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FOURTEEN MILESTONESIN THE ORGANIZATIONAL HISTORY OF ORGANIC
GEOCHEMISTRY
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The scientific disciplines of Geology and Organic Chemistry originated and developed in
parallel starting in the latter half of the 18™ century. These disciplines continued to evolve
independently, but in the early part of the 20" century, geologists realized the scientific and
practical importance of the compositions of organic matter in sediment and rock, and organic
chemists discovered that sediment and rock contain an abundance of organic compounds of
fundamental and applied interest. By 1930 the amalgamation of geology and organic chemistry
had clearly started, and this year serves as the first tempora milestone marking the beginning of
organic geochemistry, athough it was not called such at that time. From 1930 to 1936 organic
compounds such as hydrocarbon waxes, fatty acids, sterols, and porphyrin pigments had been
extracted from geological materials and chemically identified. Source sediments of petroleum
were being actively investigated. From 1930 to 1960 the ideas and concepts of organic
geochemistry evolved with a mgor focus being on the geochemistry of petroleum.

The following are 14 tempora milestones in the organization of organic geochemistry:
1930: Merging of geology and organic chemistry and the beginning of organic geochemistry.
1936: Publication by A.E. Treibs demonstrating the power of molecular organic geochemistry.
1959: Organization by B. Nagy of the Organic Geochemistry Division (OGD) of The

Geochemical Society, holding its first formal meeting with the Geological Society of

Americain 1960.

1962: 1% International Meeti ng on Organic Geochemistry (IMOG); these international meetings
continue to be held every other year.

1963 First reference text Organic Geochemistry, edited by |.A. Breger (reference texts are
collections of papers by different authors and assembled by one or more editors);
approximately 20 other reference texts on organic geochemistry have now been
published.

1968: Gordon Research Conferences specifically devoted to organic geochemistry; these

conferences continue to meet on alternate yearsto IMOG.
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1970:

1978:

1979:

1981:

1988:

1991:

1993:

First textbook Non-Marine Organic Geochemistry written by F.M. Swain (the entire
contents of textbooks are prepared by the author or authors); about 13 textbooks on
organic geochemistry have now been published.

Publication of the journal Organic Geochemistry, with I.A. Breger as the first Editor;
volume 40 of thisjournal is appearing in 2007.

Presentation of the first Treibs Award for “outstanding contributions to Organic
Geochemistry” to A.E. Treibs (honorary) and G.T. Philippi (first designated recipient);
by 2007 this award has been given 21 times.

Organization by P.A. Schenck of the European Association of Organic Geochemists
(EAOG), which met formally for the first time in 1983 at the 11™ IMOG in The Hague,
The Netherlands.

The journal Organic Geochemistry became “the officia Journa of EAOG” with co-
editors E.W. Baker and P.A. Schenck; by 2007, seven individuals have served as Editors
of the journal.

The Austraian Organic Geochemistry Medal for lifetime achievement in organic
geochemistry was first awarded to JW. Smith; this award has now been given eight
times.

P.A. Schenck Award to scientists under 35 years of age who have made major
contributions to any specific area of organic geochemistry or related field; first awardee

was J. Sinninghe-Damste, and the award has now been given six times.

2007: 23 IMOG, organized by EAOG—Current celebration of the recent advances in organic

geochemistry.

Within this temporal framework the science of organic geochemistry has flourished, leading to

numerous discoveries and a deeper understanding of the role of organic substances, from organic

molecules to complex organic compounds, in terrestrial and extraterrestrial processes.



P57-MO

HYDRODYNAMIC CONTROLSON THE AGE AND COMPOSITION OF
TERRESTRIAL ORGANIC MATTER DISTRIBUTED OVER THE WASHINGTON

MARGIN

M. UCHIDAY, T.I. EGLINTON!, JM. HAYES? L.COPPOLA3, ©. GUSTAFSSON*,
P.ANDERSSON? and D. MONTLUGCON?!

1 Woods Hole Oceanographic Institution, Department of Marine Chemistry & Geochemistry, Woods Hole, MA
02543, U.SA.
2 Woods Hole Oceanographic Institution, Department of Geology & Geophysics, Woods Hole, MA 02543,
U.SA
3 LIG, Swedish Museum of Natural History, Box 50007, 10405, Sockholm, Swveden
4 Stockholm University, Institute of Applied Environmental Research (ITM), 10691 Stockholm, Sveden
*Now at Japan Agency for Marine-Earth Science and Technology, Yokosuka, 237-0061, Japan.

Fluvia systems discharge complex mixtures of particulate and dissolved terrigenous
materials to the oceans. Upon entering the marine ream, these materials are subject to a
range of physical and biogeochemical processes. For particulate matter, hydrodynamic
properties play a critical role in dictating where and how this materia is distributed and
deposited on the sea floor. Prior studies have shown that the organic matter composition of
sedimentary particles on river-influenced continental margins differs markedly as a function
of grain size and density. Thisimplies that hydrodynamic processes which induce differentia
particle sorting will strongly influence the abundance and type of terrigenous organic
materials distributed over the margin. The impact of these processes on the age distribution
of sedimentary components has not previously been assessed. We have analyzed a suite of
surface sediment samples collected along a transect from the mouth of the Columbia River
across the Washington Margin to the Cascadia Basin in the northeast Pacific Ocean.
Sediments were separated according to their grain size and hydrodynamic properties, and
characterized in terms of their bulk elemental and isotopic properties. We observed
systematic variations in organic matter age and composition across the different particle
classes. Compound-specific radiocarbon analysis of vascular plant biomarkers in different
grain-size fractions from two stations on the outer shelf and upper slope also revealed
systematic relationships. Finer grain sizes carried younger terrestrial carbon than coarser
fractions. These age differences can be explained in terms of the differing timescales over
which surface and bottom currents redistribute coarse and fine-grained particles over the shelf
and slope. In addition, terrestrial biomarkers in grain size fractions from slope sediments are
systematically older than equivaent fractions recovered from the shelf. These observations
suggest that timescales of across-margin transport of particul ate organic matter can be gleaned

from molecular-level radiocarbon measurements. Together, these measurements provide
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insights into the role of hydrodynamic processes in dictating the distribution of terrigenous
materials on river-influenced continental margins, and underline the importance of

understanding these processes for the interpretation of corresponding stratigraphic records.
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Continental shelves are highly complex sedimentological systems and represent a link
between coastal areas and the open ocean. Therefore, they are controlled by both continental
and oceanic factors. Transport of particles over the continental margin and sedimentation
processes cannot be easily quantified; organic and inorganic substance classes are supposed to
show different behaviour in the marine environment.

The main focus of this study is the partitioning of organic matter at the shelf system of
Galicia for the reconstruction of its sources and transport pathways. To distinguish between
terrestrial and marine sources of organic matter specific biomarkers will be routinely analysed.
Two mgjor and several smaller rivers drain into the Galician shelf system and deliver their
sediment load. The northern part of the shelf is characterized by the Galician Rias which are
drowned tertiary river valleys. The rivers ending in the Rias are not expected to contribute
much material due to smaller islands off the coast trapping the river load (Dias et al. 20023).
The main contributors of terrestrial material to the shelf are the Minho River at the southern
border of the research area and the Douro River even further in the south (e.g. Dias et al.,
2002b). The oceanographic regime of the Galician Shelf is a low-productivity, high-energy
system with seasona variability. Northward bottom currents together with downwelling
during winter result in local mud belts where fine grained organic rich material is deposited
(Drago et al., 1998). Up to now, the reason for the existence of the GaliciaMud Patch located
in the southern part of the research areais not fully understood. The Minho River is supposed
to be the main sediment source but, however, during the last century the sediment supply
should has been reduced due to the construction of dams in the river basin. Sediment might
also derive from the Douro Mud Patch further in the south and the adjacent shelf areas by
remobilisation (Vittorino et al., 2002).

We are currently analysing sediment and particulate organic matter (POM) samples
from the magjority of the loca rivers and we will use these source signals to trace the
terrestrial material in an area on the shelf of approximately 7200 km2. Biomarkers of
terrestrial origin (e.g., amyrin, lupeol, long-chain n-alcohols and n-akanes, branched
isoprenoidal tetraethers) will be compared with the abundance of typical marine compounds

(alkenones, alkanediols, dinosterol, bishomohopanol, crenarchaeol) in surface sediments of 34
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sampling locations on the shelf for the reconstruction of recent sediment transport and
deposition. Additionally, five surface sediment samples deriving from the continental slope
will be analysed to determine sediment export beyond the shelf break. All of the marine
samples were obtained by giant box coring during the GALIOMAR P342 cruise in August
2006. First results coming from the analysis of Douro River POM indicate a predominance of
long-chain n-alkanes (Cz7, C9, and Cs1), long-chain n-alcohols (Ca4, Cos, Cos, and Czo), sterols
(cholesterol, sitosterol, stigmasterol) and pentacyclic triterpenoids (lupeol, amyrin). All of
these biomarkers appear also in shelf samples, but decrease in abundance in sediments on the
slope. Here, some of the biomarkers (n-alkanes, n-alcohols and stigmasterol) are still present,
but only in low concentration, whereas others (lupeol, amyrin) are completely absent. In
contrast, shelf and slope samples are dominated by marine-derived lipid biomarkers such as
dinosteral, sitosterol, cholesterol and Cz, akyl diol.

To evauate the proportion of terrestrial material over the shelf area different indices
(BIT, CPI, TAR) will be calculated from the relative abundance of the defined biomarkers.
Thisfirst study will be the base for further investigations on radiocarbon-dated sediment cores
concerning the evolution of the Galician Shelf system and temporal changes of organic matter

sources and distribution.
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Dissolved organic matter (DOM) in aquatic systems plays a dominant role in the
carbon cycle and participates in many physical, chemica and biological reactions. It has aso
been reported to interact with inorganic and organic pollutants and to affect their transport and
fate in the environment.

DOM consists in a heterogeneous mixture of compounds with wide ranging chemical
properties and diverse origins. This is particularly the case in estuaries where significant
differences are observed when analysing water along a salinity gradient. The maximum
turbidity zone (MTZ) of an estuary is especially characterised by intense cycles of settling and
resuspension of anoxic mud fluid. Moreover DOM accumulates in the MTZ where it has a
longer residence time and is then submitted to flocculation and sedimentation processes that
modify the size distribution of the macromolecules during the transit of organic material to
the marine medium (Abril et al., 1999). Due to intense diurnal, tidal and seasonal cycles as
well as to high organic matter amounts, superficial sediments are submitted to a lot of redox
oscillations and show a great reactivity. The role played by the colloidal fractions is of great
interest to understand the variability of sediment reactivity during these oxic/anoxic cycles.

The aim of this study was to simulate in vitro series of oxic/anoxic cycles in coastal
and estuarine superficial sediments. The incubator used for this work (Fig.1) was developed
by Commarieux and Abril (2004). The forcing parameters studied in the experiments were
mainly aerobic and anaerobic conditions. Gas allowed moving suspended sediment from oxic
to anoxic conditions, and vice versa. Continuous measures were possible in both gaseous and
dissolved phases.

Fine superficial sediments from the Arcachon Bay and from the Adour estuary were
collected as marine and estuarine samples respectively. A detailed study of DOM behaviour
and of the impact of colloidal organic matter on the mercury speciation during oscil lating
oxic/anoxic conditionsis reported here.
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Figure 1. Description of the incubator used to simulate oxic/anoxic oscillations in
suspended sediment sampl es.

As DOM isamixture of organic macromolecules with abroad range of molecular size
and weight it was fractionated according to molecular size by using tangential-flow
ultrafiltration using a molecular size cut-off membrane of 500 Dain order to separate free and
bound to colloids Hg. Each isolated fraction (filtrate and retentate) was then characterised
using three-dimensional spectrofluorometry.

During anoxic/oxic transitions we observed a relative increase of the greatest
molecules (molecular size>500Da) of organic matter. A globa decrease in fluorescence
intensity of filtrates was observed al aong the experiments indicating a decrease of the
relative proportion of small molecules (> 500 Da). A light increase of this fraction proportion
was however observed at the anoxic/oxic transition. This study showed significant

modifications of DOM during oxic/anoxic oscillations and effects on mercury speciation.
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Dissolved organic matter (DOM) consists of a mixture of macromolecular compounds
with wide ranging chemical properties and diverse origins. Fluorescence spectroscopy has
been applied for characterizing fluorescence properties of DOM for several decades. This
technique yields important information on the dynamics and chemical nature of bulk DOM as
afunction of its fluorescence intensity and fluorescent functional groups. The monitoring of
the fluorescent DOM has often been used to distinguish between water masses from various
sources (Matthews et al., 1996; Coble 1996), to follow the distribution of water masses
(Cabaniss and Shumann, 1987; Chen and Bada, 1992) or, equally to study the mixing
processes in coastal and estuarine waters (De Souza-Sierra et al., 1997; Del Castillo et al.
1999). In the 1990s, three-dimensional excitation emission matrix (EEM) spectroscopy came
into more common use for characterizing fluorescence properties of DOM. EEM
spectroscopy provides highly detailed information and the data can be analysed as excitation
spectra, emission spectra or synchronous scan spectra. This technique reveals the complete
photophysical system of the complex multi-chromophore macromolecular DOM and is now
largely used for the characterization of the fluorescent organic materia in aquatic
environments.

The fluorescence spectra were recorded with a Fluorolog SPEX FL3-22 Jobin Yvon
Fluorometer. The fluorescence EEM spectroscopy involved scanning and recording of 17
individual emission spectra (260-700 nm) at sequential 10 nm increments of excitation
wavelength between 250 and 410 nm.

In order to discuss the results of the fluorescence analysis of the different samples, we
considered on the one hand the ratios of the intensities of the main fluorescence bands. On the
other hand, we applied to aguatic environments the humification index (HIX) introduced by
Zsolnay et al (1999) in order to estimate the maturation of DOM in soils. Referring to this
humification index HIX, we aso built another parameter BIX (biologica index) to

characterize the autochthonous inputs (biological origin) to DOM.
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The goal of this study was to characterise the organic matter inputs from a small river
(Eygoutier River) into the Mediterranean Sea (Toulon Bay). We studied the organic matter
inputs during the lowest water levels of the river and the floods for two years (2004 and 2005).

This work showed that the fluorescence intensity ratios as well as the HIX and BIX
indexes were particularly well adapted to the characterization and classification of DOM in
marine and coastal environments. The increase of terrestrial DOM inputs in seawater was
very well correlated with the increase of the river flow. Samples were collected every hour
from the very beginning of the first rain for each flood. The influence of floods on
Mediterranean coastal water DOM was mainly detected on surface water samples. Major
modifications of the quality and quantity of DOM were observed. DOM was thenin particular
characterized by higher HIX values. This index appeared to be a good indicator of the impact
of the floods in seawater. Even if the effects were less significant for the deep water samples
collected, we could observe some modifications of DOM due to the flood inputs. The

terrestrial inputs did not reach however the most remote sites studied.
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Climate warming is expected to be strongest in high latitude areas such as the Arctic
and sub-Arctic (Zwiers, 2002), which is also where a large fraction of the globa soil organic
matter is held (Dixon et al., 1994). Surface sediment in coastal areas provides an integrated
signa of land-derived carbon export fluxes. In this study, we present the results from a
surface sediment transect through the northern Bothnian Bay, from the Kalix river mouth to
the open basin, providing a basdline study on the terrestrial molecular distribution.
Furthermore, the propensity of biomarker deposition along the transect is investigated. This
information can be used to predict the impact on mineralisation processes in sub-Arctic shelf
areas. The Kalix river is the largest unregulated river system in northern Europe, draining a
sub-Arctic catchment. This easily accessible estuary has been shown to resemble the western
Great Russian Arctic Rivers (Gustafsson et a., 2000; Ingri et a., 2004; Guo et al., 2004) and
can therefore be used as a valuable model system.

The bulk surface sediments (Figure 1a) showed consistent trends in both 5°C (values
between -27.4 and -24.5%0) and total organic carbon (TOC) (between 45.8 and 15.0 mg/qg)
from the river mouth to the open basin. In the inner estuary (station A), long-chain n-alkanes
(2 C27-Cs1), n-akanoic acids (X Cos-Cog), n-akanols (X Co4-Cog) Were present in concentrations
of 163, 275 and 390 pg/gOC respectively (Figure 1b). The oc-normalized concentrations of n-
alkanes and n-alkanols were higher further out in the estuary and the basin (station B-E),
whereas oc-normalized concentrations of n-alkanoic acids decreased. A terrestrial origin of
the n-alkanes was confirmed by an odd-over-even predominance illustrated by carbon
preference index values between 4.1 and 2.2. In addition, two terrestrially-derived sterols (i.e.
B-sitosterol and campesterol) were present in concentrations varying along the transect
(Figure 1c). Concentrations of dinosterol, a marine sterol originating from dinoflagellates,
were increasing when going from the river mouth towards the open basin. From the analysed
terrestrial compounds, long chain n-alkanols and n-alkanoic acids appear to be more amenable
to degradation than n-alkanes. This can be illustrated by decreasing high-molecular weight
ratios for n-alkanoic acids and n-alkanols to n-alkanes when going from the estuary to the

open basin (Figure 1d). There is a decoupling in spatia distribution of different terrestrial
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biomarker classes along the transect, suggestive of differential recalcitrancy or transport
potential. This study demonstrates that concentrations of terrestrial compounds in the
Bothnian Bay are higher than in most other northern latitude coastal areas, making this a
useful setting to perform compound-specific radiocarbon studies on terrestrial compounds in
the near future. The results of this study will also be compared with Bothnian Bay water

column samples and surface sediments from the Ob estuary in western Siberia.
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Figure 1. (a) Map of the Bothnian Bay surface sediment transect, (b and ¢) concentrationsin

ug/gOC of the three most abundant long-chain n-alkanes, n-alkanoic acids and n-alkanols and

three major sterols, (d) ratios of high-molecular weight of n-alkanoic acids and n-alkanolsto
n-alkanes.
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It is well known that the biogeochemical carbon cycle plays a major role in climate
change. Hence, it isalso crucial to well constrain the different carbon species involved in such
cycle, and answer to these following questions. what are the stocks of different carbon guises
in carbon pools and what are the exchanges between them? As an example of a
misunderstanding guise of carbon in continental surface is the fate of Fossil OC delivered to
terrestrial geosystems through erosion and weathering processes of sedimentary rocks. FOC
was frequently considered to balance the burial of OC through its total mineralization at
outcrop. Though, FOC was characterised in various modern carbon pools and two studies, as
Blair et al., (2003) has revealed a significant estimate of FOC delivered to world's ocean (40-
80 1O6t.yr'1). Ladlty, FOC release by weathering of shales and carbonates was estimated at
100 10°t. yr* (Di-Giovanni et al., 2002).

Here we focus on storage of FOC in the first meter of sedimentary rocks and the FOC
yielded by the wesathering of carbonates and shales in global continental surface. Two major
results were expected: built some global maps of FOC storage and FOC fluxes (1°x1° grid
resolution) and provide some modelled values for stock and fluxes both at global scale than at
the catchment scales (40 magjor river basins). So, this study requires i) some world maps of
river basin limits, continental rock lithology, and continental runoff, ii) average carbon
content for sedimentary rocks, iii) average density of carbonates, shales, and
sandstones/sands. Input of FOC to modern environments from rock weathering was estimated
using GEM-CO,, an approach that models CO. consumption by chemical weathering of rocks
to calculate weathering rates (Amiotte-Suchet et al., 1995).

Global FOC storage in the first meter of sedimentary rocks for the studied major
watersheds is about 448 10°, and 1100 10° at the global scale. The distribution is driven by
the average TOC value of rock types, this is the reason why shales exert a strong control on
the amount and distribution of the FOC stock (Fig. 1). Due to abundance of shales and
surface, the Amazon drainage basin stores the largest amount of fossil carbon (>73 10%). The
map of FOC yield resulting from the chemica weathering of shales and carbonates (Fig. 1),
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exhibits a heterogeneous distribution caused by that of TOC values, weathering index of
sedimentary rocks and runoff. The total annual FOC yield for the 40 drainage basins
combined is 20.04 10%, which corresponds to about half of the total global annua yield
(42.90 10°%), which is about twice that previously estimated. It is expected that a quarter of the
FOC released to the Earth’s surface is produced by the Amazon drainage basin (10.74 10°%).
Our modelling demonstrates that both storage and chemical release of FOC are

significant for the supergene carbon cycle. Results impacts and questions both on the origin of
OC in soils and rivers and suggest that stock of Black Carbon, exhibiting the same ubiquity

and physico-chemical properties of FOC, in soil should be re-estimate taking into account this

fossil component.
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Figure 1. Annual FOC fluxes for each grid cell (103 t.yr'l) delivered by chemical weathering
of carbonate and shale for the entire continental surface. Values vary between 0 to 117 10%
yr! and were cal culated according to GEM-CO, model. Due to a high runoff, tropical climatic
zones provide the main FOC amount yielded by rock weathering.
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