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Molecular fossils provide a means to evaluate paleoenvironmental redox conditions

and broad-scale aspects of carbon cycling. This information can be used to study the

changing environmental conditions over the Neoproterozoic-Cambrian boundary during the

radiation of multicellular organisms. We are analyzing Neoproterozoic sedimentary rocks and

oils from Australia, Siberia, and Oman to determine how the distributions of steranes change

as a function of age, lithology, maturity, and paleoredox conditions. The origins of

uncommon steranes of interest including C19 norsteranes, 21-norsteranes, 27-norcholestanes,

and 24-isopropylcholestanes are also being investigated (Figure 1).
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Figure 1. Chemical structures of the compounds of interest, including possible structures for

the C19 norsteranes.

In recent studies of late Neoproterozoic source rocks and oils from Oman, a series of

C19 steranes with three isomers, referred to as A, B, and C, were identified (Grosjean et al.,

2005). The relative abundance of compound C increases with the salinity of the depositional

environment in these samples, implying that compound C has the potential to be a salinity

indicator.

21-norsteranes have been known to exist as 21-norcholestanes, and recently their 24-

methyl and 24-ethyl homologues have been identified in saline depositional environments

(Bao & Li, 2001; Grosjean et al., 2005). These are valuable salinity indicators in immature
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rocks and oils, but for samples in the mid oil window or of higher maturity it is difficult to

resolve diagenetic versus original sources.

Two other biomarker series of key interest are 27-norcholestanes and C30 24-

isopropylcholestanes. High ratios of 24-isopropylcholestanes to 24-n-propylcholestanes have

been detected in late Neoproterozoic sediments and attributed to inputs of organic matter from

demosponges (McCaffrey et al., 1994; Love et al., 2006). A high abundance of 27-

norcholestane, relative to total C27 steranes, is also a putative sponge marker. Supporting this

is the occurrence of 27-norcholesterols in extant sponges (Itoh et al., 1983; Love et al., 2006).

Preliminary results of a series of Ediacaran Australian shales indicate that 24-

isopropylcholestanes are not significant relative to 24-n-propylcholestanes, the ratio of 27-

norsteranes to C27 steranes is low (~0.1), 21-norsteranes are present, and the B isomer is the

most common C19 norsterane found, while the abundance of compound C is very low in these

samples. The low values for the ratios of 24-isopropyl to 24-n-propylcholestanes and 27-

norsteranes to C27 steranes do not indicate the presence of abundant demosponges. The host

shales represent a relatively deep marine setting, which may have been too deep for sponges

to have survived in the Neoproterozoic, most likely due to lack of dioxygen. The low

abundance of compound C suggests that the depositional environment was not an evaporitic

basin, which is supported by the lithology. The maturity of these rocks is high, so the

presence of 21-norsteranes is most likely due to early diagenetic modification of steroids.

Ongoing biomarker work on Siberian samples will help to clarify these results.
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The black rocks enriched in organic matter (OM) of the Cambrian Kuonamka

Formation accumulated in the eastern Siberian platform. The present research is continuation

of study of organic geochemistry of clayey, siliceous, and carbonate rocks (29 samples) taken

from a 48.5-m-thick exposure on the Molodo River. This section is heterogeneous. The rocks

differ in OM content that varies from 1 to 21%. They have specific content and distribution of

relict chemofossils too (Parfenova et al., 2004, Kontorovich et al., 2005). The aim of this

research was to study the geochemistry of steroids of the Botomian, Toyonian, Amgian

aquagene OM. High-molecular compounds were analyzed on a 5972 series (Mass Selective

Detector) mass spectrometer at temperatures between 150 and 310 °C.

The distribution of C27, C28, C29, and C30 steranes in the OM of the Kuonamka rocks is

constant usually. The steranes are dominated by ethylcholestanes C29 (>40 rel.%) in all rocks

except for the highly carbonaceous black shales that have the content of organic carbon (Corg)

> 15% (on average) and C29 < 40%. The concentrations of ethylcholestane increase from 32

to 54 rel.% with decreasing of the contents of Corg in the rocks. The concentrations of

methylcholestane (C28) are minimum and vary from 16 to 26 rel.% (average is 20 rel.%) in

samples. The distribution of isomers and stereoisomers for regular and rearranged sterane

homologues and their ratios were studied. These ratios depend neither on the OM

concentration nor on the rock composition. It is interesting that the concentration of pregnanes

(C21 and C22) increases in the steroid fractions when the content of Corg increases in the rock,

and sterane/pregnane ratio correspondingly decreases (fig. 1). All samples contain C20-21 and

C26 -28 triaromatic steroids (TAS). C26-28 TAS is dominated by C28 hydrocarbon (HC). The

relative contents of these HCs and the ratio of their isomers (S and R) do not depend on the

OM content in rocks. But the content of the low-molecular-weight C20-21 TAS containing no

alkyl radicals vary. TAS-index (TAS20-21/(TAS20-21+TAS26-28)) has a positive correlation with

the Corg content in the rock (fig. 1). As shown above, changes in OM content are accompanied

by changes in relative concentration of low- and higher-molecular-weight saturated and

aromatic steroids. In passing from highly carbonaceous shales to carbonaceous rocks, the

sterane/pregnane ratio monotonously increases from 1 to 11 and TASI decreases from 0.49 to

0.02. The Cambrian age of the rocks excludes the participation of terrestrial OM in the
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sedimentation. The OM of Kuonamka Formation is of planktonogenic-algal-bacterial nature.

Obviously, the OM in the studied 50 m thick section was under similar PT-conditions

throughout the geologic history. The different steroid compositions of the Kuonamka rocks

might be related to different OM transformations during the diagenesis. It is possible that the

low-molecular-weight steroids were formed of common biosteroids by bacterial degradation

of them in sediments (by dealkylation of initial steroids).

Figure 1. The dependences of sterane/pregnane ratio and TASI on Corg and DBT
in bitumens of the Kuonamka Formation.

Sulfur-bearing compounds (dibenzothiophene and methyldibenzothiophenes – DBT)

were analyzed on mass spectrometer and the relative contents of these chemofossils (∑DBT, 

%) were determined in group of aromatic molecules (Kontorovich et al., 2005). The high

DBT contents in the Kuonamka rocks are related to the bacterial introduction of sulfur into

the organic matter during diagenesis. We established the dependences between the

sterane/pregnane ratio, TASI and ∑DBT (fig. 1). Thus, low-molecular-weight steroids are

also likely the products of biochemical transformation of OM. The intensity of their formation

is supervised by abundance of OM and bacterial sulfate reductions, hence by ph-Eh

conditions in the sediments.
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The Devonian was characterised by profound global changes. The spread of vascular

plants was met by an unusual accumulation of mass extinction events in the marine realm.

Two of the uppermost Devonian mass extinctions, the Kellwasser- and Hangenberg events,

are presumably among the most severe mass extinction events. However, these mass

extinctions are not reflected adequately in the phytoplanctonic fossil record, possibly due to

the fact that only few marine algae produce hart parts that can be fossilised. Molecular fossils

or biomarkers can add complementary information to the fossil palynomorph record.

Grantham and Wakefield (1988) investigated the secular variation of the C28/C29-

sterane ratio in oils throughout the Phanerozoic and Schwark and Empt (2006) determined a

trend for Paleozoic sediments. This ratio shows a gentle and continuously increasing trend in

the Devonian, due to a smoothing effect of an averaging of the values in 50 ma steps. This

contrasts with profound changes in environmental regimes known to occur during this period

(Algeo et al., 2001; Joachimski et al., 2001).

Sections of the Kellwasser Event (Kowala, Poland) and the Hangenberg Event

(Appalachian Basin) show sharp, but short-lived, increases of the C28/C29-sterane ratio at the

extinction pulses of the events, attributed to an episodic change in the green algae community

from primitive C29-sterane producing algae to opportunistic (disaster species) C28-sterane

producing prasinophyte algae. Initiated by the Hangenberg-Event, in the outgoing Devonian

to lowermost Carboniferous, a profound and irreversible change in the algal community

occurred indicated by a shift in C28/C29-sterane ratios to values in excess of 0.7. This

evolutionary progress was possibly triggered by the cumulative effects of several Upper

Devonian mass extinctions, reorganization of the nutrient budget in the oceans due to the

terrestrialization of the continents (Algeo et al., 2001), or the climate changes in the early

Carboniferous. The C28/C29-sterane ratios reflect excursions in the algal assemblage during

the extinction events and an evolutional progress in the Lower Carboniferous, predating the

Mesozoic bloom of fossilising algae.
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Figure 1. Variations in C28/C29-sterane ratios of sediment samples during the Upper Devonian
to Lower Carboniferous. WCSB = Western Canada Sedimentary Basin, Blankenheim = Eifel
Mountains in Western Germany. A stepwise increase in the C28/C29-sterane ratios occurs at
the D/C-boundary, likely caused by a fundamental change in the algal community. Before the
D/C-boundary the ratios lie below a threshold value of 0.55. Only major extinction events
yield exceptionally high ratios. After the D/C-boundary C28/C29-sterane ratios consistently
exceed the threshold value of 0.55.
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In numerous tethyan and peri-tethyan settings, the Jurassic/Cretaceous transition is

characterised by significant climatic and environmental changes. Latest Jurassic climate was

characterised by an episode of relatively cool and arid conditions, which progressively

returned to more humid conditions during the Berriasian. This early Berriasian return to more

humid conditions is clearly exposed at Durlston Bay section (Dorset, UK), classical type

section of the purbeckian facies and highly famous for its fossil content. In its lower part,

shallow lagoonal to lacustrine, kaolinite-depleted limestones and numerous evaporites beds

indicate deposition under an arid climate. In the upper part, kaolinite-rich clayey limestones,

indicate more humid conditions (figure 1A). Numerous other markers, sedimentological,

mineralogical as well as biological testify for the environmental change.

Located exactly between the evaporitic and kaolinite-rich facies, Durlston Bay section

shows organic-rich levels, which origin is poorly understood. These levels have a high

organic content (TOC up to 8%) and the high hydrogen indexes (up to 950 mg HC/g TOC),

indicate Type I to II organic matter, consistent with the presence of colonies of the algae

Botryococcus braunii in the palynofacies. Though the sedimentary facies indicate a marine

environment, in particular the clearly marine “Cinder bed”, the presence of the alga B. braunii

rather indicate an environment dominated by fresh to brackish water.

A biomarker study was performed along Durlston Bay section, in order to better

characterise the sources of the organic matter associated with the different

climatic/environmental conditions. Surprisingly, the biomarker distribution relatively poorly

differs along the section. This is particularly the case for n-alkanes (figure 1). Most obvious

changes concern the steroids and hopanoids abundance, as well as the presence of a hump of

aromatic and/or sulfur-rich compounds (figure 1). Throughout the section, the biomarker

content indicate an algal/bacterial organic matter deposited in a non marine environment.

Biomarkers associated with evaporitic conditions are also observed in most of the samples.

Though the environment was not lacustrine, the facies changes and biomarker contents in

Durlston Bay section are best explained by the transition from an underfilled system to an
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overfilled system, according to the model developed by Bohacs et al. (2000) for lakes. The

organic-rich episode would therefore correspond to a balanced-filled system, when conditions

were neither too dry nor too wet to allow organic matter preservation.
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Figure 1. Left: Stratigraphic log of the Durlston Bay section and climatic intervals. Right:
selected chromatograms of the apolar fraction from sediments extracts.
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The object of investigation were samples collected from pocket 4 - No1 and from the

low part of pocket 9 - No 2 of the Miers Bluff strata, Livingston island, Antarctica (Figure

1). Sample No1 represents aleurite argillytes and No2 – sandstones. The content of organic

carbon (Corg) in sample No1 is 0.11% and in No2 – 0.07%. The organic matter content

amounts to 0.15% and 0.09% for the samples under study. The samples were analyzed by

Rock-Eval instrument using a “Turbo” model RE6 pyrolyzer (VINCI Technologies). The

values of S1 peak for the two samples are very close – 0.06 (No1) and 0.07 (No2) while

those for S2 peak are much higher – 0.27 and 0.35, respectively. The values of the HI

indicate that the kerogen present in sample No1 is probably of II-III type, while that for No

2 – II type. The magnitude of the OI for sample No1 was found to be 91, and that for sample

No2 - much higher, 429. The values of the Production Index (S1/S1 + S2), which is a maturity

indicator, are relatively low – 0.18 and 0.17, an indication of advanced maturity. The value

of Tmax is another well known maturity indicator, for sample No1 is 649oC and for sample

No2 – 650oC. On the base of Rock Eval data for the organic matter of the investigated

sediments the stage of metagenesis AK3 was proposed.

The samples were subjected to sequential extraction analysis with chloroform and

ethanol-benzene (1:1, v/v). The contents of chloroform and ethanol-benzene bitumen A and

C were determined. The values for chloroform bitumen A were in the range 0.02-0.03%, and

for ethanol-benzene bitumen A in the range 0.015-0.020%, while for bitumen C for the two

samples – 0.026%. The ratio of the contents of chloroform bitumen A to the ethanol-benzene

bitumen (1.88 and 1.22) suggested a reducing environment of organic matter formation.



P207-TU

S 62 41 000

W 60 20 00

Hesperides
Point

Mt. Charrua

Reina Sofia

Moores Peak

Napier Peak

Burdick Peak

1 km

Binn Peak

BAE

1

2

I

I

II

I

I1 2 3 14

II

Figure 1. Schematic map of the studied area.
Abbreviations: 1-BAE – Spanish Antarctic station; 2 – BAB – Bulgarian Antarctic station;

3 -geological cross section; 4 – sampling point

Asphaltenes have been precipitated and oils and resins were subjected to column

chromatography. A dominant content of resins was determined for the samples. The

following homologue series were determined. n-Alkanes were with smooth distribution and

CPI values close to unit. Mid-chain n-alkanes (n-C21 to n-C25) dominated in the samples

under study. The slight increase in the contents of higher members (n-C27 to n-C31) was an

indication of the small contribution of terrestrial organic matter. Tri-, tetra- and pentacylcic

terpanes have been identified in the samples under study. The pair of H27 hopanes (TS/Tm)

was present in two extracts of disseminated organic matter. TM (17(H)-22,29,30-

trisnorhopane) was supposed to represent a biologically produced structure while TS was

generated by diagenetic and thermal processes.

The present results should be regarded as the first attempt to characterize

disseminated organic matter of Miers bluff strata sedimentary rocks, Livingston Island,

Antarctica.
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The Eocene Climatic Optimum at 52Ma marks what is believed to be a temperature

maximum for the Paleogene. Throughout the Paleocene and the initial stages of the Eocene,

global temperatures increased gradually, punctuated by more rapid short term events, before

starting to slowly decrease. Though debate exists surrounding the timing or even occurrence of

an actual climatic optimum, the subsequent global cooling throughout the Eocene is widely

recognised1 and thought to have ultimately culminated in conditions favourable for growth of

the Antarctic ice sheet. However, that paradigm is based almost exclusively on deep sea

foraminiferal oxygen isotope records and these have been recently questioned2. Here, we

determine and compare new Eocene SST records from tropical (Tanzania) and high latitude

(New Zealand) sites using foraminifera oxygen isotopes and the recently developed TEX86

(TetraEther indeX of tetraethers consisting of 86 carbon atoms) SST proxy.

The Tanzanian sediments are noted for their immaculate foraminiferal and organic

matter preservation. Critically, although the OM is dominated by terrigenous inputs, pelagic

crenarchaeal GDGTs are present and can be used to reconstruct SST. Although both the

foraminifera and TEX86 values indicate SSTs that range from 30 to 33̊ C, only slightly

elevated relative to modern tropical SSTs, these values are significantly higher than previous

estimates (Fig 1). Moreover, both datasets show no long-term Eocene cooling, calling into

question this fundamental paradigm of Cenozoic climate evolution.

Situated on the East coast of New Zealand’s south island, the Waipara river section

contains sediment outcrops that date back to the Cretaceous period. Our analyses focussed on a

section that is relatively thermally immature and represents a readily accessible record

spanning the latter part of the Eocene. These sediments originate from a coastal marine setting

and contain a mixture of abundant marine and terrestrial biomarkers. The acid fraction yielded

the most abundant biomarkers, mainly long-chain, predominantly even-carbon number n-

alkanoic acids. This signature, typical of terrestrial higher plants, was also reflected in the less
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abundant n-alkanes, identified in the saturated hydrocarbon fraction, and n-alkanols in the

neutral polar fraction. The acid fraction also contained a suite of hopanoic acids, derived from

the bacteriohopanoid compounds that comprise bacterial cell walls. The most complex fraction

was the polar fraction. This contained a wide variety of compounds ranging from the

aforementioned n-alkanols to sterols from the cell membranes of algae. Critically, abundant

pelagic crenarchaeal GDGTs were also present in the neutral polar fraction. These compounds

are present in sufficient abundance to allow the determination of TEX86 values and thus the

reconstruction of SSTs.

The absolute SST values from Waipara sediments are comparable to those obtained

from the tropical Tanzanian sites. Although the local oceanographic regime must be

considered, these results indicate a relatively small latitudinal temperature gradient, in marked

contrast to the situation today. However, our initial results clearly show a cooling from 50 to

45 Ma, indicating both polar cooling and the development of a latitudinal temperature gradient

during the Eocene. This suggests that SSTs at the poles are more susceptible to global

variations than waters at lower latitudes. This has important implications for the development

of polar ice sheets and the transition from a global greenhouse climate to the icehouse climate

of today.
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Figure1. Global SST records for the Eocene;
blue and green data points were derived
from deep sea δ18O values of foraminifera
(open circles denote benthic species and
closed circles denote planktic species). In
contrast, Tanzanian values yield higher
temperatures: the yellow data points were
derived from TEX86 values and the red data
points were derived from foraminifera
oxygen isotopes. Purple data points
represent NZ (Waipara) SSTs and were
derived using the TEX86 proxy.


