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Molecular stratigraphy of the 

Devonian Domanik Formation, 

Timan-Pechora Basin, Russia

by Michele L.W. Tuttle, Paul G. Lillis, 

and Jerry L. Clayton

Introduction

The Timan-Pechora Basin occupies 322,000 km2 in northwest 
Russia (Ulmishek, 1982) (fig. 1). The Domanik Formation of 
Late Devonian age is considered the major source rock for the 
petroleum within this basin (possibly as much as 95% of the 
oil within the region; Ulmishek, 1988). The formation is 
mature throughout the basin except for parts of the 
southwestern margin of the basin where our study area is 
located.

The Domanik Formation is widespread throughout the Timan- 
Pechora Basin. The organic-rich nature of the formation is 
thought to have resulted from a productive water column and 
pelagic sedimentation in an anoxic marine environment. 
Variation in organic-carbon content has been attributed to 
changes in the magnitude of anoxia within the depositional 
basin (Ulmishek, oral commun., 1999).

The goal of our study is to characterize the variability in 
the organic and inorganic geochemistry of the immature 
Domanik source rock. This report tabulates our geochemical 
data. Complete profiles of inorganic chemistry and 
systematic Rock-eval data are tied to variations in 
lithofacies of the source rock. Lithofacies are further 
characterized with detailed organic geochemical stratigraphy, 
sulfur speciation and isotopy, and bulk mineralogy. The data 
tabulated herein are used to correlate the variability of 
lithofacies and geochemical data with changes in 
paleoenvironmental conditions at the time of deposition and 
early diagenesis of this important petroleum source.

Collaborators at VNIGRI (All Russia Petroleum Research 
Exploration Institute) in Ukhta, Russia, have provided field 
support, biostratigraphic control on sampling intervals, oil 
samples from the vicinity of our field area, and technical 
advice on petroleum geology and geochemistry of the basin.



1300 km

Barents Sea
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Figure 1. Index map of Russia and map of Timan-Pechora basin showing location of study area 
inside square around the town of Ukhta. Modified from Ulmeshek (1982).



Collaborators include Dr. Vladimir I. Bogatsky, Dr. Sergey A. 
Danilevsky, Dr. Yulia Yudina, and Margarita Moskalenko. Ella 
Bogatsky and Alexander Kutlinsky were our interpreters.

Methods

In 1995, outcrops and quarries near Ukhta, Russia, were 
sampled (fig. 2). The quarry locations are approximate. The 
sampling strategy was to collect closely spaced samples of 
the immature Domanik Formation. Sampling intervals in the 
field {fig. 3) were determined by changes in lithology, 
color, texture, and carbonate content as measured by reaction 
with hydrochloric acid. Our assumption was that changes in 
the depositional/diagenetic environment are reflected in the 
variability of these gross field characteristics.

A total of 138 samples were collected {107 in 1995 and 31 in 
1994) from more than 60 meters of vertical stratigraphic 
thickness and tied to paleontological marker beds identified 
by Yudina and Moskalenko (VNIGRI, unpublished data). In 
addition, 13 high-resolution samples were taken in organic- 
matter rich intervals with a drill for Rock Eval in order to 
determine the scale of variability in organic matter. The 
stratigraphic position of the samples are given in the 
All source-rock samples were analyzed for total sulfur 
{elemental analyzer technique); total and aqua-regia 
extracted major-, minor-, and trace-element compositions 
{induction coupled plasma spectrophotometry); and organic 
pyrolysis characteristics (Rock-eval). The 13 drill samples 
were analyzed by Rock-Eval pyrolysis only. A suite of 40 
samples were analyzed for whole-rock mineralogy (X-ray 
diffractometry) and for bulk and molecular organic 
composition.

The soluble organic matter was extracted by soxhlet using 
chloroform as a solvent. The extract was fractionated into 
saturated hydrocarbons, aromatic hydrocarbons, NSO compounds 
and asphaltenes by first precipitating asphaltenes in iso- 
octane followed by elution chromatography using constructed 
alumina/silica columns. The CR+ saturated and aromatico

hydrocarbon fractions were analyzed with a gas chromatograph 
(GC) equipped with a DB-1 60m x 0.32mm column and a flame 
ionization detector. Biomarker distributions were determined 
by analyzing combined saturated and aromatic hydrocarbon 
fractions by gas chromatography-mass spectrometry. The GC 
equipped with a DB-1701 60 m x 0.32 mm column was directly 
interfaced to a magnetic sector mass spectrometer operating 
in multiple ion detection mode at a mass resolution of 3000. 
The selected ions were m/z 191.1800 (terpanes), m/z 217.1956 
(steranes), m/z 231.1174 (triaromatic steroids) and m/z 
253.1956 (monoaromatic steroids). Peak identifications were 
based on elution time and mass spectra (Philp, 1985). Kerogen 
(insoluble organic matter) was isolated by digestion in HC1
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and HF followed by separation with ZnBr2 . Stable carbon 
isotope ratios were determined for the C15+ saturated and 
aromatic hydrocarbon fractions and the kerogen fraction by 
analyzing the C02 from sealed quartz tube combustion with a 
dual inlet isotope ratio mass spectrometer. The results are
expressed in the delta (8) notation that represents the 
deviation of the 13C/ 12C ratio in parts per thousand (per mil, 
or &) relative to the Peedee belemnite (PDB) standard. 
Isolated kerogen was analyzed for hydrogen, carbon, oxygen, 
and nitrogen by combustion on a CHNO elemental analyzer. 
Nickel and vanadyl porphyrins in the extracted bitumen were 
measured with a ultraviolet/visible diode array 
spectrophotometer. Analytical results are tabulated in the 
Appendix.

The suite of 40 samples plus 34 others were analyzed for 
sulfur phases (wet-chemical separation and gravimetric 
determination; Tuttle and others, 1986) and for sulfur 
isotopic composition of each phase (Tuttle, 1988). The
isotope results are expressed in the delta (8) notation that 
represents the deviation of the 34S/ 32 S ratio in parts per 
thousand (per mil, or &>) relative to the Canon Diablo 
Troilite (CTD) standard. Analytical results are tabulated 
in the Appendix. Thin sections were prepared from 19 
representative samples and examined by transmitted- and 
reflective-light microscopy.

Included in Appendix tables Al and A2 are estimates of 
various mineral phases calculated from chemical data. The 
amount of calcite (the only carbonate phase identified with 
X-ray diffraction) was calculated with the formula below:

calcite % = (Ca% .(AR) * 1.25) + (Mg% (AR) * 3.5).

We assume that all calcium and magnesium extracted in the 
aqua-regia treatment resided in this carbonate phase. Clay 
content was calculated assuming all aluminum resides in 
illitic or kaolinitic clays (assumptions are substantiated 
with X-ray diffraction data and transmitted-light 
microscopy):

clay % = total Al% * 4.8.

Silica (Si02 as quartz) was calculated from the following 
equation:

Si02 % = 100 - ((organic C % * 1.25) + clay % + calcite %)),

where (organic C % * 1.25) is organic carbon content 
converted to percent organic matter. The calculated Si02 
values correlate very well with quartz peak heights from the 
X-ray diffractograms.



The Geochemistry of Domanik Source Rocks

Lithology and Mineralogy

The Domanik source rocks contain predominantly quartz, 
calcite, and varying amounts of organic matter and clay 
(fig 4). With the exception of two samples, clay contents 
are anomalously low, almost always less than 10 wt% even in 
most fissile shaly samples (figs. 4 and 5). Conversely, 
calculated Si02 contents are high, nearly 100 wt% in end- 
member samples (right side of fig. 4A). The dominant Si02 
phase is by far quartz (fig. 5). Detrital quartz is ruled 
out as the dominant source because other detrital minerals 
associated with clastic sediment are very minor, and no 
evidence of eolian sand grains was observed in thin sections. 
The origin of most the quartz must be biogenic opal that 
recrystalized to fine-grained quartz with increasing 
temperature. Thin sections do show silicified remains of 
organisms in samples containing large Si02 contents. The 
other end member on figure 4A is also a biogenic component-- 
calcite that forms limestone--defined here as sample having 
greater than 50 wt% calcite (Bates and Jackson, 1980) . The 
limestone is composed of variable amounts of calcite and 
silica (<40%) with very small amounts of clay or organic 
carbon.

Organic Geochemistry

The amount of organic carbon in the rock is controlled by 
dilution with minerals, primarily biogenic Si02 , and, 
secondarily, calcite and clay in the sample (fig. 4), The 
highest organic contents are in fissile shale. Despite the 
wide variability in lithology and organic-carbon content, the 
gross organic facies type is remarkably uniform as indicated 
by the narrow range in H/C composition (1.10-1.24). For., 
example, the lowest portion of the Domanik has an organic- 
carbon range of 0.8 to over 25 weight percent while the H/C 
ranges only from 1.13 to 1.21 (fig. 6). This would classify 
the organic matter as Type II kerogen as defined by Tissot 
and others (1974). Furthermore, there is a good correlation 
(r = .98) between the pyrolysis S2 values (generated 
hydrocarbons/gm organic carbon) and organic-carbon values 
(fig. 7). The "true" average Hydrogen Index (HI) is the 
slope of the regression line for this correlation (Langford 
and Blanc-Valleron, 1990), which is equal to 553 mg HC/g 
organic carbon. Because of the similarity in the type of 
organic matter within the section, the amount of oil that can 
be generated from the rock (generative potential) is only 
dependent on the amount of organic carbon in the rock (fig. 
7). All but the limestones have very good generative 
potential (Peters, 1986). The HI versus Oxygen Index (01) 
plot (fig. 8) relate sample data to Types I, II and III 
kerogen maturation curves (Espitalie and others, 1977).
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Samples with 01 values greater than 60 on the average have 
the same carbonate content as those with values less than 60.

The extractable organic matter/organic carbon (EOM/organic 
carbon) ratios are variable depending on the lithology and 
are, on average 22% (table A5; fig. 9), unusually high for 
immature source rocks. Domanik Rock-Eval Tm3Y values are

IllcLX

generally less than 430°C while the beginning of the typical 
oil window is approximately 435°C and peak oil generation is 
approximately 445°C (Peters, 1986). In immature source 
rocks, EOM/organic-carbon ratios greater than 20% are often 
attributed to non-indigenous hydrocarbons that have migrated 
from mature sources elsewhere (Hunt, 1979, p. 267; Tissot and 
Welte, 1984, p 514). However, there are many examples of 
immature clay-poor source rocks such as the Austin Chalk, and 
rocks in the Los Angeles and Ventura Basins that have high 
amounts of indigenous bitumen and EOM/organic-carbon values 
exceeding 20% (Hunt and McNichol, 1984; Leigh Price, written 
commun., 1999). Because the Domanik is clay-poor and because 
the average S^organic-carbon ratio (0.7) is significantly 
less than 1.5 (Hunt, 1996, p. 491), the extractable organic 
matter is interpreted as being indigenous. The high 
EOM/organic carbon ratios are due to either early bitumen/oil 
generation from thermal maturation or reduced polymerization 
of organic matter due to extremely reducing conditions during 
diagenesis (Powell, 1984).

The 813C kerogen values show a negative shift in the first few 
meters above the base of the Domanik, and a large positive 
excursion at 50.25 meters above the base of the Domanik 
(sample 96018-089) which is in the Middle to Upper Domanik 
(fig. 10). The isotopic shift observed at about 20 meters 
above the base of the formation may be caused by differences 
in outcrop locality. The lower ten samples show an 
approximately one per mil variation in the 813C aromatic 
hydrocarbon values which correspond with the total organic 
carbon content and lithologic variations observed in the 
field (figs. 3, 6, 10). However, the 813C kerogen values show 
minimal variation in this same interval. The 813C saturated 
hydrocarbon values are relatively uniform throughout the 
Domanik (fig. 10).

Vanadium- and nickel-pophyrin concentrations in the bitumen 
are high relative to those in bitumen from other source rocks 
(Lewan and Maynard, 1982); values range from 67 to 6633 ppm V 
porphrin and 15 to 1814 ppm Ni porphyrin (fig. 11).

The overall biomarker compositions of the bitumen extracts 
are quite consistent throughout the Domanik Formation with 
some minor variations of the tricyclic, pentacyclic terpanes. 
The lowest sample (96018-001) and the highest sample (96018- 
094) are nearly identical in biomarker composition (table A7)

13
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despite the three per mil difference in the 513C kerogen 
values.

In general, the Domanik tricyclic/pentacyclic terpane mass 
chromatograms (m/z 191) look quite typical with dominant C30 
hopane and secondary norhopane, and decreasing concentrations 
of the C31 to C34 homohopanoids with a slightly elevated C35 . 
The Ts/Tm values range from about 0.4 to 0.6, the C23 
tricyclic terpane/hopane values range from about 0.2 to 0.4, 
and the C24 tetracyclic terpane is approximately the same 
concentration as the C26 tricyclic terpane isomers. 
Gammacerane/hopane values are normal (0.05 to 0.15) except 
for samples 96018-036, 96018-037 and 96018-093 which have 
elevated values (>0.3).

In general, the Domanik sterane mass chromatograms (m/z 217) 
show low concentrations of diasteranes and pregnanes, and the 
C29 steranes are slightly greater than C27 steranes noticeably 
larger than C28 steranes. Small C30 and C26 steranes are 
recognized but are minor.

The dramatic sawtooth pattern observed in the TOC and 813C 
aromatic hydrocarbon data for the Lower Domanik is not 
reflected significantly in the biomarkers. An exception is 
seen in the relative percentage of C27 steranes and tricyclic 
terpanes, and to a lesser degree the biomarker maturity 
parameters such as C31 S/S+R (see example in fig. 12).

The Domanik Formation is slightly more thermally mature to 
the east (Outcrop 21) than to the west (Outcrop 7 or 28) 
based on a number of biomarker maturity parameters, including
S/S+R C29 steranes (C29SR) , PP/PP+CXCX C29 steranes (C29BBAA) , 
triaromatic cracking (TRIOCR), Ts/Tm, moretane/hopane 
(MOR/HOP), and the C29 neonorhopane/norhopane (NEO/NOR) 
ratios. For example, the S/S+R C29 sterane (C29SR) values of 
the western outcrop average 0.32 whereas the eastern outcrop 
values average 0.38. However, the difference in thermal 
maturity between west and east is not apparent based on Rock- 
Eval Tmax, S/S+R C31 hopanes (C31HSR) or 
triaromatic/monoaromatic sterane (T/T+M) values.

Trace Metal Geochemistry

Most metal contents in the Domanik Formation are positively 
correlated with organic-matter contents. The total 
concentration of metals such as Ni, Cu, Zn, Mo are 
essentially the same as respective concentrations in the 
aqua-regia extractions (1:1 correlation with r values of .95 
to .99; fig. 13). The extractable metals are primarily 
associated with organic carbon and perhaps, secondarily, with 
oxy-hydroxides, both of which are decomposed by aqua-regia. 
Total vanadium concentrations are twice that measured from
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the aqua-regia extraction, but the two concentrations are 
highly correlated (r value of 0.93). Total chromium is, on 
the average, five times greater than aqua-regia extractable 
chromium, with the two values not correlated. Half the 
vanadium and the majority of chromium are associated with 
resistate minerals that are not solubilized by aqua-regia. 
In the case of vanadium, the mineral is associated with the 
organic matter to preserve the high correlation between the 
total and extractable concentration; clay is the most 
probable mineral.

Metal enrichment is dependent on redox conditions during 
deposition and on metal source. If the metal source is sea 
water, then metal accumulation also is controlled by the 
amount of time that the sediment remains "open" to metal- 
bearing waters. The degree of "openness" is sensitive to 
such factors as watercolumn turnover rates, sediment 
accumulation rates, and porosity of the sediment (Lewan and 
Maynard, 1982). To separate the influence of redox 
conditions from metal supply, metal ratios, such as V:(V+Ni) 
ratio, are often used because different metals preferentally 
accumulate under different redox conditions (Lewan, 1984).

The V:(V+Ni) ratios in the Domanik (average of .82) are 
consistent with an anoxic to euxinic (H2S-bearing) bottom 
waters (Hatch and Leventhal, 1992). Metal contents, although 
high relative to average shale abundance, are less than those 
in some marine shales deposited under similar euxinic 
conditions (i.e. similar V:(V+Ni) ratios) (table 1). The 
lower metal contents suggest that the sediment accumulation 
rates were greater than in the "metalliferous" shale, 
isolating the sediment more quickly from the overlying water 
column, thus inhibiting accumulation of metals over time. 
Additionally, fissile shale has metal contents that, on the 
average, are much lower than expected from their organic- 
carbon content (fig. 14). Accumulation of the fissile shale 
was more rapid than accumulation of the massive shale. In 
support of this hypothesis, the fissile nature of the shale 
cannot be attributed to high clay contents, and may have 
resulted from rapid accumulation of layers of organic matter. 
Such layers form in mineral-poor turbidite sequences (see 
Dean and others, 1984 for discussion on the role of 
turbidites in formation of Cretaceous black shale in the 
Atlantic).

Unlike most metal contents, that of iron is not related to 
organic-carbon, and is low with an average of 0.46 wt % 
compared to 4.7 wt % in the average shale (Krauskopf, 1979). 
The low contents are due to low content of detrital minerals 
in the shales. On the average, 25 % of the iron in the 
sediment resides as pyrite.
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Figure 14. Crossplots of total vanadium and total nickel (both in ppm versus 
organic carbon (wt%), with correlation coefficients for other metals.

22



Sulfur Geochemistry

Pyrite formation undoubtedly was limited by the amount of 
reactive iron available during production of H2 S by sulfate- 
reducing bacteria in the sediment. Pyritic sulfur in the 
Domanik source rock is enriched in 34S (534S values between 
2. 6%0 and 21.0fe) when compared to most marine shales (534S 
commonly near -20&>) . A similar enrichment is reported for 
pyrite in Monterey Formation source rock (534S values between
-18& and 11.9fe; Zaback and Pratt, 1992). Isotopic 
compositions of organosulfur in both formations are similarly 
enriched (l.Sfe to 21.7fe in the Monterey; Zaback and Pratt, 
1992, and 8.9 to 22.5&> in the Domanik; this study). Zaback 
and Pratt (1992) attribute the 34S-enrichment in organosulfur 
relative to pyrite in the Monterey to (1) formation of pyrite 
at the sediment/water interface under mildly reducing 
conditions and (2) formation of organosulfur deeper in the 
sediment when strongly reducing conditions were established. 
The more 34S-enriched isotopic values in the Domanik pyrite 
suggest near complete reduction of sulfate by bacteria- and 
pyrite formation in the same zone as organosulfur. As 
discussed earlier, high V:(V+Ni) and EOM:organic carbon 
ratios in the Domanik are consistent with highly reducing, 
likely euxinic bottom waters. In modern euxinic oceans/seas,
the 834S value of the H2S in bottomwater layers is far more 
depleted in 34S than sulfur in Domanik pyrite (534S. values 
average +12fe) . For example, 534S values of H2 S in the bottom 
water of the Black Sea are -36fc to -41fe (Fry and others 1991) 
and in Framvaren Fjord, Norway, values are between -22fe and
-life (Saelen and others, 1993). If the Domanik was deposited 
in euxinic water, then one of two scenarios is required. 
First, the bottomwater layer had to be extremely stable with 
respect to mixing and most of the sulfate bacteriogenically 
reduced, increasing the 834S of the H2S. Alternatively, the 
bottom water could have been euxinic and rapid accumulation 
rates resulted in isolating pore water where additional 
bacterial activity reduced most of the remaining sulfate. 
This latter scenario explains, in part, the 34S-enrichment in 
pyrite in relatively shallow sediment of the Black Sea 
(albiet the enrichment is smaller than in the Domanik). 
Either scenario supports the lower metal contents observed in 
the Domanik shales relative to sediment deposited in an 
euxinic, but less restricted water or sediment column.

Because the amount of iron available for pyrite formation was 
low, excess H2 S reacted with organic matter. The Sorganic /Corganic 
ratios average 0.03 compared to ratios of 0.01 in living 
organisms. Twenty percent of the values are greater than 
0.04, a value above which source rocks generate sulfur-rich 
oils at lower temperatures than estimated for most source 
rocks (Orr, 1986) .
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Paleoenvironmental Conditions during Deposition 
of the Domanik Formation

The Domanik Formation was deposited in an euxinic marine 
basin during the highest sea level rise of the Late Devonian 
Epoch. Water depths were sufficiently deep to preserve 
laminated sediments and isolate euxinic bottomwater layers 
from frequent mixing. This deepwater-restricted deposition 
was periodically interrupted. The deepwater shales are 
massive to fissile silicieous pelagic rocks composed of 
biogenic silica, with varying amounts of clay and calcite. 
The extremely low clay content and the lack of other clastic 
minerals in these shales indicate a long distance to the 
nearest strandline, or a basin isolated by landward 
banktops/sills and adjacent proximal basins.

The organic matter deposited is remarkably uniform with 
respect to gross composition. Organic-matter concentration 
in the sediment was controlled primarily by dilution of 
biogenic silica produced in the overlying water column, which 
in turn was controlled by upwelling. The variation of 
organic carbon in figure 15 is suggestive of cycles within 
variable depth intervals that are more or less complete 
depending on sample density. The 0.5-m cycle (.12 to .57 m 
above base) illustrates two orders of cycles. The large 
cycle (0.5 m) is comprised of at least 4 smaller cycles and 
is bounded by two limestone beds (fig. 3), the lowermost 
being the basal Domanik limestone at 0 m. Limestone 
throughout the section generally has much lower organic 
carbon contents than adjacent shale (0.77 wt % organic carbon 
in the upper limestone bed of this cycle). Deposition of 
limestone likely records times when water circulation was 
less restricted and reducing conditions less extreme.

The smaller cycles between the limestone beds occur on the 
order of 20 to 40 cm and are related to dilution of organic 
carbon (and most other constituents as well) by Si02 . These 
cycles likely are controlled by processes related to the 
silica budget (Broecker and Peng, 1982).
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Table A4. Information on samples in subset. All samples were collected in 1995.

Sample id Field no. m above baseLocalityAgeLithologyColor
96018-001
96018-002
96018-003
96018-004
96018-005
96018-006
96018-007
96018-008
96018-009
96018-010
96018-011
96018-012
96018-016
96018-017
96018-028
96018-029
96018-030
96018-031
96018-034
96018-035
96018-036
96018-037
96018-044
96018-053
96018-054
96018-055
96018-056
96018-058
96018-059
96018-063
96018-066
96018-067
96018-070
96018-071
96018-072
96018-073
96018-076
96018-079
96018-086
96018-088
96018-089
96018-092
96018-093
96018-094

UK1
UK2
UK3
UK4
UK5
UK6
UK7
UK8
UK9

UK10
UK11
UK12
UK16
UK17
UK28
UK29
UK30

UK31A
UK33
UK34
UK35
UK36
UK43
UK52
UK53
UK54
UK55
UK57
UK58
UK62
UK65
UK66
UK69
UK70
UK71
UK72
UK75
UK78
UK85
UK87
UK88
UK91
UK92
UK93

0.12
0.16
0.20
0.22
0.28
0.32
0.35
0.39
0.42
0.45
0.57
3.90
9.80
9.85
15.25
15.45
15.70
20.67
20.00
20.35
20.45
20.73
19.58
36.58
36.80
37.12
37.22
37.54
38.01
39.55
41.00
41.20
42.03
43.42
43.50
43.58
44.79
45.83
48.57
49.63
50.25
53.44
54.76
55.17

Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 7
Outcrop 28
Outcrop 28
Outcrop 28
Outcrop 28

Old Motor Road Q.
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21
Outcrop 21

Black Dog Q.
Black Dog Q.
Black Dog Q.
Black Dog Q.
Black Dog Q.
Black Dog Q.
Black Dog Q.
Black Dog Q.

L Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik
L. Domanik

L. - M. Domanik
L. - M. Domanik
L. - M. Domanik
L. - M. Domanik

M. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik
M. - U. Domanik

massive shale
fissile shale

massive shale
fissile shale

massive shale
fissile shale

massive shale
massive shale

fissile shale
massive shale

limestone
limestone

massive shale
fissile shale

massive shale
massive shale

limestone
massive shale
massive shale
massive shale
massive shale

limestone
massive shale
massive shale
massive shale
massive shale
massive shale
massive shale
massive shale
massive shale
massive shale
massive shale

fissile shale
fissile shale
limestone

massive shale
massive shale
massive shale
massive shale
massive shale

clay
massive shale

limestone
fissile shale

brown
black
brown
gray

brown
black
brown
brown
gray

brown
brown
brown
brown
black
black
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
black
brown
brown
brown
brown
black
brown
brown
brown
brown
brown
brown
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Biomarker Parameters Key for Table A7.

Parameter 
Name:

TRICY

PENT

Description:

100-^Tricyclic

^ Tricyclic + ^ Pentacyclic + ^ Sterane ]

Where:
ZTricydic is the sum of ajj peaks (named and unnamed)in the m/z 191 .1800
mass chromatogram from retention time = 0 up to, but not including C27 18a Ts;
or up to and including C30 22R Tricyclic (if C27 18a Ts is not present).
^Pentacyclic is the sum of ajl peaks (named and unnamed)in the m/z 191.1800
mass chromatogram including C27 18a Ts and all peaks eluting after C27 18a Ts
in the m/z 191.1800 mass chromatogram.
ZSterane is the sum of peaks (named and unnamed)in the m/z 217.1956 mass
chromatogram including C27 20S Ba Dia and aji peaks (named and unnamed)
eluting thereafter (C27 - C^ steranes).

100   2 Pentacyclic

Tricyclic + ^ Pentacyclic + 2_j Sterane^

STEP

Where:
^Tricyclic, ^Pentacyclic, and ZSterane are defined as above.

Sterane ________ 

Tricyclic + ^ Pentacyclic + ^ Sterane^

C31HSR

C29SR

Where:
ZTricyclic, ZPentacyclic, and ZSterane are defined as above.

______ 31 22S Hopane______
[Csi 22S Hopane + Csi 22R Hopane]

_______C29 2QS aaa Sterane_______ 
[C29 20S aaa Sterane + C29 20R aaa Sterane]

Where:
aaa refers to the 5a(H),14a(H),17a(H) steranes.

C29BBAA
_______C29 2QR afip Sterane_______ 
[C29 20R afifi Sterane + C29 20R aaa Sterane]

Where:
aaa refers to the 5a(H),14a(H),17a(H) sterane, and

A7-7



T/T+M

ct|3|3 refers to the 5a(H),14j3(H),17|3(H) sterane. 

a

TRIOCR

C27STER

C28STER

C29STER

OL/HOP

GAM/HOP

BIS/HOP

DIA/REG

+a

Where:
a = C28 20R Triaromatic Steroid 
b = C27 20R Triaromatic Steroid 
c = C29 20R 5a Monoaromatic Steroid 
d = C28 20R5a+C29 20R5B Monoaromatic Steroi 
or, if the peaks are resolved, 
d = C28 20R 5a Monoaromatic Steroid + 

C29 20R 5B Monoaromatic Steroid

(C2o Triaromatic Steroid + C2i Triaromatic Steroid) 

2^ Triaromatic Steroids

Where:
ITriaromatic Steroids is the sum of ail peaks (named and unnamed)in the m/z
231.1174 mass chromatogram.

______________ C27 20R aaa Sterane______________ 
(C2? 20R aaa Sterane + C28 20R aaa Sterane + C29 20R aaa Sterane)

______________C28 20R aaa Sterane______________ 
(C27 20R aaa Sterane + C28 20R aaa Sterane + C29 20R aaa Sterane)

______________C29 2QR aaa Sterane______________ 
(C27 20R aaa Sterane + C28 20R aaa Sterane + C29 20R aaa Sterane)

Cso Oleanane 
Cso Hopane

Cso Gammacerane 
Cso Hopane

Bisnorhopane 
Cso Hopane

C27 20S /3a Diasterane 
C29 20R aaa Sterane

Where:
fkx Diasterane refers to the 13(3(H),17a(H) Diasterane
(sometimes called "rearranged" sterane)



PREG/C27

TRI/HOP

TET/TRI

Ts/Tm

NOR/HOP

NEO/NOR

MOR/HOP

C32HSR

C35/C34

STER/PENT

TRIOCR2

___ Pregnane ___ 
C27 20R aaa Sterane

C23 Tricyclic 
C3o Hopane

C24* Tetracyclic 
C23 Tricyclic

 27 18cE Trisnorhopane (Ts) 
C27 11 a Trisnorhopane (Tm)

 29 Norhopane 
Cso Hopane

C29 18cE Neonorhopane 
C29 Norhopane

(C29 lip 21aNormoretane +  30 17/3 2toMoretane) 

Norhopane + Cao Hopane)

 32 22S Hopane
[C32 22S Hopane + Cs2 22R Hopane]

22S Hopane +  35 22R Hopane) 

Cn 22S Hopane + Q 22R Hopane)
n=34

n=31

Sterane

2_j Pentacyclic

Where:
'LSterane and 'LPentacyclic are defined as above.

M/M+T 1-CI7T+M) 

TRIOCR1 -,
C2o Triaromatic

Triaromatic + Czs 20S Triaromatic + C28 20R Triaromatic) 

Triaromatic + C2i Triaromatic)
Identified C26 -  28 Triaromatics

A7-9



/. Triaromatic 
TRI/MONO ^

Monoaromatic

Where:
ZTriaromatic is the sum of peaks (named and unnamed)in the m/z 231.1174 
mass chromatogram and ZMonoaromatic is the sum of peaks (named and 
unnamed)in the m/z 253.1956 mass chromatogram.

/. TriaromaticTRI/STER -=~j       
Sterane

Where:
ZTriaromatic and ZSferane are defined as above.
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