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C,,,C,s and C;, Highly Branched Isoprenoid
Alkenes in The Branched and Cyclic Hydrocarbon
Fractions of Qinghai Lake Sediments®
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ABSTRACT The very abundant highly branched isoprenoid (HBI) alkenes (Cso,Cgps and Cz) have
been detected in four cores of Qinghai Lake recent sediments. This is the first report of these compounds in
Chinese recent lake sediments. Diatoms may be the biological source of these sedimentary HBI alkenes.
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INTRODUCTION

Qinghai Lake in Qinghai province, China, is the biggest inland plateau lake in China at an
altitude of 3193m above sea level. The lake is 106km in length from east to west and 62 km in
width from north to south with an area of 4278km?, and maximum water depth of 26. 5m.
The pH value of the lake water is approximately 9.2 and the average salinity of the water is
14. 15%,. Since there are no sources of industrial pollutants being discharged in the vicinity of
the lake, it provides an ideal situation for studying biogeochemical characteristics of recent la-
custrine sediments. .

* Over the past few years considerable interest has arisen in the biological and geological oc-
currence of a group of hydrocarbons, the so—called highly branched isoprenoid (HBI) hydro-
carbons.

HBI alkanes and alkenes are widely distributed in a vast variety of recent sedimentary set-

tings such as recent lacustrine, marine and hypersaline sediments (for a review see Rowland

(D Separations and identifications of these compounds were carried out at laboratory of Prof. R. P. Philp, University of
Oklahom=a. T1. S, A, This work was partly supported by Lanzhou Branch, Academia Sinica (1994)
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and Robson, 1990). The fully saturated C,(I, see Appendix), Cy( I ) and Cy( X ) alkanes
have been unambiguously identified by synthesis of standards (Yon et al. , 1982; Robson and
Rowland, 1986,1988a). The unsaturated counterparts of these compounds, with 1—6 double
bonds, are often abundant hydrocarbons in recent sediments (Rowland and Robson, 1990).
Moreover, a novel C,;; HBI alkenes with 7 double bonds has been found in recent Indian Ocean
sediments (Hoefs et al. , 1995). More recently it has become clear that diatoms may be the bi-
ological source of the Cy, C,5 and C; sedimentary HBI alke;les. .

The positions of the double bonds in biological and sedimentary HBI alkenes have been un-
ambiguously determined in a few cases only. By epoxidation Yruela et al. , (1990) were able
to assess the double bond positions in a C,; HBI diene occurring in lacustrine sediments. Hird et
al. , (1992) determined the double bond positions in several sedimentary C,, and C,; HBI mo-
noenes. Belt et al. , (1994) determined the double bond positions in a C,; HBI diene, isolated

from sediments of the Caspian Sea, by means of NMR spectroscopy and mass spectrometry.

SAMPLES AND EXPERIMENTAL

Samples: The samples examined in
this paper were obtained from four cores
collected in 1989 and 1990, and whose lo-
cations are shown in Fig. 1. A brief sum-
mary of the core locations is; Core QH was
collected from near the Heima River
mouth, water depth: 0.5m, core length:
30cm; core Q—16A collected from the SE
corner of the lake, water depth: 23.5m,

QE
core length: 72cm, water salinity: 12%; « Gare Site Yuchang E"{‘\

core QG from an area currently isolated
from the main lake with water depth: 9m, Fig. 1 location of the sediment

core lenght; 230cm, and with the highest cores taken in the Qinghai Lake

level of water salinity: 33%;; and finally core QE: also isolated from the main body of the -
lake, water depth: 4m, core length: 30cm, in a fresh water environment.

Experimental : The core samples were freeze dried and selected samples from the cores
crushed to 100 mesh size and extracted with chloroform and methanol (1 : 1) for 48hrs. Ele-
mental sulphur in the samples was removed using activated copper wires following which the
extracts were fractionated on an Al,0,/Si0, column after precipitation of any asphalticlike ma-
terial with n— hexane. Aliphatic hydrocarbons were eluted with n—hexane, aromatic hydro-
carbons with benzene, and polar fractions with methanol. N— Alkanes were removed using S
— 115 molecular sieves from aliphatic fractions to obtain branched and cyclic hydrocarbon frac-

tions prior to analysis by GC/MS.
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The aliphatic fractions were anaylzed initially using a HP 5890 gas chromatograph with an
on—column injector. A fused silica capillary column coated with DB—1 (25m X 0. 25mm i.
d. ; 0. 25pm film thickness) was temperature programmed from 40°C to 130'C at 15°C min™*
and then to 300°C at 4°C min~'. The branched and cyclic hydrocarbon fractions selected for
GC/MS analyses were analyzed using a Finnigan TSQ 70. The TSQ 70 was equipped with a
Varian 3400 gas chromatograph fitted with a fused silica capillary column coated with DB—5
(25m X 0. 25mm 1. d. 5 0.25pum f{ilm thickness) which was temperature programmed from
40°C to 140°C at 15°C min™' and then to 300°C at 1.8C min™*'.

RESULTS AND DISCUSSION

(1)The distributions of C,,, C.; and C;, HBI alkenes
The Cy, Cy; and C;, HBI alkenes are widely distributed in recent sediments from various
environments. Robson and Rowland (1988b) proposed that the abundance of these compounds

in surface sediments may be explained in part by their resistance to biodegradation, relative to

n—alkanes.

The identifications of these compounds studied in this paper are in Table 1.

Table 1 Peak identifications in Fig. 2a and 2b

Peak No. Identification
1 HBI Cyo monenes (br 20 s 1)
2 HBI Cys alkenes (br 25 3 2, br 25 : 3)
3.4 HBI Cj alkenes (br 30 + 4)
5,6 HBI Cj alkenes (br 30 : 4)
7.8 HBI Cj alkenes (br 30 ¢ 4)
9 steroid and pentacyclic triterpenoid hydrocarbons
10 Perhydro—f—carotene (Cy4oH7s)

The extracts from the QG (saline water) and QE (fresh water) cores were found to con--
tain the C,;, monoenes (peak 1 in Fig. 2a). The C, (peak 2 in Figs. 2a, 2b) and C;,(mainly
peaks 3,8 in Figs. 2a, 2b) alkenes were found in all four cores (Figs. 2a and 2b). In the
branched and cyclic hydrocarbon fractions of the lake sediments, the relative concentrations of
the C,y, C;5 and C;, HBI alkenes are very high. The C,, monoene is a major component of the
QG —6 extracts (Fig. 2a) and a major constituent from the QE—1 and QE — 3 sediment ex-
tracts; the C,; alkene is the predominant compound in some of the surface sediments such as
QH—1 and QG —1 sections (Figs. 2a and 2b) and the C,, alkene is the most abundant compo-

nent in virtually all sections of the four cores in the lake (Figs. 2a and 2b).
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Fig. 2a  Cy, Cys and Cy HBI alkene distributions of QG core sediments

(Peak identifications are in Table 1)

The HBI C,, monoene (Mt =280) (a C,, isoprenoid alkane has been isolated from Rozel
Point Crude oil (Yon et al. , 1982)) has been reported previously as having one or two isomers
(Cranwell, 1982; Barrick et al. , 1980). The C,, monoene coeluting with n—C,; alkane found
in these lake sediments occurs as either two (QE—3, QG—5) or four (QE—1, QG—6) iso-
mers (Fig. 2a), among which the second isomer is the highest Peak, and the mass spectra of
the four isomers are shown in Figure 3. It has been shown by Yon et al. , (1982), from syn-
thesis of the corresponding C,, alkane, that one of these C,, monoenes has a structure analo-
gous to 2, 6, 10—trimethyl— 7(3—methylbutyl) —dodecane ( 1 ). The C,, monoenes has al-
so been identified in field specimens of the green alga Enteromorpha prolifera by Rowland et
al. , (1985). The mass spectral features of the C,, monoenes in the Qinghai Lake sediments

shown in Fig. 3 are very similar to those previously reported for the monoene of the green alga
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(Rowland et al. , 1985).
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Fig. 2b C,;s and C;, HBI alkene distributions of QH and Q—16A core sediments

(Peak identifications are in Table 1)

The cluster of C,; HBI alkenes eluting in the vicinity of the n—C;, saturated hydrocarbon
in extracts from the lake sediments consist of C,; dienes (M* =348) and a C,; triene (M™ =
346).

To designate the structural characteristics of the Cy, Cys and C;, alkenes, the notation
system introduced by Barrick and Hedges (1981) is used throughout this paper. In this nota-
tion system, c or br denotes either a cyclic or a branched acyclic skeleton, respectively, fol-
lowed by the number of carbon atoms: number of double bonds: number of rings. A super-

script symbol 'or ” is used to designate compounds having the same hydrocarbon skeleton but
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different locations of the double bonds and/or geometrical configuration.
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Fig.3 Mass spectra of C, HBI monoene four isomers
of QG—6 (220—230 cm) in Fig. 2a

The C,; diene in the extracts of the lake sediments comprises three isomers, designated as
br 25: 2', br 25 : 2 and br 25 : 2” and C,; triene expressed as br 25 : 3 (Figs. 2a, 2b). The
mas spectra of the C,; dienes (Fig. 4) from the lake sediments are. virtually identical to those
reported for the C,; dienes isolated from a sediment core from the Pettaquamscutt River, USA
(Requejo et al. , 1984). A C,; diene of this type has also been found in the green alga Entero-
morpha prolifera (Rowland et al. , 1985) and in sea—ice diatoms (Nichols et al. , 1988).

The mass spectrum for one of the C,; dienes in the lake sediment extracts is virtually iden-
tical to that of a C;; diene previously published by Rowland et al. , (1985). The mass spectrum
of the C,; triene in the lake is identical to that of a Cy; triene (C,;. ;) from diatom Haslea os-
trearia (Volkman et al. , 1994). Robson and Rowland (1986) showed that the C,; compounds
possess a 2, 6, 10, 14—tetramethyl— 7(3—methylpentyl) —pentadecane structure ( I ).

The distribution of the C;, alkenes (Mt =414) (br 30 : 4) in the lake sediments consists
of at most 6 isomers (three pairs) (peaks 3, 4, 5, 6, 7, 8 in Figs. 2a, 2b), with the first iso-
mer coeluting with n—C,; and the sixth isomer coeluting with n—C,,. The first or sixth iso-
mer is a major constituent. The mass spectra of these alkenes are very similar to those obtained
for the ¢ 30 : 2 : 2 isolated from sediments of Narragansett Bay (Requejo and Quinn, 1983).
Robson and Rowland (1986) speculated that the ¢ 30 : 2 : 2 identified by Requejo and Quinn
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(1983) was pseudohomologous with the C,, and C,; HBI alkenes and that thec 30 : 2 : 2 has a
2, 6, 10, 14, 18— pentamethyl — 7 (3 — methylpentyl) — nonadecane structure ( I ). Some
question remains about the structure of the Cs, diene in sediments, Although the C;, alkenes

which are structurally homologous to the Cy and C,; compounds have been reported previously

in sediment (Robson and Rowland. 1988a).
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Fig. 4+ Muass spectra of Cus HBI dienes and triene

of Qinghai lake sediments.

(2) The biological source of C,, Cy and Cyy HBI alkenes

More recently, it has become clear that diatoms may be the biclogical source of the C,,,
Cs and Cy, sedimentary HBI alkenes. Nichols et al. , (1988) reported a C,; HBI alkadiene as a
major hydrocarbon in natural populations of Antarctic sea—ice diatoms. This finding was fur-
ther substantiated by the work of volkman et al. , (1994) who identified C,; HBI alkenes with
3—5 double bonds and C;, HBI alkenes with 5— 6 double bonds in laboratory cultures of the
diatoms Haslea ostrearia and Rizosolenia setigera, respectively. Hird and Rowland (personal
communication) also reported the presence of saturated and unsaturated C,, and C,; HBI alka-
nes in the diatom Navicula sp. isolated from field samples of the Tamar Estuary (Sinninghe
Damste and Rijpstra, 1993). It is believed that the presence of a C,, HBI monoene and a C,;
HBI diene in field samples dominated by the green macroalga Enteromorpha prolifera (as men-

tioned in the distribution section) is most likely due to the presence of epiphytic diatoms. So,
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some species of diatoms abundant in Qinghai Lake water may be the biological source of the
Cu0» Cys and C;, HBI alkenes in the lake recent sediments.
(3)The Geochemical significance of C,,, 7C25 and C;, HBI alkenes.
The presence of double bonds in the bio-
logically produced HBI components make them
prone to natural sulfurization during early dia- I (G0
genesis, leading to formation of HBI thio-
phenes, thiolanes and macromolecularly sulfur
—bound HBI skeletons. Eight C,, and three C;s T (Co)
HBI thiophenes were identified in sediments

(Pleistocene , Miocene and Cretaceous) and im-

K (Cy)
mature oils (Miocene, Paleogene) from differ-
ent geographical locations (sinninghe Damste et
al. , 1989; Sinninghe Damste and Rijpstra,
1993). Kohnen et al. , (1990) reported the co APPENDIX
— occurrence of C,; and C;, HBI polyenes and Structures of Czo Cps and Cyo
unsaturated C,; and C,, HBI thiolanes possess- branched isoprenoid alkanes

ing two double bonds less than the corresponding HBI polyenes in a recent sediment from the
Black Sea, strougly suggesting that the HBI thiolanes were formed by reaction of inorganic
sulphur species with double bouds of the HBI polyenes. Hence, the study of these HBI

alkenes in recent sediments has a certain geochemical significance for petroleum origin.

CONCLUSIONS

(1)There are abundant C,, Cy; and C;, HBI alkenes in Qinghai Lake recent sediments.
(2)The Cy, C,5 and Cy, HBI alkenes originate from some species of diatoms abundant in

the lake water.
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