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(WESTERN MEDITERRANEAN SEA) *
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ABSTRACT

The organic matter in sediment series across two organic-matter—rich layers from Ocean Drilling Program Hole 977A
drilled in the Alboran Basin of the Western Mediterranean Sea has been characterized by organic geochemical methods.
Organic carbon contents reached more than 2% in the organic-matter—rich layer and was ~1% in the background sediment
under and overlying it. Molecular compositions of the extractable bitumens in the organic-matter—rich layer for a wide range of
compound groups are broadly similar to those of the background sediments. The organic matter in the organic-matter—rich layer
is enriched in marine biomarkers, especially long-chain diols and keto-ols and particularly sterols. A higher supply of land-
derived material to the sediment during formation of the organic-matter—rich layer is indicated by concentrations of long-chain
alkanes andralcohols largely following the organic carbon profile. The elevated terrigenous runoff during times of more
humid land climate may have fertilized marine bioproductivity.

INTRODUCTION toward the Algerian coast and develops into a strong jet strictly to-
ward the east (Tintoré et al., 1995). Along this narrow stream, nutri-

The Alboran Seais the key areato understand the Atlantic Ocean ent-rich deep waters are locally upwelled and induce regional fertili-

influence on the post-Messinian paleoceanography of the Mediterra- ~ Zation in the surface water (Prieur et al., 1993). _ _
nean Sea. One of the more important results of Ocean Drilling Pro- These signatures may be recorded in the underlying sediments,
gram (ODP) Leg 161 was the discovery of sapropel-like organic- but may probably have varied during glacial/interglacial cycles.

matter—rich layers in this westernmost part of the Mediterranean Sebrantes (1988) deduced glacialfinterglacial variations of productiv-
Sapropels—dark-green to black, organic-matter—rich layers with tdly from paleoceanographic studies. Compared to the recent condi-
tal organic carbon (TOC) content >2% according to the definition ofions; quite different atmospheric and wind systems prevailed during
Kidd et al (1978)—were known before to occur only in the easterrfn€ last interglacial maximum (COHMAP Members, 1988). This dif-
part of the Mediterranean Sea (e.g., Ryan, Hsi, et al., 1973; Hsfgrentwind pattern may have led to an eastward shift of the gyres and
Montadert et al., 1978) and in the Tyrrhenian Sea (Kastens, Mascit® @ modification of the upwelling system (Vergnaud-Grazzini and
et al., 1990). Pierre, 19_91). Th6613_C data suggest a nutrient depletion of Atlantl_c
The Alboran Sea between Spain and Morocco is ~400 km longvater during the last interglacial maximum (Zahn et al., 1987), which
200 km wide, and 2000 m deep. It is bounded by the southern Bal81ay have reduce_:d_ the fe_rtlllty of the Western Mediterranean Sea
aric Basin in the east and the Gibraltar Strait in the west. Through tH¢/€rgnaud-Grazzini and Pierre, 1991). o
Gibraltar Strait it is connected with the Atlantic Ocean surface water, 1€Irigenous material is supplied to the Alboran Basin directly
It shows a complex morphology with many sub-basins, ridges, an@i(_’m the numerous rivers, e_ssentlally the_Andarax,_Rlo Guadglflo,
seamounts. A local elevation shapes the tiny Spanish Alboran Islafgf© Guadalhorce, and Muluja effluents (Fig. 2). Indirectly, terrige-
(Fig. 1). nous matter is transported from the Guadalquivir River over the Gulf
The Atlantic water flowing into the Mediterranean Sea throughef Cadiz with the Atlantic inflow (Grousset et al., 1988). Local winds
the Gibraltar Strait develops two extensive anticyclonic gyres, one i{ansport terrigenous material into the Alboran Basin too, especially
the western part and the other in the eastern part of the Alboran BaglHring the winter, by a strongly developed depression over the whole
(Tintoré et al., 1988; Fig. 2). Whereas the western gyre can be eMedlterrangan Sea. Sahara_du_st has been sh_own to be present in Ho-
plained by the topographical setting and the Coriolis force (EURO'-Ocen‘_e sediments of the Adriatic Sea (Tomadin et al., 1984).
MODEL Group, 1975), the eastern gyre remains unexplainable. This study attempts to provide information on variation in the
On the southwest Spanish coast an upwelling system (Minas &PPly of terrigenous and marine organic matter to the sediments of
al., 1984; Vergnaud-Grazzini and Pierre, 1991) is supplied with nuthe Alboran Basin during the short time interval represented by a
trients from both the outflowing Levantine Intermediate Water and’!€istocene organic-matter—rich layer recovered at ~77 m depth in
Mediterranean Deep Water (Kinder and Parrilla, 1987) and from thEole 977A of Leg 161. For this purpose, nonpolar and polar lipids
inflowing Atlantic water (Minas et al., 1984). The primary produc- were extre}cted from the_sedlments a_nd analyze_d on a molecular level.
tion here has been estimated at >200 g C m/yr (Minas, é @ers. A Second interval covering an organic-matter—rich layer at about 164
comm. to Vergnaud-Grazzini and Pierre, 1991). Because of a persi8lbsf from the same hole was only analyzed for total organic and car-
tent density front (Almeria-Oran Front) along the eastern basin deRonate carbon contents.
marcation, the Atlantic water is accelerated in a southerly direction

ANALYTICAL METHODS

1Zahn, R., Comas, M.C., and Klaus, A. (Eds.), 1999. Proc. ODP, <i. Results, 161:

College Station, TX (Ocean Drilling Program). . :
2Institut fir Chemie und Biologie des Meeres (ICBM), Carl von Ossietzky Univer- We investigated a total of 18 core samples from Hole 977A (Table

sitat Oldenburg, Postfach 2503, D-26111 Oldenburg, Federal Republic of Germany.  1). After freeze-drying and grinding, the Sed_iments were analyzed for
3Corresponding author: J.Rullkoetter@ogc.icbm.uni-oldenburg.de total carbon (TC) content coulometrically in a Stréhlein Coulomat
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Figure 1. Bathymetric map of the Alboran Basin and location of Site 977 and other sites of Leg 161.
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Figure 2. Anticyclonic gyres of the Alboran Sea (schematically after Arnoneet al., 1990) and upwelling system on the South Spanish Coast (shaded; after Minas
eta., 1984).
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Table 1. Sampleidentification, depth below seafloor (mbsf), total carbon 60°C (1 min isothermal) to 300°C (50 min isothermal) at a rate of

(TC), total inorganic carbon (TAC), calcium carbonate (% CaCOs, cal- 3°C/min. The gas chromatograph was coupled to a Finnigan SSQ
culated), and organic carbon (TOC) contents. 710B mass spectrometer operated at 70 eV. Structural assignments of
individual compounds are based on comparison of relative gas chro-
Core, section, intervel - Depth  TC TAC  CaCO;  TOC matographic retention times and mass spectra with those reported in
(cm) (mbsf) (%) ® ) ) the literature. Quantification was performed relative to the amount of
161-977A- internal standards with mass correction for trimethylsilylated com-
9H-05, 53-55 7704 513 423 353 090 pounds.
85:82; %‘732* ;;:%2 2;82 2;8% ﬂj; 2:3 All ten samples from Section 161-977A-9H-5 were analyzed for
9H-05, 80-82 731 7.04 a7 39.7 2.21 lignin phenols by high-performance liquid chromatography (HPLC).
85:82; 82*_821 ;;% S;gé ﬁ? ggﬁ’ }% The lignin phenols were released from the macromolecular organic
9H-05, 98-100 7749 565 454 37.8 111 matter as copper oxide (CuO) oxidation products following the meth-
gﬂ:gg: e O e e oa 0P od of Hedges and Parker (1976), modified by Eggers (1994) and re-
9H-05, 124-126 7775 503 401 334 1.02 fined by J. Lobbes (pers. comm., 1996). Dry sediment (0.5-1.0 g),
18x-05,118-120 16319  3.93 312 260 080 mixed with CuO (0.5 g) and ammoniumferro(ll)-sulfate hexahydrate,
i§§28§; iﬁg:ig% igjﬁé 22—,‘2 5352 52;8 8;% was heated in teflon bombs (3 hr, 150°C) after the addition of 5 mL
18X-06, 15-17 16366  7.09 5.78 482 131 2 N sodium hydroxide solution. The suspensions were acidified with
1000 2328 S oy 3% e % hydrochloric acid (30%) and extracted with diethylether (5 mL).
18X-06, 33-35 16384 541 4.20 35.0 1.20 These extracts were directly analyzed on a DAD L-4500 HPLC in-
18X-06, 43-45 16394 543 469 300 074

strument (Merck/Hitachi).

Note: * = selected for molecular analyses.
RESULTSAND DISCUSSION
702. Carbonate contents were determined after acidification as car-

bon dioxide using a UIC-Coulometrics CM 5012 device. Total or- The results of elemental analysis for total organic carbon (TOC)
ganic carbon (TOC) content was calculated asthe difference between  and carbonate content in the two investigated sequences across or-
total and inorganic carbon contents. ganic-matter—rich layers in the Alboran Basin Hole 161-977A are

Dry sediment (4 g) was extracted with a dichloromethane/1%  compiled in Table 1 and Figure 3. The organic carbon contents in
methanol (v/v) mixture four times (once at 50 mL followed by three  Sections 161-977A-18X-5 and -6 vary between 0.74% and 1.90%
times at 30 mL) in an ultrasonic bath. The combined decanted ex-  while in Section 977A-9H-5 they range from 0.88% to 2.27%. The
tracts were concentrated by rotary evaporationto 2mL anddriedina  more pronounced symmetric form of the TOC profile in the samples
stream of nitrogen at mild temperature (30°-35°C). Extract yield$rom Section 977A-9H-5 and the more regular sample spacing led us
were determined gravimetrically. Elemental sulfur was removedo investigate this sequence in greater detail on a molecular level.
from the total extracts with activated copper filings. TOC content of organic-matter—rich layers in the Western Mediterra-

Separation of the extracts into fractions of different polarities wasiean Sea are distinctly lower than those in eastern Mediterranean
carried out after addition of internal standards (squalane, anthracergapropels, which, considering the proximity to the African and Span-
d,,, 50-androstan-17-onepbSandrostan-3R3-ol and erucic aclC,,.; ish coasts, may mainly reflect a higher supply of clastic material from
fatty acid]). Before column chromatographic separation, the asphalthe continent and thus a higher degree of terrigenous dilution, but
enes were precipitated by adding an excessha#xane. The-hex- may also be a factor of lower primary productivity and inferior con-
ane—soluble portion was separated by medium-pressure liquid chrditions for organic matter preservation in the Alboran Basin. In the
matography (MPLC; Radke et al., 1980) into fractions of nonaromathackground sediments below and above the organic-matter—rich lay-
ic hydrocarbons, aromatic hydrocarbons, and heterocompoundass, recovered in the Alboran Sea during Leg 161, the average TOC
(NSO fraction). content is more than twice as high as the deep-ocean sediment aver-

Subsequently, ketones, esters, aratkanols (>G,) were separat- age of 0.3% reported by Mclver (1975) and distinctly higher than in
ed from the more polar NSO fraction by flash chromatography (Stilnonsapropel background sediment of the Eastern Mediterranean Sea
et al., 1978). For this purpose, a 20200-mm column was filled (Emeis, Robertson, Richter, et al., 1996). Maximum TOC values at
with 5 g of silica gel 60 (40-63 pm, deactivated with 5% by weighthe four sites occupied during Leg 161 in the Alboran Sea are in the
of water) and washed with 50 mL dichloromethane. The less polaange of 1.27% (Site 978) to 2.50% (Site 977, Comas, Zahn, Klaus,
fraction was eluted with 60 mL dichloromethane under a moderatet al., 1996). The carbonate contents of the investigated samples are
overpressure of nitrogen. The other compounds were removed froaetween 20%-50% and indicate varying influences of bioproductiv-
the column with 100 mL of a mixture of dichloromethane and 10%ty, dilution by noncarbonate material and post-depositional carbon-
by volume of methanol. The polar portion of the NSO fraction wasate solution; the carbonate data are positively correlated with the
separated into an acid fraction and a steroid alcohol fraction usingBOC values.
column filled with KOH-impregnated silica gel (McCarthy and
Duthie, 1962; modified after Hinrichs et al., 1995). All fractions were Molecular Composition
concentrated as described for the whole extracts and weighed. For
analysis of the molecular constituents, the hetero compound fractions Six of the ten samples from Section 161-977A-9H-5 (marked in
were silylated with N-methyl-N-trimethylsilyl-trifluoroacetamide Fig. 3) were selected for further molecular organic geochemical in-
(MSTFA). vestigations. The sterols are quantitatively the most important group

Gas chromatography was conducted on a Hewlett-Packard 58%0 compounds among those separated by liquid chromatography and
Series Il instrument equipped with a temperature-programmed coldnalyzed quantitatively, while the-aldehydes represent the least
injection system (Gerstel KAS 3) and a fused silica capillary columrabundant group (Fig. 4). The data in Figure 4 represent the sum of
(J&W DB-5; length = 30 m, inner diameter = 0.25 mm, film thicknessconcentrations of identifiable single compounds (together making up
= 0.25 um). Helium was used as the carrier gas, and the temperatd® to 9% of the total extracts), but are not identical to the amounts of
of the oven was programmed from 60°C (1 min isothermal) to 305°@otal liquid chromatography fractions separated from the total ex-
(50 min isothermal) at a rate of 3°C/min. tracts. Among the different compound groups, only rikekanes

GC/MS studies were performed with the same type of gas chraorrelate positively with the TOC values of the entire interval stud-
matograph (helium as carrier gas) and a temperature program froed. The long-chainn-alkenones, n-alkanols, fatty acids, and
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Figure 3. Total organic carbon (TOC) and carbonate contents (as CaCOs) in sediments across two sapropel layers (Samples 161-977A-9H-5, 53-126 cm, 18X-
5, 118-150 cm, and 18X-6, 0—45 cm).

C,; and C4; n-akanes dominate and exhibit a pronounced odd-over-
even carbon-number preference typical of an origin of terrestrial
higher plants (Eglinton et al., 1962). The n-alkanes between C,5 and
C,; have alow abundance and do not exhibit a characteristic pattern
of an intense autochthonous supply of phytoplanktonic organic mat-
ter (Blumer et al., 1971). The distribution without any preference
may be due to co-occurring phyto- and zooplankton signals, with the
even-over-odd carbon-number preference of the latter (Giger and
Schaffner, 1977) being superimposed on the odd-over-even carbon-
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number predominance of the phytoplankton (Blumer et al., 1971),
but the broad and smooth distribution of short-chain n-alkanes may
also be aresult of the presence of a certain amount of recycled, more
mature organic matter commonly found in deep-sea sediments (e.g.,
Tissot et al., 1980; Summerhayes, 1981). The n-alkanes with chain
lengths beyond C3; may be aresult of the incorporation of coccolitho-
phore biomass into the sediments (Volkman et al., 1980c), which is
likely to be also responsible for the presence of the long-chain n-alk-
enones (Volkman et al., 1980b).

g ey 4 Aldenydes Another aspect of the n-alkane distributions is the unexpectedly
© R g 2 3 8 small variation of their distribution pattern over the organic-matter—
Z g rich layer. Together with the fact that organic-carbon—normalized
Interval [cm] concentrations offi-alkanes vary little, that is, they increase with the

increase of total organic carbon, this shows that deposition of the
organic-matter—rich layer is accompanied by an increase in the sup-
ply of terrigenous organic matter to the Alboran Basin.

Figure 4. Absolute amounts (mg/g sediment) of different organic compound
classes, obtained by liquid chromatography of total extracts, in selected sedi-
ments from Section 161-977A-9H-5.

Fatty Acids
squalene have a significant maximum in the 86- to 88-cm interval of
Section 161-977A-9H-5, while the n-akanolones and diols have a
minimum there. The ketols and diols show a ditinct positive corre-
lation with each other (R = 0.97).

While then-alkanes show mainly a terrestrial influence, the fatty
acids are dominated by short-chain marine or microbial components.
The chain length of the fatty acids ranges fromt@ C;, with a dis-
tinct maximum at G and a strong even-over-odd carbon number pre-
dominance (Fig. 6). Diatoms may be the main contributors of the fat-
ty acids in the Alboran basin sediments because they mainly produce
C,s and Gg homologs (Volkman et al., 1980a). Dinoflagellates main-
ly biosynthesize G, C,, and G, fatty acids (Harrington et al., 1970),

n-Alkanes

The n-alkanes in the nonaromatic hydrocarbon fraction of the ex-
tracts cover arange of chain lengths between C,; and C,, (Fig. 5). The
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while coccolithophores have C,, and C,s (Volkman et al., 1981),
green algae C,5 and C,g (Patterson, 1970), blue-green algae C,,, Cyg,
and C,; acids (Kenyon et al., 1972).

n-Alkanols

The n-alkanols exhibit a mainly terrestrial carbon number distri-
bution pattern (Fig. 7). The chain lengths range from C,, to C5, with
a predominance of the higher-carbon-number homologs and a strong
even-over-odd carbon-number preference. Noteworthy is the depth
profile of the C,, n-alkanol. Algal mats have been reported to contain
this compound as a major constituent (Cardoso et al., 1976), but the
strong correl ation with the long-chain fatty acidsin the studied inter-
val from the Alboran Basin (R = 0.95; Fig. 8) favors a common ter-
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Figure 5. Distribution of n-alkanes in selected sediments from Section 161-
977A-9H-5.

ORGANIC MATTER MOLECULAR INDICATORS

restrial source of both the C,, alcohol and the long-chain fatty acids,
possibly initially ester-linked.

Ketols and Diols, Long-Chain Alkenones

The sum of the concentrations of 1-hydroxytriacontan-15-one and
1-hydroxydotriacontan-15-one and the sum of the concentrations of
al long-chain diols (Table 2) correlate strongly with each other over
depth, while both classes apparently do not have any relationship
with thelong-chain alkenones (Fig. 9). Thislack of correlation of the
long-chain alkenones with the other two compound classes corrobo-
rates earlier reports of different sources. Prymnesiophytes, and partic-
ularly coccalithophores, are well known as producers of heptatria-

conta—8(E),15(E),22(E)-triene and heptatriaconta—15(E),22(E)-diene

Fatty Acid Distribution
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Figure 6. Distribution of fatty acids in selected sediments from Section 161-
977A-9H-5.
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n-Alkanol Distribution
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Figure 7. Distribution of n-alkanols in selected sediments from Section 161-
977A-9H-5.

as well as other long-chain akenones and akenoates (Prahl and
Wakeham, 1987). The source of the ketols and diols has been dis-
cussed controversially for a long time. While Morris and Brassell
(1988) suggested cyanobacteria as a probable source, Volkman et al.
(1992) identified specific marine green agae (Eustigmatophytes) as
a more likely source of these compounds. The suggestion of de
Leeuw et al. (1981) that coccolithophores may be the source of ketols
and dials as of the n-alkenones could not be confirmed here.
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Figure 8. Comparison of downhole trends of organic-carbon—normalized
concentrations ofh-docosan-1-ol and the sum of long-chaifatty acids
(Cx-Cy) in selected sediments from Section 161-977A-9H-5.

Table 2. Compilation of homologous and isomeric n-alkandiols and their
main mass spectral characteristics from Hole 977A sediments.

Mass spectral peaks (m/z)
Diol Scanno. M Diagnostic ions

nCy(1,13) 3979 542
nCy (1,14) 3979 542
nCo(1,13) 4217 570
nCog(1,14) 4217 570
nCy(1,15) 4505 598
nCs(1,15) 4895 626

~) 527, 359 (4@85, 149
527, 373 (31, 149
555, 359 (453, 149
555, 373 (4@09, 149
583 (1), 387 (48),3, 149 (25)
611 (1), 387 (4811, 149 (35)

A~~~
[RPNSNINPNINS

Note: Base peak (100%) in bold; relative intensity of selected ionsin parenthesesin %;
— = not detected.

Pentacyclic Triterpenoid Ketones

The concentrations of two angiosperm pentacyclic triterpenoid
ketones, lup-20(29)-en-3-one and olean-12-en-3-one, closely corre-
late with each other (R = 0.98). In contrast to this, the concentration
of friedelan-3-one has a different depth profile, with a decrease to-
ward the top of the studied section. This is taken as evidence of dif-
ferent taxonomic sources of friedelan-3-one and the other two triter-
penoid ketones. As a terrestrial biomarker friedelan-3-one, other than
lup-20(29)-en-3-one and olean-12-en-3-one, is mostly associated
with monocotyledons (Das and Mahato, 1983). Monocotyledons in
general prefer open, thinly vegetated areas and are more robust under
rough climatic conditions. The decreasing upward trend of friedelan-
3-one concentration may indicate a climatic change to higher temper-
atures and increasingly dense wood vegetation on land during the
deposition of the sediment interval studied. This would be consistent
with the temperature trend calculated from the alkenone index.

Paleo—sea-surface temperatures based on the ratio of di- and tBterols
unsaturated long-chain ketones (Prahl and Wakeham, 1987) show a
distinct increase from 19°C to 22°C over the short sediment interval More than 50 different free sterols were detected and quantified
studied here, with the main increase occurring after the deposition ¢fables 3, 4). Among them, cholesterol (&-8holestan-33-ol (j), 24-

the organic-matter—rich layer (Fig. 10).
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Figure 9. Comparison of downhole trends of organic-carbon normalized con-
centrations of 1-hydroxy-n-alkan-n-ones, alkan-1,n-diols, and long-chain n- Figure 10. Reconstructed sea-surface paleotemperatures in the 77.1-77.6
alkenones in selected sediments from Section 161-977A-9H-5. mbsf depth interval in Hole 977A.

(E)-en-3B-ol (B), 24-ethylcholest-5-en-3R-ol 'fM23,24-dimethyl- Hole 977A sediments show an increasing marine bioproductivity
5a(H)-cholestan-33-ol (Nnote that Mand N coelute with fucoster-  during deposition of the organic-matter—rich layer, in addition to an
ol, L', but the former two compounds represent the main part of thebvious higher terrigenous inflow, as revealed byrttadkane con-
peak), and 24-ethyleéH)-cholestan-3R-ol (Pare the main free ste- centration profile.
rols in the six samples together with the 4-methylster|24+dime-
thyl-5a(H)-cholestan-3R-ol (Q note that Pand Q coelute with iso-  Lignin Phenols
fucosterol, R but the former two compounds represent the main part
of the peak), dinosterol (Q, and two isomers ofod23,24-trimethyl- Lignin is only produced by land plants except eulithoral grasses
5a(H)-cholestan-33-ol (Hand ['). (Leo and Barghoorn, 1970; Quackenbush et al., 1986). Lignin may
Over the depth interval studied, the distribution patterns of the st&somprise 35% to 40% of the dry mass of wood (e.g., Beyer and
rols exhibit a large variation (Table 4). The relative proportions,of C Walter, 1981) and over 50% of the global primary production can be
and G, sterols as a fraction of total sterols correlate with the TOCassigned to vascular plants (Olson et al., 1985; Martin et al., 1987).
content, while the summed concentration of thgderols steadily Moreover, only some fungi are able to degrade lignin, which renders
increases with decreasing sediment depth. Theat€rol concentra- it very stable over long periods of time (Hedges et al., 1988; Gofii et
tions have an inverse relationship to that of thesrols as a func-  al., 1993). These three parameters, mass, ubiquity, and persistence,
tion of depth. This indicates an increase of terrestrial influence witimake lignin a suitable tracer for organic material of terrigenous ori-
time. The triangular Huang-Meinschein diagram of sterol carbomgin.
number distributions (Fig. 11) illustrates this trend. This observation The summed concentrations of the lignin phenols are usually
is in contrast, however, to the interpretations based on the homoltermed\ or A, whereh is defined as the sum of the vanillyl and sy-
gous series afi-alkanesn-fatty acids, andh-alcohols. They show a ringyl phenols in mg/100 g TOC (Hedges and Parker, 1976), while
higher deposition of marine organic matter in the 63- to 65-cm interincludes the cinnamyl phenols as well. The p-hydroxyphenols are not
val. Itis conceivable that the sterol carbon number assignment to meensidered, because they can also come from marine sources. The
rine and terrigenous sources of Huang and Meinschein (1976, 19783nin phenols show depth profiles similar to those of the straight-
does not strictly hold here. Except for 23,24-dimettoy(Hd)- chain homologous series and the sterols, that is, during the deposition
cholestan-3R-ol (N, all of the Ggand G sterols, which are the main  of the organic-matter—rich layer there is a slightly less allochthonous
sterols in the Alboran Sea sediments, have been shown to be psupply than before and after this time (Fig. 12). It has to be noted,
duced also by marine organisms and to occur in sediments dominatedwever, that the concentrations of lignin phenols measured in the
by marine organic matter (Volkman, 1986). In particular, 24-ethyl-Alboran Basin sediments are three orders of magnitude smaller than
5a(H)-cholestan-3i3-ol (P may be produced in relatively large those reported for Holocene sediments by Hedges and Parker (1976)
amounts by marine phytoplankton. In addition, the Huang—Meinand Gofii and Hedges (1990); therefore, concentrationawdA are
schein diagram does not take into account the occurrencg ah€  in ug/g TOC here.
Cy, sterols, which are all from marine sources (Volkman, 1986). This
is particularly true for the main 4-methyl;Csterols; 4,23,24-
trimethyl-5a(H)-cholest-22(E)-en-3R-ol (dinosterol;)Cand 41,23, CONCLUSIONS
24-trimethyl-5x(H)-cholestan-3R-ol (Hand I') are produced by di-
noflagellates (Alam et al., 1979; Kokke et al., 1981). Dinoflagellates Two sediment sequences across organic-matter—rich layers from
are also regarded as the main source of the other 4-methylsterols @®P Sites 161-977 in the Alboran Basin (Western Mediterranean
Leeuw et al., 1983). Based on this rationalization, the sterols in th8ea), comprising about 3000 yr of sedimentation according to bulk-
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Table 3. Nomenclatur e of quantitated sterols.

Symbol

Steral (in order of elution from GC column)

TIOMMACIUO"IOTMEMUIO " ®>XT 7IJQ 020 TDD T

25-nor-5a-cholest-22(E)-en-33-ol

G, ster-22-enol

25n0r-5a-cholestan-33-ol
5B-cholestan-3(3-ol
27no0r-24-methyl-5R3-cholestan-3R-ol
5B-cholestané-ol
27nor-24-methylcholesta-5,22(E)-dien-33-ol
27-nor-24-methyl-B-cholest-22(E)-en-3R3-ol
cholesta-5,22(E)-dien-3R3-ol
5a-cholest-22(E)-en-3R-ol
cholest-5-en-3R-ol

5a-cholestan-33-ol
270r-24-methyl-®-cholestan-313-ol
24-methylcholesta-5,22(E)-dien-3R-ol
24-methyl-®-cholest-22(E)-en-3R3-ol
5a-cholest-7-en-3(3-ol

Cyg stanol
4qa,24-dimethylcholest-N-en-3R-ol
24-methylcholesta-5,24(28)-dien-313-ol
4a-methyl-Sx-cholestan-3i3-ol
4a,24-dimethyl-5B-cholest-22(E)-en-3R-ol
24-methylcholest-5-en-3M3-ol
24-methyl-Bi-cholest-24(28)-dien-3(3-ol
24(S?)-methyl-&-cholestan-33-ol
24(R?)-methyl-&-cholestan-33-ol
4a,24-dimethyl-Bi-cholest-22(E?)-en-33-ol
23,24-dimethylcholesta-5,22(E)-dien-313-ol
4qa,23,24-trimethyl-cholesta-N,22-dien-313-ol
Cyg stanol

C,g steradienol
23,24-dimethyl-&-cholest-22(E)-en-3R3-ol
24-ethylcholesta-5,22(E)-dien-3R-ol
24(S?)-ethyl-&-cholest-22(E)-en-3R-ol
4a,24-dimethyl-Bi-cholest-22(Z?)-en-3-ol
24(R?)-ethyl-&-cholest-22(E)-en-3R3-ol
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Table 4. Sterol concentrationsin sediments from Section 161-977A-9H-4, inter vals 63-65 cm, 73-75 cm, 80-82 cm, 86-88 cm, 92-94 cm, and 103-105 cm.

161-977-9H-5
63-65 cm 73-75¢cm 80-82cm 86-88 cm 92-94 cm 103-105 cm
No.of C  nglg Hg/g ng/g Hg/g ng/g Ha/g ng/g H9/g ng/g Hg/g ng/g Ha/g
Symbol atoms sediment TOC sediment TOC sediment TOC sediment TOC sediment TOC sediment TOC

b’ 26 35 0.4 345 1.8 10.5 0.5 20.1 1.0 28.8 2.0 3.6 0.4
a 27 n.d. n.d. 17.9 0.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
d 26 n.d. n.d. n.d. n.d. 3.7 0.2 26.0 1.3 4.2 0.3 n.d. n.d.
b 27 1.9 0.2 21.1 11 12.2 0.5 28.8 1.5 10.6 0.7 3.3 0.4
c 27 6.5 0.7 6.5 0.3 n.d. n.d. n.d. n.d. 12.2 0.8 n.d. n.d.
d 27 2.8 0.3 60.9 3.1 13.6 0.6 20.1 1.0 58.0 4.0 4.0 0.4
e 27 4.8 0.5 20.3 1.0 9.1 0.4 n.d. n.d. 22.2 15 n.d. n.d.
f 27 n.d. n.d. 575 3.0 135 0.6 97.0 5.0 38.7 2.7 5.7 0.6
g 27 4.7 0.5 37.8 2.0 37.6 1.7 46.0 24 59.8 4.1 8.0 0.9
h **27 8.2 0.9 94.0 4.8 48.8 2.2 41.3 2.1 82.1 57 32.2 3.6
i **27 138.3 15.7 232.4 12.0 236.9 10.4 451.6 23.3 273.4 18.9 326.2 36.2
j **27 40.0 4.5 262.0 135 117.6 52 115.8 6.0 195.3 135 67.5 75
A **28 10.9 1.2 148.1 7.6 150.6 6.6 123.2 6.3 188.8 13.0 30.9 3.4
B **28 16.4 1.9 238.4 12.3 88.5 3.9 106.5 55 191.8 13.2 32.2 3.6
| 27 5.6 0.6 35.5 1.8 13.4 0.6 22.2 1.1 29.0 2.0 6.5 0.7
C+A'+D+E+B *28 26.4 3.0 169.2 8.7 125.7 55 133.4 6.9 107.4 7.4 32.2 3.6
F+G+H 28 11.1 1.3 141.0 7.3 136.8 6.0 75.6 3.9 122.7 8.5 33.6 3.7
+C'+D'+A"'l *29 6.9 0.8 123.6 6.4 58.3 2.6 60.1 31 82.8 57 14.5 1.6
J 28 2.2 0.3 25.3 1.3 19.9 0.9 28.7 1.5 36.5 25 13.7 1.5
K+E'+F'+G' *29 75.2 8.5 194.9 10.0 140.9 6.2 1214 6.3 214.9 14.8 43.7 4.9
H'+I' 29 13.4 1.5 157.7 8.1 98.7 4.3 114.9 5.9 115.6 8.0 35.1 3.9
B" 30 n.d. n.d. 14.4 0.7 6.8 0.3 13.3 0.5 n.d. n.d. n.d. n.d.
J 29 4.6 0.5 27.3 1.4 39.8 1.8 38.2 2.0 3.9 0.3 23.0 2.6
K' 29 4.6 0.5 25.6 1.3 48.4 2.1 33.6 1.7 25.8 1.8 21.8 24
L'+M'+N' 29 725.3 82.4 561.1 28.9 282.8 12.5 188.7 9.7 846.7 58.4 61.5 6.8

¥ 29 24.2 2.8 75.1 3.9 91.2 4.0 77.8 4.0 64.5 4.4 12.7 1.4
P+Q+R 29 169.9 19.3 459.6 23.7 250.2 11.0 2443 12.6 405.5 28.0 76.7 8.5
c” **30 100.1 11.4 387.8 20.0 3331 14.7 476.8 24.6 315.8 21.8 99.7 111
D" 30 7.7 0.9 37.2 1.9 36.1 1.6 40.6 2.1 25.2 1.7 7.8 0.9
S 29 n.d. n.d. 30.8 1.6 45.1 2.0 17.4 0.9 8.4 0.6 n.d. n.d.
T 29 n.d. n.d. 19.0 1.0 15.7 0.7 17.9 0.9 14.0 1.0 n.d. n.d.
E" 30 n.d. n.d. 209 1.1 17.4 0.8 235 1.2 14.8 1.0 n.d. n.d.
F' 30 3.3 0.4 76.7 4.0 41.7 1.8 27.2 1.4 29.5 2.0 5.7 0.6
G" 30 n.d. n.d. 7.9 0.4 6.2 0.3 10.3 0.5 6.3 0.4 n.d. n.d.
H" 30 27.5 3.1 89.0 4.6 60.7 2.7 84.7 4.4 51.2 35 26.2 29
1" 30 47.6 54 1441 7.4 115.9 5.1 135.3 7.0 88.0 6.1 33.8 3.8
z 1494 170 4055 209 2728 120 3062 158 3774 260 1062 118

Notes: See Table 3 for symbol key; n.d.= not detected; * = number of C atoms used for triangular diagram; ** = quantified by GC (otherwise by GC-MS by peak arearatios from the RIC
[reconstructed ion current chromatograms)).
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