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Previous studies of Lake Baikal sediments have shown that organic parameters such as
total organic carbon (TOC), C/N ratio, ratio of lignin phenols to TOC, higher-molecular
weight fatty acids to TOC (HFA/TOC), 13C of bulk organic carbon are markedly different
between the last glacial to Holocene (Brincat et al., 2000; Ishiwatari et al., 2005, 2006). We
are now faced with detailed interpretation of these differences. However, there is a problem
arising from uncertainty in these parameters for source materials (aquatic vs. land organisms)
and their modification during diagenesis. Our primary interest is to estimate the relative
contribution of aquatic and land plant by use of these parameters. Here we present the result
of a study of land record of organic parameters from sediments of a bog close to Lake Baikal
with discussion of this approach for overcoming the present situation, because the bog
sediment is expected to preserve good records of history of changes in land environment.

A 7.5m–long sediment core from the Cheremushka bog located in the eastern coast of
Lake Baikal (Central basin) was analyzed for lignin phenols and fatty acids and carbon
isotopic composition of long-chain n-alkanes. Pollen analysis showed that record of
vegetational changes over the past 35,000 yrs are preserved in this bog sediments (Takahara,
2000; Kataoka et al., 2003; Shichi et al., unpublished). The core consists lithologically of
three layers, sandy clay (750-580cm in depth), peaty clay (580-370cm) and peat (370-0cm).
Lignin phenols and fatty acids (n-C14-C30) were analyzed for 18 samples from the core using
an on-line TMAH thermochemolysis method (Ishiwatari et al., 2006) and 13C of long-chain
n-alkanes were measured by GC-IR (isotope ratio) MS.

Fossil pollen data (Takahara, 1999; Kataoka et al., 2003; Shichi et al., unpublished)
indicate that herbs such as Gramineae and Artemisia are dominant during the last glacial
maximum (LGM: ca. 460-660cm in depth) (Fig. 1). Spruce forests expand in this area in the
early Holocene, pine trees increase gradually after 8,000 14C years BP and then dramatically
become dominant after 6,000 14C years BP. A ratio of vanillyl (V) plus syringyl (S) phenols
over TOC ((V+S)/TOC ratios) in the Holocene are more than twice higher than those in the
LGM. HFA/TOC ratio (n-C24-C30 fatty acids over TOC), which is expected to be high for
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leaves and herbs, in the LGM are slightly higher than those in the Holocene. HFA/(V+S)
ratios in the LGM are about twice of those in the Holocene. 13C of n-C27-C33

(odd-numbered) alkanes are similar throughout the core. Vertical changes in these and other
parameters are roughly in accord with pollen analytical data. TOC concentrations,
(V+S)/TOC, and HFA/(V+S) ratios in the bog sediments are 2-20 times higher than those in a
Lake Baikal sediment (Academician Ridge), suggesting a large difference in TOC sources for
both sediments. We conclude that the results for the bog sediments provide a good reference
to interpret organic geochemical parameters in Lake Baikal sediments.

Figure 1. Vertical profiles of fossil pollen, bulk organic matter, lignin phenols, and fatty
acids in a sediment of Cheremushka bog located near the eastern coast of Lake Baikal
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It is well known that changes in climatic, hydrologic, tectonic or volcanic processes

are recorded in lake sediments. Although there are a number of recent lake systems in

Western Turkey, only a few of them have been studied in detail to investigate this kind of

paleo-environmental and paleo-climatic changes during the Holocene. One of the less studied

lake systems is the Marmara Lake (Manisa).

The characteristics of organic matter in a 1.5 m long sediment core from Marmara

Lake were investigated by bulk organic geochemical methods and analyses of n-alkanes and

fatty acid distributions in selected samples.

Variation of the bulk organic geochemical properties, such as amount and type of

organic matter and carbon isotopic composition was used to differentiate four intervals (0-95

cm, 95-108 cm, 108-119 cm, 119-140 cm). The two upper intervals contain relatively high

amounts of total organic carbon (TOC: 1.2%-2.6%; 2.8%-3.67%) of terrestrial to mixed

organic matter type (Hydrogen Index HI: 95-300 mg HC/ g TOC; 229-266 mg HC/ g TOC).

The third interval with a decreasing trend of TOC from 2.51% to 0.45% contains

predominantly terrestrial organic matter (HI: 40-117 mg HC/ g TOC). The deepest interval is

characterized by low TOC (≤0.5%) and HI values of 40-80 mg HC/ g TOC. These four

intervals have also distinct carbon isotopic signatures of the organic matter, lithological and

sedimentological characteristics, supporting the differentiation based on bulk organic

geochemical properties (Figure 1).

These intervals were also investigated from a molecular biogeochemical point of view

in terms of n-alkane and fatty acid distributions. The upper most 63 cm thick part of the

section is characterized by an n-alkane distribution, which has its maximum at C23, typical for

aquatic macrophytes. Samples from the lower parts of this interval contain a high amount of

C29 n-alkanes and show a strong odd over even predominance, both typical for terrestrial

organic matter transported into the lake from the catchment. Samples from the second interval

show a bimodal n-alkane distribution with maxima at C13 and C29 which indicates mainly

terrestrial organic matter input. The following interval at 108-119 cm exhibits a similar

bimodal n-alkane distribution with two maxima at C23 or C29 indicating two different organic
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matter sources, respectively aquatic (macrophyte) and terrestrial. The deepest interval

includes mainly terrestrial organic matter.

The lowermost two intervals of the core contain also short chain length even

numbered n-alkanes in significant amounts. It has been proposed that high amounts of such

compoounds (C14 and C16) may possibly be the product of reductive diagenetic transformation

of the corresponding n-fatty acids (Welte and Ebhardt, 1968; Elias et.al., 1997). The fatty

acid distribution with maxima at the range of C16 to C28 also shows obvious variations, which

are in accordance with the n-alkane distribution.

Bulk organic geochemical, biogeochemical and geological properties indicate that,

autochthonous organic/inorganic matter supply into and bio-productivity within the lake has

changed through time. Such variations will be discussed based on local geology, tectonics and

climate induced hydrologic conditions in the catchment area.
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Figure 1. Variation of the amount, type and carbon isotopic signature of the organic matter
along the sediment core from Marmara Lake.
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Since the Tibetan Plateau has an essential influence on atmospheric circulations, it is

important for our understanding of the dynamics of global changes and therefore interesting

for paleoecological research (Lehmkuhl and Owen, 2005). Sedimentary organic matter is an

excellent recorder of environmental conditions. Different n-alkane patterns have been

assigned to different sources of organic matter. δ13C of aquatic macrophytes is usually in the

range of C3 plants, however limited CO2 availability due to high pH or alkalinity or due to

high respiration at dense plant stands, can lead to HCO3
- assimilation and hence to a shift

towards more positive δ13C values (Allen and Spence, 1981).

To test correlations between environmental and sedimentary organic matter

parameters, recent sediments of 50 Tibetan lakes (1500 – 5300 m a.s.l) were analysed for

amounts of n-alkanes, bulk organic δ13C and compound-specific δ13C values of n-alkanes.

Furthermore, bulk δ13C of the dominant aquatic macrophyte species Potamogeton pectinatus

(L) was measured.

The sediments can be separated into three groups by hierarchical cluster analysis

according to their n-alkane patterns. Some samples show a remarkable terrestrial influence of

long-and mid-chain n-alkanes with a strong odd-over-even predominance (type I) while

others are dominated primarily by mid-chain n-alkanes derived from aquatic macrophytes

with no odd-over even predominance (type II). Type III sediments are similar to type II, but

contain also a strong terrestrial component (high relative amounts of C29 , C31 and C33 n-

alkanes). Short-chain n-alkanes of algal origin are scarce in most of the lake sediments

(Figure 1).

δ13C values of Potamogeton bulk biomass and of bulk organic matter ranges from -6.0

to -21.4‰ and -18.4 to -28.1‰, respectively. δ13C values of long-chain n-alkanes (C29-C31)

show relatively little variations between -29 and -34‰. However, in some samples a shift

towards more positive values, up to -21‰, is visible in mid-chain n-alkanes. Generally, odd-

numbered n-alkanes are more enriched in 13C than even-numbered ones (Figure 1).

In our lake sample set, pHs of the lake waters are varying from 7.1 to 10.5. Comparing

bulk δ13C values of sediments and plants with pHs, a trend to more positive values at high
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pHs is visible. The correlation between δ13C of Potamogeton biomass and of mid-chain n-

alkanes (C20-C26) is weak in all samples, but rather good in type II sediments (R2: 0.35 - 0.72).

There is also a good correlation between bulk δ13C values of sediments and plant organic

matter (R2 = 0.71). We conclude that limited CO2 availability at high pHs can be one

explanation for a positive shift of δ13C values of mid-chain n-alkanes in macrophyte

dominated lakes, a fact which can be applied for the interpretation of δ13C values of n-alkanes

in sediment cores.

Figure 1. n-Alkane patterns I, II and III, with non-enriched (left side) and enriched (right side)

δ13C-values at mid-chain n-alkanes (missing values due to too low signal)
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Deeper time palaeoclimate reconstructions are still rare on the continental southern

hemisphere. Here we present new biogeochemical data from a core retrieved in the crater lake

Tswaing (formerly “Pretoria saltpan”). This opens a perspective to get a more detailed view

into climate variability of the subtropical region of South Africa on the glacial/interglacial

time scale.

Sediments from Lake Tswaing (25°24’30’’ S, 28°04’59’’ E) document environmental

changes in southern Africa during the last 200 kyr BP. Previous investigations using basic

geochemistry (TIC, TOC, TN), biomarkers, organic petrology and Rock-Eval pyrolysis reveal

different sources for the organic matter of Lake Tswaing sediments like land plants,

Botryococcus braunii, cyanobacteria and ciliates (Kristen et al., 2007.). They show a shift

from a bacterial to a more algal dominated ecosystem in the lake and back again at the end of

the last interglacial (MIS 5) and MIS 4, respectively. Furthermore, we identified intervals

with high autochthonous production alternating with periods of increasing amounts of

allochthonous input in form of long-chain n-alkanes (nC29-nC31) and detrital minerals

(Bühmann & Elsenbroek, 1999). Possible mechanisms responsible for this pattern are changes

in the hydrological budget of Lake Tswaing as well as preservational effects. Pollen which are

widely used to reconstruct past changes in rainfall and corresponding freshwater input are not

preserved over big parts of the profile (Scott, 1999). Thus we use indirect methods like the

δ13C of organic material to infer changes in vegetation pattern (C3 versus C4 land plants) due

to varying moisture availability (e.g. Talbot & Johannessen, 1992; Street-Perrot & Ficken,

2004). Yet, in lake sediments δ13CTOC represents a mixed isotopic signal from land plants,

aquatic organisms and microorganisms. Compound-specific stable carbon isotope ratios can

refine the interpretation of δ13CTOC. Here we present δ13C values of biomarkers representing

land plants, algae and bacteria which delineate changes in the atmospheric and aquatic carbon

pool. The results will be used to distinguish between authigenic and allogenic processes

recorded in the Lake Tswaing sediments.
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Figure 1. Total organic carbon content and stable carbon isotope values from Lake Tswaing
sediments covering the last ~200 kyr BP. Black dots in the lower panel represent samples

which have been analysed in detail for biomarker distributions and their stable carbon isotopic
signatures.
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Lake Masoko is an oligotrophic Maar Lake (700 m diameter, 38 meters depth) from

southern Tanzania that provides one of the most continuous Late Quaternary lacustrine

sedimentary records from Africa. Owing to its small catchment area and the absence of river

input and surface outlet, Lake Masoko is strongly sensitive to climate changes.

Multidisciplinary studies have already detailed Lake Masoko’s hydrology, geochemistry,

pollens, diatoms, charcoals and phytoliths assemblages (Garcin et al. 2006, and references

therein). Here we present biomarker evidence for abrupt changes in this tropical ecosystem

during the last glacial-interglacial intervals (i.e. 32 ky B.P.).

The hydrocarbon composition of selected sediment samples from a 30-meters long

core revealed a wide variety of botryococcenes that sometimes appeared highly dominant

(Figure 1). Whereas some botryococcene structures were found all through the 32,000 years

period, others were only detected in a few samples indicating changes with time of the

Botryococcus braunii communities thriving in the lake. A new C34 botryococcene, fully

characterized using NMR data, tetra-unsaturated and containing two cyclohexyl rings, was

found as the major hydrocarbon compound around 32 ky BP and during the Younger Dryas

(YD, ≈12 ky BP). By contrast it was absent during the Last Glacial Maximum period (LGM,

≈20 ky BP; Fig. 1). The exclusive occurrence of partially hydrogenated isorenieratene-

derivatives during the YD and the LGM indicated that an anoxic photic zone developed in

Lake Masoko during glacial periods. This certainly was (in part) responsible for the observed

changes in planktonic communities (Figure 1).

The qualitative and quantitative distributions of linear long-chain (C27, C29, C31, C33)

alkanes and terpenoids from higher plants also appeared strongly fluctuating between

contrasted climatic periods. Interestingly, higher plants biomarkers were nearly absent during
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the YD whereas they dominated during the LGM revealing strong variations in both the

terrestrial organic matter inputs to the lake and the type of vegetation that developed around it

depending on the environmental conditions. Inputs of terrestrial OM to the lake sediments

were generally accompanied by an increase in bacterial activity as suggested by the greater

abundance of hopanoid compounds in hydrocarbon fractions dominated by higher plants

biomarkers.

Unlike biomarkers, C/N values of sediments did not show strong variations between

time periods, and did not seem highly indicative of the origin of the OM whereas 13C values

of the TOC clearly indicated variations in the isotopic composition of the inorganic carbon

pool between the considered geological periods.
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Figure 1. Total Ion Chromatograms of the hydrocarbon fraction of two sedimentary sections
(Younger Dryas-top, LGM-bottom) from Lake Masoko. B = botryococcenes, H = hopanoids,

T = terpenoids, HBI = highly branched isoprenoids.
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Lake Masoko is a tropical oligotrophic Maar Lake (700 m diameter, 38 meters depth)

strongly sensitive to climate changes and which constitutes a reference site for studying rapid

variations in tropical environmental conditions (Garcin et al., 2007 and references therein).

Previous studies have detailed Lake Masoko’s hydrology, geochemistry, pollens, diatoms,

charcoals and phytoliths assemblages, and some new structures of very long-chain n-alkenes

have recently been described in this ecosystem (de Mesmay et al., in press). Here we present a

high-resolution record of bulk organic matter proxies (TOC, TN, 13C, 15N, C/N) and the

lipid biomarker molecular and isotopic (13C) composition of selected sedimentary horizons

covering the last 500 years in Lake Masoko.

The TOC content of the sediment showed marked and regular fluctuations between

1500 A.D. and present days but consistently increased with time from ca. 4% to 10% (Figure

1). The 13C composition of the organic matter (OM) appeared remarkably anti-correlated

with the TOC content, showing an overall depletion from ca. -24‰ in old sediments to ca. -

29‰ in more recent deposits (figure 1). Down core profile of long-chain n-alkanes (C27, C29,

C31) from higher plants as well as their 13C composition could partly explain the evolution of

the TOC-based parameters, indicating significant terrestrial inputs of organic matter to the

lake sediment. However, this quasi regular shift to lower 13C values upwards were

accompanied by low and decreasing (from 12 to 9) values of the C/N ratio indicative of an

ecosystem more likely-based on aquatic organisms. This was confirmed by the quantitative

distribution of some diagnostic algal biomarkers (e.g. HBIs, octahydrobotryococcenes,

dinosterol) which suggested a rapid evolution of the phytoplanktonic communities, especially

during the last two centuries.
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Enhanced OM inputs to the sediments and autochthonous productivity likely

stimulated the activity of the microbial community of the lake as shown by down core profiles

of some hopanoid biomarkers (Figure 1). Moreover, 15N values of the sedimentary OM

appeared strongly correlated to 13C values. They were close to atmospheric values and

progressively decreased (from ca. +2.5 to -0.5‰) until present days suggesting a significant

atmospheric nitrogen fixation by cyanobacteria in this ecosystem. The occurrence of an

anoxic photic zone was suggested by the presence of two derivatives from isorenieratene.

The rapid (sometimes within a few decades) variations in OM content, and molecular

and isotopic compositions of recent sediments from Lake Masoko clearly indicate that this

ecosystem has been constantly and rapidly changing during the last 500 years. Links between

this biogeochemical evolution and variations in environmental conditions in this tropical area

are currently investigated.
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Figure 1. TOC content, δ13C and δ15N values, C29 alkane and diploptene profiles in core
sediments from Lake Masoko covering the last 500 years.
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Understanding the mechanisms relating peatland dynamics to global carbon cycling

and climate, is central to the prediction of the biosphere’s response to future

anthropogenically forced climate change. Our understanding of the hydrodynamic response

of peatland to climate change is restricted to the Holocene, which confines our knowledge of

the fundamental controls on this important carbon reservoir to recent sedimentary

successions. In order to comprehend the processes of peatland evolution, and to make

projections concerning the long-term response of the peatland carbon reservoir to

environmental change, we consider thick lignite deposits formed over periods of 1 M.y.

To explore the long-term response of peatland to changing climate, we have

investigated the reaction of peatland plant communities to changes in the exogenic carbon

cycle on timescales exceeding 100 ky. This was achieved by examining variations in bulk

13C, biomarker distributions, and compound specific 13C compositions of plant derived n-

alkanes, from orbitally tuned early Miocene lignite (Large et al., 2004; Briggs et al., 2007).

21 samples were analysed from the Morwell 1B lignite, Gippsland Basin, Australia.

These samples encompassed 27.8 m of lignite, thought to correspond to the time interval of

22.29 – 22.68 Ma. Prior to analysis by GC-IR-MS, the n-alkanes were purified using urea

adduction (Sun et al., 2005). Analysis of the relative distributions of n-alkanes and aliphatic

Terpenoid biomarkers was undertaken by GC-MS.

The distributions of Terpenoid biomarkers indicated that no correlation exists between

bulk 13C and decay, or bulk 13C and the relative contribution of angiosperm / gymnosperm

type vegetation. The n-alkane distributions demonstrated a link between bulk 13C and

aquatic macrophytes, (greatest contributor to the C29 homologue in peat forming vegetation

is terrestrial plants, whereas the C25 homologue is a proxy for aquatic macrophytes [Ficken

et al., 2000]). This suggests that after accounting for atmospheric 13C, bulk carbon isotopes

carry a signature for the hydrological conditions of plant growth.
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Compound specific isotope analysis of individual n-alkanes shows a strong

correspondence with bulk 13C. This suggests that diagenesis has not significantly altered the

isotopic signature of the bulk lignite. A strong correlation is demonstrated between bulk 13C

data and the value of 13CnC29 – 13CnC25 (r = 0.72, p = <0.001). We propose that the

observed correlation may be a consequence of either; a change in the relative contribution of

submerged / floating aquatic macrophytes to the bulk 13C signal; a consequence of the

solubility of CO2 in water under elevated temperatures; a measure of the absolute

concentration of CO2 in water, relative to the atmosphere.
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