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VARIATIONSIN CYANOBACTERIAL POPUL ATIONSASSOCIATED WITH
ENVIRONMENTAL CHANGESDURING THE EARLY APTIAN OCEANIC
ANOXIC EVENT

MirelaDUMITRESCU and Simon C. BRASSELL

Department of Geological Sciences, Indiana University, Bloomington, IN, 47405, U.SA.

2-Methylhopanoids have been widely reported in sedimentary rocks (Fig. 1a) and
provide a signature for cyanobacteria contributions to organic matter (OM) (1). Ther
prevalence in sediments deposited during oceanic anoxic events (OAES) suggests that the
environmental conditions during OAEs favored cyanobacteria among the phytoplankton
community (2, 3). This contribution aims to explore molecular (i.e., the 2-methylhopanoid
index or 2-MHI) and isotopic (i.e., §°N) markers as measures of cyanobacterial populations
during the Early Aptian OAE (OAEla; 120 Ma) at Shatsky Rise in the Pacific. We examine
relationships among variations in cyanobacterial signatures and changes in depositional
environment, especialy water-column oxygenation, assessed using biogeochemical proxies.
Temperature records reconstructed using TEX gg for these ancient sediments (4) further permit
evauation of evidence for linkages between cyanobacterial populations and climate.

The abundance of 2p3-methylhopanoids (Fig. 1b) recorded by high 2-MHI values (Fig.
1a) in OAEla sediments reflects substantial cyanobacterial contributions to OM. Low §°N
values (< -2%o) indicative of nitrogen (N,) fixation by cyanobacteria occur throughout the
OAEla interval (5), whereas 2-MHI values increase during time intervals characterized by
cooler sea surface temperatures (4) and oxygenated waters. Thus, environmental changes
during OAEla appear to have affected cyanobacterial populations. In the modern ocean,
higher temperatures are known to favor filamentous, non-heterocystous, N,-fixing
cyanobacteria, and exclude heterocystous species, whereas low pO, environments seem to
favor species of unicellular cyanobacteria (6,7). Therefore, tempora fluctuations in the
popul ations of N,-fixing cyanobacteria accompany episodes of carbon cycle perturbation such
as OAEla Our resultsillustrate the viability of using biogeochemical proxies (i.e., 2-MHI), to
infer variations in cyanobacterial speciation coupled to environmental changes during OAEsS,
and prompt assessment of similar phenomena at other timesin Earth history.
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CONTRASTING LIPID BIOMARKER COMPOSITION AND *C AGESIN
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Numerical climate models forecast an amplified warming in the Arctic continental
region (e.g., Zwiers, 2002), making it reasonable to expect that substantial effects of global
warming will be first observed here. This will involve effects on the huge amounts of ‘old’
organic matter stored in Siberian soils. However, existing studies are inconclusive whether
there is currently a climate-warming induced release of ‘new’ old carbon from the land. In
addition, the availability of important detailed molecular data of the OM entering the Eurasian
Arctic is limited or only available for single river systems. Therefore, surface sediments off
the five Great Russian Arctic Rivers (GRARS), spanning 140 deg longitude, were investigated
for their lipid biomarker composition to elucidate compositional distinctions of the exported
OM across this continent-scale climosequence of the Siberian Arctic. In addition, high
molecular weight (HMW) n-adkanes and n-alkanoic acids were isolated and used for
compound-specific radiocarbon anaysis (CSRA) to obtain information on the ¥C-based
reservoir age of the OM currently released from the Russian-Siberian permafrost.

The solvent extracts from all sediments are dominated by terrestrial biomarkers such
as HMW n-akanols, n-alkanoic acids and n-alkanes, branched glycerol diakyl glycerol
tetraethers, sterols (mainly B-sitosterol) and triterpenoids (Fig 1.). These estuarine sediments
host only minor contributions of marine biomarkers (e.g., the ratio of terrestrial HMW to
marine low molecular weight n-alkanes was between 17 and 80), further confirmed by the
total organic carbon (TOC) to total nitrogen ratio (10 to 16), the §"Croc (-25.0 to —27.4 %),
and the branched and isoprenoid tetraether (BIT) index (0.88 to 0.92).

A large contribution of Cx3-Cos n-alkanes to the total HMW n-alkanes, particularly in
the Ob estuary sediment, suggests substantial contribution of Sphagnum-derived OM. The
Cx3-Cos5 contribution decreases from the west (Ob) to the east (Kolyma; Fig. 1), possibly
indicating a decrease in the contribution of Sphagnum or, aternatively, a shift within the n-
alkane distribution of the Sphagnum species, due to more arid conditions in the east. Another
distinction in OM composition across the climosequence is the higher concentrations of n-

alkanoic acids and B-sitosterol, in the Indigirka and Kolyma estuaries, compared to the more
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western estuarine sediments (Fg. 1). Furthermore, the ratio of long-chain n-alkanoic acids to
long-chain n-alkanes exhibits a west-to-east continent-scale trend (Fig. 1). This suggests that
the OM exported by the eastern rivers are experiencing less degradation, which is consistent
with increasing permafrost and a shorter annual thaw period from west to east aong the
Siberian Coast.

Taken together, this benchmark study suggests resolvable large-scale trends in OM
lipid biomarker composition across the west-east set of the five GRARS, which reflects both
differences in vegetative cover and climate. The resolved OM compositional differences may
assist in predicting how the composition and decomposition of Arctic river-exported OM may
change if the climate in the eastern Russian-Arctic region becomes more like the current state
in the western part. In addition, CSRA of the isolated HMW n-alkanes and n-alkanoic acids
will provide information which will contribute towards the understanding to what extent old
carbon is now remobilized from the long-term repository represented by the Russian-Siberian
permafrost and transported to the Eurasian rim of the Arctic Ocean; a scenario which would

have major implications for the global carbon cycle and climate.
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Figure 1. Abundances of terrestrial biomarkers and the ratios of C»3 n-alkanesto the
sum of C,3 and C,9 N-alkanes and the summed concentrations of the n-alkanoic acids to the n-
alkanes along the Eurasia-Arctic climosequence. Theriversin order from west to east: Ob (O),
Yenisey (Y), Lena(L), Indigirka (1), Kolyma (K).
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GASGEOCHEMISTRY OF MOBILE BAY: THERMAL CONTROLSON GAS
COMPOSITION AND IMPLICATIONS FOR RESERVOIR CONNECTIVITY

Paul J. MANKIEWICZ?, Robert J. POTTORF?, Michael G. KOZAR® and Peter VROL IJK?

1. ExxonMobil Exploration Company, 233 Benmar, Houston, TX 77060.
2. BExxonMobil Upstream Research Company, PO Box 2189, Houston, TX 77252-2189
3. ExxonMobil Exploration Company, 16825 Northchase Dr, Houston, TX 77060

The Mobile Bay gasfield is located offshore Alabama in the northern Gulf of Mexico.
Production is from eolian dunes of the Jurassic-Age Norphlet sandstone at depths exceeding
6,100 meters and temperatures greater than 200°C. Reservoir connectivity and compositional
variation, including the distribution of non-hydrocarbon gases (H2S and CO») are critica
factors in production strategy. To help understand the controls on compositional variation and
connectivity, detailed molecular and isotopic analyses were conducted for 29 wells.

Fluid inclusion volatiles anaysis, which measures rough abundances and
compositions of fluids trapped in mineral cements suggest that the field was originaly filled
with oil that was subsequently cracked to gas. A paleo-oil-water contact was detected above
the current gas-water contact, and pyrobitumen occurs above this pal eo-contact.

Both hydrocarbon and non-hydrocarbon gas contents vary significantly. Hydrocarbon-
normalized wet-gas contents (C,.) range from less than 0.1% to over 15%. Although carbon
isotopic ratios of methane show only minor variation (8*3C = -36%o to -39%o), carbon isotopic
values of wet-gas components vary dramatically, becoming progressively heavier as gas
compositions become drier. Hydrogen sulfide contents range from trace amounts to 10%, with
highest concentrations in the Aloe Bay (AB) and Mary Ann (MA) portions of the field
(Figure 1). Higher levels of H,S are generally associated with lower wet-gas contents, except
where reservoir iron has scrubbed H,S. Sulfur isotopic compositions for H,S are similar to
those for local evaporites (5*'S = +15%o to +16%. CDT). These observations suggest that
thermochemical -sulfate reduction (TSR) of hydrocarbons is responsible for the formation of
H,S and alteration of C,, hydrocarbon compositions.

Additional evidence for TSR alteration comes from condensate analyses which show
that 90%+ of the liquid yields are composed of diamondoids. The distribution of specific
diamondoid hydrocarbons appears to be controlled by the extent of TSR. For example,
"carbonate" signatures in the diamantanes (Schultz, et al., 2001) increase with increasing TSR,

suggesting that exposure to reduced sulfur governs selective destruction of the 3,4 isomer.
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In contrast to hydrocarbon and H,S contents, CO, compositions are relatively constant
throughout the field, averaging 3.5 mole percent. Carbon isotopic ratios for CO, parallel
those for wet gas hydrocarbons but are heavier than expected for CO, originating from
hydrocarbon oxidation via TSR. The narrow range of CO, contents and heavy isotope ratios
suggest that CO, is also regulated by water-rock equilibration and calcite precipitation. Two
distinct trends are evident for CO. isotopes; one trend may be affected by secondary fluid
migration along Fault A (NWG1,2,3; Figure 1), while the second trend shows no fault-related
migration effects (NCG2, MA, BSB). A transitiona character for samples from NCG1 may
reflect reduced levels of migration along Fault A as displacement decreases to the east.

Gas molecular and isotopic compositions help define reservoir compartments that are
generally consistent with present-day gas-water-contact distributions. In some cases, gas
compositional compartments may be baffled between dunes. Lack of communication
between dune-sets may reflect inter-dune sealing lithologies. Similarly, the wide range of
observed gas compositions and interpreted range in extent of TSR may reflect variations in

within-dune or inter-dune (evaporite) lithol ogies.
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Figure 1. Plot of the carbon isotope ratios of ethane and CO, for sampled wellsin the Mobile
Bay field with adjacent map showing locations of gas families with ssmilar compositions.
Eight gas families are identified: three in the Northwest Gulf (NWG), two in the North-
Central Gulf (NCG), and the Bon Secour Bay (BSB), Maryann (MA), and Aloe Bay (AB)
families. Additionally, two possible CO, systems are interpreted from 8*°C of CO,.
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Great strides have recently been made in our understanding of the composition of
organic matter discharged from rivers to the oceans, as well as its subsequent fate in the
marine environment. In contrast, we know relatively little about the timescales over which
vascular plant-derived organic carbon is stored in terrestrial reservoirs, moves between these
reservoirs, and is discharged the oceans. This information is crucia if we are to develop
accurate models that mimic carbon cycling in the environment as well as predict the impacts
of anthropogenic perturbations of the natural system. Accurate interpretation of terrestrial and
marine proxy records from continental margin sediments also depends upon knowledge of the
temporal relationships between these signals.

Radiocarbon provides an effective tool to constrain residence and transport times of
organic matter, and prior studies have reveaed that the World's rivers discharge particulate
and dissolved organic matter that varies markedly in radiocarbon age. However, a mgor
impediment to the interpretation of these radiocarbon ages in terms of residence time is the
unknown and potentially variable contributions of sedimentary rock and other non-vascular
plant sources of organic matter to bulk phases. This complication can be obviated by targeting
biomarker compounds specific to vascular plants for radiocarbon analysis.

We have performed compound-specific radiocarbon analysis on sediments recovered
from fluvial deposits at the termini of severa river systems spanning a range of drainage
basin types, sizes, and bedrock lithologies, as well as varying in terms of climate (hydrology,
temperature) regime. A first-order relationship appears to exist between terrestrial organic
matter residence time and latitude, implying a strong influence of temperature on the rate of
organic matter cycling within, and export from, watersheds.

In order to more tightly constrain residence times of the most active pools of terrestrial
organic matter, detailed down-core molecular-level radiocarbon measurements have been
made on terrestrial marker compounds preserved in anoxic marine basins adjacent to tropical
and temperate drainage basins. We trace the atmospheric radiocarbon "bomb-spike" from its

initial incorporation into vascular plant biomass to the downstream sedimentary sink. Lags
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between the known date of the bomb-spike and its manifestation in vascular plant biomarkers
preserved in sediments can be interpreted in terms of residence times of terrestrial organic
matter within the corresponding drainage basin. These measurements suggest vascular plant-
derived organic matter exported to the oceans involves at least two components — one that is
rapidly transported (< 20 years) together with a pool of slower cycling “pre-aged” material
(soil). . Findings from the above studies will be discussed in terms of the controls on the
export of particulate materials from rivers to the oceans and the sensitivity of terrestrial

discharge to anthropogenic and climate perturbations.
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Figure 1. *4C content (expressed as AXC, permil) of plant wax-derived long-chain (= C,s)
lipids from sediments collected at the termini of river drainage basins plotted as a function of
latitude (blue circles = n-alkanoic acids; green circles = n-alkanols; red circle = n-alkanes).
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Testing climate models for future climate change critically depend on our ability to
quantitatively reconstruct past climate. Paleosalinity is the single most important
oceanographic parameter which currently can still not be accurately quantified from
sedimentary records. To date, the most promising tool to estimate palecsalinity variations
combines reconstructions of paleotemperature and foraminifera §'%0. Foraminiferal 5'°0
varies as a function of temperature and ambient seawater %0 which is directly coupled to
seawater salinity. The close relation between the stable hydrogen isotope ’H (deuterium, D)
and 50 in precipitation and seawater (so-called meteoric water line) enables an aternative
approach to deconvolve palaeosalinity. Deuterium is incorporated into marine organic matter
during photosynthesis and can be extracted from seafloor sediments (e.g. Krishnamurthy et
al., 2000). Thus, 6D analyses on marine organic matter could provide an aternative proxy for
seawater palaeosalinity. Recently, we found a strong correlation between salinity and the
hydrogen isotopic fractionation of Cs; akenones versus water in cultures of Emiliania huxleyi
and Gephyrocapsa oceanica, although growth rate also had some impact (Schouten et a.,
2006). This suggest that 6D of alkenones can be used to reconstruct past salinities if growth
rate and oD,,4e Can be constrained.

We applied this newly developed proxy in a core covering the last 3000 yrs of the Black
Sea. Approximately 2700 yrs ago E. huxleyi invaded the Black Sea, illustrated by the
deposition of a coccolith ooze from this time on. Because E. huxleyi has never been observed
at salinities below 11 practical salinity units (PSU), a sdlinity increase to above 11 PSU has
been suggested for that time period (Hay, 1988). Our results show that the 6D values of
alkenones gradually decreased over the last 3000 yrs suggesting a decrease in salinity and,
therefore, a higher than present day salinity 2700 yrs ago. This makes it likely that the
invasion of the Black Sea by E. huxleyi is not caused by an increase in sainity. We also
analyzed the hydrogen isotopic composition of Csz7 alkenones in the S5 sapropel from an
Aegean Sea core. Sapropels are thought to be formed after a massive freshwater flooding of
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the Eastern Mediterranean from the African continent. Our results show that simultaneous
with sapropel deposition and prior to the development of photic zone euxiniathere was alarge
decrease in salinity of up to 6 PSU (Fig.1), in good agreement with modeling results. These
results show that 6D of alkenones is a promising new tool for reconstructing past salinities
and another tool for reconstructing paleo-environments using alkenones in addition to the
widely applied UX3; pal aeothermometer.

We are currently examining the hydrogen isotopic fractionation patterns of other algae
known to produce specific biomarkers, i.e. long-chain diols from Proboscia diatoms and
dinosterol from dinoflagellates. The results will reveal if, besides alkenones, other agal

biomarkers can aso be used to trace past fluctuations in salinity.
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NOVEL “ISOHOPANES’ AND THEIR USE AS SOURCE MARKERS

Hans Peter NY TOFT

Geological Survey of Denmark and Greenland (GEUS)

Severa early eluting hopanes having 33 or more carbon atoms have been detected in
coal extracts. Their mass spectra are virtually indistinguishable from those of isomeric regular
17a,21B-hopanes. 17a-diahopanes which also elute earlier than the regular hopanes have
dlightly different mass spectra. Furthermore, these compounds are abundant in low maturity
coals amost devoid of Cxo-Cz diahopanes. Such hopanes were previously observed in coals
(Monthioux and Landais, 1989), but they were not identified.

The mass spectral data suggest a non-rearranged structure and their short retention
times indicate a multiple branched side chain. A number of such hopanes were synthesized
from isoadi antone, and it was shown that the mgjor unidentified Cs3-Css compounds coel uted
with synthetic hopanes (22S + 22R) having a terminal methyl branch in the side chain (31-
methyl -bishomohopanes, 32-methyl-trishomohopanes and 33-methyl-tetrakishomohopanes).
Such hopanes could be named “isohopanes’. Two minor Css hopanes were tentatively
identified as 31-methyl-trishomohopanes and it could be shown that Ci-Czs 29-
methylhopanes are absent in geologica samples. In addition to 33-methyl-
tetrakishomohopanes, several minor, early eluting Css hopanes were detected (482 — 191)
but none of these were identified due to the lack of standards. C;; isohopanes isomerize
dlightly slower at C-22 than regular C5; hopanes. The equilibrium 225/(22S + 22R) ratio for
isohopanesis around 0.60.

Like regular hopanes, the the isohopanes extend beyond Czs. In addition, hexacyclic
hopanes having 35 or more carbon atoms have been noted (480 — 191, 494 — 191 etc.).
Their mass spectra (from HPLC-purified fractions) show that the extraring is not fused to the
rest of the hopane skeleton. The hexacyclic Css hopanes were tentatively identified as 29-
cyclopentylhopanes. Hopanoids having a multiple branched or cyclic side-chain are probably
formed from hopanoids bonded to the kerogen matrix by carbon-carbon bonds.

The ratio between Csz3 and Cs4 isohopanes and regular hopanes with the same number
of carbon atoms (isohopane ratios) has been measured for alarge number of crude oils, source
rocks and coals from all parts of the world (immature samples with Bp-hopanes were not
included). The Csz and Cz4 isohopane ratios of marine crude oils and source rocks are low
(0.02-0.09, 0.10-0.22), higher in lacustrine oils (0.07-0.11, 0.19-0.36) and especially high in
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most coals (0.04-0.83, 0.19-1.71). Because coas generaly have high isohopane ratios, this
should also be the case for oils from coay sources. North Sea crude oils generated from
Middle Jurassic coals (Petersen et al., 2000) have higher isohopane ratios than marine oils and
source rocks from the same area An oil from a coay source (Taranaki, NZ) had the highest
isohopane ratios (0.31 and 0.39) of all the oils investigated so far. These observations suggest,
that the isohopanes could be useful as source markers and petroleum correlation tools.
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Metallo-akyl-porphyrins, tetrapyrrole structures of chloropigments and hemes are
long preserved in the sediments and sedimentary rock. Over 70 years ago, Alfred Treibs
observed deoxophylloerythroetioporphyrin (DPEP) and related compounds in petroleum, oil
shales, and coals and proposed the sedimentary porphyrins to be derived from chlorophylls or
hemes. It is still one of the logical grounds that the petroleum originates from maturation of
sedimentary organic matter rather than produced through inorganic processes. Treibs also
proposed a transformation pathway for the conversion of chlorophyll to DPEP with a series of
biological and chemical reactions. Later, based on the distribution of various
chlorin/porphyrin species in the sediments and their carbon isotopic composition, several
studies confirmed the Treibs’ scheme with some modification (Baker and Louda, 1986; Keely
et a., 1990; Hayes et al., 1990; Callot and Ocampo, 2000).

We have recently developed a method for isolating/purifying the sedimentary
porphyrins for determining both nitrogen and carbon isotopic compositions of these
porphyrins (Kashiyama et al., 2007). We applied the method and determined both carbon and
nitrogen isotopic compositions of various porphyrins from Cretaceous black shales deposited
in the west Tethys associated with Oceanic Anoxic Events and Miocene black shales
distributed in north Japan. These isotopic compositions exhibited unexpectedly wide range of
distribution. For example, in the Miocene black shaes, both carbon and nitrogen isotopic
compositions of Cs;, DPEP are substantially different between nickel- and vanadyl-chelated
Cs, DPEPs (Fig. 1a and 1b, respectively). Furthermore, in the Cretaceous black shales, the
isotopic compositions of Cz» DPEP are also substantially different between nickel- and
copper-chelated C3, DPEPs. Together with the distinct distribution of chemical species among
Ni(11), V=0(IIl), and Cu(ll) porphyrins in these sediments, the metal insertion process may
occur in the early stage (rather than the latest stage) of the transformation pathway (Ohkouchi
et a., 2005) at least some portion of the porphyrins, which discriminates the source
chloropigments.

In the Cretaceous black shales, we observed abundant Ni Cs, etioporphyrin (Fig. 1c)
that is substantially enriched in N relative to other porphyrins including Ni Cs2 DPEP. It
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suggests that the Cs, etioporphyrin to be derived mainly from hemes rather than
chloropigments. In the presentation, we will further discuss the source and transformation

pathways of chlorophyllsto porphyrins based on dual isotopic compositions.

Figure 1. Chemical structures of @) Ni and b) VO-chelated C32 DPEPs and c) Ni Cs2
etioporphyrin
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