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Study on molecular carbon isotope ratios of
land plant-derived lipids in deep-sea sediments
from the Bering Sea and the North Pacific Ocean
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Marine sedimentary cores collected near the land are usually rich in terrestrial organic
matter and considered to be useful to reconstruct the terresﬁ‘ial paleoenvironment. However, time
series data obtained utilizing these cores should represent more lqcalized variations than regional
or continental scale. Besides, these areas receive terrestrial material from multiple transportation
mechanisms such as eolian, riverine, ice rafted and recycled pathway\s resulting in an obliterated
paleoenvironmental record. Nevertheless, marine sediment cores collected from remote ocean
areas could contain much better paleo-terrestriél records, since terrestrilal materials are mainly
transported thorough a single mechanism: wind. Therefore, in the present study author selected
two piston cores one located far from continents, from the North Pacific Ocean, and another

located closer to the continents, from the Bering Sea.

Sampling of sediment cores was carried out during the Cruise KH99-3 the R/V Hakuho
Maru organized by the Ocean Research Institute of ;he University of Tokyo for the purpose of
reconstructing the high-resolution glacial/interglacial paleooceanographic changes during ihe Late
Quaternary in the Bering Sea and the North Pacific Ocean. Both these cores were obtained from

seamounts since these areas are least likely to be disturbed by the turbidity currents.

Organic matter from these sediments were extracted and analysed for long-chain n-alkanes



and n-fatty acids which are usually considered to be derived from land plant cuticles. Because of
the controversy surrounding the source of long chain fatty acids (recently there is evidence of long
chain fatty acids being originated from marine algae or bacteria) they were further fractionated into
three sqb-fractions by column chromatography. The isotopic analysis of these three (esterified,
free and polar) fractions, clarified the origins of fatty acids. Long-chain fatty acids (>Cz, even
carbons) of esterified fraction had significantly lighter stable carbon isotopic values (<-30 %o),
showing their origin of terrestrial higher plants. 'In contrast, the long-chain fatty acids (only Cp,
Cy4 and Cy) from polar and free fractions show heaviér isotopic values (about -27 %o) and could
be a mixture of both terrestrial and marine origins. However, fatty acids with more than 28
carbons show lighter isotopic variations similar to esterified fatty acids confirming their terrestrial

dominant contribution.

The 8"°C values of lz)ng-chain n-alkanes and some of the long-chain n-fatty acids (C,s and
Cso free fatty acids, and Cag and C3g polar fatty acids and C,, Cy4, and Cys esterified fatty acids
fractions) in the core from the i’aciﬁc Ocean show a significant variation possibly triggered by
glacial/interglacial climatic changes. The present study shows that 8"*C maximums or minimums
are mostly at the glacial/interglacial transition zone where temperature and other environmental
parameters change drastically. The observed 8'°C cycle could be driven by aridity along with East
Asian monsoon cycles. Increase of aridity along with decrease of rainfall could increase C, plants
and decrease of aridity along with increase of rainfall could decrease C, plants. Our results
suggest that C, plants started to spread with a begimliﬁg of a glacial period while maximizing at
the end of the glacial periods. At the boundary when drastic climatic changes take place, C,
plants started to diminish gradually up to the end of interglacial stage. However vertical changes
of 8°C in the core from the Bering Sea do not show significant variation similar to those from the
North Pacific Ocean. Insignificant §'°C variation in the core samples from the Bering Sea could be
due to the inéignificant aerosol contribution compared to current driven organic matter from the

Bering catchments where there might be not significant C4 plants possibly due to cold arid climate



during the glacial periods. In addition, the terrestrial organic matter coming to the Bering Sea
through river water could be a mixture of plant litter and soil with comparatively old terrestrial
organic matter. Moreover, turbidity currents and other local currents could induce re-suspension
and re-sedimentation to form sediment layer with organic matter of wide geologic age together.
Therefore, the land plant biomarkers recorded in a sedimentary sequence from the Bering Seé was

not necessarily contemporary.

Long chain fatty acids could mainly be preserved in the form of free and polar fatty acids in
the Bering and the North Pacific sediments. Heavier isotopic values in mid chain free fatty acids
(about -27 %o) depict that they were not only of terrestrial origin but also of in situ origin. Lighter
isotopic values (<-30 %o) including the mid chain »-fatty acids of esterified fraction depict that

they were exclusively derived from higher land plants.

This study shows deep-ocean basins were much better for preserving vegetational changes
compared to locations much closer to the continents. Also, §'>C variation of higher land plant
biomarkers of long chain n-alkanes and some long chain n-fatty acids in deep-sea sediments can be
a useful tool to understand terrestrial-paleoenvironmental changes and perhaps can be used as an

independent geological time scale.
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