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A sample, representing the youngest sedimentary material, was taken from the 
sediment-water interface under the Peru upwelling, and examined for steroidal 
compounds. Forty-five different sterols were identified, ranging from C26-C3o in 
concentrations up to 104.6 Jlg/g of dry sediment. Much smaller amounts of stanones 
and steryl methyl ethers were also present. Mineralogical analysis indicates that 
diatoms and silicoflagellates form a major part of the sedimentary material, and the 
sterols are believed principally to represent this large phytoplankton input. The 
presence of 4-methyl-sterols, however, is not readily explicable on the basis of the 
observed phytoplankton remains, and may be indicative of another, uncharacterised, 
phytoplankton source. Limited diagenetic modification of the sterols has probably 
occurred, as the leve! of stanols is greater than that generally associated with plankton. 
The stanones may thus be intermediates in a steno! reduction process; however, it is 
possible that a direct biological input will also have contributed to both the stanols and 
stanones present. Further diagenetic alteration of sterols to form sterenes was not 
evident. 

Oceanol. Acta, 1983, 6, 2, 211-219. 

Aspects de la géochimie des stéroïdes 
d'un sédiment de l'interface sous l'upwelling du Pérou 

Un échantillon du matériel sédimentaire le plus récent a été prélevé à l'interface eau­
sédiment sous l'upwelling du Pérou, et les stéroïdes ont été examinés. Quarante-cinq 
stérols différents ont été identifiés, à partir de C26-C3o, à des concentrations atteignant 
104,6 Jlg/g de sédiment sec; on a trouvé aussi des quantités beaucoup plus faibles de 
stanones et de stéryl-méthyl-éthers. Les analyses minéralogiques indiquent que les 
diatomées et les silicoflagellées constituent la majeure partie du matériel sédimentaire, 
et l'on suppose que les stérols représentent cette contribution importante du 
phytoplancton. La présence de 4-méthyl-stérols ne peut cependant pas s'expliquer à 
partir du phytoplancton observé, et pourrait révéler une autre source de phytoplancton. 
La modification diagénétique limitée des stérols s'est probablement produite lorsque le 
niveau des stanols a dépassé celui qui est généralement associé au plancton. Les 
stanones peuvent aussi être des intermédiaires dans les processus de réduction de 
sténo!; cependant il est possible qu'un apport biologique direct ait contribué également 
à la présence des stanols et des stanones. Une altération diagénétique ultérieure des 
stérols pour former des stérènes n'était pas évidente. 

Oceanol. Acta, 1983, 6, 2, 211-219. 
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INTRODUCTION 

Organic-rich sediments, particularly those showing good 
preservation of organic matter and having a relatively 
well-defined input of material, provide conditions 
allowing study of the early diagenetic processes which 
affect the natural product input. Such conditions exist 
in certain upwelling areas, where a shallow water 
column, coupled to high primary productivity, enables 
large quantities of organic material to reach the 
sediments. Oxygen depletion results in anoxie conditions 
in the sediment, which enhances preservation of organic 
matter by limiting the amount of degradation and 
metabolic reworking which can occur. A particularly 
well-studied area is the upwelling regime around Walvis 
Bay, off South-West Africa (Gagosian et al., 1980; 
Gagosian, Smith, 1979; Gagosian, Farrington, 1978; 
Lee et al., 1980; Boon, 1978; Wardroper et al., 1978; 
Smith et al., 1982; Morris, Calvert, 1977). 

Another suitable sedimentary environment for such 
investigation is the continental shelf off Peru, where the 
influence of the Peru current and the prevailing south­
easterly winds cause intense periodic upwelling. The 
influx of nutrients which this brings into surface waters 
results in large blooms of phytoplankton, which, on 
settling out, pro vide substantial inputs of organic matter 
to the sediments, forming organic-rich oozes. 

Recent work bas investigated sorne aspects of the lipid 
chemistry of surface sediments and sediment trap 
material from the Peruvian Shelf (Gagosian et al., 
1982a; Volkman et al., 1982; Wakeham et al., 1982; 
Smith et al., 1983). The results indicate that a more 
detailed study of the geochemistry of these sediments 
would provide a useful comparison with previous 
studies on samples from the Namibian Shelf. 

Preliminary data on the sediment sample discussed here 
indicates that it is an organic-rich diatomaceous ooze, 
similar to that from South-West Africa, but with a 
greater terrestrial contribution to the mineralogy 
(Poutanen, Morris, 1983). The presence of polyunsatu­
rated fatty acids (Smith et al., 1983) indicates that there 
bas been very good preservation of organic matter in 
this surface sediment. We have previously examined 
young sediment samples from the Namibian Shelf 
(Morris, Calvert, 1977; Wardroper et al., 1978; Smith 
et al., 1982). In one core, which represented about the 
past 350 years of accumulated material, certain 
diagenetic trends among the steroidal components were 
evident (Smith et al., 1982), and it is of interest to 
compare these results with an even younger sediment in 
order to examine the steroid chemistry at the very onset 
of diagenesis. 

The analysis reported here was on a sample taken at the 
sediment-water interface from the Peruvian Shelf. The 
sedimentation rate in this area is very high (quoted as 
1-2 cmfyr by Gagosian et al., 1982a) which implies that 
the material analysed here is probably less than one 
year old. Hence the lipid composition would be expected 
to reflect that of the source organisms (principally 
phytoplankton), modified by only the very earliest 
stages of diagenesis. Indeed, analysis of the fatty acids 
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(Smith et al., 1983) indicates that very little alteration 
of these compounds has occurred. This paper describes 
the distribution of steroidal compounds in the sediment, 
· their relation to the 1ikely sources of organic matter and 
the evidence for the beginnings of diagenetic transfor­
mation processes. 

MATERIAL AND METHODS 

Sampling 

An interface sample was taken with a specially cleaned 
corer [lOS stainless steel box corer (Peters et al., 1980)] 
from the Peru continental shelf (12°01.8'S, 77°29.3'W) 
in a water depth of 145 rn (Smith et al., 1983). 

Mineralogical analysis 

Samples for mineralogical and chemical analyses were 
air dried at 11 0°C and ground to a fine powder in a 
tungsten carbide mill. For total carbon analysis, samples 
having very high water content were washed with 
distilled water to eliminate the diluting effect of sea salt 
and air dried at ll0°C. Total carbon and carbonate 
were then determined gravimetrically using a Leco 
carbon analyser following methods given in Gaskell et 
al. (1975). Carbonate, opal and quartz data have been 
corrected for the diluting effect of sea salt in the dried 
samples. 
Opal (diatomaceous silica) and quartz were determined 
by x-ray diffraction techniques following methods 
described by Eisma and van der Gaast (1971) and 
Calvert (1966) respectively. 

Steroid analysis 

The interfacial sediment was removed from the surface 
of a box core sample (Smith et al., 1983), immediately 
placed in CHCh/CHJOH (2: 1 v/v) and stored at - 20°C 
until arrivai at the laboratory. Extraction of the lipids 
was completed by ultrasonication in CHCh/CHJOH 
(1 hour), recovery of the CHCh layer, and rotary 
evaporation at 25°C. The extracted lipids were 
redissolved in CHCh and stored at -20°C under N2. 
Ali the extraction steps were carried out under a Nz 
atmosphere. An aliquot of this total lipid extract was 
saponified with 5% KOH in CH30H (3 hours reflux 
under N2). The total neutra! fraction was recovered, 
separated into various compound classes by thin-layer 
chromatography, and the steroidal components analysed 
by capillary gas chromatography, and computerised gas 
chromatography-mass spectrometry as described in 
detail in Smith et al. (1982). 

RESULTS 

Mineralogy and general chemistry 

The sediment consisted of a fluid, dark olive green ooze. 
A microscopie examination showed that the particulate 



Table 1 
Minera/ogical data for the interfacial sediment sample from the Peru 
upwelling. Values are given as percentage of dry sediment weight. 

TotC 
(%) 

17.7 

CaC03 Orge 
(%) (%) 

6.2 16.9 

Opal 
(%) 

26.9 

Quartz Others (*) 
(%) (%) 

8.8 41.1 

(*? "Others" comprises various feldspars, plus trace amounts of clay 
mmerals. 

matter consisted of phytoplankton remains and 
amorphous organic matter. The phytoplankton debris 
was dominated by the diatoms Coscinodiscus, Chaeto­
ceras and Triceratum. Silicofiagellates formed another 
important group being mainly Dictyochids and Meso­
cerids. No foraminifera or coccoliths were observed. 
Considerable amounts of feldspars and sorne volcanic 
glass were also found. 
The results given in Table 1 show that the organic 
carbon and opal contents, the latter being derived 
entirely from the plankton (Gaskell et al., 1975; Calvert, 
1966) are quite high, especially organic carbon. On the 
other band, the concentration of quartz, normally a 
good measure ofterrigenous input, and CaC03 are low. 
Calcium carbonate is one of the principle biogenic 
materials found mainly in the form of foraminifera and 
coccoliths (King, 1974) and hence the low measured 
CaC03 concentrations are in good agreement with the 
microscopie studies. X-ray diffraction data show that 
feldspars, of allothigenic terrigenous or volcanic origin 
(Kukal, 1971), form the most important inorganic 
fraction in this interface sediment sample. Rutite was 
found in much smaller quantities and only traces of clay 
minerais (kaolinite, illite) were present. 

Sterols 

The sterols identified ranged from C26-C30 with various 
levels of unsaturation, comprising fully saturated 
structures and molecules with double bonds at C-5, 
C-22, C-24(25) and C-24(28) (Fig. 1 and Table 2). In 
addition to compounds with no alkylation at C-4, a 
number of 4-methyl-sterols were also present. The most 
abundant sterol was cholest-5-en-3~-ol (cholesterol, 6), 
accompanied by analogous !:!.5.22

, !:!.22 and A0 structures, 
plus small amounts of cholesta-5, 24-dien-3~-ol 
(desmosterol, 8) and cholest-7-en-3~-ol (9). A minor 
component of the C21 sterols was one with a more 
unusual side-chain, 27-nor-24-methylcholesta-5,22-
dien-3~-ol (3). 
A range of C28 sterols were present, the major 
component being 24-methylcholesta-5,22-dien-3~-ol (12, 
about 57% of the cholesterol abundance). Corresponding 
structures with A22

, !:!.5·24(
28>, !:!.5 and A0 unsaturation were 

present, plus a small quantity of a sterol (14) giving a 
molecular ion at m/z 472 (corresponding to a monoun­
saturated C28 compound) whose structure could not be 
further elucidated. 
The major C29 sterol was 24-ethylcholest-5-en-3~-ol (27, 
60% of the cholesterol abundance), accompanied by its 
!:!.5•

22
, !:!.22 and A0 analogues. A second set of C29 sterols 

213 

STEROID GEOCHEMISTRY OF AN INTERFACIAL SEDIMENT 

possessed the 23,24-dimethyl-side-chain structure, 
occurring as the !:!.5

•
22

, !:!.22 and A5 compounds. Small 
amounts of C29 sterols with !:!.24(

28> unsaturation were 
also present. 

The only C3o 4-desmethyl-sterols detected were (35) and 
(36), each amounting to ca. 1% of the cholesterol 
concentration, whose retention times and mass spectra 
suggested 24-propylcholesta-5,24(28)-dien-3~-ol and 
22(23)-methylene-23, 24-dimethylcholest-5-en-3~-ol 

(gorgosterol) respectively. Both these sterols have been 
reported to occur in phytoplankton (Steudler et al., 
1977; Rohmer et al., 1980; Withers et al., 1979b) but 
the assignments as such here are only tentative. 

Although nearly ali the stanols in the sediment possessed 
the 5cx(H)-configuration, C21, C28, and C29 5~-stanols 
were present as very minor components. 

The 4-methyl-sterols were dominated by 4cx,23,24-
trimethyl-5cx-cholest-22-en-3~-ol (41,dinosterol, 38% of 
the cholesterol abundance), which was accompanied by 
smaller amounts of the !:!.5

•
22 and fully saturated 

analogues. Seve"ral other 4-methyl-Scx-stanols were 
present {Table 2) including one with an unknown side­
chain structure ( 43). Compounds 42 and 44 were two 
C3o 4-methyl-sterols with a single nuclear double bond, 
but the position of the double bond, and the side-chain 
structure, are uncertain. Both have the molecular ion 
(m/z 500) as base peak, a characteristic of !:!.1 and !:!.804> 

structures (Brooks et al., 1968). To our knowledge, no 
4-methy1-A7-sterols have yet been reported from a 
marine environment, but C2s-C3o 4-methyl-A 8<14

> sterols 
have been identified in methanotrophic bacteria by 
Bouvier et al. (1976), and in several dinofiagellates by 
Withers et al. (1979a) and Kokke et al. (1981 a). On 
this basis, therefore, a !:!.8<14

> structure seems a more 
likely possibility for these unknown compounds. 
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Figure 1 
Total sterols identified in the interfacial sediment sample from the Peru 
upwelling. Compound number refers to Table 2, where the identities are 
listed. 
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Table 2 
Total sterols identified in the interfacial sediment sample from the Peru upwelling. 

Abondance 

1!818 j!g/g 
of of 

Compound RRT extracted sediment Identification 
number ldentity (*) lipid (dry wt.) (**) 

1 24-nor-cholesta-5,22E-dien-3f3-ol 1.049 184 8.3 (a), (b) 
2 24-nor-5a.-cholest-22E-en-3f3-ol 1.053 86 3.9 (a), (b) 
3 27-nor-24-methylcholesta-5,22-dien-3J3-ol 1.095 142 6.4 (a), (b), (c) 
4 cholesta-5,22E-dien-3J3-o1 1.101 878 39.5 (a), (b), (c) 
5 5a.-cho1est-22E-en-3f3-o1 1.105 228 10.3 (a), (b) 
6 cholest-5-en-3J3-ol 1.115 2324 104.6 (a), (b), (c) 
7 5a.-cholestan-3f3-ol 1.120 595 26.8 (a), (b), (c) 
8 cholesta-5,24-dien-3f3-ol 1.134 63 2.8 (a), (b), (c) 
9 cholest-7-en-3f3-ol 1.144 65 2.9 (a), (b) 

10 5f3-cholestan-3f3-ol 1.083 33 1.5 (a), (b) 
Il 5f3-cholestan-3a.-ol 1.090 60 2.7 (a), (b) 
12 24-methylcholesta-5,22E-dien-3J3-o1 1.137 1332 59.9 (a), (b) 
13 24-methyl-5a.-cholest-22E-en-3f3-ol 1.142 325 14.6 (a), (b) 
14 C2s monounsaturated steno! 1.158 93 4.2 (") 
15 24-methylcholesta-5,24(28)-dien-3f3-ol 1.162 992 44.6 (a), (b) 
16 24-methyl-5a.-cholest-24(28)-en-3J3-ol l.l67 281 12.6 (a), (b) 
17 24-methylcholest-5-en-3f3-ol 1.167 639 28.8 (a), (b) 
18 24-methyl-5a.-cholestan-3f3-ol l.l74 156 7.0 (a), (b) 
19 24-methyl-5J3-cholestan-3f3-ol 1.120 5 0.2 (a) 
20 24-methyl-5f3-cholestan-3a.-ol 1.127 7 0.3 (a) 
21 23,24-dimethy1cholesta-5,22-dien-3J3-ol l.l79 221 9.9 (a), (b) 
22 23,24-dimethyl-5a.-cholest-22-en-3f3-ol 1.185 602 27.1 (a), (b) 
23 24-ethylcho1esta-5,22-dien-3f3-o1 l.l85 235 10.6 (a), (b), (c) 
24 24-ethyl-5a.-cholest-22-en-3f3-ol 1.191 72 3.2 (a), (b) 
25 23,24-dimethylcholest-5-en-3f3-ol 1.212 70 3.1 (a), (b) 
26 23,24-dimethyl-5a.-cholestan-3f3-ol 1.215 114 5.1 (a), (b) 
27 24-ethylcholest-5-en-3J3-ol 1.215 1407 63.3 (a), (b), (c) 
28 24-ethyl-5a.-cholestan-3J3-ol 1.223 270 12.2 (a), (b) 
29 24-ethylcholesta-5,24(28)E-dien-3f3-ol 1.217 132 5.9 (a), (b) 
30 24-ethyl-5a.-cho1est-24(28)E-en-3f3-ol 1.223 84 3.8 (a) 
31 24-ethy1cholesta-5,24(28)Z-dien-3f3-ol 1.224 214 9.6 (a), (b) 
32 24-ethyl-5a.-cholest-24(28)Z-en-3f3-ol 1.228 56 2.5 (a) 
33 C29 5f3(H), 3f3(0H)-stanol l.l65 7 0.3 (a) 
34 C29 5f3(H), 3a.(OH)-stano1 1.169 9 0.4 (a) 
35 24-propylcholesta-5,24(28)-dien-3f3-ol? 1.251 28 1.3 (a), (b) 
36 22(23)-methylene-23,24-dimethylcholest-5-en-3J3-o1? 1.254 23 1.0 (a), (b) 
37 4a.-methyl-5a.-cholestan-3f3-o1 l.l65 46 2.1 (a) 
38 4a.,24-dimethy1-5a.-cholest-22-en-3f3-ol? l.l86 112 5.0 (a) 
39 4a.,24-dimethyl-5a.-cholestan-3 J3-ol 1.223 242 10.9 (a) 
40 4a.,23,24-trimethylcholesta-5,22-dien-3f3-ol 1.232 51 2.3 (a), (b) 
41 4a.,23,24-trimethyl-5a.-cholest-22-en-3J3-ol 1.235 878 39.5 (a), (b), (c) 
42 CJo 4-methyl steno! 1.264 172 7.7 (a) 
43 C30 4-methyl stanol 1.274 69 3.1 (a) 
44 C30 4-methyl steno! 1.267 26 1.2 (a) 
45 4a.,23,24-trimethyl-5a.-cholestan-3f3-o1 1.282 135 6.1 (a) 

(*) RRT = gas chromatographie retention time on OVI, relative to 5a.-cholestane (internai standard). 25 rn capillary column, temperature 
programmed from 80-280°C at 4°C/min. (**) Sterol identifications based on following criteria: (a) tentative assignment based on gas 
chromatographie retention time and interpretation of mass spectrum; (b) assignment substantiated by comparison of mass spectrum with a 
reference spectrum and/or with published data (Ballantine et al., 1978; 1979a; 1979b; 1981; Boon, 1978; Boon et al., 1979; Brassell, 1980; Brassell, 
Eglinton, 1981; Brooks, 1979; Brooks el al., 1968; Edmonds el al., 1977; Idler el al., 1971; 1976; Lee el al., 1979; Rohmer el al., 1980; Wardroper, 
1979; Wardroper et al., 1978; Withers et al., 1978); (c) assignment further substantiated by co-injection with an authentic standard. 

Other steroids 

A number of nuclear-saturated steroidal ketones 
(stanones) were present in the sediment, ranging from 
C27-C30. The major compound was dinosterone 
(4Œ,23,24-trimethyl-5Œ-cholest-22-en-3-one), amount­
ing to about 1.5% of the concentration of cholesterol. 
Lesser amounts of 4-desmethyl stanones were also 
identified {Table 3). 
The other class of steroidal compounds found comprised 
small amounts of steryl methyl ethers (Table 4). The 
major component, 3-methoxy-cholest-5-ene (2) was 
identified by comparison of its mass spectrum (Fig. 2) 
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with that of ·a standard. Compounds 6 and 7 had 
virtually identical mass spectra, indicating them to have 
a c29 tl5 structure; presumably (by analogy with the 
sterols), one possesses a 23,24-dimethyl- and the other 
a 24-ethyl-side-chain. Without standards for co-injec­
tion, however, it is not possible to distinguish the two 
with certainty. 

DISCUSSION 

The distribution of the 4-desmethyl-sterols (Table 2 and 
Fig. 1) is fairly typical for a phytoplankton input; all 
the !l5

•
22

, A5
•
24

, A5
•
2
4(

28> and A5 4-desmethyl structures 
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Table 3 
Total stanones identified in the interfacia/ sediment sample from the Peru upwel/ing. 

~g/g 
of 

Abundance 

~g/g 

Compound extracted 
of 
sediment 
(dry wt.) number ldentity lipid 

1 5cx-cholestan-3-one 11.0 0.5 
0.4 
0.9 
1.6 

2 24-methyl-5cx-cholestan-3-one 7.9 
3 C29 stan-3-one 19.2 
4 4cx,23,24-trimethyl-5cx-cholest-22-en-3-one 34.6 

Table 4 
Total steryl methyl ethers identified in the interfacial sediment sample from the Peru upwel/ing. 

Compound 
number ldentity 

Abundance 

~g/g 
of 
extracted 
lipid 

~g/g 
of 
sediment 
(dry wt.) 

1 3-methoxy-cholesta-5,22-diene 36.0 
216.3 

9.6 
84.1 

115.4 
72.1 
67.3 

1.6 
9.7 
0.4 
3.8 
5.2 
3.2 
3.0 

2 3-methoxy-cholest-5-ene 
3 3-methoxy-cholestane 
4 3-methoxy-24-met~Jrlcholesta-5,22-diene 
5 C29 3-methoxy-.15• -steradiene 
6 C29 3-methoxy-.15 -sterene 
7 C29 3-methoxy-.15 -sterene 

have been identified in one or more species of planktonic 
algae (Paoletti et al., 1976; Ballantine et al., 1979 a; 
Rohmer et al., 1980; Orcutt, Patterson, 1975; Kates et 
al., 1978; Volkman et al., 1980a; 1981 a; 1981 b; Morris, 
Culkin, 1977 and references therein). 
In particular, cholesta-5,22-dien-3~-ol, 24-methyl­
cholesta-5,22-dien-3~-ol and 24-methylcholesta-
5,24(28)-dien-3~-ol are frequently major components of 
the sterols of diatoms, which are known, from 
mineralogical analyses, to form an important part of 

Figure 2 
Mass spectrum of 3-methoxy-cholest-5-
ene (compound 2 in Table 4). 
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the sedimentary input. On the other hand, the 
mineralogy data indicate that calcium carbonate 
secreting organisms, such as coccolithophorids and 
foraminifera, can have contributed just a small 
proportion of the sedimentary material, as CaC03 

accounts for only about 6% of the mineral content. A 
number of papers have already presented detailed 
discussions relating probable sedimentary input to the 
sterol distribution found in sediments from the 
Namibian Shelfupwelling (Morris, Calvert, 1977; Boon, 
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1978; Wardroper et al., 1978; Lee et al., 1980; Smith et 
al., 1982). Such discussions are relevant to the results 
reported here for the Peru upwelling. Certainly the 
sediments from the two areas show considerable 
similarity, including a comparable sterol distribution. 
The two major 4-desmethyl-sterols, cholest-5-en-3~-ol 
and 24-ethylcholest-5-en-3~-ol, are not characteristic 
phytoplankton sterols, although they both occur in 
sorne species (Orcutt, Patterson, 1975; Paoletti et al., 
1976; Ballantine et al., 1979a; Volkman et al., 1981a; 
1981 b; Rohmer et al., 1980). Cholesterol is very 
widespread in the biosphere, and could derive from 
many sources; for example, a number of zooplankton 
species contain cholesterol as a major sterol (Morris, 
Culkin, 1977; Volkman et al., 1980 b), and there is 
evidence that copepods and euphausids may be 
significant contributors of lipids to these sediments 
(Gagosian et al., 1982a; Wakeham et al., 1982). The 
relationship between sedimentary sterols and primary 
production may thus be complicated by dietary 
modification of the compounds before their ultimate 
deposition in the sediments. Understanding of such 
effects is hindered by a paucity of precise information 
on sterol metabolism in marine animais. Hence, areas 
of very high primary productivity are particularly useful 
in providing a simplified system, in which the dominant 
sedimentation mechanism is likely to be the sinking-out 
of large phytoplankton blooms. This situation should 
minimise the influences of secondary and subsequent 
production, a fact supported by the presence in the 
sample of numero us intact, and presumably undigested, 
phytoplankton cells. 
24-ethylcholest-5-en-3~-ol is rather more unusual in the 
marine environment, but has been reported to occur in 
a number of algal species, including diatoms, chloro­
phytes and haptophytes (Paoletti et al., 1976; Rohmer 
et al., 1980; Volkman et al., 1981 b). The 24(R) isomer 
of this compound is common among higher plants 
(Patterson, 1971) which might imply a terres trial input 
(although the stereochemical configuration at c24 in this 
sample is not known). However, other evidence tends 
to refute this; no material attributablè to higher plants, 
for instance pollen, was observed under the microscope. 
The commonly considered chemical indicators ofhigher 
plants, such as longer chain ( > C24) fatty acids and 
alcohols and long chain (C21-C33) alkanes (Simoneit, 
1978), were absent (Smith et al., 1983). The latter, in 
particular, are highly resistant to degradation, and 
would be expected to be in evidence in the sediments if 
a significant higher plant input existed. Additionally, 
run-off from the continental land mass is probably not 
great, due to the dry climatic conditions and lack of 
major river systems emptying into the upwelling area. 
Feldspars formed a major part of the inorganic 
sedimentary material (Table 1), and these are probabiy 
of terrestrial origin. However, in this area they are 
believed to be derived from volcanic activity, reaching 
the sediments via aeolian transport, and so would not 
be expected to be rich in organic matter. Hence, 
phytoplankton are likely to be the most important 
source of this sterol in these sediments. 
The presence of substantial amounts of 4-methyl-sterols 
(Table 2, Fig. 1), especially 4œ,23,24-trimethyl-5œ-
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cholest-22-en-3~-ol (dinosterol), is of considerable 
interest. Dinosterol is the major sterol in a number of 
dinoflagellate species (Alam et al., 1979; Withers et al., 
1978), and severa! of the other 4-methyl-sterols have 
been identified in a dinoflagellate (Withers et al., 1978). 
To date, this sterol structural type appears to be unique 
to this group of organisms, and has been regarded as 
a dinoflagellate marker (Boon et al., 1979). However, 
no dinoflagellate remains, such as cysts, were observed 
during microscopie examination of the sediment. A 
similar situation was found to exist in a sediment sample 
from the Namibian Shelf (discussed in detail by Smith 
et al., 1982) and also in an algal mat (Edmunds, pers. 
comm.). In the former case, dinosterol was the major 
sterol overall, being up to twice as abundant as 
cholesterol. Here, dinosterol only amounts to about 
38 % of the cholesterol concentration; nevertheless, the 
presence of these 4-methyl-sterols, but absenée of 
dinoflagellate remains, reinforces the ideas previously 
proposed (Smith et al., 1982) that there exists a group 
of "dinoflagellate-like" plankton, which are too fragile 
to leave recognisable remains in the sediment. Such 
organisms could exist amongst the "nannoplankton", 
a potentially important group of plankton which has, 
as yet, been very little characterised (Jeffrey, Hallegraeff, 
1980; Hallegraeff, 1981 ). 

Two other differences between this sediment and that 
from the Namibian Shelf are apparent among the 
sterols. The first is the very low level of 22(23)­
methylene-23,24-dimethylcholest-5-en-3~-ol (gorgoste­
rol,36) in this sample, a compound which was present 
in substantial amounts in the topmost layer ofNamibian 
Shelf sediment. This sterol has also been identified in 
dinoflagellates, in particular in species which live as 
zooxanthellae in certain coelenterates (Steudler et al., 
1977; Withers et al., 1979b; Kokke et al., 1981b). 
Periodic "blooms" of jellyfish are known to occur in the 
Walvis Bay area (Wardroper et al., 1978) and may 
provide a mechanism whereby gorgosterol-containing 
organisms are contributed to the sediment. The very 
small concentration of gorgosterol in the Peru upwelling 
sediment, therefore, may reflect the lack of such events 
in this area. 
The second difference is in the ratio of .::\5-stenols to 
5œ-stanols in the sediments (Table 2, Fig. 1). The sterol 
distribution in this sample tends to be more highly 
unsaturated than for the Namibian Shelf sediment, i.e. 
the proportion of .::\5-stenols is higher (Smith et al., 
1982). This is to be expected if stanols are diagenetically 
produced from steno1s, as this sediment is considerably 
younger. The stenolfstanol ratio has been demonstrated 
to decrease with increasing age of sediment, believed to 
be due to diagenetic reduction of stenols to stanols 
(possibly complemented by preferential removal of 
stenols relative to stanols) (Gaskell, Eglinton, 1976; 
Nishimura, Koyama, 1976; 1977; Smith et al., 1982). 
The high stenolfstanol ratio therefore indicates that this 
sediment has undergone very little diagenetic change, a 
fact which is also indicated by the fatty acid data (Smith 
et al., 1983). 
However, appreciable amounts of stanols are present, 
which must be the result of either a natural biological 
input, or from very rapid diagenesis of stenols. 



Significant amounts of stanols have certainly been 
found in a wide spectrum of phyla including molluscs, 
sponges, coelenterates, echinoderms, annelids and 
tunicates (Morris, Culkin, 1977 and references therein; 
Ballantine et al., 1976; 1977; 1978; 1979b and 1981; 
Voogt, 1976; Gupta et al., 1979; Morris et al., 1982). In 
sorne instances the stanols have been found to account 
for over 50% of the animais component sterols. The 
anoxie conditions found at the sediment-water interface 
in this sedimentary area will, however, rule out many 
of these organisms as potential sources since many are 
benthic-living. Low levels of stan ols have been identified 
in sorne algae (Nishimura, Koyama, 1976; 1977) though 
have never been considered to be important constituents 
of algal lipids. However, in one experimental culture, 
the abundance of stanols increased in the stationary 
growth phase compared to the exponential phase 
(Ballantine et al., 1979 a) suggesting that growth 
conditions may influence sterol composition. Insufficient 
information is known about natural phytoplankton 
populations to decide whether this is likely to be an 
important effect in the marine environment. 
It is believed that, in sorne sediments at least, stanols 
are formed by diagenetic reduction of stenols, probably 
through microbiological activity (Gaskell, Eglinton, 
1975; 1976; Nishimura, Koyama, 1976; 1977;Gagosian 
et al., 1980; Taylor et al., 1981; Smith et al., 1982). Such 
a reduction process is also carried out by intestinal 
bacteria (Eyssen et al., 1973) which suggests that 
phytoplankton stenols could be converted to stanols 
during passage through the guts of grazing herbivores. 
Feeding experiments have shown that faecal pellets 
produced by copepods contained suites of corresponding 
stenols and stan ols (in the ratio ca. 20: 1 ), whereas in 
their algal diet no stanols were detectable (Prahl, pers. 
comm.). Appreciable quantities of stanols have also 
been found in sediment trap material (Gagosian et al., 
1982 a; 1982 b ), implying that these compounds are 
transported to the sediments in sinking particulates. 
These interfacial sediments will certainly possess an 
active anaerobie bacterial population, and this may weil 
contribute to the stanol abundance through biohydro­
genation of stenols. Thus the presence of sedimentary 
stanols is probably due to a combination of direct 
biological input, plus diagenetic conversion of the much 
more abundant stenols, both in the water column and 
at the sediment-water interface. 
Steroidal ketones (stanones) were also present in the 
sample at low levels (Table 3). Such compounds have 
been implicated as intermediates in the microbial 
reduction of .::\5-stenols (Eyssen et al., 1973; Parmentier, 
Eyssen, 1974; Gaskell, Eglinton, 1975; Gagosian, Smith, 
1979; Smith et al., 198i) and bence may be the result of 
diagenesis. However, the major stanone (dinosterone) 
does not correspond to the major sterol (cholesterol); 
in addition, dinosterone must be formed from dinosterol 
(which has no nuclear double bond) by oxidation, not 
reduction. There is evidence that such an oxidative 
reaction can occur (Parmentier, Eyssen, 1974; Edmunds 
et al., 1980) indicating that diagenetic stenol-+ stanol 

, transformation is not a simple one-way process. 

Furthermore, dinosterone has been identified in a 
dinoflagellate (Withers et al., 1978) which raises the 
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possibility of a direct biological input for the stanones. 
Such compounds are not recognised as significant 
components of phytoplankton (Gagosian, Smith, 1979), 
but in view of the high abundance of dinosterone 
relative to dinosterol (compared to the other sta­
nonefsterol pairs) and its known occurrence in at ]east 
one species, direct input may be significant for this 
particular compound. Stanones have also been identified 
in recent sediments from the Namibian Shelf, where it 
was felt that sterol diagenesis was their major source 
(Gagosian, Smith, 1979; Smith et al., 1982). This latter 
paper reported the stan one concentrations as ca. 2.6% 
of that of the sterols, which is somewhat higher than 
found here. This may be due to the fact that this Pern 
sediment was younger than the Namibian sediment, 
and diagenetically produced stanones have not yet built 
up to such levels. However, until more data are 
available on natural product steroids, the relative 
importance of biological input and diagenesis to the 
sedimentary content of such compounds remains 
uncertain. 
A further step in the diagenesis of sterols in volves their 
dehydration to form sterenes (which may be reduced to 
steranes in subsequent reactions) (Dastillung, Albrecht, 
1977; Gagosian et al., 1980). In the Namibian Shelf 
sediment, sterenes corresponding to the major 4-
desmethyl-sterols were indeed present (Gagosian, 
Farrington, 1978; Wardroper, 1979; Smith et al., 1982). 
In this Peruvian Shelf sample, however, no steroidal 
hydrocarbons were detected. This emphasises the very 
recent nature of the sediment and the fact that diagenesis 
has not progressed far. lt also implies that the onset of 
sterol dehydration is not as rapid as the reduction 
process. 
The .::\5-stenols present in this sediment are believed to 
derive principally from phytoplankton blooms which 
occur in this area. They are accompanied by 
corresponding suites of stanones and stanols, in a 
similar pattern to that previously observed for the 
Namibian Shelf. Although a direct biological input 
must be considered for the stanones and stanols, this 
pattern is believed to reflect, at least in part, the 
diagenetic transformation of stenols by microbial 
biohydrogenation. This is probably occurring both in 
the water column during descent of sedimentary 
material (Wakeham et al., 1980) and at its interface 
with the sediment. The lower proportion of stanols and 
absence of sterenes compared to the older Namibian 
sediment implies that this Peruvian interfacial material 
is Jess diagenetically altered, and may reveal the state of 
the lipids at the beginning of their sedimentary existence. 
In addition to the steroidal compounds discussed above, 
small amounts of 3-methoxy-steroids were detected in 
the sediment (Table 4). This distribution parallels that 
of the 4-desmethyl-sterols. Such compounds were also 
present in the Namibian Shelf sediment examined 
(unpublished data) again showing a distribution which 
correlated with the sterols. 
The origin of these compounds is not known. They may 
be artefacts formed during work-up of the sample 
(methanol having been used in the extraction) although 
it is difficult to envisage a mechanism to explain their 
formation under the procedures m~ed. However, such a 
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possibility needs to be properly investigated. If they are 
genuine sedimentary components, theo the question 
remains open as to whether they are the result of 
primary production, or whether they are diagenetically 
derived, possibly by microbial reworking of steroidal 
lipids. 

CONCLUSIONS 

The sediment examined here was taken from the 
sediment-water column interface, and represented the 
most recent accumulated rriaterial from under the Pero 
upwelling. The content of organic matter was very high, 
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