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WITH A NONUPWELLING AREA (SITE 659)1 

H. L. ten Haven,2 J. Rullkotter,2 and R. Stein3 

ABSTRACT 

Preliminary results of lipid analyses of six samples from Site 658, underlying a present-day active upwelling cell, 
and of one sample from Site 659 are reported in this paper. Long-chain unsaturated ketones of prymnesiophyceae 
algae origin are the most abundant compounds in extracts from Site 658, followed by marine-derived steroids. 
«-Alkanes are of minor importance in these samples, but they predominate in the sample from Site 659. Our 
interpretation of the results indicates that organic-matter preservation was good to excellent at Site 658 and poor at 
Site 659, and that an analysis of only aliphatic hydrocarbons leads to an overestimation of the contribution of 
terrigenous organic matter at Site 658. Increased primary productivity, high sedimentation rates, and oxygen-
depleted water masses associated with upwelling are thought to be the key factors for preservation. At the present 
stage of research, no specific biomarkers have been found that indicate upwelling. 

INTRODUCTION 

One of the objectives of Leg 108 was to study the history of 
the coastal upwelling system off northwest Africa (Leg 108 
Shipboard Scientific Party, 1986). To this end, two sites were 
drilled at the northwest African continental margin. Site 658 
(20'44.95'N, 18'34.85'W, with a water depth of 2263 m) is 
located on the continental slope west of Cap Blanc, directly 
underneath a major coastal upwelling cell. For comparison, 
drilling was performed at Site 659 (18'04.63'N, 21'01.57'W, 
with a water depth of 3070 m), which is located northeast of 
the Cape Verde Islands and outside the present-day upwelling 
zone (Fig. 1). 

Upwelling is the most important mechanism for nutrient 
supply to the surface-water masses off northwest Africa, 
resulting in an increased oceanic productivity of organic 
matter. In addition to upwelling, fluvial nutrient supply may 
have been important during times of more humid climatic 
conditions in northwest Africa (cf. Stein et al., this volume; 
Tiedemann et al., this volume). Thus, investigations of the 
quality and quantity of the organic matter preserved in the 
deep-sea sediments may yield important information about 
changes in paleoenvironments, such as changes in upwelling 
intensity and/or changes in river discharge (e.g., Stein et al., 
1986; ten Haven et al., 1987b). 

At present, there are no valid molecular indicators (bio
markers) for direct assessment of the presence or the intensity 
of coastal upwelling. Some biomarkers can be related to a 
contribution of diatoms when this type of organism is predom
inately present in the sediment, which is often the case in 
areas of high productivity. Examples of such compounds are 
24-methyl-cholesta-5,22-dien-3/3-ol (Volkman, 1986) and loli-
olide (ten Haven et al., 1987c); the latter is presumably a 
degradation product of carotenoids with a 5,6 epoxide (Klok 
et al., 1984; Repeta and Gagosian, 1987). However, an assign-
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ment of these organic compounds to a definite source can only 
be made when micropaleontological data are available. 

Bulk characteristics of the organic matter (i.e., total or
ganic carbon, hydrogen index values, C/N ratios), supported 
by kerogen microscopy, have been carried out on a large set of 
samples, and the results are presented by Stein et al. (this 
volume). This study reports the preliminary results of an 
investigation of the extractable lipids from a selected set of 
samples, using gas chromatographic and gas chromatograph-
ic/mass spectrometric (GC/MS) methods. 

EXPERIMENTAL METHODS 

We investigated seven samples in this study: six from Site 658 and 
one from Site 659 (Table 1). The sediments were thawed, dried (50°C), 
and analyzed for their organic-carbon and carbonate contents and for 
the amount of hydrocarbons released during temperature-controlled 
pyrolysis (presented as the hydrogen index). Aliquots of sediment 
samples were used for organic petrography (see Stein et al., this 
volume). 

Solvent extraction (dichloromethane, 1% methanol) was carried 
out by a modified flow-blending technique (Radke et al., 1978), 
followed by the addition of a known amount of internal standard 
(squalane). Subsequently, the extract was divided in two equal 
portions, except for the extract of the sample from Site 659. One part 
was separated into several compound classes by Medium Pressure 
Liquid Chromatography (MPLC; Radke et al., 1980). The other part 
was methylated with dimethylformamide-dimethylacetal (DMF-
DMA), chromatographed over silica with hexane/ethylacetate (3:1 
v/v) to remove very polar compounds, and silylated with trimethyl-
silyltrifluoracetamide (MSTFA). 

Gas chromatography was carried out on a Varian 3700 gas 
chromatograph equipped with a Gerstel programmed-temperature 
injector system and a fused silica capillary column (1 = 50 m, inner 
diameter = 0.22 mm) coated with SE 54. Helium was used as a carrier 
gas, and the temperature was programmed from 120°C to 320°C at 
3°C/min. We performed the CG/MS studies with a Carlo Erba 
Fractovap 4160 gas chromatograph, equipped with a fused silica 
capillary column (1 = 50 m; inner diameter = 0.32 mm) coated with 
Ultra 2 (SE 54 equivalent) and coupled to a VG 7070E mass spec
trometer operating at 70 eV. Helium was used as carrier gas, and the 
temperature programmed from 110°C to 300°C at 3°C/min. 

Compound identifications are based on comparisons of relative gas 
chromatography retention times and mass spectra with those reported 
in the literature. The distribution of organic compounds is discussed in 
qualitative rather than quantitative terms. 
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Figure 1. Location map of the northwest African continental margin 
indicating Sites 658 and 659 of Leg 108. The dotted area indicates the 
region of strong coastal upwelling during Pliocene/Pleistocene times. 

RESULTS AND DISCUSSION 
Depth, stratigraphic age, and bulk characteristics of the 

samples investigated are given in Table 1. Samples from 
"upwelling" Site 658, in accordance with the results of Stein 
et al. (this volume), are characterized by much higher total 
organic carbon (Corg) and hydrogen index (HI) values than the 
sample from "nonupwelling" Site 659 (Fig. 1). We interpreted 
the elevated HI values as evidence for an increased contribu
tion of marine organic matter to the sediments at Site 658 due 
to better preservation and higher primary productivity (cf. 
Stein et al., this volume). Microscopy of kerogen concentrates 
revealed that marine organic matter is more abundant than 
terrigenous organic matter in samples from Site 658, and vice 
versa for the sample from Site 659. 

Aliphatic Hydrocarbons 
An example of a gas chromatogram of an aliphatic hydro

carbon fraction of a sediment extract from the upwelling area 
(Sample 108-658B-14H-6, 130-137 cm) is given in Figure 2. 
The most important natural constituents are straight-chain 
alkanes, of which the C31 member is predominant. The carbon 

preference index value (CPI24_34) of about 4.9 confirms the 
immaturity of the organic matter (cf. Stein et al., this volume), 
as well as suggests that there is a significant contribution of 
terrigenous lipids to the extract (Eglinton and Hamilton, 
1963). 

A similar aliphatic distribution was observed in all sedi
ment extracts from Site 658, and only small differences in the 
sample from Site 659 were noted. This is in contrast to the 
pyrolysis and kerogen microscopy results and indicates that 
the aliphatic hydrocarbon fraction does not adequately repre
sent the bulk composition of the total organic matter in these 
immature sediments. 

Steroid and hopanoid hydrocarbons are minor compounds 
compared to n-alkanes. Relative steroid concentrations in
creased with depth, and in the deeper samples better mass 
spectra could be obtained, thus allowing the reliable identifi
cation of single components. A partially reconstructed ion 
chromatogram showing the steroid/hopanoid elution range in 
Sample 108-658A-24X-6, 88-90 cm (212.8 mbsf) is presented 
in Figure 3. 

Triterpenoid hydrocarbons are more abundant than steroid 
hydrocarbons. These triterpenoids (i.e., several hopanoids 
and three fernene isomers, as given in Table 2), can be 
ascribed to a bacterial origin (e.g., Ourisson et al., 1984; 
Brassell et al., 1981). Another bacterial biomarker observed in 
all aliphatic fractions from Site 658 is 2,6,10,15,19-pentame-
thyleicosane (i-C25 in Fig. 2; Brassell et al., 1981). Most of the 
steroids are derived from nonbacterial marine organisms, with 
a possible uncertainty regarding the C2g steroids (Volkman, 
1986). 

Among the triterpenoid hydrocarbons, the distribution 
pattern of the fernene isomers shows significant changes with 
depth. Partial m/z 243 mass chromatograms of two samples 
are shown in Figure 4. The distribution of fernenes in the 
sample from 123.2 mbsf (not shown in Fig. 4) is comparable 
with the distribution pattern shown for the sample from 183.0 
mbsf. However, in the more deeply buried sample from 212.8 
mbsf, the relative abundance of the A8 and A9(11) isomers has 
increased (Fig. 4). 

A literature survey on the distribution pattern of fernenes 
in marine sediments revealed that, in even more deeply buried 
sediments from other locations, the A7 isomer was almost 
absent (e.g., McEvoy et al., 1981; Brassell, 1984, 1985). Such 
a change in distribution pattern with depth can be ascribed to 
progressive isomerization to the thermodynamically more 
stable isomer(s) (cf. McEvoy et al., 1981; Brassell, 1985; 
Volkman et al., 1986). 

Table 1. Background information of the samples investigated. 

Core, section, 
interval (cm) 

Depth Lithologic 
(mbsf) unit Age 

CaC03 
(%) 

r 
jarg 

(%) 

HI 
(mg HC/g Corg 

Extract 
yield 

(mg/g Corg) 

108-658A-

a21X-6, 7-14 
24X-6, 88-90 

108-659B-

a2H-5, 130-137 
a5H-4, 130-137 
a5H-6, 130-137 
a14H-6, 130-137 
a33X-3, 130-137 

183.0 
212.8 

9.9 
40.9 
37.8 

123.2 
276.3 

II 
II 

1A 
IA 
IB 

II 
III 

latePliocene 
latePliocene 

Pleistocene 
Pleistocene 
Pleistocene 
late Pliocene 
early Pliocene 

38.5 
n.d. 

41.0 
74.8 
46.6 
29.5 

6.8 

1.58 
3.22 

3.06 
0.15 
1.42 
1.81 
2.23 

326 
375 

308 
73 

365 
380 
378 

10 
9 

6 
n.d. 

13 
17 
25 

Note: HI = hydrogen index; n.d. = not determined. 
a Samples from dedicated organic geochemistry core sections. 
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Figure 3. Partially reconstructed ion chromatoj 
of Sample 108-658A-24X-6, 88-90 cm. H-Alkan 
being n-C2y, the last one, n-C34. Identification < 
Table 2. 
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Figure 2. Gas chromatogram of the aliphatic hydrocarbon fraction of Sample 108-658B-14H-6, 
130-137 cm. n-Alkanes are indicated by triangles, starting at «-C17 and reaching up to /1-C35. Pr = 
pristane, Ph = phytane, /-C25 = 2,6,10,15,19-pentamethyleicosane, Sq = squalane (internal 
standard), x = phthalate esters (contaminants). 
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Figure 3. Partially reconstructed ion chromatogram of the aliphatic hydrocarbon fraction 
of Sample 108-658A-24X-6, 88-90 cm. H-Alkanes are shown in black, the first eluting one 
being n-C2y, the last one, n-C34. Identification of all the numbered compounds is given in 
Table 2. 

Total Lipids 

Gas chromatograms of the derivatized "total lipid" ex
tracts of five samples from Site 658 in the coastal upwelling 
area are shown in Figures 5A-E. The gas chromatogram of the 
sample from Site 659 (nonupwelling) is shown in Figure 5F. 
Some of the major compounds (e.g., nos. 7 and 14 in Table 3) 

FROM UPWELLING SITE 658 VS. NONUPWELLING SITE 659 

can hardly be ascribed to any biogenic origin and are, there
fore, considered to be contaminants. 

If we disregard these compounds, we find that the series of 
long-chain unsaturated methyl and ethylketones (nos. 19 and 
20 in Table 3) are the most abundant free lipid components in 
the sediments from Site 658, while they are of equal impor
tance as the n-alkanes in the sample from Site 659. The 
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Table 2. Compounds identified by gas chromatography/mass spectrometry in 
the aliphatic hydrocarbon fraction of Sample 108-658A-24X-6, 88-90 cm 
(Fig. 3). 

1. Cholest-4-ene 
2. Cholest-2-ene 
3. Cholest-5-ene + 5a(H)-cholestane 
4. C28 steradienes (probably A analogs of compounds 1 to 3). 
5. 22,29,30-trisnor-17j3(H)-hopane 
6. C2g steradiene 
7. 24-Ethylcholest-4-ene 
8. 24-Ethylcholest-2-ene 
9. 24-Ethylcholest-5-ene + 24-ethyl-5a(H)-cholestane + unidentified triterpenoid 

10. C29 steradiene 
11. Hop-17(21)-ene 
12. 30-Nor-17/3(H),21a(H)-hopane 
13. 17a(H),21/3(H)-Hopane 
14. Fern-8-ene 
15. Neohop-13(18)-ene 
16. 30-Nor-17/3(H),21/3(H)-hopane 
17. Fern-9(ll)-ene 
18. Fern-7-ene + neohop-12-ene 
19. Unknown triterpenoid 
20. 17/3(H),21/3(H)-Hopane 
21. 17/3(H),21/3(H)-Homohopane 

183.0 MBSF 212.8 MBSF 

£ 8 

I 
m/z 243 

Figure 4. Partial mass chromatogram of m/z 243 showing the distri
bution of fernenes in Samples 108-658A-21X-6, 7-14 cm (183.0 mbsf) 
on the left and 108-658A-24X-6, 88-90 cm (212.8 mbsf) on the right. 

long-chain ketones are frequently seen as very abundant 
compounds in "total lipid" extracts of marine sediments (cf. 
ten Haven et al., 1987a) and can be ascribed to an origin from 
prymnesiophyceae algae (Volkman et al., 1980; Marlowe et 
al., 1984; Brassell et al., 1986). 

Other important classes of compounds at Site 658 (Figs. 
5A-E) are steroids, fatty acids (e.g., nos. 15 and 17), and 
n-alkanols (e.g., nos. 16 and 18). These compound classes are 
of minor importance in the sediment from Site 659 (Fig. 5F). 
The long-chain n-alkanols and n-fatty acids are usually inter
preted to be indicative of a terrigenous contribution to the 
organic matter (Simoneit, 1978a). 

It should be mentioned here that the straight-chain fatty acids 
have been measured as trimethylsilyl (TMS) ethers rather than 

as methyl esters. This only became clear after GC/MS measure
ments, where it was observed that typical fragment ions of 
methylated fatty acids (m/z 74 and 87) were shifted to m/z 117 
and 132. Obviously, esterification of the fatty acids with DMF-
DMA did not proceed to completion, whereas no problem with 
hopanoid acids seems to have occurred. 

We cannot rule out the possibility, therefore, that some of 
the unesterified fatty acids were lost during liquid chromatog
raphy on the silica column, and thus the relative concentration 
of these compounds may be too low in Figure 5. Also, the 
relative retention times of the fatty acids are affected. 

The steroid distribution is complex, but with the aid of 
mass chromatography of specific ion fragments (e.g., m/z 129 
for A5 unsaturated sterols), a considerable number of steroids 
could be identified (Fig. 6, Table 4). The steroids that were 
identified range in carbon skeletons from C26 to C30 with 
various levels of unsaturation, and with and without alkylation 
at C-4. Such a complex distribution is typical for a contribu
tion from a wide variety of marine organisms. 

Given the present state of knowledge, only the 4-methyl 
sterols can be ascribed to a specific origin, that is, from 
dinoflagellates (e.g., Boon et al., 1979; de Leeuw et al., 1983; 
Robinson et al., 1984). Some of the major peaks (Fig. 6) show 
mass spectra that at present could not be interpreted or related 
to specific structures. 

The bacterially derived hopanoids, of which 17/3-(H), 
21/8(H)-bishomohopanoic acid is the most abundant com
pound, are present in much lower concentrations than the 
steroids. All the samples from "upwelling" Site 658 show a 
high abundance of steroids with subordinate amounts of 
hopanoids (Figs. 5A-E). This is in direct contrast to the 
sample from "nonupwelling" Site 659 (Fig. 5F), where the 
n-alkanes dominate the "total lipid" extract. In this sample, 
steroids were found at low levels and hopanoids were virtually 
absent. 

n-Alkan-2-ones have been positively identified only in the 
two deepest buried samples from Site 658, while the iso-
prenoid ketone, 6,10,14-trimethylpentadecan-2-one (no. 3 in 
Fig. 5), is present in all samples from Site 658. The latter 
compound is thought to be an oxidation product of phytol 
originally derived from chlorophyll (Ikan et al., 1973). The 
former ketones are usually explained as being formed by 
microbiological oxidation of n-alkanes or by /3-oxidation, 
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Figure 5. Gas chromatograms of "total lipid" fractions extracted from Site 658 (A-E) and Site 659 
sediments (F). «-Alkanes are indicated by triangles, starting at «-C17 and reaching up to n-C^. 
Identification of the numbered compounds is given in Table 3. Sq = squalane (internal standard), x 
= phthalate esters (contaminants). 

followed by decarboxylation of n-fatty acids (Morrison, 
1969). 

If one of these two mechanisms were true, one would 
expect to find a distribution pattern of n-alkan-2-ones that 
would more or less mimic the patterns of n-alkanes and/or 
n-fatty acids. Such a similarity has been observed in some 
cases in marine sediments (e.g., Simoneit, 1978b; Brassell et 
al., 1980) as well as in lake sediments (Cranwell, 1977). The 
distribution pattern here, exemplified by the m/z 58 mass 
chromatogram in Figure 7, is completely different, however. 
It shows a remarkable resemblance to the short-chain fatty 

acids and/or /3-hydroxy fatty acids (cf. ten Haven et al., 
1987a) with the respective loss of one carbon atom. It seems 
possible that iso and anteiso C14 and C16 alkan-2-ones are 
also present (see doublets eluting before the n-C14 and n-C16 
ketones in Fig. 7) as well as iso Ci5 and C17 alkan-2-ones (see 
single peaks eluting before n-C15 and n-C17 ketones in Fig. 7). 
An origin from /3-hydroxy fatty acids, via oxidation of the 
alcohol moiety, and subsequent decarboxylation seems to be 
the most plausible explanation for the distribution of the 
ketones because higher homologs (>C24) are virtually ab
sent. 
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CONCLUSIONS 

The lipid composition in the organic solvent extracts of 
sediments from Site 658 provides supporting evidence for the 
existence of coastal upwelling off northwest Africa during 
Pliocene to Pleistocene times. Increased primary productiv
ity, high sedimentation rates, and oxygen-depleted water 
masses associated with upwelling may have supported pres
ervation of the biomass of decayed marine organisms. Abun
dant steroids, long-chain unsaturated ketones, and other mo
lecular indicators show that preservation was good to excel
lent throughout the time span studied. The variations in total 
organic-carbon contents may be related either to dilution with 
inorganic sediment components or to variations in the primary 
productivity over geological time or to a combination of both. 

In accordance with organic petrographic results and pyrol
ysis yields (Stein et al., this volume), terrigenous organic 
matter is generally of secondary importance in the continental 
slope sediments at Site 658. This conclusion can only be 
derived when the total lipid fraction is considered. Inspection 
of the aliphatic hydrocarbon fractions alone leads to an 
overestimation of the terrigenous influence because in this 
fraction the higher land-plant wax alkanes strongly dominate. 
This is because land-plant hydrocarbons are directly intro
duced into the sediments as biogenic compounds in relatively 
high abundance. The lipids of marine organisms, on the other 
hand, must undergo extensive diagenesis before they are 
converted into hydrocarbons, thus minimizing their relative 
importance as a fraction of the total organic matter. Bacterial 
lipids are apparently of intermediate importance. 
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The sediments on the Cape Verde Plateau farther to the 
southwest (Site 659), where no upwelling is observed at 
present, obviously were also not influenced by upwelling in 
the geological past. Thus, surface-water productivity may 
have been distinctly lower at Site 659 than at Site 658. This 
has resulted in a low organic-carbon content. Furthermore, 
the lipid composition indicates that the environmental con
ditions of deposition in this case favor the preservation of 
the more resistant lipids of terrigenous origin (particularly 
n-alkanes). 

Apart from the general differences observed between 
Sites 658 and 659, no direct molecular evidence was found as 
a specific marker for coastal upwelling. This is consistent 
with previous investigations (e.g., Brassell and Eglinton, 

1983), but it does not exclude the possibility that such 
indicators do exist. The possibility also exists that a combi
nation of molecular indicators may be recognized as an 
upwelling marker. 

Of particular interest is the mode of occurrence of alkan-
2-ones in the Site 658 sediment samples. The molecular 
distribution, including the strong odd-to-even carbon number 
predominance, and their occurrence only in the deeper sedi
ments strongly suggest that the alkan-2-ones may be diage
netic transformation products of /3-hydroxy fatty acids. These 
fatty acids are initially tightly bound (as amides?; Goossens et 
al., 1986) within the biological matrix and only later are 
liberated from the kerogen during diagenesis when they are 
subjected to further transformation. 
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Table 3. Compounds identified by gas chromatography/mass spectrometry in the 
"total lipid" fraction of samples from Sites 658 and 658 (Fig. 5A-F). 

1. Pentadecan-2-one 
2. 2,6,10,14-Tetramethylpentadecane (pristane) 
3. 6,10,14-Trknethylpentadecan-2-one 
4. Heptadecan-2-one 
5. Unknown [m/z 280 (20%), 105 (100%), 77 (40%)] (contaminant?) 
6. Hexadecanoic acid 
7. Nonanedioic acid dibutylester (contaminant?) 
8. Nonadecan-2-one 
9. Octadecanoic acid 

10. Docosanol 
11. Docosanoic acid 
12. Unknown 
13. Tetracosanol 
14. Decanedioic and dioctylester (contaminant?) 
15. Tetracosanoic acid 
16. Hexacosanol 
17. Hexacosanoic acid 
18. Octacosanol 
19. Heptatriaconta-8(E),15(E),22(e)-trien-2-one + heptatriaconta-14(E),22(E)-dien-2-one 
20. Octatriaconta-9(E),16(E),22(E)-trien-3-one + octatriaconta-9(E),16(E),23(E)-

triene-2-one + octatriaconta-16(E),23(E)-dien-3-one + octatriaconta-
16(E),23(E)-dien-2-one 

Note: Fatty acids and alcohols have been measured as trimethylsilylester derivatives. 
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Figure 6. Partially reconstructed ion chromatogram (RIC) and m/z 129 mass chromatogram of 
steroid/hopanoid elution range of Sample 108-658A-21X-6, 7-14 cm. Identification of the lettered 
compounds is given in Table 4. 
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Table 4. Compounds identified in the "total lipid" fraction (steroid/hopanoid 
elution range) of Sample 108-658A-21X-6, 7-14 cm (Fig. 6). 

A. 24-Norcholesta-5,22-dien-3j6-ol 
B. Hop-17(21)-ene 
C. 27-Nor-24-methylcholesta-5,22-dien-3j3-ol 
D. Cholesta-5,22-dien-3/3ol + hentriacontane 
E. Cholest-5-en-3j3-ol 
F. 5a(H)-Cholestan-3/3-ol + octadecanol 
G. 24-Methylcholesta-5,22-dien-3/3-ol 
H. 24-Methyl-5a(H)-cholest-22-en-3/3-ol 
I. 4a-Methyl-5a(H)-cholestan-3/3-ol + 24-methylenecholest-5-en-3/3-ol 
J. 24-Methylcholest-5-en-3/3-ol 
K. 23,24-Dimethylcholesta-5,22-dien-3/3-ol + 4a,24-dimethyl-5a(H)-cholest-22(Z)-en-3/3-ol 
L. 24-Ethylcholesta-5,22-dien-3/3-ol + 24-ethyl-5a(H)-cholest-22-en-3/3-oI 
M. 4a,24-Dimethyl-5a(H)-cholest-22(E)-en-3j3-ol 
N. 24-Ethylcholest-5-en-3/3-ol 
O. 24-Ethyl-5a(H)-cholestan-3/3-ol + 4a,24-dimethyl-5a(H)-cholestan-3/3-oI + tridecanol 
P. 24-Ethylenecholest-5-en-3/3-ol 
Q. 4a,23,24-Trimethyl-5a(H)-cholest-22-en-3/3-ol 
R. 4a,23,24-Trimethyl-5a(H)-cholestan-3/3-ol 
S. 17a(H),21/3(H)-Hopanoic acid 
T. 17j8(H),21j8(H)-Hopanoic acid 
U. 17/3(H),21/3(H)-Homohopanol 
V. 17/3(H),21/3(H)-Homohopanoic acid 
W. 17/3(H),21^(H)-Btshomohopanol 
X. 17/3(H),21/3(H)-Bishomohopanoic acid 

Note: Steroid and straight-chain alcohols have been measured as trimethylsilyl ethers, and 
hopanoic acids as methyl esters. 
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Figure 7. Partial mass chromatogram of m/z 58 showing the distribution of alkan-2-ones in Sample 
108-658-21X-6, 7-14 cm, labeled by their carbon number. The isoprenoid ketone, 6,10,14-trimethyl-
pentadecan-2-one, is indicated as /-C18. The inset shows the mass spectrum of nonadecan-2-one. Dots 
indicate weak contributions of a phthalate ester and squalane to the m/z 58 mass chromatogram. 


