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ABSTRACT 

The results of a preliminary organic analysis conducted on sediment samples from Sites 677 and 678, ODP Leg 111, 
indicate that the lipids are derived mainly from marine organisms, with bacterially-derived lipids. Terrestrial higher 
plant wax residues exist only in trace amounts. Diagenesis of organic matter by thermal stress is not extensive at either 
site. 

INTRODUCTION Table 1. Description of samples from Sites 677 and 678. 

Sites 677 and 678 of Ocean Drilling Program (ODP) Leg 111 
are about 200 km south of the spreading axis of the Costa Rica 
Rift, in the eastern equatorial Pacific. The remote sites are about 
400 km from the terrigenous influence of the Ecuador coast. 

Because Site 677 is on a local minimum heatflow area and 
Site 678 is on a local maximum, sediments at the two sites were 
subject to different degrees of thermal stress resulting from vary
ing geothermal heat flow. Therefore, it is of interest to examine 
whether the different regimes of geothermal heat flow at the 
two sites caused differences in the sedimentary organic matter. 
Whelan and Hunt (1983) characterized the sedimentary organic 
matter at nearby Deep Sea Drilling Project Sites 504 and 505 by 
a thermal analysis-gas chromatography technique, from which 
they recognized different degrees of thermal hydrocarbon gener
ation resulting from the thermal differences between the two 
sites. No lipid analysis has been conducted on sediments in this 
area. 

As a preliminary study, we conducted lipid analysis on sedi
ment samples from Sites 677 and 678 to determine the nature 
and source of the sedimentary organic matter and to examine 
maturation effects on the composition of the sedimentary or
ganic matter. 

EXPERIMENTAL METHODS 
We analyzed four core samples from Site 677 and two core samples 

from Site 678 (Table 1). The samples were freeze-dried and then saponi
fied with 1 N KOH in methanol under reflux for 3 hr. After centrifuga-
tion the supernatant was transferred to a separatory funnel and ex
tracted with n-hexane/ether (9:1). The «-hexane/ether extract was washed 
with distilled water, dried with anhydrous Na2S04 concentrated by ro
tary evaporation, and subjected to thin-layer chromatography to isolate 
hydrocarbons and alcohols (including sterols). The thin-layer plate (What
man, silica gel PLK5F) was pre-eluted with n-hexane/ether (9:1) and de
veloped with n-hexane/ethyl acetate (7:3). The alcohol fraction was sily-
lated prior to analysis. 

Gas chromatography-mass spectrometry was conducted using a Va
rian 3700 gas chromatograph, equipped with a UP-2 column (25 m long, 
0.25 mm i.d.), connected to a Finnigan INCOS 50 quadrupole mass 
spectrometer. Typically, splitless injection of samples at 300°C was em
ployed with the gas chromatograph programmed from 50° to 120°C at a 
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Core, section, Depth Total organic Calcium carbonate 

interval (cm) (mbsf) Age carbon (wt%) (wtVo) 

Hole 677A (1°12.138'N, 83°44.220'W; water depth 3472.3 m) 

1H-4, 52-56 4.5 Pleistocene 0.58 21.19 
13H-4, 34-38 116.7 late Pliocene 0.22 62.97 
20X-3, 48-52 179.2 early Pliocene 0.33 98.10 
33X-2, 102-106 304.6 late Miocene 0.12 64.10 

Hole 678B (1°13.006'N, 83°43.392'W; water depth 3446.8 m) 

1H-4, 34-38 0.5 Pleistocene 0.69 40.32 
3H-4, 33-38 99.7 Pliocene 0.50 40.27 

Note: Data from Shipboard Scientific Party (1988). 

rate of 30°C/min and then from 120° to 300°C at a rate of 6°C/min 
and held isothermally at 300° C for 60 min. The mass spectrometer was 
operated at an ionization energy at 70 eV, with a cycle time of 1.5 s and 
a mass range of 50-650 daltons. 

Compounds were identified by mass spectral interpretation, reten
tion data, consideration of elution orders, and comparison of spectra 
with those of standards (e.g., Lee et al., 1979). Mass fragmentography 
was used extensively to aid in homologous compound identification. 

RESULTS A N D DISCUSSION 
The sediments from the high heatflow area at Site 678 and 

those from the low heatflow area at Site 677 have similar char
acteristics (Table 1). Sediments from Site 677 are mostly calcare
ous nannofossil oozes (Samples 111-677A-1H-4, 52-56 cm, and 
111-677A-13H-4, 34-38 cm), siliceous nannofossil ooze and 
chalk (111-677A-20X-3, 48-52 cm), and cherty limestone and 
nannofossil chalk (111-677A-33X-2, 102-106 cm). 

Geolipid Analyses 
The H-alkanes of the samples range from C14 to C33 and ex

hibit an essentially bimodal distribution, with maxima at C17 
and C22. Most of the samples have a third maximum at C29, in a 
range from C25 to C35, with odd carbon numbers predominating 
over even ones. CPI (even-to-odd ratio) values calculated for the 
«-alkanes C24-C34 range from 1.4 to 2.6. Figure 1 shows the rel
ative abundances of H-alkanes in the sediment samples. 

The n-alkane distribution patterns probably indicate an ori
gin from both degraded algae and bacteria (Simoneit, 1978b, 
1981). Although the gas chromatography data are not presented 
in this paper, a series of cycloalkanes (alkylcyclohexanes and al-
kylcyclopentanes) was found in considerable amounts. The n-
alkanes larger than C25 are associated with higher plant wax (Si
moneit et al., 1984). Detection of a trace amount of pristane but 
no phytane indicates a highly oxic sedimentary paleoenviron-
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Figure 1. Relative abundances of «-alkanes in sediments from Sites 677 and 678. 

ment at both sites (Didyk et al., 1978). Steranes and triterpanes 
were found in trace amounts, but it is not clear whether these 
compounds are indigenous or reworked. The origin of n-C22 al-
kane, which is dominant for all samples examined, is not known. 
Similar «-alkane distributions have been reported for some Black 
Sea sediments (Simoneit, 1978b). 

The ^-alcohols of the samples range from C12 to C30, with a 
strong even carbon number predominance over odd numbers 
and maxima at C18 or C22. CPI values calculated for /r-alcohols 
from C13 to C19 range from 7.4 to 13.5, and those for C2i-C27 al
cohols range from 5.2 to 8.6. Phytol is abundant only in the up
permost samples and is probably derived from phytoplanktonic 
chlorophylls. The fl-alkanol homologues shorter than C20 are 
probably autochthonous, and those longer than C22 are derived 
from higher plant waxes (Cranwell and Volkman, 1981). 

Several features are notable in the sterol distribution. Figure 
2 shows typical examples of partial gas chromatograms of sterols 
(TMS ethers) from the sediment samples. Cholest-5-en-3/3-ol 
(G, Fig. 2) is the major sterol, while cholesta-5,22E-dien-3/3-ol 
(E) and 24-methylcholesta-5,22E-dien-3/S-ol (I) are the second 
most important sterols. The sterol 24-ethylcholest-5-en-3/3-ol (U 
= C29-sterol), which has been used as an indicator of terrestrial 
input, is not an abundant component (Volkman, 1986). Also 
present is 4a,23,24-trimethyl-5a!(H)-cholest-22-en-3j3-ol (a = 
dinosterol), which is related to an input of dinoflagellates (e.g., 
Boon et al., 1979). 

Sources of Organic Matter 
The distributions of hydrocarbons, ^-alcohols, and sterols 

are essentially the same between Sites 677 and 678. The molecu

lar composition of the geolipids indicates that the organic mat
ter in the sediments is of mixed marine (microbial) and terrige
nous origin, with the former probably predominant over the latter. 

Diagenesis of Organic Matter 
In general, sedimentary organic matter undergoes alteration 

under the influences of thermal stress. Thermal stress is ex
pected to affect alcohols and sterols more extensively than hy
drocarbons, because alcohols and sterols are comparatively chemi
cally less stable. Diagenesis of sterols would involve hydrogena-
tion of sterols to stands in sediments, transformation of stands 
into sterenes, and hydrogenation to saturated steranes or dehy-
drogenation to aromatic steroid hydrocarbons (Rullkotter and 
Welte, 1983). 

Ratios of 5<x(H)-stanol/A5-stenol (F/E, H/G, and J / I , Fig. 
2) are approximately 0.3 for the uppermost sediment layers, 
which is within the range often observed for marine sediments. 
The increasing trend of this ratio with depth is not obvious. 
Therefore, a progressive conversion from A5-stenols to 5a(H)-
stanols in sediments is not clear. Phytol was observed only in the 
upper 0.5 m of sediment at Site 678 (Sample 111-678B-1H-4, 
52-56 cm), whereas it was detected in the sediments above 179 
m below the seafloor at Site 677 (Sample 111-677A-13H-4, 34-
38 cm). This distribution indicates that phytol is diagnentically 
unstable (deLeeuw et al., 1977). No marked vertical trends of n-
alcohol and hydrocarbon composition were observed. 

The preceding results indicate that the influence of thermal 
stress on the alteration of organic matter is minor in the cored 
sediments at both sites. If sedimentary organic matter were sub
ject to strong thermal stress, we should have observed hydrogen-
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Figure 2. Typical examples of partial gas chromatograms of sterols (TMS ethers) from sediment samples. A = 24-norcholesta-5,22E-dien-3j8-
ol; B = 24-norcholest-22E-en-30-ol; E = cholesta-5,22E-dien-3)3-ol (22-dehydrocholesterol); F = 5a(H)-cholest-22E-en-3/3-ol; G = cholest-
5-en-3/3-ol (cholesterol); H = 5a(H)-cholestan-30-ol (cholestanol); I = 24-methylcholesta-5,22E-dien-3/3-ol (brassicasterol); J = 24-methyi-
5o;(H)-cholest-22E-en-3(3-ol; L = 24-methylenecholest-5-en-3j3-ol + 4a-methyl-5a(H)-cholestan-3j3-ol; N = 24-methyl-5a(H)-cholestan-3|3-
ol; U = 24-ethylcholest-5-en-3/3-ol (/3-citosterol); a = 4a,23,24-trimethyl-5a:(H)-cholest-22-en-3|3-ol (dinosterol). 

ation and/or aromatization of steroid compounds. However, 
only trace amounts of steroidal hydrocarbons were detected in 
these sediments, and no aromatized steroid hydrocarbons were 
detected; thermal conversion to steroidal hydrocarbons was not 
widespread. 

CONCLUSIONS 
The geolipids in sediment samples from Sites 677 and 678 are 

primarily autochthonous and of marine origin (microbially de
rived), with traces of terrestrial higher plant wax residues. 

Diagenesis of the organic matter by thermal stress is not ex
tensive at either site. The only effect of different geothermal 
stresses in this area is reflected by the phytol concentrations in 
the sediments. No marked vertical changes in «-alcohol and hy
drocarbon compositions were observed. 
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