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Diagnostic Biomarkers:  The ability to synthesize
several molecular constituents of sedimentary organic
matter is recognized to be confined to particular organ-
isms [1].  Thus, the first appearances of such source-
specific components can be expected to parallel the
timing of the evolution of their presumed biological
sources, their diversification, or their expansion to be-
come significant contributors to preserved biomass
[2,3]. For example, oleanane and 4,23,24-trimethyl-
steranes occur as a prominent constituent of Cretaceous
and Permian sediments, respectively, consistent with
the diversification of their putative source organisms,
namely angiosperms [4] and dinoflagellates [5,6].
However, the connection between biomarker and bio-
logical source is not always established.  The pro-
nounced increase in 24-norcholestanes in the Creta-
ceous has been attributed to the evolution of diatoms
[7], but this relationship has yet to be confirmed.

Origins and Utility of Alkenones:  One of the
most biologically restricted, but geologically signifi-
cant, biomarkers are C37 to C39 di- and tri-unsaturated
alkenones. These compounds are widespread in mod-
ern ocean sediments but occur in only a few living
species of Haptophyta [8]. The proven value of
alkenone unsaturation and carbon isotope composition
as proxies for sea surface temperatures [9] and pCO2

[10] prompts consideration of the timing of their first
appearance and the development of their regulation of
unsaturation as a response to temperature.  The earliest
occurrence of alkenones is in Albian sediments from
the Blake-Bahama basin [11].  However, they differ
from modern alkenone distributions in terms of their
carbon number range (up to C41 and possibly C42),
carbonyl positions (odd-numbered alken-2-ones and
even-numbered alken-3-ones) and presence as only di-
unsaturated components [12].

Alkenones in Paleogene Sediments:  Alkenones
were found in suites of Eocene and Oligocene sedi-
ments with >0.2% organic carbon contents from six
Atlantic sites (Fig. 1). The low concentrations of
alkenones in some samples raises concerns about par-
tial degradation and the primary character of their dis-
tributions [13]. However, the abundance of alkenones
in other samples attests to the indigeneity of their dis-
tributions. Some distributions differ from those of
modern counterparts containing no alkadienones, but
both C38 and C39 alken-2-ones, complemented by
other, as yet unidentified, components structurally re-
lated to alkenones. Perhaps these distributions record
variations in the biosynthetic pathways of alkenone-
producing organisms during the Paleogene.  By con-
trast, the alkenones in sediments from high latitudes
closely resemble those characteristic of contemporary
species and sediments (Fig. 2).  Thus, the biosynthetic

characteristics of alkenones in modern coccolithophorids
appear to be inherited from alkenone-producing species
adapted to colder waters during the Paleogene.
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Fig. 1: Alkenones in Eocene and Oligocene sediments.

Fig. 2:  GC traces of alkenones in Eocene sediments.
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