 

.--- -- - 
Ro, TAL komgrn type, 

R&E".L ,,,',.p- DoLon9 Mh-3. 

Klngak 

Mul Torok Jurasslc 

Oiganlc shale 
- -  - 

Sllty mudslone 

Organlc shale 

Bk orpanla paper shale 

Dk pr IO bk shale 

I !  10 06 Mu 46 Tlngrnerkpuk Rlver 

4 3  Hartle 
RO. TI\~,  karogm lyp* I ,-, --- , , 

1 5  06 Ha 58 Upper Plune~ea R. Rock Eva1 and TCC 
I I 

Lower Ro, TAI, kdrogm Iyp, I---- 
1 8  98 Ha 86 Splke Creek 4 3  Har'le Rrnat lan " - - 8 .  c . < ~. 8 .,' IMlsheauk Mln. CS I I 

I I I 
Lower 

Moore ,---,,-- ApllanlAlblan? s b l a  ...- 

Mlcksyl  Lower AptlenlAlblan7 Ulill 7 
Elder Brooklan -. - - 

Lower 
Apllar~lAlblan? Unll 26-1 5.6 nl. 

Brwklan -- 



- 
ALASKA OUTCROPS 

DGSl Project: 9713805 

FLUORESCENCE 1 TAl  

ORGANIC MATI'ER (%) ItELATIVE ABUNDANCE REFLECTED TRANSMITTED Ito 
1,IPIDS lllJhllC OTIIEH VITHINII'E 1,IPII)S 1.II'II)S 

DGSI u ~ m u r n m .  
x W 

STK1JCI'IJRI<II E 

ET 
W W 
m 
5 
z W W  - 713197 
I/i 
U 
C ~DENT~F~CAT~ON n. 

LD VL MA 

1 96MuS WOC 10 T 15 15 60 F - M M - +  T n d.  DO 1 3 n d  0 1 V090 
Comments: Mlxlure of small terrestrial fragments wilh some desmocollmife. Trace graphlle. 

10 80 5 M A M M +  - - T n.d.  3 n d. 

ANALYST 

1 Pale Ycllo\v 

>r O'Connor 

VR Rccyclcd Vitrinile 

++ Abundant 

hll(:HOSCOIDE 



- 
ALASKA OUTCROPS 

DGSl Project: 9713805 

FLUORESCENCE 1 TAI 

ORGANIC MATTER (%) RELATIVE ABUNDANCE REFLECTED TRr\ NShlITTED 110 

LIPIDS IIUI\YIC VlTRlNlTE LIPIDS LIP1I)S OTIIEH 

DGSI u ~ r n u m ~ .  
z ' 

UNSTR. STRU. UNSTR. STRU. 
w 

STRIJCIURISI) E rAl  FLUOR. TAI FI-UOR. z 4 
< 
C L W 

' 

U 

z 2 E 
EC t? z 

d 
n 

W L n C) s w i i. W -  
t: t: 

3 
2 
5; 7/3/97 

U 
fl IDENTIFICATION 

LD 1 

1 Palc Ycllorv 

\'H Rccyclcd Vitrirlilc 
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EXTRACT SUMMARY SHEET 

Alaska Outcrops 
Other ID: 96 Mu 33-5 DGSI Project: 9613631 

DGSI Project: 9713959 
Sample No. 1 

k 

BULK PROPERTIES 

%CIS + Comp - 613c lsoprenoid 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. 

SaVArom N.A. 
2 2 2 E Z : z  O O V O u  

WHOLE EXTRACT GC 

PrIPh 1.88 

OEP N.A. 

I 1 
i 
I 

PrlnC1 7 0.28 

PhlnC18 0.25 I 
I 

I 
SATURATE BIOMARKERS 

- ( . 1 4 1 1 . - - - 1 1 1 - 1 0  j Teroane Rat ios 

; C2, Tetra~ycliclC,~ Tricyclics 0.88 
-. / Clo + C, TricyclicsiC,, Tricyclic 1.27 
>- - 
,-. 1 Tsirm 1.20 
,- - I C28 Hopane/Cm Hopane 0.00 
-. C, N o h ~ p a n e l C ~ ~  Hopane 0.41 
-. Cm OleanandC,,, Hopane 0.00 

Gamrna~erandC,~ Hopane 0.00 

- Tricytlics (%) 27.52 
7-. ' "- -- -- -.. ,-a C3JC, Extended Hopanes 0.42 

L-20 m a t #  ~ o - r ? ~ . ~ o ~ ~ n s o . ~ n  

A- 

room - 
SOmO . 

CIS TricycIics/Cx Tricyclics 0.73 

Sterane Rat ios 

Diasteranes (%) 25.03 

20s Cn, Steranes (%) 53.29 

a@ C?, Steranes (%) 49.64 

Hopanes/Steranes 0.94 

C ~ I  Sterane (%) 17.42 

Cp Sferane (%) 20.89 

CII Sferane (%) 24.37 

CZ8 Sferane (%) 15.38 

Cn, Sterane (%) 19.03 

Cm Sterane (%) 2.91 

.l 



EXTRACT SUMMARY SHEET 

Alaska Outcrops 
Other ID: 94 Mu 72-1 DGSl Project: 97\3805 

DGSl Project: 9713959 
Sample NO. 7 

BULK PROPERTIES 

API Gravity N.A. 

% S N.A. 

PPm V N.A. 
ppm Ni N.A. 

% I5  + Comu - 613c lso~renoid Distribution 
Sat 47.00 N.A. 

Arom N.A. N.A. 

NSO N.A. 

Asph N.A. 

SaUArom N.A. I 
o _ r ? z 2 a L g  
o u v o o  

WHOLE EXTRACT GC 

PrIPh 3.04 

OEP N.A. 

PrlnC17 1.45 

PhInC18 0.77 

SATURATE BIOMARKERS 
**,1,*L,..*lm.-lo I - I 

I I 
--i I 

I -. 
A. 

1 

I-. I 
i 

r r . 4  

'I. 

h." *). 11 

Terpane Ratios 
C2, TetracyclicIC,, Tricyclics 

C,O + Cx Tricyclics/Cz3 Tricyclic 

T o m  

C,, HopaneIC,,, Hopane 

C, NorhopaneIC,, Hopane 

C,o Oleanane/C30 Hopane 

Garnrna~eranelC,~ Hopane 

Tricyclics (%) 

C4C3. Extended Hopanes 

Cn Tricyclics/C2,, Tricyclics 

Sterane Ratios 
Diasteranes (%) 

205 C, Steranes (%) 

aPP & Steranes (%) 

Hopanes/Steranes 

Cz, Sterane (%) 

Cz2 Sterane (%) 

Cz7 Sterane (%) 

Cz8 Sterane (%) 

C, Sterane (%) 

Cm Sterane (%) 



EXTRACT SUMMARY SHEET 

Alaska Outcrops 
Other ID: 96 MAW 7 

DGSl Project: 9713959 
Sample N'O. 21 

BULK P R O P E R T I E S  

% C I S  + Comp - 613c lso~renoid Distribution 
API Gravity N.A. Sat 45.30 N.A. I 
% S N.A. Arom N.A. N.A. 

PPm V N.A. NSO N.A. 
t 

ppm Ni N.A. Asph N.A. 

SaVArorn N.A. 
m r " z z s g  
o v v o o  

WHOLE EXTRACT GC 

PrIPh 3.49 

OEP N.A. 

PrInC17 0.54 

PhInC18 0.20 

SATURATE B I O M A R K E R S  
I 

i 1 ) . 1 - 1 1 . ) - 1 1 . - . - t J  - Teroane Ratios 

- 4  I 
i C2, Tetracycl i~IC~~ Tricyclics 0.55 

- ?  
- i  1 1 Clo + Cx Tr i cy~ l i cs /C~~ Tricyclic 0.60 
-! 
- i  

111 

-. 
-. 
,-. -. 
-. 

1 T f l m  2.80 
I Cte HopanelC, Hopane 0.00 
/ C, Norhopane/C,, Hopane 
i 

0.43 

C- OleananeIC,, Hopane 0.00 

GamrnaceranelC,, Hopane 0.00 
Tricyclics (%) 

' : LLLJv"L"L - 
T,.. +-"L 

-I -- - '"I 
C d C w  Extended Hoparies 13.97 0.42 

Cx TricyclicslC~, Tricyclics 0.67 

Sterane Ratios 
Diasteranes (%) 28.92 

20s C, Steranes (%) 53.70 

app Cm Steranes (%) 52.80 
HopanedSteranes 4.93 

C,, Sterane (%) 8.74 

1 C n  Stenne (%) 
I 

9.55 
C27 Sterane (%) 20.23 

h* =- U ~ W  a. -0 .LO -O -0 I.- nr rr r- r- Cm Sterane (%) 16.17 
C, Sterane (46) 39.68 

C, Sterane (%) 5.64 

1 0 7  



EXTRACT SUMMARY SHEET 

Alaska Outcrops 
Other ID: 96 MAW 11 

DGSl Project: 9713959 
Sample NO. 23 

BULK PROPERTIES 

%C15 + Comp - 6 ' k  lsoprenoid Distribution 
API Gravity N A Sat 30 60 N A 

% S N A Arom N A N A 

PPm V N A NSO N A 

PPm Nl N A Asph N A I 

i SaffArom N A 
I 
1 

m - - l n _ Z Z h 2  -r 

o _ u o _ o _ o _  

WHOLE EXTRACT GC 

PrIPh 2 64 

OEP N A 
I 

0 56 PrlnC17 

PhlnC18 0 27 I 

I 
1 

SATURATE BIOMARKERS - 1~ m13eo 10,. nor - a o  I Terpane Ratios 
1\M. 

I / C,, Tetracycl~cIC,, Tr~cycllcs 0 57 
- 1  
6- 4 

-i I Clo + Cto T ~ I c ~ c I I c s / C ~ ~  Tr~cycl~c 0 70 

I T~~ 1 25 ' C28 H~panelC,~ Hopane 0.00 

-. 
,- 

R-. O 40 m -,OD a m  $men 110 O. 

!m n ~ m ~ n r m ~ a , i ~ m  mnno 

C, NorhopaneIC,, Hopane 0 48 

C, OleananeIC,,, Hopane O W  

GammaceraneIC,, Hopane 0.00 

Tncyclics (%) 27.97 

C,S/CM Extended Hopanes 0.53 

CZS T~ICYCIICS/C~~ T~ICYC~ICS 1.07 

-.-- I Sterane Ratios 
D~asteranes (%) 21.92 
20s C, Steranes (%) 51.80 

app C,, Steranes (%) 53.40 

HopaneslSteranes 2.73 

C2, Sterane (%) 11.82 
I Sterane (%) 13.52 

I mm Cn Sterane (%) 19.96 -- ,W W ,  am S O W  66, M W  a m  m m  x w  m m  R., SO, Cz8 Sterane (%) 16 98 
C, Sterane (%) 32.57 

Cm Sterane (%) 5 16 

11 (3 



ORGAYIC CARBON AND PYROLYSIS DATA 

Total Organic Carbon (TOC) and Rock-Eva1 pyroiysis 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-Eva1 I1 pyrolysis as the stan&d analytical 
sequence and Rock-Eva1 is recommended for samples with greater than 0.4% TOC. 
Samples for LECO TOC and Rock-Eva1 pyrolysis are ground to pass through a 60 mesh 
sieve to assure homogeneity. 

LECO ORGANIC CARBON AW TOTAL SULFUR 

Total Organic Carbon is best determined by direct combustion. Approximately 
0.15 grams of sample are carefilly 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 l,OOO°C. A laboratory standard is run every five 
samples. Total, insoluble, mineral plus organic sulfur can be determined by the CS-443 
analyzer during the caibon 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 I1 PYROLYSIS 

Rock-Eval I1 pyrolysis is used to determine kerogen type, kerogen maturity 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, S1, that is thermally distilled. Next, the 
amount of pyrolyzable hydrocarbons, S2, is measured when the sample is heated in an 
inert environment which rises from 300" to 550°C at a heating rate of 25"Clminute. S1 
and S2 are reported in mg HC/g sample. T,, a maturity indicator, is the temperature of 
maximum Sz generation. When S:! values are less than 0.2 mg HC/g sample, the S2 
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 
C02/g sample. A laboratory standard is run every 10 samples. Hydrogen Index (HI = 
S2* 100/TOC) and Oxygen Index (01 = S;* 100/TOC) are used as kerogen type indicators 
when plotted on a van Krevelen type diagram. 



VISUAL KEROGEN ANALYSIS TECHNIQUES 

Visual 
with halogen, 
with halogen 
performed on 
light from the 

kerogen analysis employs a Zeiss Universal microscope system equipped 
xenon, and tungsten light sources or a Jena Lumar microscope equipped 
and mercurq. light sources. Vitrinite reflectance and kerogen typing are 
a polished epoxy plug of unfloated kerogen concentrate using reflected 
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 (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 colung. 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 Castaiio'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 R, 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%, unstructured 
kerogen is 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 nrn. 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 R, 1.3%. The relative 
abundance and type of pyrite is also 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. 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 unstructured material and micrinization can darken the kerogen and 
raise the TAI value. The character of the organic matter in transmitted light is conelated 
with observations made in reflected light for kerogen typing. 



Kerogen typing and maturity 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.2. sporinite and alginite) within the unstrucnued kerogen 
can often be identified in blue light. 

Maturity calculations are made from the vitrinite reflectance histomams. - 
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 vitrinite reflectance histograms contain much useful information. All 
reflectance measurements are graphically displayed and the individual readings are listed 
below the histogram in numeric 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 
rnaceral has a different pattern. Codes currently in use include: Solid bitumen (B), 
Granular solid bitumen (X), Coked solid bitumen (Y), Graptolites (G), Inertinite (I), 
Other 1 (0), Other 2 (W), Vitrinite (V), Lipid-rich vitrinite (L), and Coked Vitrinite (Z). 
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 semon 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-Eva1 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 ME). 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. 



VISUAL KEROGEN .iVALY SIS GLOSSARY 

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

1. UNSTRUCTURED KEROGEN is sometimes called structureless organic matter 
(SOIvl) 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 t h ~ s  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. 

2. STRUCTURED LIPID KEROGEN consists of a group of macerals which have a 
recognized structure, and can be related to the original living tissue fiom 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 p e d i a s m  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 fluorinite) derived from plant resins, balsams, 

latexes, and waxes. 
d. Sporinite, derived 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 important part of many oil source rocks, both marine and 
lacustrine. Alginite has a very hlgh hydrogen index in Rock-Eval pyrolysis. 
Resins, cuticles, and suberinite contribute to the waxy, non-marine oils that are 
found in Afnca 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 vitrinite. 



3. SOLID BITUhlEN also is called migrabinmen 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 expeiled 
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 on_&. The solid bitumens have 
been given names, such as gilsonite, impsonite, gahamite, etc., but t'hey 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. 

4. HUbIIC TISSUE is organic material derived from the woody tissue of land 
plants. 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 abnormally low thermal maturity value. Coked 
vitrinite is vimnite 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 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 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-Eva1 pyrolysis. 



5 .  OTHER ORGANIC MATERIAL 

a. Lipid-rich, caved and recycled vitrinite. These are put in h s  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 although the ICCP has now included the solid bitumens in with 
the Exsudatinite group. 

c. Graptolites are marine organisms that range from the Cambrian i o  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 pynte with a definite crystalline habit. Framboidal is pyrite in the form of 
grape-like clusters which are made up of euhedral 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. Alassive pyrite is 
pyrite with no particular external form. Often this is pyrite that fonns rather late in 
the pore spaces of the sediment. Replacement/infilling is self-explanatory. 



ORGANIC CARBON AND ROCK-EVAL PYROLYSIS DATA 

ALASKA OUTCROPS 

DGSl Project: 9713805 

TOC S1 S 2 S3 Tmax S11 HI 01 S 21 PI 
WtOh mg/g rnglg mglg degC TOC S3 

SAMPLE IDENTIFICATION 

1 : 96 Mu 5 i 1.78 0.10 0.44 0.78 467 6 25 44 0.56 0.19 
2 : 9 6 M u 1 2  i 1.12 0.09 0.43 0.63 471 8 38 56 0.68 0.17 
3 : 9 6 M u 1 4  / 0.88 0.25 0.47 0.27 459 28 53 3 1 1.74 0.35 
4 : 9 6 M u 1 8  1 1.38 0.05 0.56 0.80 448 4 4 1 58 0.70 0.08 
5 : 96 MU 30-2 j 1 12 0.04 0.39 0.28 446 4 35 25 1.39 0.09 

6 : 96 Mu 33-1 i 4 22 0 09 7.48 0.14 438 2 177 3 53.43 0.01 
7 : 94 MU 72-1 i 22.34 3.72 142.99 1.46 431 17 640 7 97.94 0.03 
8 : 96 Mu 35-2 1 12.86 0.75 60.09 1.48 434 5 467 12 40.60 0.01 
9 : 96 Mu 35-4 / 0.96 0.05 0.43 0.39 440 5 45 4 1 1.10 0.10 
10 : 9 6 M u 4 6  j 9.84 0.40 26.69 0.73 438 4 271 7 36.56 0.01 

11 : 96 MU 52-1 1 3.80 0 1 0  11.14 0.32 434 3 293 8 34.81 0.01 
12 : 96 MU 57-4 1 2.94 0.1 1 5.23 0.39 437 4 178 13 13.41 0.02 
13 : 96 Ha 25 1 1 07 0.06 0.26 0.37 466 6 24 35 0.70 0.19 
14 : 9 6 H a 3 7  1 2.92 0.10 0.86 0.56 497 3 29 19 1.54 0.10 
15 : 9 6 H a 5 8  1 0.90 0.02 0.24 0.32 499 2 27 36 0.75 0.08 

16 : 9 6 H a 6 6  1 1 25 0.10 0.52 0.59 473 8 42 47 0.88 0.16 
17 : 96 TM 29-B j 1.12 0.06 0.34 0.43 499 5 30 38 0.79 0.15 
18 : 96 TM 56-A j 0.45 0 05 0.07 0.39 498 11 16 87 0.18 0.42 
19 : 94 MU 43-1 i 0.43 0 01 0.07 0.22 504 2 16 51 0.32 0.13 
20 : 94 MU 43-16 i 1.80 0 08 0.70 0.62 469 4 39 34 1.13 0.10 

t 

DGSl ID ID 



ALASKA OUTCROPS 

5 0 100 150 

OXYGEN INDEX (01) 

FIGURE 1 Kerogen type determination from TOC and Rock-Eval pyrolysis data. Types 
I and II will generate oil, type Ill gas, and type 1V little or no hydrocarbons. 



ZONES OF PETROLEUM 
GENERATION AND DESTRUCTION 

CORRELATlON OF VAl?lOUS MATURATION INDICES AND ZONE: 
OF PETROLEUM GENERATION AND DESTRUCTION. 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 97/3805 Sample No. 1 TYPE WOC 
OTHER ID: 96 Mu 5 TOC 1.78 

TMAX 467 

Vitrinite HI 25 
, 1 5 . -  

I 10 

1 
I 

5 

i 

o .  
0 1 2 3 

TOTAL 100 
I 
I 

Background Fluorescence Slrong 
L 0.76 L 0.87 L 0.91 L 0.94 V 1.00 v 1.61 TAI Unstructured n.d. 
L 0.82 L 0.87 L 0.91 L 0.94 v 1.10 v 2.10 TAI Structured 
V 0.84 L 0.88 V 0.91 L 0.95 1 1.19 v 2.19 

L 0.85 L 0.89 L 0.93 L 0.95 1 1.48 v 2.23 COMMENTS: 
L 0.86 L 0.91 L 0.94 L 0.96 v 1.60 

DGSl Project 9713805 Sample No. 2 TYPE KIOC 
OTHER ID: 96 Mu 12 TOC 1.12 

TMAX 47 1 

Vitrinite HI 3 8 
15 V Ro 1.04 

M EAN 105 
ST D N  0 05 
VARIANCE 0 00 

I M INlM UM 0.95 

10 MAXIMUM 
I t2 

! NUMBER u Visual Keroaen Summary 

Unstructured Lipids 5 

i Structured Lipids 

1 5  
i 

Solid Bitumen 

lnertinite 
I 

10 
Vitrinite 80 
Other 

! 0 
5 

0 1 2 3 
TOTAL 100 

Background Fluorescence Strong 
V0.95 L1.05 V1.09 v1.30 v1.40 v1.59 v2.22 TAI Unstructured n.d. 
L0.97 V 1.05 V1.10 v 1.31 v 1.46 v 1.74 12.28 TAI Structured 

L1.00 V1.07 V1.12 v1.31 v1.48 v1.78 v2.48 

L 1.01 v 1.07 11.21 v 1.33 v 1.51 v 1.88 COMMENTS: 
V1.03 V1.07 v1.22 v1.40 v1.59 v1.99 

. 

.. . . , .. 
. ,. 
' .' -. .. 
.: ,_ 

n 

V RO 
M EAN 

0.90 
0 90 

ST D N  0.06 
VARIANCE 0 00 
M INIM UM 0 76 
MAXIMUM 100 
NUMBER 2 1 Visual Keroaen Summary 

Unstructured Lipids 10 
Structured Lipids 

Solid Bitumen 

lnert~n~te 15 

Vitrin~te 15 

Other 60 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No 3 TYPE KfOC 
OTHER ID 96 Mu 14 TOC 0 88 

?MAX 459 

Vdrtnrte HI 53 
15 - 

10 

5 

0 

V Ro 0.89 
M EAN 0 89 
ST ON 0 07 
VARIANCE 0 01 
M INIM UM 0 78 
MAXIMUM 101 
NUMBER U Visual Keroaen Summary 

Unstructured Llp~ds 15 

Structured L ~ p ~ d s  

Solld B~turnen 

lnerttn~te 15 

Vitnn~te 65 

Other 5 

. 

0 I 2 3 
TOTAL 100 

i 
Background Fluorescence Intense 

L O 7 8  L O 9 0  V 0 9 5  v 1  15 v 1 2 8  v 1 5 4  v 2 1 2  TAI Unstructured n.d. 
L O 8 1  L O 9 1  LO98  VI 17 ~ 1 3 1  ~ 1  58 TAI S l ~ c t ~ r e d  

V 0 8 2  V 0 9 1  V 1 0 1  v 1 2 0  v 1 4 1  v 1 6 3  

L O 8 3  V 0 9 2  v 1 0 8  v 1 2 4  v 1 4 2  v 1 7 1  COMMENTS: 
V 0 8 7  L O 9 3  v l l l  v 1 2 7  v 1 4 9  v 1 7 5  

DGSl Project 9713805 Sample No 4 TYPE KfOC 
OTHER ID. 96 Mu 18 TOC 1.38 

TMAX 448 

Vltr~nrte HI 4 1 

1 5  V Ro 0.65 

- 
- 

p i ;  

M EAN 0 65 
ST DEV 0 06 
VARIANCE 0 00 
M INIM UM 0 52 
M AXIM UM 077 
NUMBER 15 Visual Keroaen Summary 

Unstructured L~plds 10 

Structured Llplds 5 

8 Solld B~tumen 

I lnert~n~te 15 

Wtrin~te 65 
Other 5 

TOTAL 100 

10 

5 

0 ,  

- 
, 
$ -  - 

0 I 2 3 

Background Fluorescence Intense 

V 0 5 2  V 0 6 3  V 0 6 7  v 0 9 4  v 1  12 v 1  79 TAI Unstructured n.d. 
L O 5 9  L0.64 V 0 6 9  v 0 9 7  v 1 1 5  v 2 3 9  TAI Structured 

V  0  59 L  0.66 V  0  69 v  0  99 v  1  26 v  2  41 

V 0 5 9  V 0 6 6  V 0 7 4  v 1 0 5  v 1 4 7  v 2 5 6  COMMENTS: 
L O 6 0  L0.67 V 0 7 7  v 1 0 9  v 1 5 2  v 2 8 9  

A 

. 

- 

- 
- 

"s, i 

- 

rnn I - I -  

3 

c 

. 

- 
-+/l ,-, 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 97/3805 Sample No. 5 TYPE KIOC 
OTHER ID: 96 MU 30-2 JOC 1.12 

TMAX 446 

! Vitrinite HI 35 
1 1 5  V Ro 0.74 
! 

i 
I 10 . -  

I 
I 

I I 

1 5 . .  

! 

i 0 -  

M €AN 0.74 
ST DEV 0 09 
VARlANCE 0 0 1  : 
M INIM UM 0 61 
MAXIMUM 0 94 , 

NUMBER Visual Keroaen Surnrnarv 
Unstructured Lipids 5 
Structured Lipids 5 
Solid Bitumen 

lnertinite 10 

Vitrinite 70 

Other 10 

I 0 1  2 3 
TOTAL 100 

I Background Fluorescence Strong 
L 0.61 V 0.72 V 0.79 v 1.61 v 1.91 v 2.46 TAl Unstructured n.d. 
V 0.61 L 0.74 V 0.80 v 1.67 v 2.00 v 2.47 TAI Structured 
L0.62 V0.75 V0.83 v1.72 v2.20 v2.48 

V 0.68 L 0.78 V 0.94 v 1.74 v 2.21 v 2.69 COMMENTS: 
V 0.70 L 0.79 v 1.53 v 1.91 12.46 v 2.73 

DGSl Project 97;3805 Sample No. 6 TYPE KIOC 
OTHER ID: 96 MU 33-1 TOC 4.22 

TMAX 438 

1 Vitrinite 
HI 177 

I 1 5  I 
V Ro ?0.77 

! M EAN on 
I 

ST DEV 0 02 
VARIANCE 0 00 

I M INIM UM 0.76 

1 I0 .- 
MAXIMUM 0 79 
NUMBER 3 i Visual Keroaen Summary 

I ; Unstructured Lipids 75 
/ Structured Lipids 10 

1 j - -  - ' Solid Bitumen 5 

- - 
. 

- 

. 

! lnertinite 5 
Vltrinite 5 

; Other 0 

I 

I 
1 

0 
! 0 I  2 3 

I TOTAL 100 
I 

I 
I 

Background Fluorescence Intense 

b 0.74 TAI Unstructured 2+ 
b 0.76 TAl Structured 

V 0.76 

v 0.76 COMMENTS: 
V 0.79 

., 

- 
7 

.; 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl P r o j e c t  9713805 S a m p l e  No 7 TYPE WOC 
OTHER ID. 94 MU 72-1 . TOC 22.34 

TMAX 43 1 

Vrtrinde HI 640 
l j  - 

I 

10 

5 

1 

o 

- 

n n 

V Ro 
M €AN 

?0.69 
0 69 

ST OW 0 23 
VARIANCE 0 05 
MINIMUM 0 53 
MAXIMUM 0 85 
NUMBER 2 Visual Keroaen Summary 

Unstructured Lipids 50  

Structured Llpids 40 

Solid Elturnen 10 
lnertinite T 
Vitrlnite 

Other 0 

0 1 2 3 
TOTAL 100 

I I 

Background Fluorescence Moderate 
LO 53 TAI Unstructured 2+,3- 
L 0 85 TAI Structured 

COMMENTS: 

DGSl Project 9713805 S a m p l e  No S TYPE WOC 
OTHER ID. 96 MU 35-2 TOC 12.86 

TMAX 434 

Vdrinde HI 467 

1 5  

10 

I 

i 5 

I 

I 
I 
I 

0 

0 1 2 
1 TOTAL 100 

3 

t I Background Fluorescence Moderate 

L 0 63 TAI Unstructured 3- 
V 0 86 TAI Structured 

v 1  19 

COMMENTS: 

, V Ro 70.75 

. 

~. 

- 

M €AN 0 75 
ST O W  0 16 
VARIANCE 0 03 
M INIM UM 0 63 
MAXIMUM 0 86 
NUMBER 2 Visual Keroaen Summary 

i Unstructured Liplds 70  

( Structured Llplds 2 0  

/ Solid Elturnen 10  

I lnertln~te T 1 v~tnnlte T 
1 Other 0 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No 9 TYPE WOC 
OTHER ID 96 MU 35-4 5TOC 0.96 

TMAX 440 

Vltrln~te HI 4 5  
15 

10 

5 .  

0 .  

V Ro 
M EAN 

0.61 
0 61 

ST O W  0 05 
VARIANCE 0 00 
M INIM UM 053 
MAXIMUM 0 69 
NUMBER 14 Visual Kerouen Summary 

Unstructured Llp~ds 25 
Structured L~plds 

Solld B~turnen 

lnertlnlte 10 

Vitnn~te 35 
Other 30 

- 

0 1 2 3 
TOTAL 100 

Background Fluorescence Strong 
L O 5 3  LO59  LO66  v 0 8 5  v 1 0 3  v 1 8 0  TAI Unst~ctured 3 
LO54  V 0 6 2  V 0 6 6  1099 1 1  25 v 1  96 TAI Structured 2+ 
LO56  V 0 6 4  V 0 6 7  vO99  v 1  37 v 1  96 

V 0 5 6  L o 6 4  L o 6 9  1100 v 1 5 0  v 2 0 9  COMMENTS: 
V 0 5 8  V 0 6 5  1085 1101 v 1 5 9  v 2 5 9  

DGSl Project 9713805 Sample No 10 TYPE WOC 
OTHER ID. 96 Mu 46 TOC 9.84 

TMAX 438 

Vitr~n~te HI 27 1 
15 

10 

5 

I 

1 0 -  

- 
- 

- 

n - 

0 1 2 3 
TOTAL 100 

I Background Fluorescence Weak,Mod 

b 0 7 9  L 1 0 4  TAI Unstructured 3+ 
V 0 8 2  L 1  04 TAI Structured 

LO87  L 1 0 5  

~ 0 8 7  V I  16 COMMENTS: 
L 1  01 

V Ro 
MEAN 

70.98 
0 98 

ST DW 0 12 
VARlANCE 0 01 
M INIM UM 0 82 
MAXIMUM 1 6  
NUMBER 8 Visual Keroaen Summa? 

Unstructured Llplds 30 

St~ctured L~p~ds 10 

Sol~d Elturnen 55 
Inemnlte T 

Vltnnlte T 
Other 5 

. 

.. 

.. 

$7 

- 
9 

!p 
- 
r"' 
4 



VTTRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample  No 1 1  TYPE K/OC 
OTHER ID 96 Mu 52-1 .TOC 3.80 

TMAX 4 34 

V~trln~te HI 293 
1 5  

10 

5 .  

o n 

V Ro 
M €AN 

70.68 
0 68 

ST DEV 0 05 
VARlANCE 0 00 
M INIM UM 0 63 
MAXIMUM 0 72 
NUMBER 3 Visual Keroaen Summary 

Unstructured L~plds 55 
' S l ~ c t ~ r e d  Llplds 10 

Solld B~tumen 30 

lnertrn~te T 

Vitnn~te T 
Other 5 

0 1 2 
TOTAL 100 

3 

Background Fluorescence Mod.Strong 
L 0 63 TAI Unstructured 3- 
L  0 68 TAI S l ~ c t ~ r e d  
V 0 72 

I 1 39 COMMENTS: 

DGSI Project 9713805 Sample  No 1 :! TYPE KlO C 
OTHER ID 96 Mu 57-4 TOC 2.94 

w 437 

V~tr ln~te HI 178 
15 

10 

5 

0 .  

0 I 2 3 
TOTAL 100 

Background Fluorescence Strong 

L l  01 TAI Unstructured 2+,3- 
L 1  10 TAI Structured 

L 1  12 

I 1 48 COMMENTS: 

. 

- 

V Ro 71.08 
MEAN 108 
ST D O /  0 06 
VARMNCE 0 00 
M INlM UM 101 
MAXIMUM i a 
NUMBER 3 Visual Keroaen Summaw 

Unstructured L~p~ds 
I 

70 

Structured L~ptds 10 

Solid Elturnen 10 

lnert~n~te 5 
Vitnn~te 

Other 5 



VITRINITE REFLECTANCE .ALASKA OUTCROPS 

DGSl Project 9715805 Sample No 1: TYPE KIOC 
OTHER ID 96 Ha 25 P C  1.07 

I 
TMAX 496 

I V l t r~n~ te  HI 24 
' 1 5  V Ro 
1 

10 

I 

I 
5 

0 ,  

. 

MEAN 
1.65 

165 
ST DEV 0 17 
VARLANCE 0 0 3  , 
M INIM UM 142 
MAXIMUM 192 
NUMBER 2 1  Visual Keroaen Summarv 

Unstructured Llprds 30 

Structured Llplds 5 
/ Sol~d Elturnen 

lnert~nlte 20 
Vltnnlte 45 

Other 0 

0 I 2 3 
1 TOTAL 

I 
100 

1 

Background Fluorescence Strong 
v 1 2 6  V 1 5 1  V 1 6 1  V 1 7 9  V 1 9 2  v 2 4 0  TAI Unstructured n.d. 
V 1 4 2  V 1 5 1  V 1 6 7  V 1 8 0  V 1 9 2  v 2 5 2  TAl Structured 
V 1 4 3  V 1 5 1  V 1 6 9  V 1 8 3  v 2 0 5  v 2 5 5  

V 1 4 3  V 1 5 1  V 1 7 0  V 1 8 5  v 2 1 6  COMMENTS: 
V 1 4 5  V l 5 8  V 1 7 2  V 1 8 8  v 2 3 3  

DGSl Project 9713805 Sample No 14 TYPE KIOC 
OTHER ID. 96 Ha 37 TOC 2.92 

TM AX 497 

Vltr~nlte HI 2 9 
15  _ 

, 10 
1 

I 

1 5 -  

I 
1 

0 - 
I 0 1 2 3 

I TOTAL loo 
I 

Background Fluorescence Mod.Strong 
V 1 4 8  V 1 8 7  TAI Unstructured 3-,3+ 
V 1  50 V 2 0 0  TAI Structured 3+ 
v 1 54 v 2.02 

V 1  72 v 2 0 4  COMMENTS: 
V 1 7 6  V 2 1 3  

- 

V Ro 1.81 
MEAN 181 
ST DEV 0 24  
VARLANCE 0 06 
M INIM UM 148 
MAXIMUM 2 0 
NUMBER 0 Visual Keroaen Summary 

I 

I Unstructured L ~ p ~ d s  80 

I Structured Llplds 

I SOII~ Elturnen 5 
1 lnertlnlte 
I 

5 
I Vitnnlte 10 

I Other 0 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No. 15 TYPE tvoc 
OTHER ID: 96 Ha 58 TOC 0.90 

TMAX 499 
1 Vitrinite HI 27 
i 15 
I 
! 

10 

8 5 .  

I 

1 

! 
i 0 .  

' 0  ! I 2 3 TOTAL loo  
! 

Background Fluorescence ModStrong 
V1.40 V1.61 V1.72 V1.96 TAI Unstructured n.d. 
V 1.45 V 1.65 V 1.74 v 2.04 TAI Structured 
V 1.48 V 1.65 V 1.77 v 2.13 

V1.55 V1.67 V1.86 v2.14 COMMENTS: 
V 1.57 V 1.69 V 1.95 v 2.51 

DGSl Project 9713805 Sample No. 16 TYPE tvoc 
OTHER ID: 96 Ha 66 TOC 1.25 

I TMAX 473 
Vitrinite HI 42 

: 15 V Ro ?1.20 
MEAN 120 ' ST DEV 0 09 
VARIANCE 0 01 

! MINIMUM 1.08 

i 10 
MAXIMUM 134 
NUMBER 9 Visual Keroaen Summary 

I 
I Unstructured Lipids 
I 

30 

I Structured Lipids 

5 Solid Bitumen 
i 
I 

lnertinite 20 

I Vitrinite 50 
l o  Other 0 
i 

0 1 2 3 
TOTAL 100 

Background Fluorescence Intense 
L 1.08 V 1.22 v 1.51 v 1.69 v 2.02 TAI Uf ls t~ct~red 3- 
Vl .11  V1.24 v1.58 v1.73 v2.34 TAI Structured 
V1.14 V1.31 v1.61 v1.83 v2.40 

V 1.16 v 1.34 v 1.62 v 1.84 v 2.52 COMMENTS: 
V1.18 v1.51 v1.66 v1.88 v2.75 

1 

. 

- 
- 
: &.,. 

n 

V RO 
M €AN 

1.67 
167 

ST D N  0 .B  
VARIANCE 3 03 
MINIMUM 1.40 
MAXIMUM 1.96 
NUMBER 6 Visual Kero~en Summary 

Unstructured Lipids 10 
Structured Lipids 

Solid Bitumen 

lnertinite 15 
Vitrinite 75 
Other 0 



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No 17 TYPE KIOC i 

OTHER ID 96 TM 29-8 TOC 1.12 
TMAX 499 

V ~ t r ~ n ~ t e  HI 30 
15 

10 

5 

0 

. 

- 
- - ' . . 

V Ro 
M EAN 

1.72 
1 72 

ST DN 0 19 
VARIANCE 0 04 
M lNlM UM 140 
MAXIMUM 2 09 
NUMBER 2 2 Visual Keroaen Summary 

Unstructured L~p~ds 10 
Structured L~prds 

Sol~d B~tumen 

lnertln~te 15 
Vitnn~te 70 

Other 5 

0 I 2 3 
TOTAL 100 

I 
Background Fluorescence Moderate 

11 19 V 1 5 8  V 1 6 3  V 1 8 5  V 1 9 4  TAI Unstructured n.d. 
L 1 4 0  V 1 6 0  V 1 6 4  V 1 8 9  V 2 0 1  TAI Structured 

V 1 4 6  V 1 6 1  V 1 6 7  V 1 9 1  V 2 0 9  

L I ~ O  v 1 6 1  v 1 7 1  v 1 9 2  ~ 2 3 6  COMMENTS: 
V 1 5 6  V 1 6 3  V 1 7 6  V 1 9 3  v 2 4 2  

DGSl Project 9713805 Sample No 18 WPE K/OC 
OTHER ID 96 TM 56-A TOC 

TMAX 

V ~ t r ~ n ~ t e  HI 
I 5  - 

10 

I 

i 
I 

I 5 . -  
i 
i 
I 

0 

V Ro 
M U \ N  

1.72 
172 

ST D N  0 24 
VARlANCE 0 06 
MINIMUM 137  

. 
MAXIMUM 2 09 
NUMBER '13 Visual Keroaen Summary 

Unstructured ~ ~ p l d s  20 

Structured Llplds 

Solid Bitumen 
lnerttn~te 20 
Vitnnde 60 
Other 0 

0 I .. 7 3 
TOTAL 100 

Background Fluorescence Weak 
I 1 2 1  V 1  55 V 1 7 8  V 2 0 2  v 2 4 7  TAl Unstructured n.d. 
V  1  37 V  1  58 V  1  84 V  2.09 TAI Structured 

V 1 4 2  V 1 6 5  V 1 9 6  v2.22 

V I  43 L I  72 V 1  96 v 2 2 6  COMMENTS: 
V 1 4 4  V 1 7 2  V 1 9 9  v 2 3 8  



VITRINITE REFLECTANCE ALASKA OUTCROPS 

DGSl Project 9713805 Sample No 19 TYPE WOC 
OTHER ID 94 Mu 43-1 TOC 

TMAX 

Vltrlnlte HI 
I 5  

10 

5 .  

0 - 
0 I 2 3 

' TOTAL 100 
I 
I 

Background Fluorescence Strong 
V 1 4 9  V 1 7 5  V 2 0 1  TAI Unstrudured 3 
V 1 5 6  V 1 7 9  V 2 0 4  TAI Slructured 

V 1 6 6  V 1 8 6  

V 1 6 8  V 1 9 0  COMMENTS: 
V 1 6 9  V 1 9 3  

DGSl Project 9713805 Sample No 20 TYPE KlOC 
OTHER ID 94 MU 43-16 TOC 

TMAX 

Vltr~nlte HI 

.- 

- 
IT 

1 5  

10 

5 

( 0  

V Ro 
MEAN 

1.78 
178 

ST DN o n 
VARIANCE 0 03 
M INIM UM 149 
MAXIMUM 2 04 
NUMBER 1 Visual Keroaen Summary 

' Unstructured Llprds 60 

Structured Ltplds 

I Solld Ellturnen 

lnertlnlte 20 
Vitnnlte 20 

I Other 0 

0 ! 2 3 
I TOTAL 100 

Background Fluorescence Intense 
V 1  18 V1.24 L 1 4 1  v 2 3 1  TAI Unstructured 3-,3 
V 1 1 8  V 1 2 5  V 1 4 1  TAI Structured 

V 1 2 1  V 1 2 6  V 1 4 4  

v i  23 v 1  32 V I  55 COMMENTS: 
V 1 2 4  V 1 3 9  v 1 6 2  

V Ro 1.29 
M €AN 129 
ST DO/ 0 0 9  
VARLANCE 0 0 1  
MINIMUM I !a 
MAXIMUM 144 
NUMBER '3 Visual Keroaen S u m m u  

Unstructured Llplds 70 
Structured Ltp~ds 

, Solid B~tumen 

lnertrn~te 10 
Wtnnde 20 

1 other 0 

- 
- 

, - *  
X I "  .I 

.r 

- 
* in n 



WHOLE EXTRACT G=IS CHROMATOGRAPKY 

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

A sample of whole extract is injected directly into a Varian model 3100 gas 
chromatograph fitted with a Quadrex 50 meter fused silica capillary column. The GC is 
programmed from 40°C to 340°C at 1 O°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 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 includmg 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. 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 Sl values and to identi@ possible 
contamination products. 



WHOLE EXTRACT GAS CHROMATOGRAPHY 

Alaska Outcrops 

DGSl Project: 9713959 

Sample Identification GAS CHROMATOGRAPHY R&TIOS 
DGSl ID WP/. PPM PrlPh PrlC17 PhlCl8 OEP i ExtflOC 

DGSl Project: 9613631 
1 : 96 Mu 33-5 i 18.65 3900 0.021 1.9 0.28 0.25 N.A 

21 : 96 MAW 7 2.88 1630 0.057 3.5 0.54 0.20 N.A. 
22 : 96MAW 9 1.76 91 4 0.052 2.6 0.64 0.30 1.12 
23 : 96 MAW 11 2.40 2829 0.118 2.6 0.56 0.27 N.A. 

DGSl Project: 97\3805 
7 : 94 Mu 72-1 ; 22.34 7216 0.032 3.0 1.45 0.77 N.A. 
8 : 96 MU 35-2 i 12.86 2486 0.01 9 2.7 0.64 0.30 N.A. 
10 : 9 6 M u 4 6  9.84 2043 0.021 2.8 0.49 0.24 N.A. 

DGSl ID 
Sample Extract AREA DATA 
Weight Weight C17 Pr C18 Ph C28 C29 C30 

1 : 30.6144 0.1194 148592 41261 86362 21 990 n.d. n.d. n.d. 
21 . 71.5364 0.1166 314488 169575 237871 48529 47319 41328 n.d. 
22 : 40.2630 0.0368 364957 231961 2981 73 88749 65671 63701 48045 
23 59.5685 0.1685 148629 82703 1 16337 31 298 25227 n.d. n.d. 

7 . 19.4701 0.1255 202661 294653 125487 96893 n.d. n.d. n.d. 
8 : 30.7342 0.0764 238617 151861 191 252 57302 n.d. n.d. n.d. 
10 . 43.5065 0.0889 128716 63508 96432 22832 n.d.  n.d. n.d. 



NORMALIZED ISOPRENOID PERCENT 

Alaska Outcrops 

DGSl Project: 9713959 

DGSl ID iC13 iC14 iC15 iC16 iC18 iC19 iC20 

1 4.5 37.7 18.4 21.6 4.3 8.8 4.7 
2 1 4.9 21.8 13.5 18.5 11.7 23.0 6.6 
22 8.4 7.4 7.6 19.9 7.0 35.9 13.7 
23 11.4 10.5 13.1 20.9 12.0 23.3 8.8 

7 2.5 2.4 6.5 16.5 17.8 40.9 13.4 
8 N.A. N.A. 7.9 27.0 19.4 33.2 12.5 
10 N.A. 23.3 4.8 20.8 11.8 28.9 10.4 

AREA DATA 
DGSl ID iC13 iC14 iC15 iC16 iC18 iC19 iC20 

1 21169 176457 86012 101185 201 76 41261 21 990 
21 35933 1 60461 99800 1361 04 86386 169575 48529 
22 541 40 47921 49102 128758 45255 231961 88749 
23 40502 371 67 46307 74002 42498 82703 31 298 

7 17810 17290 4721 2 1 18635 126599 294653 96893 
8 n.d. n.d. 36291 123598 88882 151861 57302 
10 n.d.  51 141 10441 45694 25978 63508 22832 



Phytane / n - C t ~  

FIG1 IRF 7 - Plot from chrornatoaranhv data showina o r ~ a n i c  matter tvpe. 
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Computerized gas ch romatog?n~ :mass  ~ P ~ C t r o m e V  (GmIS) of sanuate and aromatic h a i o n s  is used 

to evaluate various geochemical charac::r.stics of oils and rock extracts, including organic facies, thermal maturity 

level and d e ~ e e  of alteration. The sarurs:? a ~ ~ d  xomatic hctions are isolated by liquid cjromatogaohy from whole 

oils or rock extracts and injected into a HPSS9O gas chromatograph fined with a Quadrex 50M fuzed silica 

capillary column coupled to a HPj37lX Xiass Selective Detector (MSD). Tne analysis targets two important 

hydrocarbon classes: rriterpane and strrane biomarkers and 2- and3-ring aromatic hydrocarborn. 

Tritevane and sterane biomarkers are biologicailyderived naphthenic hydrocarbons found in most oils and 

rock extracts. These biological precusors are incorporated either directly or with some alteration into petroleum, 

imparting a fingerprint to a rock-extiact or oil. BY careful comparison of these fingerprints as well as the relative 

concentration and ratios of specific compounds, geochemical information regarding correlation, maturity, mipt ion,  

and biodegradation can be obtained. 

In describing the specific compounds, chemical conventions are used to delineate specific mc tu ra l  

differences. Alpha "a" or beta "P" designations refer to the orientation of carbon-hydrogen bands in the ring 

system: "a" refers to orientation above the plane of the ring, whereas "P" is below the plane. The S and R 

desigations are chemical conventions for designating molecular chiral centers in the hydrocarbon chains: R 

desipates  clockwise and S the counter-ciochvise orientation in these sequencing rules. Nomaily the Lomen are 

reported in eiution order, first 20s then 'OR. 

The Selected Ion Monitoring (SIhi) feature of the GCiMS data acquisition system permits specific ions to 

be monitored. Ions with masslcharge (m; '~)  191 allow characterization of specific triterpenoid compounds, while 

ions with d z  217 are diagnostic for s t emes .  Steranes with different chemicai structures can be identified using 

different ions. Thus, rniz 215 is characteristic of steranes with abb stereochemistry and diastemes exhibit a 

pronounced d z  259 fragment. In addition, molecular ions characteristic of individual triterpane and s t e w e  

compounds (m/z 370, 372, 384, jS6, 398, 400, 412, 414 and 426) are acquired. These molecular ions are not 

provided as part of the routine analytical report, but are available to c o n f m  peak identifications and to identify 

unknown compounds. In addition to saturated steranes, monoaromatic and triaromatic s t emes  are identified in the 

xomatic fractions by the ions rniz 253 and 23 1, respectively. 

Two- and three-ring aromatic hydrocarbons are useful as indicators of thermal maturity as well as organic 

facies. Three classes of aromatics are monitored: Dimethyl and trirnethyinauhthalenes are detected using ions with 

m/z 1% and 170, phenanthrenes are measured by monitorin2 ions with m/z 178, 192 and 206, and 

dibenzothiophenes are identified by the miz 183, 198 and 202 ions. 



BIOitIARKER EXPLANATIONS 

P a r a m e t e r  

Sterane Carbon Number (?'o) 

Hopane Carbon Number (%) 

Definition 

Relative abundm.cc of GI, CnJ C,,, 
C2,, G9 and C,g s x m a  expressed 
as percent. 

Relative abundmct of C&, Czs, C,, 
C,, and C,, - C jS hopanes expressed 
as percent. 

Sterane Isomer Distribution (%) Relative abundance of diasterane, 
aaa, app s t e m e s  (GI through C,,) 
and short-chain (C., and CJ 
steranes expressed as percent. 

Triterpane Distribution ($6) Relative abundance of tricyclic 
terpanes, hopmes and other 
biterpanes expressed as percent. 

Extended Hopme Distribution (?$) Relative abundant-, of C,, through 
C,, extended hopanes expressed 
as percent. 

C,, + C,, Tricyclicu'C, Tiicyclic 

CZ4 TetracyclidC-6 Tiicyclics 

C, TricyclidCz, Tricyclic 

C:, Tricyclics/C2, Tricyclics 

Cz, BisnorhopaneiC,, Hopane 

C,, 75-NorhopancC,, Hopane 

C2, NorhopanejC,~ Hopane 

C,, Diahopanel C,, Hopane 

Interpretive Guideiines 

Sterane carbon number dimibutions are used to 
infer source characteristics .h e n r i c h a t  in 
q, steranes is indicative of algal inow, while 
higher plant organic mamr is enriched in C, 
neranes. C,, (2dpropyl) ster~nes are found 
exclusively in marine depositional environments, 
while an enrichment in GI and & sreranes is 
common in carbonate settings. 

Hopane carbon number distributions cm be used 
to infer source characteristics. Enrichment in &, 
hopanes is primarily due to the presence of 
bisnorhopane, a marker of highly reducing 
depositional conditions. Enrichment in C,, - &, 
hopanes is characteristic of some marine and 
carbonate depositional environments. 

Sterane isomer distributions vary with both 
maturity and source type. Carbonate systems 
exhibit a low proponion of diasterana, wnile 
siiiciclastic environments are enriched in 
diasteranes. Carbonates u n  aiso be enriched in 
short-chin and app steranes. hfaturity results in 
an increase in diasteranes and aPP n m e s .  

Triterpane distributions arc borh maturity a d  
source related. Enrichment in tricyclic terpanes 
is common in lammine s y m .  but can also 
result from high maturity. Triterpancs like 
gammacenne and olemane are source- 
diagnostic. 

Enhanced abundance of extended hopan- in 
particular the C,, isomers, are found in s u l h -  
rich oils and in m b o n a t s  and calcareous 
mudstones. Their abundance decreases with 
increasing maturation level. 

C,, and C:, tricyclics are associated with higher 
plant material found in de idc  synems. 

The (2, tetracyclic terpanc m be enriched in 
carbonate environments. 

Can vary for different oil families 

Can bc diagnostic for lacusainc systems. 

Bisnorhopane is associated with highly reducing 
conditions. 

Norhopanes are markers of biodegradation. but 
also result from highly reducing conditions. 

C, Norhopanc rivals or cxcccds the C,, 
compound in some carbonates. 

Diahopane can be enriched in siliciclastic 
samples; it dso incrcvcl with increasing thermal 
maturity. 



BIO>L.IXI(ER EXPLAY-ATIONS 

Parameter  

C,, Oleanane;'C:,2 Xopane 

C,, 30-N0rhomoi..opanu'C,~ Hopme  

G a m m a c e r ~ r e ; C ~ ,  E-Iopme 

Extended Hopmes  (96) 

C,,/C,, Extended Hopmes  

Tricyclic Terpw.esHopmes 

HopanesiSteranes 

Definition Interpretive Guidelines 

Oleanane is a maker of a n g i o s p m  p!mt input 
;tat is associated with deltaic, predominantly 
Tertiary, seninzs. 

A series o i  norhomonopanes arc found in 
urbonates and cdcareous mudnones. 

Gmmacerme is a marker of hypersalinity and is 
also enriched in some frcshrvatcr lacurnine 
settings. 

Sum of C,, through C,, cx:cnded hlarine conditions m typified by an abundmc: 
hopanes, expressed as percent o i  of extended hopmes. 
total triterpanes. 

Sum of C,, extended h o p m e  isomers Cxbonate smpies  can exh i~ i t  C,;C,, hopme 
(7-2s and 22R) divided by the sum values greater than 1.0 
of  C,, extended hopane isomers 
(22s  and 23R). 

Sum of all tricyc!ic terpanes (C,, .-\n enrichment in tricyclic terpanes is Ysociated 
through C,,) divided by the sum of with Iacusrrine samples, but c m  also be an 
ail hopanes (C2, through C,,). indiator of high maturity 

Sum of C,, through C,, hopanes The hopanejnerane ntio is wed to infer sourc: 
(mlz 191) divided by the sum of all characteristics. Marine enviromenrs exhibit low 
steranes ( d z  2 17). values, while de!taic and lacusuinc cnvironmcnts 

are chancterized by elevated values. Hypersaline 
and some mxine cubonate environrncnts also 
exhibit elevated hopanelnerane ratios. 

Biomarker Isome:ization Ratios (?6) h series of biornuker panmeters With incre3sins thermal maruntion level. n r a e  
tt3t are maturity dependent: $6 205 and hopane biomarken u e  t m i o r m c a  from an 
C, S:e~anes, % a p p  G9 Stemes .  unstable "biological" configuration to 3 more 
96 23s  C,, Hopme, ?/o 3 7 s  C,? m o l e  "geological" configuation ratios 
Eopane, and ?6 C,, hlore*me. quantify the progression o i  thc transformation. 

.All increase with increasing mamriy with the 
exception of the D,6 C;, hloretane p m e t e r .  
which decreases. 

Tne TsTm ntio i n c r e m  with incrtving 
maturation level. This ratio also cxhibiu some 
facies dependence. 

C2, Nzohopane (29Ts)/C19 Norhopane This ratio behaves similarly to the TvTm ntio. 

D i a s t e m e s  ($6) Sum of all diastervles (Cf7 though The relative proportion of d i a r t e m a  will 
C29, expreessed s percent of t o d  incieasc with increasing mannation level. This 
steranes panmeter is also source-dependent 

Sum of all C1, and C, steranu The relative abundance of short-chain s t e r n a  
expressed as percent of tocd s t e r n a .  will increase with increasing maturation level. 

Short-chain stcranes are also enriched in some 
carbonate environments. 
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Interpretation of Saturate Biomarker Ratios 

Alaska Outcrops 

Other ID: 96 Mu 33-5 DGSI Project: 9613631 

DGSI Project: 9713959 

Sample No. 1 

ORGAN lC FACIES AND DEPOSITIONAL ENVIRONMENT 

Ratio - Value - Interpretation 

CI9 + C20 Tricyclics 1 C23 Tricyclic 
C24 Tetracyclic 1 Tricyclics 
C25 Tricyclics I C26 Tricyclics 
Cz8 Bisnorhopane 1 C 3 ~  Hopane 
C29 Norhopane I CU3 Hopane 
Cm Diahopane 1 C30 Hopane 
C30 Oleanane I C30 Hopane 
Gammacerane 1 C, Hopane 
% CJ1 - C35 Extended Hopanes 
C35/CJ4 Extended Hopanes 
HopanelSterane 
O h  CZ7 Steranes 
O h  C29 Steranes 
Diasteranes 
lsosteranes (abb) 
Short-chain steranes 
Pristanelphytane 

Ts I Tm 
O h  C30 Moretane 
22s / (22S+22R) C31 Hopane (%) 
% 20S/(20S + 20R) 
% abb/(abb + aaa) 
Odd Even Preference 

I PristanelnCI 7 

Not diagnostic 
Not diagnostic 

Non-marine 
Not diagnostic 
Not diagnostic 

Siliciclastic andlor terrigenous 
No significant angiosperm input 

Not lacustrine or hypersaline 
Marine maturity-influenced 

Not diagnostic 
Marine 

Mixed source 
Not higher plant dominated 

Mixed Source 
Not diagnostic 

Carbonate or hypersaline 
Marine 

THERMAL MATURITY 1 
1.20 Mature 
9.34 Greater than 0.5% Ro equivalent 
56.3 Greater than 0.5% Ro equivalent 
53.3 Between 0.6% and 1 .O% Ro equivalent 
49.6 Between 0.6% and 1.O0/0 Ro equivalent 
N.A. N.A. 
0.3 Paraffinic 
0.3 Paraffinic 

Co~Miaht O. DGSI. 1997 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 96 Mu 33-5 DGSI Project: 9613631 Sample No. 1 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Sterane Carbon Number (%I H o ~ a n e  Carbon Number 

- 

c21 1 7 4  Czr 21 2- I 

c22 20 9 Cza I 
c27 2 4 4  c ~ l  17 2 I 

O0 4 
c18 1 5 4  c 30 36 2 

c 29 1 9 0  c31 - c 3 5  25 5 -. --A 

c 30 
I 

2 9 0 10 ;a 30 40 E-p - 
0 10 20 30 

Sterane Isomer Distribution (Oh) Triterpane Distribution (%I 
I I 

D~asteranes 25 0 C19-C29 T~ICYC~ICS 27 5 I I 
1 1  I 

abb Steranes 19 5 C30-C35 T~ICYC~ICS 0 0 1 1 1  1 1 ;  

aaa Steranes 17 2 k- Hopanes 699 ' 

Short-cham 38 3 Other Tr~terpanes 2 6 -1 
steranes o 10 20 30 40 0 10 20 30 40 50 60 70 

Extended Hopane Distribution (%I 
- - - - - - -- 

c31 42 2 

C3z 29 3 

c33 

c 3 4  

c35 3 6  0 p ---- 10 20 - .  30 40 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS 

C,9 + Czo Tr~cycl~cs I C2) Trlcycl~c 1 27 C30 Oleanane I C ~ O  Hopane 0 0 0  

C24 Tetracycl~c I C,, Trlcycl~cs 0 88 C10 30-Norhomohopane 1 C,O Hopane 0 0 5  

CZ3 TTICYC~IC I C2* T~ICYCIIC 1 61 Gamrnacerane I C10 Hopane OM3 

C2, Tr~cycl~cs I C2, Tr~cycl~cs 0 73 Extended Hopanes (%) 17 80 

C28 B~snorhopane I C,, Hopane 0 0 0  C35/C34 Extended Hopanes 0 42 

CZ9 =Norhopane I C3, Hopane 0 0 0  Tr~cycl~c Terpanes I Hopanes 0 39 

C29 Norhopane I C3, Hopane 0 41 Hopanes 1 Steranes 0 94 

C3,, D~ahopane I C3,, Hopane 0 2 0  

Copyright O DGSI, 1997 



I GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 96 Mu 33-5 DGSI Project: 9613631 Sample No. 1 

THERMAL MATURITY 

Biomarker lsomerization Ratios 1%) 

96 20s Cz, Steranes 53.3 

% abb C29 Steranes 49.6 

% 22s C3, Hopane 56.3 

46 22s C32 Hopane 56.0 

% Moretane 9.3 -- 
0 ' 3  20 30 40 50 60 

Maturity-Dependent Ratios 

Ts 1 Trn 1 . X )  

C,, Neohopane (29Ts) 1 C2g Norhopane 0.36 

C30 Diahopane / C30 Hopane 0.20 

O h  Diasteranes 25.0 

Tricyclic Terpanes I Hopanes 0.39 

O h  Short-chain steranes 38.3 

TRITERPANE AND STERANE DISTRIBUTIONS 

5 

i 
i 
I 
I 

(listed in elution order) 

Coovr~oht O DGSl 1997 



I TRITERPANE REPORT (m/z 191) I 
Alaska Outcrops 

DGSI Project: 9713959 
Snrnnlr Nn 1 Other In! 96 Mu 33-5 nGS! Prnirct. Qtil3ti31 --...r.- ..-. . - -. . - . . - . - - . . . - - - - ---. . . - , - - - . - - . - - - . 

No. ID Triterpane Name Ret Time Area Area% 

CT9 Tricyclic Terpane 
Czo Tricyclic Terpane 
Czl Tricyclic Terpane 
Cu Tricyclic Terpane 
CZ3 Tricyclic Terpane 
Cz4 Tricyclic Terpane 
C25 Tricyclic Terpane (22R) 
C25 Tricyclic Terpane (22s) 
CP4 Tetracyclic Terpane 
C26 Tricyclic Terpane (22R) 
CZ6 Tricyclic Terpane (22s) 
C28 Tricyclic Terpane (22R) 
Cze Tricyclic Terpane (22s) 
CB Tricyclic Terpane (22R) 
CS Tricyclic Terpane (225) 
CZ7 18aH-Trisnorhopane (Ts) 
CZ7 17aH-Trisnorhopane (Tm) 
C30 Tricyclic Terpane (22R) 
C30 Tricyclic Terpane (22s) 

17aH, 18aH,21 bH-28,30-Elisnorhopane 
C J ~  Tricyclic Terpane (22R) 
Czs 17aH.21 bH 25-Norhopane 
CJ, Tricyclic Terpane (22s) 
CZ9 17aH.21 bH-Norhopane 
CZ9 18aH-Norneohopane (29Ts) 
C30 17aH Diahopane 
Czs 17bH,21aH-Normoretane 
C30 18aH+18bH-Oleanane 
C30 17aH,2l bH-Hopane 
C30 30-Nor-29-homo-1 7aH-hopane 
C30 17bH.21 aH-Moretane 
CJ3 Tricyclic Terpane (22R) 

Tricyclic Terpane (22s) 
C3, 17aH,21 bH-Hornohopane (22s) 
C31 17aH,2l bH-Hornohopane (22R) 
C30 Gamrnacerane 
C34 Tricyclic Terpane (22R) 
C34 Tricyclic Terpane (22s) 
C32 17aHq21 bH-Bishornohopane (225) 
C32 17aH.21 bH-Bishornohopane ( Z R )  
C s  Tricyclic Terpane (22R) 
C s  Tricyclic Terpane (22s) 
CU 17aH,21 bH-Trishomohopane (225) 
CJ3 17aH,21 bH-Trishomohopane (22R) 
C34 17aH,21 bH-Tetrahornohopane (22s) 

17aH,21 bH-Tetrahomohapane (22R) 
C35 17aH,21 bH-Pentahomohopane (22s) 
C35 17aH.21 bH-Pentahomohopane ( Z R )  

28.603 4j83088 
30.883 4265201 
35.71 1 49741 53 
J0.373 1 523887 
45.403 6957085 
49.020 4312008 
55.159 9f3862 
55.334 1553977 
59.074 3042459 
53.704 1920065 
60.116 1 556929 

0 
0 
0 
0 

75.612 9553323 
77.442 7992063 

0 
0 
0 
0 
0 
0 

83.890 907321 3 
84.1 29 3274774 
84.930 4495821 
85.991 1897742 

0 
87.844 22000068 
38.1 38 1204753 
89.643 2265298 

0 
0 

92.956 5009010 
93.574 3881315 

0 
0 
0 

97.536 3455943 
98.577 271 2525 

0 
0 

103.675 1939825 
105.361 1 51 0983 
111.248 1118494 
113.736 691 777 
120.228 471 386 
123.897 2- 

CoovnghfO DGSI, 1997 



Alaska Outcrops 
96 MU 33-5 

DGSI Project: 9713959 



Alaska Outcrops 
96 Mu 33-5 

DGSI Froject: 97/3959 

Ion 191.00 (190.70 to 191.70): 3959Sl.D 
I 

i I 

100000 

50000 

0 ' I I 
- 

Time-->70.00 80.00 90.00 100.00 110.00 120.00 
Abundance Ion 177.00 (176.70 to 177.70): 3959Sl.D 

I \ 
L . J % L % . & L L q  _ _ L L  - 

I / (  I . "  I " I  

Time-->7O. 00 80.00 90.00 100.00 110.00 120.00 

P bundance Ion 205.00 (204.70 to 205.70): 3959Sl.D 
200000 -( 



STERANE REPORT (mlz 217) 

I Alaska Outcrops I 
DGSl Project: 9713959 

Sample No. 1 Other ID: 96 Mu 33-5 DGSI Project: 9613631 

No. ID Sterane Name Ret Time Area Area% 

CZ1 diasterane 
C2( abb sterane 
Cz2 diasterane 
Cn abb sterane 
CZ7 ba diasterane (20s) 
C27 ba diasterane (20R) 
C27 ab diasterane (20s) 

C27 ab diasterane (20R) 

CZ8 ba diasterane (20s) 
Cze ba diasterane (20R) 
Cz8 ab diasterane (20s) 

CZ7 aaa sterane (20s) 
C27 abb ster-(20R)+CZ9 ba dia-(20s) 

CZ7 abb sterane (20s) 
CZ8 ab diasterane (20R) 

C27 aaa sterane (20R) 
CB ba diasterane (20R) 
CZ9 ab diasterane (205) 
Cze aaa sterane (20s) 

Czs ab diasterane (20R) 

CZ8 abb sterane (20R) 
C28 abb sterane (20s) 
Cza aaa sterane (20R) 

C29 aaa sterane (20s) 
CB abb sterane (20R) 
Czs abb sterane (20s) 
Czs aaa sterane (20R) 
CN aaa sterane (20s) 

C ~ O  abb sterane (20R) 
C30 abb sterane (20s) 
C30 aaa sterane (20R) 



Alaska  O u t c r o p s  
96 MU 33-5 

D G S I  P r o j e c t :  97/3959 



Alaska Outcrops 
96 MU 33-5 

DGSI Project: 97/3959 

Abundance Ion 217.00 (216.70 to 217.70): 3959Sl.D 
-1 60000 1 

1 

I 50000 1 
I I 

I , , ,  I i '  i 
rime--> 65.00 70.00 75.00 80.00 85.00 
!Abundance Ion 259.00 (258.70 to 259.70): 3959Sl.D 

I I i l r " I  
Time--> 65.00 70.00 75.00 80.00 85.00 
Abundance Ion 218.00 (217.70 to 218.70) : 3959Sl.D 

I 60000- 
I 
I 
I 50000- 

1 

I I 
1 40000- 
I 
I 

' 30000- 
I 

I 
I 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Interpretation of Saturate Biornarker Ratios 

Alaska Outcrops 

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

DGSl Project: 9713959 

Sample No. 7 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Ratio - Value Interpretation 

CI9 + CZ0 Tricyclics I C23 Tricyclic 
C24 Tetracyclic I C26 Tricyclics 
C?5 Tricyclics I C76 Tricyclics 
C18 Bisnorhopane I C 3 ~  Hopane 
C29 Norhopane I Cm Hopane 
Cm Diahopane 1 Cm Hopane 
C-33 Oleanane I C30 Hopane 
Gammacerane I C3* Hopane 
% C-3, - C35 Extended Hopanes 

Extended Hopanes 
HopaneISterane 
% C2, Steranes 
% C29 Steranes 
Diasteranes 
lsosteranes (abb) 
Short-chain steranes 
Pristanelphytane 

Ts I Tm 
O h  C30 Moretane 
22s I (22S+22R) C31 Hopane (%) 
% 20S/(20S + 20R) 
% abb/(abb + aaa) 
Odd Even Preference 
PristanelnC17 
PhytanelnC18 

THERMAL MATURITY 

Not diagnostic 
Not diagnostic 
Not diagnostic 
Not diagnostic 
Not diagnostic 
Not diagnostic 

No significant angiosperm input 
Not lacustrine or hypersaline 

Marine 
Not diagnostic 

Marine 
Mixed source 

Not higher plant dominated 
Siliciclastic 

Not diagnostic 
Not diagnostic 

Marine tenigenous influence 

0.41 Low maturity 
15.38 Facies-influenced 
59.2 Greater than 0.5% Ro equivalent 
49.5 Approx. 0.6% Ro equivalent 
33.0 Approx. 0.6% Ro equivalent 
N.A. N.A. 
1.5 Low maturity or biodegraded 
0.8 Mature 

1 Coowioht O. DGSI. 1997 



I GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 94 Mu 72-1 DGSI Project: 97\3805 Sample No. 7 

I ORGANIC FAClES AND DEPOSITIONAL ENVIRONMENT 

I Sterane Carbon Number I%) Hooane Carbon Number 1%) 

c 29 273  c,, - c,, 4l 2 & & z % e k d -  - 
c30 3 8 I 0 10 20 30 40 50 

0 10 23 30 40 

I Sterane Isomer Distribution f%) Triteroane Distribution 1%) 

Diasteranes 44 0 C Tricyclics 16.9 

abb Steranes 15.9 1 C3,-C3, Tricyclics 1.7 

aaa Steranes 31.1 : Hopanes 80.5 

Short-cham 9.0 Other Triterpanes 1 0  
steranes 0 10 20 30 40 50 o 10 20 30 40 50 60 70 80 90 

I Extended Hooane Distribution 

I ORGANIC FAClES AND DEPOSITIONAL ENVIRONMENT RATIOS 

Cq9 + CpO Tricyclics I CP3 Tricyclic 

CZ4 Tetracyclic I C,, Tricyclics 

CZ3 Tricyclic I C24 Tricyclic 

C25 Tricyclics I C26 Tricyclics 

C,, Bisnorhopane / C30 Hopane 

C,, 25-Norhopane I C30 Hopane 

C, Norhopane I C,, Hopane 

C,, Diahopane I C3, Hopane 

C,O Oleanane I C3, Hopane 0.00 

C3, SNorhomohopane 1 C3, Hopane 0.03 
Gammacerane I C,, Hopane 0.00 

Extended Hopanes (%) 33.17 

C3JC3, Extended Hopanes 0.64 

Tricyclic Terpanes I Hopanes 0.23 

Hopanes I Steranes 0.73 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 94 Mu 72-1 DGSI Project: 97\3805 Sample No. 7 

THERMAL MATURITY 

Biomarker lsomerization Ratios (O/O~ 

% M S  C29 Steranes 

% abb Czg Steranes 

% 22s C,, Hopane 

% 22s C,? Hopane 

Oh C,, Moretane 

0 10 20 33 40 50 60 

Maturity-De~endent Ratios 

Ts I Trn 0.41 
C?, Neohopane (29Ts) I C2, Norhopane 0.30 

C,, Diahopane I C,, Hopane 0.09 

O h  Diasteranes 44.0 

Tricyclic Terpanes I Hopanes 0.23 

% Short-cham steranes 9.0 

TRITERPANE AND STERANE DISTRIBUTIONS 

Biomsrbr 
(listed in rlulioa order) 

Coovnght O DGSI, 1997 



TRITERPANE REPORT (mlz 191) I .  
I Alaska Outcrops I 

DGSl Project: 9713959 
I 

Sample No. 7 Other ID: 94 Mu 72-1 DGSl Project: 97l3805 I 
I No. ID Triterpane Name Ret Time Area Area% 

Cj9 Tricyclic Terpane 
C2,3 Tricyclic Terpane 
Czl Tricyclic Terpane 
C22 Tricyclic Terpane 
CZ3 Tricyclic Terpane 
C2, Tricyclic Terpane 
C25Tr i~y~ l ic  Terpane (22.R) 
Czs Tricyclic Terpane (22s) 
C1, Tetracyciic Terpane 
CZ6 Tricyclic Terpane (22R) 
C26 Tricyclic Terpane (22s) 
Cza Tricyclic Terpane (22R) 
CZ8 Tricyclic Terpane (22s) 
Czs Tricyclic Terpane (22R) 
CB Tricyclic Terpane (22s) 
CZ7 18aH-Trisnorhopane (Ts) 
CZ7 17aH-Trisnorhopane (Tm) 
CX Tricyclic Terpane (22R) 
Cm Tricyclic Terpane (22s) 
CZ8 17aH, 18aH,21 bH-28,30-Bisnorhopane 
CJ1 Tricyclic Terpane (22R) 
Cs 17aH,21 bH 25-Norhopane 
CJ1 Tricyclic Terpane (22s) 
Czs 17aH,2l bH-Norhopane 
Ca 18aH-Norneohopane (29Ts) 
CM 17aH Diahopane 
CB 17bH92laH-Normoretane 
C30 18aH+18bH-Oleanane 
C30 17aH,2l bH-Hopane 
CM 30-Nor-29-homo-1 7aH-hopane 
CJo 17bH,2l aH-Moretane 
C33 Tricyclic Terpane (22R) 
C33 Tricyclic Terpane (22s) 
C3i 17aH,21 bH-Hornohopane (22s) 

17aH,21 bH-Homohopane ( Z R )  
CJo Gammacerane 
Cu Tricyclic Terpane (22R) 
C3, Tricyclic Terpane (22s) 
CJ2 17aH.21 bH-Bishomohopane (225) 
C32 17aH,21 bH-Bishomohopane (22R) 
C35 Tricyclic Terpane (22R) 
C35 Tricyclic Terpane (22s) 
Cu 17aH,21 bH-Trishornohopane (22s) 
Cg 17aH,21 bH-Trishomohopane (22R) 
Cw 17aH,21 bH-Tetrahomohopane (22s) 
CM 17aH,21 bH-Tetrahomohopane (22R) 
CJs 17aH,21 bH-Pentahomohopane (22s) 
CJ5 17aH,21 bH-Pentahomohopane (22R) 





Alaska Outcrops  
94 MU 72-1 

DGSI P r o j e c t :  97/3959 

[Abundance Ion 191.00 (190.70 t o  191.70): 3959S7.D 
I 

60000 - 

w u  \ 

b'----LL-, -- 
1 " ' ' 1 ~ ' ' ' / ' ~ 1  

ime-->70.00 80.00 90.00 100.00 110'.00 ' ' ' 
' ' 

120.00 
bundance Ion 205.00 (204.70 to 205.70): 3959S7.D 

I I I 



STERANE REPORT (m/z 217) 

I Alaska Outcrops I 
DGSi Project: 9713959 

Sample No. 7 Other ID: 94 Mu 72-1 DGSl Project: 97\3805 

N o. ID Sterane Name Ret Time Area Area% 

C2, diasterane 
Clt abb sterane 
CZ2 diasterane 
C2. abb sterane 
CZ7 ba diasterane (20s) 
CZ7 ba diasterane (20R) 
C27 ab diasterane (20s) 
C2, ab diasterane (20R) 
Cze ba diasterane (205) 
Cle ba diasterane (20R) 
C2$ ab diasterane (20s) 
CZ7 aaa sterane (20s) 
CZ7 abb ster-(20R)+Czs ba dia-(20s) 
CZ7 abb sterane (20s) 
C28 ab diasterane (20R) 
CZ7 aaa sterane (20R) 
CB ba diasterane (20R) 

CZ9 ab diasterane (20s) 
Cza aaa sterane (20s) 
Czs ab diasterane (20R) 
Cze abb sterane (20R) 
Cz8 abb sterane (20s) 
CZ8 aaa sterane (20R) 
Cm aaa sterane (205) 
C3 abb sterane (20R) 
Cm abb sterane (20s) 
CB aaa sterane (20R) 
CX aaa sterane (20s) 
CJo abb sterane (20R) 
C N  abb sterane (20s) 
C30 aaa sterane (20R) 



Alaska O u t c r o p s  
94 MU 72-1 

DGSI P r o j e c t :  9713959 
-. -- -- -- . . - --- - - - - - 

bbundance Ion 217.00 (216.70 t o  217.70): 395957.D 



A l a s k a  O u t c r o p s  
94 MU 72-1  

DGSI P r o j e c t :  9713959 

ibundance I o n  2 1 7 . 0 0  ( 2 1 6 . 7 0  t o  2 1 7 . 7 0 ) :  395957.D 

1 5 0 0 0 0  1 / ! 7  

i b u n d a n c e  I o n  2 1 8 . 0 0  ( 2 1 7 . 7 0  t o  2 1 8 . 7 0 ) :  3959S7.D 
1 I 

8 0 0 0 0  - 

6 0 0 0 0  - 

I , ,  I " "  

6 5 . 0 0  7 0 . 0 0  7 5 . 0 0  r ime--> 8 0 . 0 0  
I 

8 5 . 0 0  
9bundance I o n  2 5 9 . 0 0  ( 2 5 8 . 7 0  t o  2 5 9 . 7 0 ) :  3959S7.D 

5 0 0 0 0  - 

4 0 0 0 0  - 

3 0 0 0 0  - 

2 0 0 0 0  - 

1 0 0 0 0  

6 5 . 0 0  7 0 . 0 0  75 .00  Time--> 80 .00  8 5 . 0 0  



GAS CHROMATOGRAPHY - MASS SPECTROMETRY I 
Interpretation of Saturate Biomarker Ratios 

Alaska Outcrops 

Other ID: 96 MAW 7 

DGSI Project: 9713959 

Sample No. 21 I 
ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Ratio - Value - Intermetation I 
Ct9 + Czo Tricyclics / C23 Tricyclic 
C24 Tetracyclic / C26 Tricyclics 
C25 Tricyclics / C26 Tricyclics 
C28 Bisnomopane / C30 Hopane 
C29 Norhopane 1 CN Hopane 
C30 Diahopane / CN Hopane 
C30 Oleanane / C30 Hopane 
Gammacerane / C30 Hopane 
% C3, - C3!5 Extended Hopanes 
C3#& Extended Hopanes 
HopaneISterane 
% C27 Steranes 
% C29 Steranes 
Diasteranes 
lsosteranes (abb) 
Short-chain steranes 
Pristanelphytane 

Ts / Tm 
O h  C30 Moretane 
22s / (22S+22R) C31 Hopane (%) 
O h  20S/(20S + 20R) 
% abb/(abb + aaa) 
Odd Even Preference 
PristaneJnC17 
PhytanelnC18 

Terrigenous 
Not diagnostic 

Non-marine 
Not diagnostic 
Not diagnostic 
Not diagnostic 

No significant angiosperm input 
Not lacustrine or hypersaline 

Terrigenous 
Not diagnostic 

Tenigenous or non-marine 
Mixed source 
Tenigenous 

Mixed Source 
Maturity-influenced 
Maturity-influenced 

Tenigenous 

THERMAL MATURITY I 
2.80 
8.69 
57.9 
53.7 
52.8 
N.A. 
0.5 
0.2 

Elevated maturity 
Greater than 0.5O/0 Ro equivalent 
Greater than 0.5% Ro equivalent 

Between 0.6O/0 and 1 .O% Ro equivalent 
Between 0.6% and 1 .O% Ro equivalent 

N.A. 
Mature 

Paraffinic 

Copyright Q, DGSI. 1997 I 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 96 MAW 7 Sample No. 21 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Sterane Carbon Number (%I H o ~ a n e  Carbon Number L % l  
- - - 

8 7  m--- C2l C?, 11 4cBE!z!5 

C22 9 6  C ?a 004 

C21 - c 2s 188-' 

c2s 1 6 2  C ~ O  368 p.llLIL113" 

29 397 p C3q - Clr =O--- - - -- 
30 5 6  0 10 20 30 40 - - .  -- - 

0 10 20 30 40 

Sterane Isomer Distribution (%I Triterpane Oist r~but~on 1%) 

, T-- 

Dnsteranes 28 9 m- -- - Clg-C2, Tr~cycl~cs 14 0 I I 

abb Steranes 30 1 C30-C35 T~ICYC~ICS 0 0 1 I 
I 

aaa Steranes 22 7 Hopanes 
I 

851 - I 
Short-cham 18 3 I I -- - -  --- ---- , Other Trlterpanes 09 $!. 
steranes 0 10 20 30 40 0 10 20 30 40 50 60 70 80 90 

Extended H o ~ a n e  Distribut~on (O/OJ 

1 - --- - - 
- -- 

c3 ,  4 4 9  

C ~ Z  2 8 6  

c33 15 2 

c34 8 0 

c35 3 3 
1 

-- A -- - ----=z--~ 

0 10 20 30 40 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS 

C,, + Czo Trlcycllcs / C23 TIICYC~IC 060 C30 Oieanane I C3, Hopane 000 

C,, Tetracycl~c I CZB T~ICYC~ICS 0 55 C,O 30-Norhomohopane I C,, Hopane 004 

Cz3 Tr~cycl~c / CZ4 Trlcycllc 1 48 Gammacerane I C, Hopane O W  

C,, Tr~cycl~cs / C,, Trlcycl~cs 0 67 Extended Hopanes (%) 28 11 

CIS B~snorhopane 1 C,O Hopane 000 C35/C34 Extended Hopanes 0 42 

C2, 25Norhopane I C3, Hopane 000 Tr~cycl~c Terpanes / Hopanes 0 1 6  

C29 Norhopane 1 C3, Hopane 0 43 Hopanes I Steranes 4 93 

C, O~ahopane I C30 Hopane 0 07 

Copvnght 0 DGSl 1997 - 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 96 MAW 7 Sample No. 21 

THERMAL MATURITY 

Biomarker lsomerization Ratios 1%) 

% 20s C29 Steranes 

% abb C29 Steranes 

O h  22s  C,, Hopane 

O h  225 C,, Hopane 

O h  C30 Moretane 

Maturitv-Dependent Ratios I 
Ts l Tm 2.80 
C,, Neohopane (29Ts) I C,, Norhopane 0.29 

C,, Diahopane I C,, Hopane 0.07 

O h  Diasteranes 28.9 
Tr~cyclic Terpanes 1 Hopanes 0.16 

% Short-cham steranes 18.3 

TRITERPANE AND STERANE DISTRIBUTIONS 

-. -- 

S '  

e 
4 

i I 

I 

Biomarkcr 
( l i s t 4  in elution order) 

Copyright O DGSI. 1997 



TRITERPANE REPORT (mlz 191) 1 
I Alaska Outcrops I 

DGSl Project: 9713959 
Sample No. 21 Other ID: 96 MAW 7 DGSl Project: 97\3805 

I No. ID Triterpane Name Ret Time Area Areao/. I 

C19 Tricyclic Terpane 
CZ0 Tricyclic Terpane 
CZ1 Tricyclic Terpane 
Cz Tricyclic Terpane 
C23 Tricyclic Terpane 
CZ4 Tricyclic Terpane 
CZ5 Tricyclic Terpane (22R) 
CZ5 Tricyclic Terpane (225) 
C24 Tetracyclic Terpane 
CZS Tricyclic Terpane (22R) 
C26 Tricyclic Terpane (22s) 
CZ8 Tricyclic Terpane (22R) 
C28 Tricyclic Terpane (22s) 
Ca Tricyclic Terpane (22R) 
Czs Tricyclic Terpane (22s) 
CZ7 1 8aH-Trisnorhopane (Ts) 
CZ7 17aH-Trisnorhopane (Tm) 
Cm Tricyclic Terpane (22R) 
Cm Tricyclic Terpane (22s) 
CI8 17aH,18aH,21 bH-28,30-Bisnorhopane 
C31 Tricycl~c Terpane (22R) 
Czs 17aH,21 bH 2INorhopane 
C3, Tricyclic Terpane (22s) 
Czs 17aH,2lbH-Norhopane 
Czs 18aH-Norneohopane (29Ts) 
CU) 17aH Diahopane 
Ca 17bH,21 aH-Normoretane 
Cu, 18aH+18bH-Oleanane 
C30 17aH,2l bH-Hopane 
Cm 30-Nor-29-homo-1 7aH-hopane 
C30 17bH,2laH-Moretane 
CJ3 Tricyclic Terpane (22R) 
C33 Tricyclic Terpane (22s) 
C3i 17aH,21 bH-Hornohopane (22s) 
C3, 17aH,2l bH-Homohopane (22R) 
Cw Garnrnacerane 
CB4 Tricyclic Terpane (22R) 
Ca4 Tricyclic Terpane (225) 
C32 17aH,21 bH-Bishomohopane (22s) 
C32 17aH,21 bH-Bishomohopane (22R) 
CS Tricyclic Terpane (22R) 
C35 Tricyclic Terpane (22s) 
C33 17aH,21 bH-Trishomohopane (22s) 
CS 17aH,21 bH-Trishomohopane (22R) 
C34 17aH,21 bH-Tetrahornohopane (22s) 
C34 17aH,21 bH-Tetrahomohopane (22R) 
CJ5 17aH,21 bH-Pentahomohopane (22s) 
C35 17aH,21 bH-Pentahomohopane (22R) 





A l a s k a  Outc rops  
9 6  MAW 7  

DGSI P r o j e c t :  9 7 / 3 9 5 9  

Ion 1 9 1 . 0 0  ( 1 9 0 . 7 0  to 1 9 1 . 7 0 ) :  3959S21.D 

i /Abundance I 

I 

I 

200000 - 

0 -  r l r  
* 

I 

Time-->7O. 00 8 0 . 0 0  9 0 . 0 0  ' 1'00'. 00 110 .00  1 2 0 . 0 0  I 

Abundance  Ion 1 7 7 . 0 0  ( 1 7 6 . 7 0  to 1 7 7 . 7 0 ) :  3959S21.D 
I 



STERANE REPORT (m/z 217) 

I Alaska Outcrops 

DGSI Project: 9713959 
Sample No. 21 Other ID: 96 MAW 7 DGSl Project: 97\3805 

No. ID Sterane Name Ret Time Area Area% 

1 A CZ1 diasterane 36.50 1655691 2.56 
2 B CZ1 abb sterane 40.73 3998621 6.18 
3 C CZ2 diasterane 41.09 3093965 4.78 
4 D Cu abb sterane 47.04 3086999 4.77 
5 E CZ7 ba diasterane (20s) 64.56 2348986 3.63 
6 F CZ7 ba diasterane (20R) 66.38 1358786 2.10 
7 G C2, ab diasterane (20s) 67.77 659741 1.02 
8 H CZ7 ab diasterane (20R) 68.74 901 159 1.39 
9 I CZ8 ba diasterane (20s) 69.23 1 972384 3.05 

10 J CZ8 ba diasterane (20R) 71.15 1246380 1.93 
11 K CZ8 ab diasterane (205) 72.29 438684 0.68 
12 L CZ7 aaa sterane (205) 72.55 1589264 2.46 
13 M C27 abb ster-(20R)+C2g ba dia-(20s) 72.94 526561 6 8.14 
14 N CZ7 abb sterane (205) 73.34 2111041 3.26 
15 0 CZ8 ab diasterane (20R) 73.67 491 144 0.76 
16 P CZ7 aaa sterane (20R) 74.55 1484590 2.29 
17 Q Cm ba diasterane (20R) 75.09 37801 44 5.04 
18 R Czs ab diasterane (20s) 76.01 164601 7 2.54 
19 S CZ8 aaa sterane (20s) 77.23 598303 0.92 
20 T Czs ab diasterane (20R) 77.62 12381 42 1.91 
21 U CZ8 abb sterane (20R) 77.89 1 460748 2.26 

22 V CZ8 abb sterane (20s) 78.25 2762470 4.27 
23 W CZ8 aaa sterane (20R) 79.74 1488882 2.30 
24 X Cm aaa sterane (20s) 81.10 4150418 6.41 
25 Y Cm abb sterane (20R) 81.83 4848373 7.49 
26 Z Czs abb sterane (20s) 82.10 3797536 5.87 
27 a Czs aaa sterane (20R) 83.86 3578870 5.53 
28 b C30 aaa sterane (20s) 84.13 98951 2 1.53 
29 c C30 abb sterane (20R) , 85.12 1465167 2.26 

30 d Cu, abb sterane (20s) 85.47 408876 0.63 
31 e C30 aaa sterane (20R) 87.36 783587 1.21 



Alaska Outcrops 
96 MAW 7 

DGSI Project: 9 7 / 3 9 5 9  



Alaska Outcrops 
96 MAW 7 

DGSI Project: 9713959 
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GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

lnterpretation of Saturate Biomarker Ratios 

Alaska Outcrops DGSl Project: 9713959 

Other ID: 96 MAW 11 sample No. 23 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Ratio - Value - Interpretation 

CI9 + C20 Tricyclics / C23 Tricyclic 0.70 Not diagnostic 
C24 Tetracyclic 1 C26 Tricyclics 0.57 Not diagnostic 
C25 Tricyclics I C26 Tricyclics - 1.07 Not diagnostic 
Cz8 Bisnorhopane I C30 Hopane 0.00 Not diagnostic 
C29 Norhopane / C30 Hopane 0.48 Not diagnostic 
CN Diahopane I CN Hopane 0.10 Not diagnostic 
C30 Oleanane / Cm Hopane 0.00 No significant angiosperm input 
Gammacerane 1 CN Hopane 0.00 Not lacustrine or hypersaline 
% C3$ - C 3 ~  Extended Hopanes 31.4 Marine maturity-influenced 

Extended Hopanes 0.53 Not diagnostic 
HopaneISterane 2.73 Terrigenous or non-marine 
% CZ7 Steranes 20.0 Mixed source 
% C29 Steranes 32.6 Not higher plant dominated 
Diasteranes 21.9 Mixed Source 
lsosteranes (abb) 29.6 Not diagnostic 
Short-chain steranes 25.3 Carbonate or hypersaline 
Pristanelphytane 2.6 Terrigenous 

THERMAL MATURITY 

Ts I Tm 1.25 Mature 
% C30 Moretane 9.65 Greater than 0.5% Ro equivalent 
22s I (22S+22R) C31 Hopane (%) 57.8 Greater than 0.5% Ro equivalent 
O/O 20S/(20S + 20R) 51.8 Between 0.6% and 1 .OOh Ro equivalent 
O/O abb/(abb + aaa) 53.4 Between 0.6% and 1.0% Ro equivalent 
Odd Even Preference N.A. N.A. 
PristanelnC17 0.6 Mature 
PhytanelnC18 0.3 Paraffinic 

Copyright Q, DGSI, 1997 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Triterpanes and Steranes 

Alaska Outcrops DGSl Project: 9713959 
Other ID: 96 MAW 11 Sample No. 23 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT 

Sterane Carbon Number (O/O~ H o ~ a n e  Carbon Number (%I 
- . .- 

I - 
GI 11.8 c27 12.9 &s.u,ud 

c2z 13.5 c 2 a  0.0 d 
c27 20.0 29 19.3 

c?8 17.0 . . ~, c 30 36.4 , j  I 

: {  

Cza c31 - C35 31.4 -..---- 
/--__- 

c 30 0 10 20 30 40 

0 10 Z0 30 40 

Sterane Isomer Distribution I % )  Tritemane Distribution (O/O) 

Diasteranes 21.9 ' C19-C29 Tricycl~cs 26.2 , , ,: ; / / I  
' ' 1 1 ;  

abb Steranes 29.6 C3rC35 Tricyclics 1.8 / I O l  
I : ! !  

aaa Steranes 23.1 Hopanes 70.6 . .  . ! 
1 ! I ! ! :  

Short-cham 25.3 Other Triterpanes 1.4p ' ' / ! I /  

steranes 0 10 20 30 40 50 60 70 80 

Extended H o ~ a n e  Distribution I%) 

c31 42.5 
28.6 c 32 

c33 16.0 

c 3 4  8.4 I 
c35 4.5 _ ... _. . __d-d ! - ., 

0 10 0 30 40 

ORGANIC FACIES AND DEPOSITIONAL ENVIRONMENT RATIOS 

C,, + C2, Tricyclics I C23 Tricyclic 0.70 Cso Oleanane I C3, Hopane 0.00 

C2., Tetracyclic I C,, Tricyclics 0.57 C,, X-Norhomohopane I C,, Hopane 0.04 

C23 Tricyclic I Cq, Tricyclic 1.18 Gammacerane I C3, Hopane 0.00 

C2, Tricyclics I G28 Tricyclic~ 1.07 Extended Hopanes (%) 22.16 

CZB Bisnorhopane I Cao Hopane 0.00 C3 JC,, Extended Hopanes 0.53 

C2g 2SNorhopane I C3, Hopane 0.00 Tricyclic Terpanes I Hopanes 0.40 

C29 Norhopane I C,, Hopane 0.48 Hopanes I Steranes 2.7'3 

C,, Diahopane I C3, Hopane 0.10 

Copvr~ght O DGSI. 1997 



GAS CHROMATOGRAPHY - MASS SPECTROMETRY 

Alaska Outcrops 
Other ID: 96 MAW 1 I 

Triterpanes and Steranes 

DGSl Project: 9713959 
Sample No. 23 

THERMAL MATURITY 

Biomarker lsomerization Ratios (%) 

% 20s Czs Steranes 

% abb C29 Steranes 

% 22s C31 Hopane 

% 22s C3, Hopane I 

% Cln Moretane 9.7 @sz?. ......--.L--_- -____-.. - 
0 10 20 30 40 50 50 

Maturitv-Deuendent Ratios 

Ts 1 Trn 1.25 

C2, Neohopane (29Ts) 1 C,9 Norhopane 0.26 

C,, Diahopane / C,o Hopane 0.10 

% Diasteranes 21.9 

Tricyclic Terpanes / Hopanes 0.40 

% Shortthatn steranes 25.3 

TRlTERPANE AND STERANE DISTRIBUTIONS 

B~omwkcr 11 7, 

(I~sted in elutton order) 

Coovr~oht Q DGSl 1997 



TRITERPANE REPORT (rnjz 191) 

Alaska Outcrops I 
DGSI Project: 9713959 

Sample No. 23 Other ID: 96 MAW 11 DGSI Project: 97\3805 

No. ID Triterpane Name Ret Time Area Area% 

C19 Tricyclic Terpane 
Tricyclic Terpane 

CZ1 Tricyclic Terpane 
Cn Tricyclic Terpane 
CZ3 Tricyclic Terpane 
CZ4 Tricyclic Terpane 
CZ5 Tricyclic Terpane (22R) 
Cz5 Tricyclic Terpane (22s) 
C2, Tetracyclic Terpane 
CZ6 Tricyclic Terpane (22R) 
CZ6 Tricyclic Terpane (22s) 
CZ8 Tricyclic Terpane (22R) 
CZ8 Tricyclic Terpane (22s) 
Czs Tricyclic Terpane (22R) 
CB Tricyclic Terpane (22s) 
CZ7 18aH-Trisnorhopane (Ts) 
CZ7 17aH-Trisnorhopane (Trn) 
C30 Tricyclic Terpane (22R) 
Cm Tricyclic Terpane (225) 
CZ8 17aH,18aH,21 bH-28,30-Bisnorhopane 
CJl Tricyclic Terpane (22R) 
Czs 17aH,21 bH 25-Norhopane 
CJI Tricyclic Terpane (225) 
Czs 17aH,2l bH-Norhopane 
Czs 18aH-Norneohopane (29Ts) 
C3a 17aH Diahopane 
CZ9 17bH,21 aH-Norrnoretane 
C30 18aH+18bH-Oleanane 
CN 17aH,2l bH-Hopane 
C3a 30-Nor-29-homo-1 7aH-hopane 
CM 17bH,21 aH-Moretane 
CS3 Tricyclic Terpane (22R) 
C33 Tricyclic Terpane (22s) 
C31 17aH,21 bH-Hornohopane (225) 
CJ1 17aH,2l bH-Homohopane (22R) 
CJo Gamrnacerane 
CM Tricyclic Terpane (22R) 
C Tricyclic Terpane (22s) 
Cs2 17aH,21 bH-Bishornohopane (22s) 
C3z 17aH,21 bH-Bishornohopane (22R) 
C35 Tricyclic Terpane (22R) 
C35 Tricyclic Terpane (22s) 
C33 17aH,21 bH-Trishornohopane (22s) 
C J ~  17aH,21 bH-Trishornohopane (22R) 
Cu 17aH,2lbH-Tebahornohopane (22s) 
C31 17aH-21 bH-Tebahomohopane (22R) 
C3 17aH,21 bH-Pentahornohopane (22s) 
C J ~  17aH,21 bH-Pentahornohopane (22R) 



Abundance 
650000 1 
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Alaska Outcrops 
96 MAW 11 

DGSI Project: 97/3959 

Ion 191.00 (190.70 to 191.70): 3959823.D 
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A l a s k a  O u t c r o p s  
9 6  MAW 11 

DGSI p r o j e c t :  9 7 / 3 9 5 9  
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300000  
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STERANE REPORT (m/z 217) 
4 

Alaska Outcrops 

DGSI Project: 9713959 
Sample No. 23 Other ID: 96 MAW 11 DGSl Project: 97\3805 

No. ID Sterane Name Ret Time Area Area% 

1 A CZI diasterane 36.67 29791 78 3.02 
2 B CZ1 abb sterane 40.92 869441 8 8.80 
3 C Cn diasterane 41.13 5582321 5.65 
4 D Cz2 abb sterane 47.21 77651 63 7.86 
5 E CZ7 ba diasterane (205) 64.63 28291 62 2.86 
6 F C27 ba diasterane (20R) 66.48 1586503 1.61 
7 G CZ7 ab diasterane (20s) 67.85 888 1 23 0.90 
8 H C27 ab diasterane (MR) 68.81 969748 0.98 
9 I CZa ba diasterane (20s) 69.32 1966043 1.99 

10 J CZ8 ba diasterane (20R) 71.21 1823091 1.85 
11 K CZa ab diasterane (20s) 72.36 607723 0.62 
12 L CZ7 aaa sterane (20s) 72.62 3101348 3.14 
13 M C27 abb ster-(20R)+C3 ba dia-(20s) 73.02 651 91 65 6.60 
14 N CZ7 abb sterane (205) 73.41 4030044 4.08 
15 0 CZ8 ab diasterane (20R) 73.73 925459 0.94 
16 P CZ7 aaa sterane (20R) 74.61 3043703 3.08 
17 Q Czs ba diasterane (20R) 75.17 441 1800 4.47 
18 R Cm ab diasterane (20s) 76.04 1504112 1.52 
19 S aaa sterane (20s) 77.27 1258502 1.27 
20 T Czs ab diasterane (20R) 77.65 873792 0.88 
21 U CZ8 abb sterane (20R) 77.93 31 21 059 3.16 
22 V C2a abb sterane (205) 78.29 4448670 4.50 
23 W aaa sterane (20R) 79.73 261 5082 2.65 
24 X CB aaa sterane (20s) 81.1 1 5339267 5.41 
25 Y Cm abb sterane (20R) 81.87 6209881 6.29 
26 Z Cm abb sterane (20s) 82.13 5599362 5.67 
27 a Czs aaa sterane (20R) 83.88 4967428 5.03 
28 b Cm aaa sterane (20s) 84.14 1364231 1.38 
29 c Cm abb sterane (20R) 85.14 2039095 2.06 
30 d C a  abb sterane (20s) 85.46 532086 0.54 
31 e CJo aaa sterane (20R) 87.36 1157412 1.17 
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Alaska Outcrops 
96 MAW 11 

DGSI Project: 97/3959 

 bunda dance Ion 217.00 (216.70 to 217.70) : 3959823.D 
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/ a Aptian - Albian strata 
I f i  Pebble Shale - Hauterivim I 

@ 
Kingak Shale - Jurassic to 

Neocornian 

Shublic & Otuk Formation 
- Upper Triassic: 

W 

93Mu 80-1 

96 MU 52-1 
96 MU 33-5 
96 Mu 46 
96 MAW 7 
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