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41. PLIOCENE-PLEISTOCENE DEPOSITION OF CARBONATE AND ORGANIC CARBON
AT SITE 959: PALEOENVIRONMENTAL IMPLICATIONS FOR THE EASTERN
EQUATORIAL ATLANTIC OFF THE IVORY COAST/GHANA !

Thomas Wagner?

ABSTRACT

During Ocean Drilling Program (ODP) Leg 159, four sites (Sites 959-962) were drilled along a depth transect on the Cote
d’lvoire/Ghana Transform Margin. In this study, the Pliocene—Pleistocene history of carbonate and organic carbon accumula-
tion at Hole 959C is reconstructed for the eastern equatorial Atlantic off the Ivory Coast/Ghana based on bulk carbonate, sand
fraction, organic carbon, and other organic geochemical recéﬁ@o@, marine organic matter percentages derived from
organic petrology, hydrogen index, C/N).

Pliocene—Pleistocene sedimentation off the Ivory Coast/Ghana was strongly affected by low mean sedimentation rates,
which are attributed to persistently enhanced bottom-water velocities related to the steep topography of the transform margin.
Sand fraction and bulk carbonate records reveal typical glacial/interglacial cycles, preserved, however, with low time resolu-
tion. Intermediate carbonate accumulation rates observed throughout the Pliocene—Pleistocene suggest intense winnowing and
sediment redistribution superimposed by terrigenous dilution. “Atlantic-type” sand and carbonate cycles, consistent with
records from pelagic areas of the eastern equatorial Atlantic, are encountered at Hole 959C prior to about 0.9 Ma. §otal organi
carbon (TOC) records are frequently inversely correlated to carbonate contents, indicating mainly productivity-driven carbon-
ate dissolution related to changes in paleoproductivity. During Stag@4,220, 16, 12, 8, and 4, sand and carbonate records
reveal a “Pacific-type” pattern, showing elevated contents during glacials commonly in conjunction with enhanced TOC
records. Formation of “Pacific-type” patterns off the Ivory Coast/Ghana is attributed to drastically increased bottom-water
intensities along the transform margin in accordance with results reported from the Walvis Ridge area.

Short-term glacial/interglacial changes in paleoproductivity off the Ivory Coast/Ghana are to some extend recognizable dur-
ing glacials prior to 1.7 Ma and interglacial Stages 21, 19, 13, 9, and 1. Enhanced coastal upwelling during interglacials is
attributed to local paleoclimatic and oceanographic conditions off the Ivory Coast/Ghana. Quantitative estimates of marine
organic carbon based on organic petrologic éﬂﬁdorg records reveal an offset in concentration ranging from 15% to 60%.
Highest variabilities of both records are recorded since ~0.9 Ma. Discrepancies between the isotopic and microscopic records
are attributed to an admixture of C4 plant debris approaching the eastern equatorial Atlantic via atmospheric dust. Terrestrial
organic material likely originated from the grass-savannah-covered Sahel zone in central Africa. Estimated C4 plant concentra-
tions and accumulation rates range from 10% to 37% and from almost zero to 0.09B.g/crespectively. The strongest
eolian supply to the northern Gulf of Guinea is indicated between 1.9 and 1.68 Ma and during glacial isotopic-24g28,22
14, and 12. The presence of grass-type plant debris is further supported by organic petrologic studies, which reveal well-pre-
served cell tissues of vascular plants or tube-shaped, elongated terrestrial macerals showing different levels of oxidation.

INTRODUCTION diagenetic alteration of sedimentary organic matter, its mode of
transportation, and the evolution of the depositional environment

Four sites (Sites 959-962) were drilled during Ocean Drilling ~ (Summerhayes, 1986; Jones, 1987; Stein and Littke, 1990). One of

Program (ODP) Leg 159 along a northeast-southwest depth transéd@ main targets of this study is to provide and compare two indepen-
on the Cdte d'Ivoire/Ghana Transform Margin (see insert map in Figﬁe”t sets of data that display quantitative proportions of marine and
1A; Mascle, Lohmann, Clift, et al., 1996). Site 959, positioned in errestrial sedimentary organic carbon (i.e., the organic carbon isoto-
shallow water (2100 m depth) on a small plateau that extends juB{C Signal B*Cy] and the maceral composition [organic petrology]).
north of the top of the margin crest on the southern shoulder of the !t iS well documented for the Quaternary subtropical and equato-
Deep Ivorian Basin, cored through undisturbed Neogene sedimerfi@! Atlantic that orbitally forced changes in the deposition of bioge-
down into Late Cretaceous strata. One of the paleoceanographic diUS carbonate and organic carbon and the displacement of water
jectives of Leg 159 was to investigate the Pliocene—Pleistocene eVBlaSses are closelly related to the .gIaC|aI./|ntergIaC|aI evolution of the
lution of carbonate-rich sediments formed under the influence of pagiobal atmospheric and oceanic circulation (Verardo and Mcintyre,
intermediate waters. In this study, detailed sedimentological and of-994; Bickert and Wefer, 1996; Mix and Morey, 1996, and referen-
ganic geochemical data obtained from Pliocene—Pleistocene sectidts therein). Compared to modern or warm interglacial climatic con-
of Hole 959C are presented and discussed with regard to their pa@nc_)ns, wmgi intensities at low Ie_mtudes were repetitively enforced
oceanographic and paleoclimatic implications for the eastern equatg4ring glacial and deglacial periods because of complex feedback
rial Atlantic off the Ivory Coast/Ghana. Special emphasis is placed off€chanisms interacting between the tropical Trade-, Harmattan-, and
the quantity and quality of the organic carbon matter deposited Aonsoon-wind systems and Northern Hemisphere glaciations (Sarn-
Hole 959C because detailed studies on the evolution of the orgarffe€in et al., 1982; deMenocal et al., 1993).

facies provide important information on the provenance and stage of !N the subtropical and equatorial Atlantic, these strengthened
wind systems triggered coastal and equatorial upwelling of nutrient-

rich intermediate waters or lateral cold water advection, which, in

— } turn, caused higher paleoproductivity during glacial periods (Muller
R@lﬂaﬁ; égllgé’:g;ﬂrgn%E'(g‘:‘;ﬂ“ﬂgﬁl'ﬁggpr“gérgs)' 1998. Proc. ODR Sd. ot gl., 1983; Mix, 1989; Berger and Herguera, 1992). Glacial/inter-
°Fachbereich 5 - Geowissenschaften, Universitét Bremen, Postfach 330440, 283@dacial cycles in total organic carbon (TOC) fluxes, reported from

Bremen, Federal Republic of Germany. tw@mail.sedpal.uni-bremen.de sediments along the northwestern (Muller et al., 1983; Stein et al.,
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Figure 1. A. Location of Site 959, major African vegetation zones, and general surface currentsin the equatorial Atlantic. Insert map shows detailed |ocations of
Sites 959-962 on the Cote-d’Ivoire/Ghana Transform Margin. Solid arrows = cold currents, open arrows = warm currents (Hart and80unan Ben-
nekom and Berger, 1984). Shaded areas = different types of high productivity areas (light gray = equatorial divergenagrayedpermanent upwelling,
dark gray = seasonal upwelling; van Bennekom and Berger, 1984; Voiturez and Herbland, 1982; van Leeuwen, 1989; Verstrakeits ttgogosition of Site
959 below the seasonally developed upwelling area off the lvory Coast/Ghana. (Continued next page.)

1989; Abrantes, 1992), eastern equatorial (Miller et al., 1994ransported as eolian dust to the Atlantic Ocean. During the boreal
Schneider et al., 1996), and southwestern (Calvert and Price, 1983ymmer, dust from the African continent reaches as far west as the
Hay and Brock, 1992) African margin and in the Equatorial Diver-Caribbean Sea (Semmelhack, 1943; Schitz, 1980), although most of
gence Zone (Verardo and Mclntyre, 1994), are generally interpretatie atmospheric dust is released to the central and eastern Atlantic
as recording these changes in paleoproductivity. (Sarnthein et al., 1982; Ruddiman and Janecek, 1989; Tiedemann et
Under modern climatic conditions, oceanic upwelling occurs inal., 1989; deMenocal et al., 1993; Fig. 1B). In response to the season-
the eastern equatorial Atlantic along the Equatorial Divergence Zored equatorward movement of the Intertropical Convergence Zone
as aresult of lateral advection of cold waters from the westward flondTCZ), the dust plume gradually migrates south and approaches its
ing South Equatorial Current (SEC) combined with tradewind-southernmost position during the boreal winter. During this season
induced divergence (Voiturez and Herbland, 1982; van Leeuwermolian material is released from the atmosphere over a broad area of
1989; Peterson and Stramma, 1991) and in the high-productivity réhe equatorial Atlantic from the Ivory Coast/Ghana in the east to the
gion of the Angola Basin (van Bennekom and Berger, 1984; Fig. 1ABrazilian margin in the west. Atmospheric dust obviously influences
Wind-induced coastal upwelling is reported all year long from thesedimentation at the location of Site 959 (Fig. 1B). Westerhausen et
coastal areas off northwest (Schemainda et al., 1975) and southwakt (1993) estimated from n-alkane distribution patterns in surface
(Hart and Currie, 1960; Lutjeharms and Meeuwis, 1987) Africa andediments off the Ivory Coast/Ghana that almost all of the terrestrial
during the boreal summer off the Ivory Coast/Ghana (Voiturez andrganic matter identified in the sediments is derived from eolian sup-
Herbland, 1982; Verstraete, 1992). The extension of the upwellingly. Based on mineralogical and palynological evidence, the source
region off the Ivory Coast/Ghana clearly covers the position of ODRireas for eolian dust recovered in equatorial Atlantic deposits are lo-
Site 959 (Fig. 1A) and is measured by heavy carbon isotopic signatslized in the arid to semiarid zones of central Africa (Pokras and
of sedimentary organic carbad{C,,), which are interpreted to doc- Mix, 1985; Sarnthein et al., 1982; Bonifay and Giresse, 1992).
ument a dominance of marine organic carbon in surface sediments Continental dust is generally composed of minor amounts of ter-
along the west African shelf (Westerhausen et al., 1993). restrial organic matter, which, to some extent, represents the vegeta-
The Trade-, Harmattan-, and Monsoon-wind systems, on the oth&éon cover of the source area. Remains of terrestrial plants are ad-
hand, have a major control over the amount of terrigenous materialixed to lithogenic dust either as highly resistant organic particles or
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Figure 1 (continued). B. Location of Site 959 and generalized atmospheric circulation patterns during northern summer and winter. Solid arrows = surface
winds, open arrows = the mid-level African Easterly Jet (AEJ) and the Saharan Air Layer. Shaded areas = the approximate source areas for dust (dark gray) and
corresponding positions of seasonal dust plumes (light gray) (modified after Semmelhack, 1943; Schiitz, 1980; Ruddirf@6;e®akras and Mix, 1985).
Note the marginal position of Site 959 below the northern winter dust plume.

@ 959

as macromolecular compounds of plant biomass depending on the Stratigraphy and Calculation of Long-Term Fluxes
composition and density of the vegetation and its stage of bio-

geochemical degradation. High abundances of lipids from vascular Chronostratigraphy of the uppermost 22-m section of Hole 959C
plants were detected in aerosols collected over the Atlantic (Simo- is based on stable oxygen and carbon isotope data performed on tests

neit, 1977; Chesselet et al., 1981) and the central Pecific Ocean of the epibenthic taxo@ibicideswuellerstorfi at Woods Hole Ocean-
(Chesselet et al., 1981; Gagosian and Peltzer, 1985; Zafiriou et al., ographic Institution (G.P. Lohmann, pers. comm., 1997) supplement-
1985; Gagosian et al., 1987; see Prahl and Muehlhausen, 1989, for ed by the CN14a/b and the CN13b/14a biostratigraphic events (Shin
further discussion). Because of the resistant chemical composition of et al., Chap. 39, this volume). Shipboard magnetostratigraphic dat-
terrestrial biomass, terrestrial organic matter has an excellent poten- ings reported for the uppermost 20 m of Hole 959A were not consid-
tial to be preserved in marine sediments, either as palynomorphs or ered for Hole 959C stratigraphy because of discrepancies between
as terrestrial biomarkers (Tissot and Welte, 1984). Variable eolian nannofossil and geophysical records. The offset between both sets of
supply of palynomorphsin response to Quaternary climatic cyclesis datums is striking below the top of Core 159-959C-3H, suggesting ei-
documented in numerous hemipelagic and pelagic records obtained ther a gap between the two holes or inaccurate determination of mag-
all along the west African margin (Maley, 1982; Turon, 1984; Lézinenetostratigraphic ages because of the low intensity of magnetization
and Hooghiemstra, 1990; Lézine, 1991; Dupont and Agwu, 1991and eventually drilling-induced magnetization in Hole 959A (see
Frédoux, 1994) and the central equatorial Atlantic (Pokras and MixMagnetostratigraphy” section in the “Site 959" chapter ofl thial
1985; Pokras and Ruddiman, 1989; deMenocal et al., 1993; VerardReports volume [Mascle, Lohmann, Clift, et al., 1996]). Correlation
and Ruddimann, 1996). Climate-related variations in the amount aff magnetic susceptibilitsecords of all three holes drilled at Site 959
terrestrial lipids in Cenozoic sediments are reported from the equattrdicates that about 0.4 m and 4.0 m of the sediment sequence of Hole
rial (Poynter et al., 1989), subtropical (ten Haven et al., 1989), an@#59C are missing between Cores 159-959C-1H and 2H, and between
northeastern Atlantic (Santos et al., 1994), typically revealing elevatCores 159-959C-2H and 3H, respectively. The age model of Hole
ed concentrations during glacials compared to interglacials. 959C is based on graphic, computer-aided correlation ob'fiae
Contribution of significant amounts of fluviatile material to the record to the well-dated, high-resolution record of Site 659 (Tiede-
location of Hole 959C could be disregarded considering the strongijann et al., 1994). Definition of oxygen isotopic events and their
reduced river discharge from the adjacent coastline and the effectieenversion into absolute ages follows Martinson et al. (1987), with
channeling of downslope-moving sediments through the steep “Troumodifications by Berger et al. (1994). Age fixpoints used in this
Sans-Fond” canyon off Abidjan (Droz et al., 1985; Giresse andtudy, corresponding depth levels, sources of datums, mean linear
Barusseau, 1989). Today, the Comoe river mouth is displaced 30 ksedimentation rates (LSR) and mean average accumulation rates are
west from the “Trou-Sans-Fond” canyon (Martin, 1974), where it hasisted in Table 1 and are presented in an age/depth plot for Hole 959C
probably maintained since the Oligocene (Simon and Amakoun Figure 2. According to the macroscopic shipboard description of
1984). lithologies (Mascle, Lohmann, Clift, et al., 1996) no visual evidence
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for slumping or other disturbance of the upper sedimentary column Table 1. Level in core, age determination, source of datum, mean linear
was encountered, indicating a slow but continuous sedimentation on sedimentation rates, and mean accumulation rates for the upper most 22
the upper flank of the Cbéte d’lvoire-Ghana Transform Marginm of Hole 959C.

throughout the Pliocene—Pleistocene. Microstructure analysis re-

vealed a number of millimeter- to centimeter-thick laminae with in- Depth  Time Source of LSR AR bulk average
creased concentrations of foraminifers (Giresse et al., Chap. 43, this (mbsf) (M3 daum - (emky) - (glomiky.)

volume). Average mean LSR below 1 cm/k.y., however, are distinct- 0.01 0.000 cce 1.90 0.928
ly lower than the average three to four times higher mean LSR report- g-gi 8-%51) 88% 8-€l’g g-ggi
ed from the eastern equatorial Atlantic at water depths between 3500 164 0.234 cCe 123 0.785
and 4000 mbsf (Bickert and Wefer, 1996). Determination of mass ac- 2-:& 0.297 ccC %gg 1-43?
cumulation rates (AR) of bulk sediment and individual components ‘31:51 8%2 ggg 077 8%2
was performed according to van Andel et al. (1975). Dry bulk density 481 0474 CN14b/CNlda 231 1.498
(DBD) is calculated from water contents following Ruddiman and e 53 e oo o
Janecek (1989). Data are reported in Table 2. 8.41 0.756 ccc 1.64 1.092
1101 0915 ccc 121 0.822
1181 0981 ccc 0.61 0.822
SAMPLE PREPARATION AND ANALYTICAL Dol Tess  onvacnim o e
APPROACH 1781 1914 ccc 170 1.190
2061 2079 ccc 1.48 1112
2101 2106 ccc 1.48 1113

Water contents were determined from samples taken on board
ship. Slices (2.5 cm) of a quarter core (20? golume) were contin-  Notes: CCC = core-to-core correlation. Stratigraphy according to G.P. Lohmann (pers.
uously taken on board and deep frozen immediately after sampling in comm., 1997) and Shin et al. (Chap. 39, this volume).
sealed plastic bags a20°C. Samples were kept deep frozen until
they were weighed, freeze dried, and weighed again in the sho Age (Ma)
based laboratory. In this study, bulk sedimentological and orgar 60 02 04 06 08 10 12 14 16 18 20
geochemical data are presented at 10-cm spacings, correspondin :<'<]—_1-9g grglckg/-k
about 10 k.y., based on average mean sedimentation rates. = 015 emiky.

To document fluctuations in the relative proportions of the coars 4_1-22358’“6";17”

(>63 um) and fine (<63 um) fraction of the bulk sediment, a sar 4] <1_ 12 C'm'/k
record was performed at 10-cm spacings for the upper 22 m of H¢ ] < 077 Cm‘,iiy,
959C. To obtain coarse fraction contents, a split of the freeze-dri

. 6 ] <+—— 2.31cmik.y.
and weighed bulk samples was carefully washed over a 63-um me 1 —— 0.86 cmiky
sieve. The dried coarse material was weighed again to determine . — 089 cmiky.

weight percent of a sand-sized fraction and then forwarded for furtf

analysis, (i.e., for stable oxygen and carbon measurements; C @ < 1,64 cmik.y.

Lohmann, pers. comm., 1997). The residual fine material (<63 p g 107

particle size) was collected and stored in 100-mL plastic containe < & 122 emiky.

at 2°C in an ammonium-buffered demineralized water solution. 3 2] I o6Lemiky.
Organic and inorganic carbon were measured on homogeniz

samples using a Leco CS-300 elemental analyzer. For the determi 144

tion of organic carbon, calcium carbonate was removed by repetiti ]

addition of 0.25 N HCI. The carbonate content of the samples w 6] 214 ey,

calculated from the difference between total and organic carbon & ] ' Y

expressed as calcite [CagO(Cy—Corg) % 8.33]. To evaluate the re- 18 7

producibility of carbon data, duplicates were routinely measured. T 1 1.70 cmik.y. —>

tal nitrogen was measured on untreated samples using a Hera 201

CHN-O-Rapid elemental analyzer, as described by Miiller et ¢ ] 1.48 em/ky. —>

(1994). 2

Qualitative characterization of sedimentary organic matter we
derived from pyrolytic and elemental {gN,,,) results. Quantitative
data were obtained on a selected set of samples using (1) the isot:
record of the sedimentary organic carbd#,,) and (2) results
from macerahnalysis (organic petrology). Whereas the calculation
of marine vs. terrigenous proportions of organic carbon is well estalsource rock sensu Espitalié et al. (1977), but potentially reflect HC
lished for thed*C,, records of the equatorial Atlantic (e.g. Mdiller et generated from labile marine biopolymers (Liebezeit and Wiesner,
al., 1994; Schneider et al., 1996), there are no organic petrologic dat889; Wagner and Henrich, 1994). HC detected in the S1 window
published for unconsolidated deposits. The potential of organic petvere therefore added to the S2 (kerogen) yield before hydrogen indi-
rologic studies on near-surface sediments, however, has been recargs (HI) were calculated (Tissot and Welte, 1984) using TOC values
ly demonstrated in late Quaternary deposits of the Norwegian-Greenbtained from Leco analysis. Reduction of HC generation as a result
land Sea (Wagner, 1993; Wagner and Henrich, 1994; Hélemann ainfl matrix adsorption (Katz, 1983) was estimated according to Lang-
Henrich, 1994; Wagner and Hélemann, 1995) and in surface sedird and Blanc-Valleron (1990). The S1 + S2 yield vs. TOC plot re-
ments of the North Sea (Wiesner et al., 1990). veals a significant influence of mineral matrix adsorption, as indicat-

Rock-Eval pyrolysis was performed on the total set of bulk samed by an x-intercept of 0.35% TOC on the regression line (Fig. 3).
ples using the standard analytical cycle described by Espitalié et alydrogen indices were therefore corrected using the equation HI =
(1977). For the thermally immature organic character of the uncorf{S1 + S2)-100]/(TOC — 0.35%).
solidated samples of Hole 959C, hydrocarbons (HC) detected in the Isotopic measurements of sedimentary organic card8G,(,)

S1 window do not represent the oil fraction of thermally maturewere performed using a Finnigan MAT delta E mass spectrometer

Figure 2. Age/depth plot for Hole 959C. Stratigraphic datums are taken from
G.P. Lohmann (pers. comm., 1997) and Shin et a. (Chap. 39, thisvolume).
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Table 2. Percentages of water content, bulk density, and porosity for the upper 22 m of Hole 959C.

Water Dry bulk
Core, section, Depth content density Porosity
interval (cm) (mbsf) (%) (g/cmd) (%)
159-959C-

1H-1, 2.5-5.0 0.04 67.14 0.43 83.62
1H-1, 12.5-15.0 0.14 65.87 0.45 82.88
1H-1, 22.5-25.0 0.24 57.02 0.60 71.25
1H-1, 42.5-45.0 0.44 54.83 0.64 75.73
1H-1, 52.5-5.0 0.54 49.87 0.74 72.04
1H-1, 62.5-65.0 0.64 50.30 0.73 72.37
1H-1, 72.5-75.0 0.74 50.50 0.73 72.53
1H-1, 82.5-85.0 0.84 49.49 0.75 71.74
1H-1, 92.5-95.0 0.94 51.35 0.71 73.18
1H-1, 102.5-105.0 1.04 51.12 0.72 73.00
1H-1, 112.5-115.0 114 52.49 0.69 74.03
1H-1, 122.5-125.0 1.24 54.01 0.66 75.14
1H-1, 132.5-135.0 134 51.83 0.70 73.53
1H-1, 142.5-145.0 144 55.65 0.63 76.30
1H-2,2.5-5.0 154 53.84 0.66 75.02
1H-2, 22.5-25.0 1.74 58.01 0.59 77.92
1H-2, 32.5-35.0 1.84 54.37 0.65 75.40
1H-2, 42.5-45.0 1.94 51.83 0.70 73.54
1H-2, 52.5-55.0 204 55.14 0.64 75.95
1H-2, 62.5-65.0 214 54.69 0.65 75.63
2H-1,2.5-5.0 2.34 56.43 0.61 76.85
2H-1,12.5-15.0 244 53.00 0.68 74.41
2H-1,22.5-25.0 254 47.59 0.79 70.23
2H-1, 32.5-35.0 2.64 55.73 0.63 76.36
2H-1, 42.5-45.0 274 54.68 0.65 75.62
2H-1,52.5-55.0 2.84 54.59 0.65 75.56
2H-1, 62.5-65.0 294 50.92 0.72 72.85
2H-1, 72.5-75.0 3.04 54.62 0.65 75.58
2H-1, 82.5-85.0 314 53.46 0.67 74.74
2H-1, 92.5-95.0 324 52.52 0.69 74.05
2H-1, 102.5-105.0 334 48.19 0.78 70.72
2H-1, 112.5-115.0 344 51.20 0.71 73.06
2H-1, 122.5-125.0 3.54 51.58 0.71 73.35
2H-1, 132.5-135.0 3.64 51.43 0.71 73.24
2H-1, 142.5-145.0 3.74 51.15 0.71 73.02
2H-2,2.5-5.0 384 52.66 0.68 74.16
2H-2,22.5-25.0 4.04 53.86 0.66 75.03
2H-2,32.5-35.0 414 56.29 0.62 76.75
2H-2,42.5-45.0 4.24 53.75 0.66 74.95
2H-2,52.5-55.0 4.34 53.01 0.68 74.41
2H-2, 62.5-65.0 4.44 54.09 0.66 75.20
2H-2, 72.5-75.0 454 55.18 0.64 75.98
2H-2, 82.5-85.0 4.64 56.34 0.62 76.78
2H-2,92.5-95.0 474 55.66 0.63 76.31
2H-2, 102.5-105.0 4.84 54.80 0.64 75.70
2H-2,112.5-115.0 4,94 56.93 0.60 77.19
2H-2,122.5-125.0 5.04 57.50 0.59 77.58
2H-2, 132.5-135.0 514 53.06 0.68 74.45
2H-2, 142.5-145.0 5.24 55.73 0.63 76.37
2H-3,2.5-5.0 534 56.17 0.62 76.67
2H-3,12.5-15.0 5.44 56.84 0.61 77.13
2H-3, 22.5-25.0 5.54 56.25 0.62 76.73
2H-3, 32.5-35.0 5.64 54.22 0.65 75.29
2H-3,42.5-45.0 574 52.55 0.69 74.07
2H-3,52.5-55.0 5.84 56.04 0.62 76.58
2H-3, 62.5-65.0 594 55.45 0.63 76.17
2H-3,72.5-75.0 6.04 49.59 0.75 71.82
2H-3, 82.5-85.0 6.14 51.95 0.70 73.62
2H-3, 92.5-95.0 6.24 52.57 0.69 74.09
2H-3, 102.5-105.0 6.34 53.51 0.67 74.78
2H-3, 112.5-115.0 6.44 55.63 0.63 76.29
2H-3,122.5-125.0 6.54 53.37 0.67 74.67
2H-3,132.5-135.0 6.64 52.82 0.68 74.27
2H-3, 142.5-145.0 6.74 52.78 0.68 74.25
2H-4,2.5-5.0 6.84 52.66 0.68 74.16
2H-4,12.5-15.0 6.94 53.62 0.67 74.8

2H-4,22.5-25.0 7.04 53.51 0.67 74.78
2H-4, 32.5-35.0 7.14 52.17 0.69 73.79
2H-4, 42.5-45.0 7.24 48.88 0.76 71.26
2H-4,52.5-55.0 7.34 50.75 0.72 72.72
2H-4, 62.5-65.0 7.44 4853 0.77 70.99
2H-4,72.5-75.0 754 50.11 0.74 72.23
2H-4, 82.5-85.0 7.64 5341 0.67 74.71
2H-4,92.5-95.0 7.74 53.26 0.67 74.60
2H-4, 102.5-105.0 7.84 52.92 0.68 74.35
2H-4,112.5-115.0 7.94 54.80 0.64 75.70
2H-4,122.5-125.0 8.04 51.35 0.71 73.17
2H-4,132.5-135.0 8.14 53.63 0.67 74.87
2H-4,142.5-145.0 8.24 47.59 0.79 70.23
2H-5, 2.5-5.0 834 49.23 0.75 7154
2H-5,12.5-15.0 8.44 47.34 0.79 70.03
2H-5, 22.5-25.0 854 51.15 0.71 73.02
2H-5, 32.5-35.0 8.64 52.29 0.69 73.88
2H-5, 42.5-45.0 8.74 53.81 0.66 75.00
2H-5, 52.5-55.0 8.84 59.37 0.56 78.83
2H-5, 62.5-65.5 8.94 55.36 0.63 76.10
2H-5, 72.5-75.0 9.04 56.54 0.61 76.92
2H-5, 82.5-85.0 9.14 56.31 0.62 76.76

Water Dry bulk
Core, section, Depth content density Porosity
interval (cm) (mbsf) (%) (g/cmd) (%)
2H-5, 92.5-95.0 9.24 49.38 0.75 71.66
2H-5, 102.5-105.0 9.34 56.60 0.61 76.97
2H-5, 112.5-115.0 9.44 54.00 0.66 75.13
2H-5, 122.5-125.0 9.54 54.57 0.65 75.54
2H-5, 132.5-135.0 9.64 53.20 0.67 74.55
2H-5, 142.5-145.0 9.74 54.02 0.66 75.15
2H-6, 2.5-5.0 9.84 56.50 0.61 76.89
2H-6, 12.5-15.0 9.94 54.52 0.65 75.51
2H-6, 22.5-25.0 10.04 54.34 0.65 75.38
2H-6, 32.5-35.0 10.14 53.27 0.67 74.61
2H-6, 42.5-45.0 10.24 52.29 0.69 73.88
2H-6, 52.5-55.0 10.34 51.46 0.71 73.26
2H-6, 62.5-65.0 10.44 53.01 0.68 74.41
2H-6, 72.5-75.0 10.54 54.57 0.65 75.54
2H-6, 82.5-85.0 10.64 51.41 0.71 73.22
2H-6, 92.5-95.0 10.74 54.14 0.66 75.24
2H-6, 102.5-105.0 10.84 51.65 0.70 73.40
2H-6, 112.5-115.0 10.94 52.50 0.69 74.04
2H-6, 122.5-125.0 11.04 54.23 0.65 75.30
2H-6, 132.5-135.0 1114 55.63 0.63 76.29
2H-6, 142.5-145.0 11.24 54.25 0.65 75.31
2H-7,2.5-5.0 11.34 54.01 0.66 75.14
2H-7,12.5-15.0 11.44 51.83 0.70 73.54
2H-7,22.5-25.0 1154 52.16 0.69 73.78
2H-7,32.5-35.0 11.64 52.68 0.68 74.17
2H-7,42.5-45.0 11.74 52.49 0.69 74.03
2H-7,52.5-55.0 11.84 49.88 0.74 72.05
2H-7, 62.5-65.0 11.94 53.90 0.66 75.06
3H-1, 2.5-5.0 11.84 59.45 0.56 78.88
3H-1, 12.5-15.0 11.94 57.56 0.59 77.62
3H-1, 22.5-25.0 12.04 56.87 0.61 77.15
3H-1, 32.5-35.0 12.14 57.33 0.60 77.46
3H-1, 42.5-45.0 12.24 58.18 0.58 78.04
3H-1, 52.5-55.0 12.34 53.10 0.68 74.48
3H-1, 62.5-65.0 12.44 56.15 0.62 76.65
3H-1, 72.5-75.0 12.54 54.02 0.66 75.15
3H-1, 82.5-85.0 12.64 47.64 0.79 70.27
3H-1, 92.5-95.0 12.74 50.40 0.73 72.45
3H-1, 102.5-105.0 12.84 52.18 0.69 73.80
3H-1, 112.5-115.0 12.94 51.77 0.70 73.49
3H-1, 122.5-125.0 13.04 56.87 0.61 77.15
3H-1, 132.5-135.0 13.14 55.33 0.63 76.08
3H-1, 142.5-145.0 13.24 54.56 0.65 75.54
3H-2,2.5-5.0 13.34 53.77 0.66 74.97
3H-2,12.5-15.0 13.44 54.10 0.66 75.21
3H-2, 22.5-25.0 1354 51.05 0.72 72.95
3H-2, 32.5-35.0 13.64 51.69 0.70 73.43
3H-2,42.5-45.0 13.74 56.60 0.61 76.97
3H-2, 52.5-55.0 13.84 48.87 0.76 71.26
3H-2, 62.5-65.0 13.94 56.23 0.62 76.71
3H-2, 72.5-75.0 14.04 53.81 0.66 75.00
3H-2, 82.5-85.0 14.14 56.03 0.62 76.57
3H-2, 102.5-105.0 14.34 53.61 0.67 74.85
3H-2, 112.5-115.0 14.44 54.60 0.65 75.56
3H-2, 122.5-125.0 14.54 55.15 0.64 75.95
3H-2, 132.5-35.0 14.64 58.76 0.57 78.43
3H-2, 142.5-145.0 14.74 55.02 0.64 75.86
3H-3,2.5-5.0 14.84 51.87 0.70 73.57
3H-3,22.5-25.0 15.04 52.98 0.68 74.39
3H-3, 32.5-35.0 15.14 52.56 0.69 74.08
3H-3, 42.5-45.0 15.24 54.92 0.64 75.79
3H-5, 52.5-14.8 15.34 56.17 0.62 76.67
3H-3, 62.5-65.0 15.44 56.17 0.62 76.67
3H-3, 72.5-75.0 15.54 54.76 0.64 75.67
3H-3, 82.5-85.0 15.64 53.28 0.67 74.61
3H-3, 102.5-105.0 15.84 53.70 0.66 74.91
3H-3, 112.5-115.0 15.94 51.61 0.71 73.37
3H-3, 122.5-125.0 16.04 53.97 0.66 75.11
3H-3, 132.5-135.0 16.14 53.61 0.67 74.85
3H-3, 142.5-145.0 16.24 51.95 0.70 73.63
3H-4,2.5-5.0 16.34 49.65 0.75 71.87
3H-4, 22.5-25.0 16.54 51.03 0.72 72.93
3H-4, 32.5-35.0 16.64 53.75 0.66 74.95
3H-4, 42.5-45.0 16.74 54.88 0.64 75.76
3H-4, 52.5-55.0 16.84 54.36 0.65 75.39
3H-4, 62.5-65.0 16.94 51.71 0.70 73.45
3H-4, 72.5-75.0 17.04 52.81 0.68 74.27
3H-4, 82.5-85.0 17.14 53.15 0.68 74.51
3H-4, 92.5-95.0 17.24 54.25 0.65 75.31
3H-4, 102.5-105.0 17.34 52.14 0.70 73.77
3H-4, 112.5-115.0 17.44 48.65 0.77 71.08
3H-4, 122.5-125.0 17.54 51.41 0.71 73.22
3H-4, 132.5-135.0 17.64 51.56 0.71 73.33
3H-4, 142.5-145.0 17.74 50.32 0.73 72.39
3H-5, 2.5-5.0 17.84 51.34 0.71 73.17
3H-5, 12.5-15.0 17.94 51.00 0.72 72.91
3H-5, 22.5-25.0 18.04 49.81 0.74 72.00
3H-5, 32.5-35.0 18.14 51.02 0.72 72.92
3H-5, 42.5-45.0 18.24 50.72 0.72 72.70
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Table 2 (continued). 1.4
. ) L]
[ ]
Water Dry bulk E

Core, section, Depth content density Porosity 1.2 ™ ®

interval (cm) (mbsf) (%) (g/cm3) (%) 1
3H-5, 52.5-55.0 18.34 50.15 0.74 72.25 14
3H-5, 62.5-65.0 18.44 52.69 0.68 74.18 - ]
3H-5, 72.5-75.0 18.54 52.73 0.68 74.20 $) ]
3H-5, 82.5-85.0 18.64 53.15 0.68 74.52 (@] ]
3H-5, 92.5-95.0 18.74 53.16 0.68 7453 5 0.8
3H-5,1025-105.0  18.84 53.57 0.67 74.82 S ]
3H-5,1125-115.0  18.94 54.01 0.66 75.14 I ]
3H-5, 122.5-125.0 19.04 51.20 0.71 73.06 =y ]
3H-5, 132.5-135.0 19.14 52.61 0.69 74.12 é 0.6
3H-5,1425-145.0  19.24 50.13 0.74 72.25 N
3H-6, 2.5-5.0 19.34 51.98 0.70 73.65 el
3H-6, 12.5-15.0 19.44 52.49 0.69 74.03 a
3H-6, 22.5-25.0 1954 53.08 0.68 74.46 044 o .
3H-6, 32.5-35.0 19.64 52.68 0.68 7417 ] X-intercept
3H-6, 42.5-45.0 19.74 52.10 0.70 73.74 1 0.35% TOC
3H-6, 52.5-55.0 19.84 51.62 0.71 73.38 J
3H-6, 62.5-65.0 19.94 52.28 0.69 73.88 0.2
3H-6, 72.5-75.0 20.04 52.43 0.69 73.99 i
3H-6, 82.5-85.0 20.14 52.81 0.68 74.26
3H-6, 92.5-95.0 20.24 52.52 0.69 74.05 E
3H-6,1025-1050  20.34 5113 072 73.01 0 — 777
3H-6,1125-115.0  20.44 50.78 0.72 72.74
3H-6,1225-125.0  20.54 48.46 0.77 70.93 0.0 0.2 0.4 06 08 10 12 14
3H-6,1325-135.0  20.64 47.98 0.78 70.55 TOC (%)
3H-6,142.5-145.0  20.74 48.18 0.78 70.71
gn; 525551% 0 gg.& zslg.(l)g 8;8 gg% Figure 3. Graphic presentation of S1 + S2 yields vs. total organic carbon
3H-7 225250 5104 20,34 073 mal (TOC) of Rock-Eval data frqm Hole 959C (modlfl_ed a_fter Langford and
3H-7,32.5-35.0 21.14 50.23 0.73 72.32 Blanc-Valleron, 1990). The x-intercept of the regression line at 0.35% TOC
3H-7,42.5-45.0 2124 47.55 0.79 70.19 indicates an intense influence of mineral-matrix effects on Pliocene—Pleis-

tocene samples.

and a Heraeus CHN-Rapid elemental analyzer interfaced by an auto- broad range of small and large particles. Factors may compensate for

mated trapping box. Samples were prepared as described for TOC the different particle sizes. Their application, however, becomes

measurements. The amount of marine organic carbon was cal culated more important the higher the proportion of larger organic particles

using a simple mixing equation between the two end-members ofare. Organic matter observed in sediments of Hole 959C is clearly

18%0 and-27%. for marine and terrigenous organic matter, respecdominated by very small particle sizes (<10 um, detrinite) revealing

tively. on average 80% of the total maceral composition (see discussion be-
Organic petrologic analysis was performed on bulk sedimenkow). The relative precision of microscopic results, based on dupli-

samples using a Zeiss Axiophot equipped with incident normal andate countings, was below 5%. To avoid any artifact produced by the

ultraviolet light. Organic petrology may provide important quantita-application of factors, no correction for particle sizes was conducted

tive data on the composition of sedimentary organic matter because Hole 959C samples. The inaccuracy of microscopic data might

more than 80% of the total organic matter occurs in the form of disgenerally result in a minor overestimation of the marine proportion of

crete, optical, resolvable particles (Littke, 1993). Thoroughly crushededimentary OM.

bulk sediment samples were embedded under vacuum conditions in

a low-viscous resin, then stored for at least two days before the spec- RESULTS

imen surface was ground and polished. Influence of mechanical frag- ) o ) ) )

mentation of organic particles during sample preparation on organicPliocene—Pleistocene Variations in Physical Properties,

petrologic results can be disregarded because microscopic investiga- Mean Linear Sedimentation Rates,

tions were exclusively performed on undisturbed sediment pellets. and Mean Accumulation Rates

Organic particle identification was conducted at 500- and 1000-fold

magnification using both normal and ultraviolet light mode. Individ-  The calculated water content, porosity, and dry bulk density

ual macerals (250) were counted as grain% of the whole macerd@BD) records for the upper 22 m of Hole 959C are presented at 10-

composition on each sample, following the standard nomenclature ofn spacingsin Figure 4. Additional physical property dataperformed

Stach et al. (1982). Some modifications concerning the group of mahipboard on depth-equivalent sections of Hole 959A indicate afairly

rine macerals were necessary to obtain a more useful classificatignod hole-to-hole correlation for the upper half of the record, taking

for the sediments studied. Alginite sensu Stach et al. (1982) was nitie different position and sampling resolution in account. Variations

observed. Instead, dinoflagellate cysts and fragments of them (<10 physical properties, which are probably related to glacial/intergla-

um, liptodetrinite of marine origin) represent the most common andial changesinthe composition of lithologies, are most obviousin the

well-preserved indicators of past export production and were thereipper 10 m of Hole 959C. Minor fluctuationsin all three parameters

fore counted as marine alginite. Other organic particles of possiblare commonly reflected by slight variationsin sediment color and the

marine origin, for example bituminite, foraminifer linings or fluores- occurrence of laminated intervals observed during shipboard core de-

cent amorphous organic matter (AOM) also occur. Considering thscription (Mascle, Lohmann, Clift, et a., 1996). Intervalsenriched in

general concerns of quantitative data based on microscopic resultsraminifers were recognized in the alternating sequence of dark

some principal methodological limitations have to be considered: (1gray-green to gray nannofossil oozes with foraminifers, and foramin-

Separation of fluorescent fragments of marine (alginite) and terrestrifer-nannofossil oozes of Hole 959C (see shipboard core description

al (sporinite, cutinite) macerals; (2) identification of lateral advectedy Mascle, Lohmann, Clift, et a., 1996) and are generally character-

marine organic particles; and (3) distinguishing of highly reflectingized by elevated DBD (Fig. 4) and, even more obviously, by peak

detrital inertinite and small-sized mineral grains (Combaz et al.coarse fraction and bulk carbonate contents. The drastic decrease in

1974). In addition, differences in size and average density of organdBD in the uppermost 50 cm of Hole 959C documents the water-

particles have to be taken into account, especially if macerals covesaurated top of the unconsolidated sedimentary column, which

562



Water content

Dry bulk density

(%) (g/em®)
4c 50 60 70 04 06 08 10
O 1 = 1 1
T L . . ® .
1 ia. '\“'-.b ".\': >- .\!' E
il Sa See .
2 b c e <% [ o
o : s* ‘.\'" -'l‘ E
3 E iy .t e L 3
iy 7 7 i
4 J. J_J- LI f_‘ . Y 2 E
s JEE A a
e ,-.:' .} ':‘.. ;
6 I . e :'-.. . F
7 I J.id. e l" > >"l“ E
r L . .. ; . F
8 Jriah S LA e F
9 I - A "
93 .“ “ .- E
N £t 5. L
% 1 g J_ii v s ¥ 3
'% e "’l' .‘:l'. '1“' E
01244 A AR K F
S . * [ ® .
13 4 s r e - s
B J-J. . < s': K
14 H- . .: . 3
Ly “ o . F
15 355 Y 3
S . o ..
16 4 | J.i ot : °: > > HE =
. * . ® e - *
17 ot '_1: "zf ‘_:" F
B - 5 ) <. F
18 k] N ) % E
N o ". -k ; . g
194 R 2 } > > o
S r LY E
20 Lt 4 3 ‘ 3
[ J-J. ‘ s ! 2 Y ?
21 47 J_J- .2 [ . . ‘s, E
g S R L g
| lenofosil’ooze 60 76 g 8IO 9 r
Foraminiferal ooze Por osity
Clay %)

Figure 4. Water content, porosity, and dry bulk density of the upper 22 m of
Hole 959C vs. sub-bottom depth. Hole 959A shipboard data are indicated by
triangles for comparison. Lithology is shown for illustration (modified from
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Figure 5. Linear sedimentation rates (LSR), bulk mass accumulation rates
(bulk AR) and corresponding accumulation rates of bulk calcium carbonate
and total organic carbon of Hole 959C vs. time. The stable oxygen isotope
record (G.P. Lohmann, pers. comm., 1997), positions of interglacial stages
(light-gray bars), and chronostratigraphic datums (asterisks: G.P. Lohmann,
pers. comm., 1997; Shin et a., Chap. 39, this volume) used for flux calcula-
tions are shown for illustration.

Mascle, Lohmann, Clift, et a., 1996).

veal characteristic maxima and minima known from other pelagic
records of the Guinea Basin (Verardo and Mcintyre, 1994; Bickert
and Wefer, 1996). In the South Atlantic these patterns are commonly
faceisderived from sedimentological, organic geochemical, and iso- related to glacial/interglacial carbonate production/dissolution cycles
topic data. caused by the vertical or lateral displacement of corrosive and non-
Based on the first stratigraphic model established for Plioceneeorrosive bottom waters. Enhanced carbonate dissolution causes
Pleistocene sections of Hole 959C, mean linear sedimentation ratesonger fragmentation of carbonaceous shells and is recorded by re-
(LSR) and corresponding average mean accumulation rates (AR) rduced sand and carbonate contents. The sand and carbonate maxima
main continuously low, scattering from 0.1 to 2.3 cm/k.y. and 0.08 tand minima of Hole 959C are separated by ~0.5 to 1.4 m, which cor-
1.50 g/cr/k.y., respectively (Fig. 5). Given the variable density ofrespond to ~50 to 140 k.y., based on mean sedimentation rates of 1
stratigraphic fixpoints between the time intervals-2.85 Ma and  cm/k.y. The sand fraction is almost exclusively composed of fora-
1.0-0.0 Ma, elevated LSR and AR exceeding 1.5 cm/k.y. and 1.0 ghinifer tests that are partly filled by green clay and silt-sized quartz
cn?/k.y., respectively, appear typical prior to 1.68 Ma, followed by a(Giresse et al., Chap. 43, this volume). Green grain concentrations
drastic drop in both parameters. Younger core intervals in generabmprise on average ~10% of the total sand fraction, with the excep-
show low levels in LSR and AR, except for the time intervals betion of the basal part of Core 159-959C-2H below 11 mbsf, where rel-
tween 0.52 to 0.47 Ma, 0.35 to 0.30 Ma, and 0.02 to 0.00 Ma, whedive proportions rise up to 48% (Giresse et al., Chap. 43, this vol-
rates reach comparable values, as in the lowermost core section prione). Glacial/interglacial sand and carbonate cycles of Hole 959C
to 1.68 Ma. The corresponding average mean AR for carbonate cgreunger than ~0.9 Ma, equivalent to 11 mbsf, frequently show the
bon and organic carbon closely follow the LSR and bulk AR recordshighest sand and carbonate values co-occur with peak TOC contents
Calculated mean AR for individual components range from 0.1 ta@uring glacial intervals (Figs. 6, 7). This is most obviously recorded
0.85 g/cni/k.y. and from almost zero to 0.02 gAtkay., respectively  during isotopic Stages 224, 16, 12, 8, and 4. In this part of the core,
(Fig. 5). sand and carbonate contents exhibit high-amplitude variations rang-
ing from 15% to 50% and from 30% to 55%, respectively. Correla-
The Pliocene—Pleistocene Sand and Carbonate Record tion and relative amounts of sand and carbonate, however, distinctly
change at the top and bottom of the record, suggesting general chang-
Weight-percentage records of coarse fraction (>63 um) and bulkés in the depositional setting prior to ~1.5 Ma and apparently for the
calcium carbonate vs. depth and time are shown for Pliocendast 60 ka.
Pleistocene sections of Hole 959C in Figures 6 and 7 and are listed in The core section below 11 mbsf of Hole 959C (0.9 Ma and older)
Table 3. Sand and carbonate values overall correlate positive and ig-characterized by lower but still highly variable carbonate contents,

seemsto be heavily influenced by drilling-induced disturbance of the
sediments. Additional evidence for disturbance of the sediment sur-
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Figure 6. Weight percentages of sand (>63-um fraction), bulk calcium ce Figure 7. Weight percentages of sand (>63-um fraction), bulk calcium car-
bonate, and total organic carbon vs. sub-bottom depth in the upper 22-m < bonate, and total organic carbon of Hole 959C vs. time. The stable oxygen

tion of Hole 959C. Lithology (modified after Mascle, Lohmann, Clift, et al.,

isotope record (G.P. Lohmann, pers. comm., 1997) and position of intergla-

1996), stable oxygen isotope record (G.P. Lohmann, pers. comm., 1997), i cial stages (light-gray bars) are shown for illustration.
position of interglacial stages (light-gray bars) are shown for illustratior.

Symbols used for graphic lithology are same as in Figure 4.

compared to shallower sections (Figs. 6, 7). Carbonate contentsrange
from 20% to 50%, whereas sand contents are reduced to values rang-
ing from lessthan 10% to 35%. Maximain sand content are separated
from ~0.6 to 1.4 m, which correspond to ~40 to 90 k.y., taking aver-
age mean linear sedimentation rates of 1.5 cm/k.y. into account. TOC
records are often anti-correlated to sand and carbonate records, re-
veadling the typical pattern known from other areas of the South
Atlantic Ocean (Verardo and Mclintyre, 1994; Bickert and Wefer,
1996). Changesin frequency and amplitude in the sand and carbonate
record of Hole 959C appear to be related to orbitally forced Milank-
ovitch cycles, athough the present time resol ution of the records does
not allow afinal conclusion.

Above 0.8 mbsf (60 ka to the present), a single spike in the sand
fraction occurs that is not accompanied by any change in carbonate
content. Carbonate contents of this interval scatter at intermediate
levels from 32% to 45%. A clear correlation to the TOC signal is not
evident. A continuous drop in bulk carbonate and overall reduced
sand content in the uppermost 0.3 m of the sediment section is pre-
sumably related to the destruction of the core’s top section.

Pliocene—Pleistocene Variations in the Amount
and Composition of Sedimentary Organic Carbon

ing both glacial and interglacial intervals. In this section TOC maxi-
ma are often positively correlated to peaks in carbonate content (e.g.,
isotopic Stages 224, 16, 12, 8, and 4), whereas below 11 mbsf,
TOC in general reveals an opposite trend in the carbonate record. El-
evated TOC contents in glacial sections related to enhanced pale-
oproductivity are well documented in sediments all along the eastern
Atlantic (Verardo and Mcintyre, 1994; Bickert and Wefer, 1996).
These patterns suggest a similar explanation for the TOC record of
Hole 959C, although much more strongly influenced by terrigenous
dilution and sediment redistribution according to the lower mean sed-
imentation rates. However, if continental dilution had a major effect
on the depositional environment at Hole 959C, the formation of sand
and carbonate cycles should have been affected in a similar way. It is
therefore suggested that deposition of organic carbon off the Ivory
Coast/Ghana was not exclusively controlled by changes in paleopro-
ductivity but also was influenced by additional sedimentary or diage-
netic processes.

To evaluate these additional factors it was necessary to determine
the sources and relative amounts of sedimentary marine and terrige-
nous organic matter using a combined organic geochemical ap-
proach. Pliocene—Pleistocene profiles showing results from elemen-
tal (TOC, G/Nyy), pyrolytic (hydrogen index), isotopid€C,,),
and organic petrologic (marine organic matter and bulk detrinite <10
um particle size) analysis are presented in Figure 8. Qualitative infor-
mation on the composition of sedimentary organic matter is interpret-
ed from hydrogen index and C/N data, whereas the isotopic signal of

The corresponding Pliocene—Pleistocene TOC record of Holeedimentary organic carbon and the microscopic results derived from
959C frequently exhibits no typical glacial/interglacial cyclicity but maceral analysis are regarded as two independent sets of data that
scatters at elevated levels from 0.5% to 1.4% (Figs. 6, 7; Table 3ocument quantitative amounts of marine and terrigenous organic
This pattern is most obviously recorded in core sections above Iatter. Variations in the immature thermal maturation level of sedi-
mbsf (0.9 Ma and younger) where maxima in TOC are recorded dumentary organic matter in Hole 959C, which would identify an ad-
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Table 3. Summary of sedimentological, elemental, pyrolytic, isotopic, and organic petrologic data for the upper 22 m of Hole 959C.

Core, section, Depth >63um  Inorg-C  CaCO; Org-C  Tot-N Trnax S S, 513 C MOM
interval (cm) (mbsf) (%) (%) (%) (%) (%) (°C) (mg HC/g TOC) (mg HC/g TOC) (%uPDB) (%)
1H-1, 0-2.5 0.01 241 5.00 3246 111 0.13 363 0.003 0.954 -18.93 52.7
1H- 1, 10-12.5 0.11 30.2 5.63 37.09 1.18 378 0.130 1.068
1H-1, 20-22.5 021 235 5.56 35.86 1.25 0.14 375 0.109 0.985 -19.90 54.4
1H-1, 30-32.5 0.31 20.0 5.56 36.77 114 391 0.095 0.954
1H-1, 40-42.5 041 284 5.93 4193 0.90 0.10 379 0.069 0.736 -19.35 47.2
1H-1, 50-52.5 0.51 299 5.76 39.37 1.03 0.10 392 0.069 0.736 -20.10
1H-1, 60-62.5 0.61 435 6.38 4455  1.03 401 0.072 0.829
1H-1, 70-72.5 0.71 364 6.54 4552 1.07 394 0.069 0.881
1H-1, 80-82.5 0.81 48.2 6.43 4522  1.00 0.10 389 0.000 0.643 -18.13 44.6
1H-1, 90-92.5 091 328 5.88 40.61 1.00 384 0.088 0.933
1H-1,100-1025 1.01 33.1 6.39 4353 1.16 0.11 393 0.103 1.089 -19.75 43.7
1H-1, 110-1125 1.11 6.08 43.45 0.87 391 0.056 0.591
1H-1,120-1225 1.21 28.2 6.38 4490 0.99 0.10 385 0.085 0.881 -19.92
1H-1,130-1325 131 295 6.02 43.05 0.85 0.09 386 0.050 0.591 -19.92
1H-1,140-1425 141 27.6 5.30 35.93 0.99 0.11 399 0.069 0.757 -20.25
1H-2,0-2.5 151 313 5.30 39.85 0.52 0.07 390 0.098 0.415 -20.89 46.1
1H-2,12.5-15.0 164 305 5.55 40.17 0.72 0.08 399 0.042 0.477 -20.35
1H-2, 20-22.5 1.71 374 6.25 46.33 0.69 402 0.040 0.394
1H-2, 30-32.5 181 37.7 6.47 4477  1.09 0.10 399 0.061 0.705 -19.38
1H-2, 40-42.5 191 437 6.01 4121 1.06 389 0.053 0.570
1H-2, 50-52.5 201 316 6.12 43.56  0.89 0.09 387 0.053 0.487 -19.23
1H-2, 60-62.5 211 369 6.26 4470  0.89 390 0.082 0.487
2H-1, 0-2.5 231 195 5.23 35.17 1.01 0.11 396 0.119 0.995 -19.95 37.7
2H-1,10-12.5 241 224 6.13 42.83 0.99 400 0.058 0.643
2H-1, 20-22.5 251 28.0 6.44 4450 1.10 0.11 400 0.079 0.976 -19.56
2H-1, 30-32.5 261 231 5.85 40.35 1.01 396 0.051 0.672
2H-1, 40-42.5 271 256 5.55 39.27 0.83 0.08 394 0.034 0.430 -19.45
2H-1, 50-52.5 281 324 5.64 39.92 0.85 400 0.039 0.514
2H-1, 60-62.5 291 286 5.74 41.09 081 393 0.031 0.441
2H-1, 70-72.5 3.01 374 6.63 48.63 0.79 0.07 400 0.039 0.514 -19.85
2H-1, 80-82.5 311 22.0 5.67 38.47 1.05 0.09 399 0.051 0.693 —20.04 51.0
2H-1, 90-92.5 321 265 4.70 31.65 0.90 389 0.056 0.577
2H-1,100-102.5 3.31 20.7 5.23 35.67 0.94 396 0.051 0.588
2H-1,110-112.5 3.41 25.7 5.81 41.10 0.88 0.09 388 0.045 0.504 —20.02
2H-1,120-122.5 351 22.0 6.11 42.06 1.06 395 0.056 0.661
2H-1,130-132.5 3.61 319 6.35 44,49 1.01 0.08 397 0.048 0.577 -19.84
2H-1, 140-142.5 3.71 40.3 6.23 4460 0.87 389 0.034 0.378
2H-2,0-2.5 381 304 6.34 4521 0.91 387 0.059 0.483
2H-2, 10-12.5 391 257 6.38 45.03 0.97 0.09 389 0.054 0.535 -18.47 40.3
2H-2, 20-22.5 401 213 5.26 35.44 1.00 388 0.059 0.619
2H-2, 30-32.5 411 225 4.70 2994 111 0.11 389 0.056 0.661 -20.18 48.4
2H-2, 40-42.5 421 18.0 491 32,57 1.00 395 0.062 0.682
2H-2, 50-52.5 431 265 5.13 35.84 0.83 0.09 391 0.048 0.483 -20.53 54.5
2H-2, 60-62.5 441  19.7 5.96 40.58 1.08 399 0.056 0.714
2H-2, 70-72.5 451 174 6.44 43.12  1.26 0.11 408 0.073 0.997 -18.80 48.3
2H-2, 80-82.5 461 153 6.21 41.06 1.28 409 0.070 0.976
2H-2, 90-92.5 471 212 6.91 4599 1.39 0.11 407 0.070 1.008 -19.18
2H-2,100-102.5 4.81 19.6 6.81 4557 134 408 0.068 0.987
2H-2,110-112.5 491 23.9 6.37 4383 1.11 0.10 401 0.056 0.640 -19.33 34.1
2H-2, 120-122.,5 5.01 17.0 6.25 40.62 1.38 0.12 416 0.087 1.259 -18.84 43.4
2H-2,130-132.5 511 18.2 6.15 4158 1.16 403 0.048 0.672
2H-2,140-142.5 521 20.8 6.71 4532 1.27 406 0.091 1.211
2H-3, 0-2.5 531 17.8 5.87 38.44 1.26 0.11 400 0.212 1.131 -18.65 47.0
2H-3, 10-12.5 541 16.3 5.34 3433 1.22 402 0.069 0.958
2H-3, 20-22.5 551 11.9 5.04 32.32 1.16 0.11 392 0.058 0.738 -20.01 40.9
2H-3, 30-32.5 561 16.8 5.34 34.73 1.17 0.11 399 0.066 0.900 -19.83
2H 3, 40-42.5 571 19.0 5.35 3449 121 402 0.069 0.877

H-3, 50-52.5 581 205 6.18 43.75 0.93 398 0.049 0.611
2H 3, 60-62.5 591 187 5.69 39.29 0.97 390 0.044 0.565
2H-3, 70-72.5 6.01 226 6.74 48.66  0.90 390 0.063 0.704
2H-3, 80-82.5 6.11 35.0 6.97 51.84 0.74 0.08 393 0.041 0.473 -19.48
2H-3, 90-92.5 6.21 343 6.86 50.82 0.76
2H-3,100-102.5 6.31 26.1 5.85 41.25 0.90 0.09 389 0.047 0.508 -19.01
2H-3, 110-1125 6.41 243 5.67 38.86 1.00 389 0.052 0.565
2H-3,120-122.5 6.51 25.2 5.61 38.04 1.05 0.10 391 0.049 0.565 -18.73 35.1
2H-3,130-132.5 6.61 234 5.55 3759 1.04 391 0.052 0.635
2H-3,140-1425 6.71 184 4.94 3255 1.03 0.10 390 0.052 0.635 -19.26 40.6
2H-4,0-2.5 6.81 20.0 5.14 35.92 0.82 386 0.058 0.496
2H-4,10-2.5 6.91 217 5.30 36.47 0.92 0.10 388 0.041 0.496 -19.24
2H-4, 20-22.5 7.01 23.0 4.98 33.59 0.95 390 0.036 0.415
2H-4, 30-32.5 711 216 4.84 31.68 1.04 0.11 386 0.058 0.681 -19.17
2H-4, 40-42.5 721 333 5.57 38.30 0.97 388 0.055 0.577
2H-4, 50-52.5 731 408 6.57 4486 1.18 0.11 407 0.052 0.808 -19.19 35.7
2H-6, 60-62.5 7.41 436 6.65 46.02 1.12 404 0.049 0.773
2H-4, 70-72.5 751 345 6.12 42,77 0.99 0.08 402 0.025 0.470 -18.37 34.4
2H-4, 80-82.5 761 310 6.16 4462 0.80 392 0.016 0.304
2H-4, 90-92.5 771 247 5.86 41.36 0.90 388 0.021 0.374
2H-4,100-102.5 7.81 16.5 5.04 33.30 1.05 0.09 391 0.030 0.500 -18.83
2H-4,110-1125 7.91 229 5.59 38.64 0.95 390 0.039 0.494
2H-4, 120-22.5 8.01 245 5.70 40.44 0.84 0.08 390 0.022 0.343 -19.00
2H-4,130-132.5 811 237 6.30 4409 1.01 0.09 398 0.039 0.639 -18.16
2H-4,140-1425 821 345 6.84 48.92  0.96 397 0.026 0.500
2H-5, 0-2.5 831 34.2 6.82 49.42 0.89 0.08 401 0.010 0.570 -18.43 34.8
2H-5, 10-12.5 8.41 50.3 7.35 55.96 0.63 0.06 399 0.025 0.337 -18.49
2H-5, 20-22.5 851 39.6 7.09 52.03 0.85 406 0.039 0.554
2H-5, 30-32.5 8.61 29.1 6.09 42.37 1.00 402 0.039 0.518
2H-5, 40-42.5 8.71 17.3 5.33 35.60 1.06 0.10 397 0.039 0.603 -18.55 53.5
2H-5, 50-52.5 8.81 17.0 4.64 30.78 0.95 0.09 386 0.039 0.542 -18.72
2H-5, 60-62.5 891 21.1 4.50 37.47 0.92 0.10 390 0.035 0.506 -19.17 46.1
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T. WAGNER

Table 3 (continued).

Core, section, Depth >63um Inorg-C CaCQ, Org-C Tot-N Trnax S S, 613C0rg MOM
interval (cm)  (mbsf) (%) (%) (%) (%) (%) (°C) (mg HC/g TOC) (mg HC/g TOC) (%-.PDB) (%)
2H-5, 70-72.5 9.01 320 4.96 33.33 0.96 393 0.028 0.386
2H-5, 80-82.5 911 177 4.87 32.97 0.91 390 0.035 0.374
2H-5, 90-92.5 921 361 5.86 4211 081 0.08 388 0.025 0.313 -18.42 35.5
2H-5, 100-102.5 9.31 283 5.86 40.90 0.95 399 0.032 0.458
2H-5,110-112.5 9.41 5.67 38.99 0.99 0.09 397 0.028 0.422 -18.78
2H-5, 120-122.5 9.51 16.0 5.66 39.82 0.88 396 0.032 0.410
2H-5,130-132.5 9.61 13.0 5.42 37.22 0.95 389 0.028 0.398
2H-5, 140-1425 9.71 14.4 4.68 32.21 0.81 0.08 391 0.028 0.386 -19.04
2H-6, 0-2.5 9.81 11.0 4.61 29.62 1.06 0.08 404 0.053 0.603 -18.72 48.8
2H-6, 10-12.5 991 144 4.95 32.80 1.01 393 0.032 0.458
2H-6, 20-22.5 10.01 145 5.00 34.75 0.83 0.08 397 0.010 0.390 -19.17 45.5
2H-6, 30-32.5 10.11  13.6 4.87 32.50 0.96  0.09 389 0.061 0.813 -18.69 41.9
2H-6, 40-42.5 10.21 3.0 5.31 36.47 0.94  0.07 399 0.058 0.736 -19.64 40.3
2H-6, 50-52.5 10.31 353 6.20 45.19 0.78 399 0.041 0.505
2H-6, 60-62.5 1041 335 6.42 46.72 0.81  0.09 397 0.044 0.483 -19.19
2H-6, 70-72.5 10.51 34.0 6.82 49.35 0.89 403 0.041 0.527
2H-6, 80-82.5 10.61 29.0 6.54 46.34 0.97 0.07 394 0.052 0.593 -18.34 42.0
2H-6, 90-92.5 10.71  20.8 6.14 43.41 0.93 396 0.052 0.549
2H-6, 100-102.5 10.81 26.7 6.30 45.14 0.88  0.07 406 0.064 0.593 -17.89
2H-6, 110-112.5 10.91 6.39 46.28 0.83 390 0.055 0.505
2H-6,120-122.5 11.01 14.0 4.97 31.95 1.13 0.09 400 0.070 0.692 -17.92 52.1
2H-6,130-132.5 11.11 13.0 4.13 24.26 1.22 401 0.055 0.670
2H-6, 140-1425 11.21 13.1 3.80 21.26 1.24 0.10 399 0.087 0.758 -17.93
2H-7,0-2.5 11.31 121 5.39 36.11 1.05 398 0.070 0.670
2H-7,10-12.5 1141 144 5.28 36.20 0.94 402 0.050 0.538
2H-7, 20-22.5 11.51 145 5.04 33.98 0.96  0.08 403 0.047 0.505 -18.75 475
2H-7, 30-32.5 11.61 16.6 4.96 33.52 0.94 397 0.050 0.505
2H-7, 40-42.5 11.71 16.9 4.93 32.76 1.00 0.09 399 0.058 0.582 -18.14
2H-7,50-52.5 11.81 322 6.04 43.01 0.88 399 0.047 0.472
2H-7, 60-62.5 11.91 316 5.68 39.81 0.90  0.08 397 0.052 0.527 -18.53 45.4
3H-1, 0-2.5 11.81 4.85 31.67 1.05
3H-1, 10-12.5 11.91 5.80 40.69 0.92
3H-1, 20-22.5 12.01 26.8 5.43 37.57 0.92 0.09 394 0.052 0.516 —-18.56 46.2
3H-1, 30-32.5 12.11 254 5.55 38.31 0.95 398 0.052 0.483
3H-1, 40-42.5 1221 223 5.13 34.71 0.96 395 0.047 0.483
3H-1, 50-52.5 12.31 375 5.78 40.62 0.90 0.08 390 0.050 0.461 -18.06 52.2
3H-1, 60-62.5 1241 25.0 5.55 38.72 0.90 393 0.044 0.439
3H-1, 70-72.5 12.51 28.7 571 40.06 0.90 0.08 394 0.052 0.505 -18.17
3H-1, 80-82.5 12.61 34.0 6.69 49.33 0.77 0.00 389 0.044 0.406 -18.26 38.3
3H-1, 90-92.5 12.71  30.8 5.86 41.42 0.89  0.08 394 0.044 0.450 -18.55
3H-1,100-102.5 1281 334 6.35 45.19 0.92 388 0.050 0.472
3H-1, 110-112.5 1291 27.6 5.95 41.95 0.92 406 0.040 0.580
3H-1, 120-122.5 13.01 23.8 5.65 39.78 0.87  0.08 393 0.032 0.458 -18.13 47.3
3H-1, 130-132.5 13.11 184 4.99 32.74 1.06 394 0.057 0.654
3H-1, 140-142.5 13.21 149 4.47 28.34 1.06 391 0.064 0.626
3H-2, 0-2.5 13.31 12.0 4.50 29.53 0.96 397 0.055 0.580
3H-2, 10-12.5 13.41 183 5.20 35.09 0.99 391 0.060 0.636
3H-2, 20-22.5 1351 26.9 6.16 45.00 0.75 391 0.045 0.458
3H-2, 30-32.5 13.61 25.1 6.44 45.99 0.92  0.05 400 0.055 0.626 -19.30 45.3
3H-2, 40-42.5 13.71 232 6.07 43.05 0.90 399 0.037 0.467
3H-2, 50-52.5 13.81 139 5.75 40.55 0.89 0.07 399 0.032 0.383 -18.54 32.8
3H-2, 60-62.5 1391 145 5.61 39.21 0.90 400 0.040 0.477
3H-2, 70-72.5 14.01 219 5.85 40.15 1.03 398 0.050 0.580
3H-2, 80-82.5 1411 183 5.72 38.00 115 0.10 406 0.067 0.766 -18.67
3H-2,90-92.5 1421 154 5.40 35.00 1.20 403 0.040 0.505
3H-2,100-102.5 14.31 18.4 5.24 34.49 1.10 0.09 401 0.050 0.580 -18.21
3H-2,110-112.5 14.41 4.45 28.50 1.03 0.10 397 0.045 0.552 -19.02 38.8
3H-2,120-122.5 1451 135 4.63 30.40 0.98 396 0.055 0.561
3H-2,130-132.5 14.61 12.7 4.30 28.33 0.90 0.08 397 0.042 0.449 -19.04
3H-2,140-142.5 14.71 14.4 4.29 28.63 0.85 387 0.047 0.421
3H-3, 0-2.5 14.81 18.6 5.43 38.91 0.76 0.06 -18.68
3H-3,10-12.5 1491 183 5.42 36.41 1.05 399 0.050 0.589
3H-3, 20-22.5 15.01 154 4.72 30.93 1.01 0.09 395 0.045 0.514 -18.63 43.1
3H-3, 30-32.5 15.11 117 4.55 29.05 1.06 396 0.050 0.533
3H-3, 40-42.5 15.21 149 4.80 30.59 1.13  0.09 395 0.047 0.486 -18.62
3H-3, 50-52.5 1531 13.1 4.50 28.56 1.07 398 0.050 0.552
3H-3, 60-62.5 15.41 118 4.34 26.37 1.17 391 0.052 0.542 —18.55 33.5
3H-3, 70-72.5 1551 14.0 4.89 32.06 1.04 392 0.064 0.589
3H-3, 80-82.5 15.61 17.2 5.64 38.19 1.05 395 0.055 0.514
3H-3, 90-92.5 15.71 185 5.79 39.71 1.02  0.09 399 0.050 0.523 -19.00 435
3H-3,110-112.5 1591 21.1 5.71 38.60 1.08 -18.33
3H-3,120-122.5 16.01 145 4.97 31.47 1.20 401 0.069 0.785
3H-3,130-132.5 16.11 124 4.68 28.86 1.21 0.11 408 0.072 0.925 -19.25 38.1
3H-3,140-142.5 16.21 10.1 5.20 36.23 0.85 381 0.059 0.753 -19.25
3H-4,0-2.5 16.31 245 6.68 48.90 0.81 393 0.062 0.644
3H-4, 10-12.5 16.41 17.8 6.10 42.18 1.04 397 0.068 0.852
3H-4, 20-22.5 16.51 16.3 4.57 30.03 0.96 0.10 396 0.050 0.629 -18.95 35.0
3H-4, 30-32.5 16.61 12.0 4.34 27.29 1.06 0.10 393 0.088 0.892 -19.09 40.2
3H-4, 40-42.5 16.71 131 4.47 27.49 1.17 392 0.091 0.912
3H-4, 50-52.5 16.81 12.3 4.70 39.18 0.77  0.08 390 0.048 0.486 -18.64
3H-4, 60-62.5 16.91 217 5.41 37.66 0.88 383 0.048 0.555
3H-4, 70-72.5 17.01 22.1 5.85 41.17 091  0.08 396 0.048 0.535 -18.68
3H-4, 80-82.5 1711 127 4.64 28.94 1.17 396 0.065 0.704
3H-4, 90-92.5 17.21 8.9 3.83 20.97 1.31 0.08 393 0.091 0.961 -19.08 40.2
3H-4,100-102.5 17.31 8.6 3.82 23.37 1.02 390 0.074 0.694
3H-4,110-112.5 17.41 105 4.16 25.75 1.07 0.10 392 0.065 0.704 -18.97 45.7
3H-4,120-122.5 1751 11.7 4.87 30.65 1.19 0.10 404 0.076 0.922 —-18.86
3H-4,130-132.5 17.61 11.2 5.44 35.57 1.17 407 0.074 1.031
3H-4,140-1425 17.71 17.6 5.98 42.41 0.89 0.08 394 0.059 0.595 —18.80 43.8
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DEPOSITION OF CARBONATE AND ORGANIC CARBON, SITE 959

Table 3 (continued).

Core, section, Depth >63um Inorg-C CaCQ, Org-C Tot-N Trnax S S, 613C0rg MOM
interval (cm)  (mbsf) (%) (%) (%) (%) (%) (°C) (mg HC/g TOC) (mg HC/g TOC) (%.PDB) (%)

3H-5, 0-2.5 17.81 224 6.67 49.16 0.77

3H-5, 10-12.5 1791  20.9 6.53 47.12 0.88 409 0.034 0.664

3H-5, 20-22.5 18.01 19.2 5.96 42.55 0.85  0.08 400 0.048 0.624 -19.09

3H-5, 30-32.5 18.11 16.5 6.48 45.91 0.97 0.09 413 0.051 0.793 -19.11

3H-5, 40-42.5 18.21 29.8 7.10 52.64 0.78 402 0.045 0.615

3H-5, 50-52.5 18.31 25.6 6.84 50.28 0.81 0.07 394 0.037 0.506 -19.04

3H-5, 60-62.5 18.41 19.2 6.40 45.34 0.96 401 0.048 0.605

3H-5, 70-72.5 1851 228 6.48 44.32 1.16  0.09 413 0.062 0.833 -18.36

3H-5, 80-82.5 18.61 11.2 5.57 36.51 1.18 416 0.048 0.783

3H-5, 90-92.5 18.71 119 4.99 31.40 1.22 0.11 406 0.059 0.872 -18.38 46.1

3H-5, 100-102.5 18.81 13.6 4.83 30.30 1.19 411 0.051 0.704

3H-5,120-122.5 19.01 10.6

3H-5,130-132.,5 19.11 15.0 5.56 37.61 1.05 0.09 396 0.054 0.743 -19.35 46.8

3H-5, 140-142.5 19.21 21.9 6.51 46.64 091  0.09 392 0.045 0.535 -18.98 41.2

3H-6, 0-2.5 19.31 16.1 5.98 41.49 1.00 397 0.099 0.684 -19.44 39.7

3H-6, 10-12.5 19.41 138 5.54 35.08 133 0.11 413 0.085 1.130 -18.94

3H-6, 20-22.5 19.51 13.0 4.99 31.90 116 0.11 409 0.071 0.862 -18.58 34.0

3H-6, 30-32.5 19.61 12.2 4.36 28.73 0.91 0.09 385 0.045 0.446 -18.60

3H-6, 40-42.5 19.71 15.1 4.61 28.48 1.19 0.10 395 0.068 0.793 -18.78

3H-6, 50-52.5 19.81 154 4.82 32.29 0.94 399 0.051 0.595

3H-6, 60-62.5 19.91 16.4 4.97 33.60 0.93  0.08 390 0.047 0.539 -18.62

3H-6, 70-72.5 20.01 12.6

3H-6, 80-82.5 20.11 105

3H-6, 90-92.5 20.21 8.8 4.48 27.71 116 0.11 401 0.044 0.755 -18.93 52.3

3H-6, 100-102.5 20.31 15.7 5.92 41.90 0.89 391 0.024 0.461

3H-6, 110-112.5 20.41 6.35 45.75 0.86  0.08 397 0.028 0.461 -19.04

3H-6, 120-122.5 20.51 19.0 6.03 41.38 1.06 411 0.032 0.745

3H-6, 130-132.5 20.61 22.2 6.16 41.85 114  0.10 403 0.030 0.745 -18.69

3H-6, 140-142.5 20.71 285 6.71 50.58 0.63 392 0.014 0.334

3H-7,0-2.5 20.81 28.6 6.12 45.31 0.68 0.08 394 0.024 0.383 -18.53

3H-7, 10-12.5 2091 184 5.27 35.82 0.97 392 0.028 0.471

3H-7, 20-22.5 21.01 15.0 5.09 32.70 1.17 0.11 403 0.032 0.677 -18.22 39.1

3H-7, 30-32.5 21.11  19.6 4.81 29.35 1.29 406 0.036 0.824

3H-7, 40-42.5 21.21 154 5.02 31.57 123 012 409 0.042 0.942 -18.68 54.1

Note: Sedimentological = sand fraction >63 pm; elemental = Inorg-C, CaCOj3, Org-C, and Tot-N; pyrolytic = T, S; (mg HC/g TOC), S, (mg HC/g TOC), isotopic = 613corg

(%.PDB); and organic petrologic = marine organic matter (MOM [%)]).

mixture of reworked, thermally mature organic matter from adjacent
submarine outcrops of older strata, were not encountered, based on
Tmax Fecords obtained from Rock-Eval anaysis (Fig. 9). In terms of
kerogen-type Hydrogen Index data noncorrected for mineral-matrix
effects consistently plot in the immature field of kerogen type 1V,
suggesting that inert sedimentary organic materia is dominant in
Hole 959C samples. A higher variability covering the fields of kero-
gentypesVI toll (inert to mixed marine/terrigenous), however, isin-
dicated if Rock-Eval data are corrected for mineral-matrix effects
(Fig. 9).

Hydrogen indices corrected for mineral matrix effects range from
70 mg HC/g TOC to 170 mg HC/g TOC, suggesting ageneral domi-
nance of hydrogen-depleted organic matter with some periodic ad-
mixture of hydrogen-enriched (marine) organic matter (Fig. 8). Mi-
nor fluctuationsin the rel ative proportion of more hydrogen-enriched
organic matter are indicated by increased hydrogen indices prior to
1.84 Ma, and at the end of isotopic Stages 22, 19, 13, 9, and 5. Cor-
responding contents and AR of TOC in these intervals are frequently
elevated, which presumably indicates favorable conditions for the
preservation of marine-derived organic matter.

CIN ratios on average scatter around values exceeding 10. They
rarely reach values higher than 15. Interpretation of C/N values with
regard to marine vs. terrigenous organic carbon is considered prob-

Based on microscopic results, quantitative proportions of marine
organic matter range from 30% to 55% of the bulk organic matter
throughout the core section (Figs. 8, 10). Given the present time res-
olution, intervals with increased but highly variable amounts of ma-
rine organic matter are identified prior to 2.05 Ma, from 1.6 to 0.76
Ma, from 0.5 to 0.32 Ma, and at the top of the record. In general, or-
ganic petrographic results suggest a clear and, in some intervals, pro-
nounced dominance of terrigenous organic matter. Results obtained
from microscopic analysis in general are supported by pyrolytic data.
Given the different sample resolution of both records, maxima in ma-
rine organic matter are to some extend paralleled by elevated hydro-
gen indices (e.g., at 1.72 Ma and 0.5 Ma). Dispersed terrigenous or-
ganic particles (macerals) identified under the microscope comprise
sizes ranging from 40 to 50 um down to particles smaller than 2 um
(submicroscopic organic matter). Large vitrinites, inertinites, and lip-
tinites exceeding 10 um particle size are less common (on average
<20% of the bulk organic matter) than detrital fragments of them
(Fig. 8). Significant variations in the proportion of detrital vs. large
macerals were not observed throughout the past 2.2 Ma considering
a total range of the detrital organic fraction from 70% to 84%. Larger
terrigenous macerals frequently reveal plate-shaped, entirely pre-
served cell tissues of higher plant material with open lumina or
stalky, tube-shaped morphologies, presumably reflecting transporta-

lematic (Mdller, 1977; Stein, 1991, Verardo and Mclintyre, 1994). El4ion channels of herbaceous or grass plant material. Different levels
evated proportions of nitrogen-rich, marine organic matter cannot baf oxidation were recognized on these terrigenous macerals based on
identified by the C/N record. However, the two peaks in C/N at 1.88eflectance characteristics. Gradational changes in oxidation were
Ma and 1.72 Ma may suggest higher proportions of nitrogen-poor osbserved along single, large-scale vitrinitic bodies that are interpret-
ganic matter (Fig. 8). ed to indicate thermal alteration of terrigenous organic material likely
Comparison of the isotopic carbon record derived from sedimerrelated to burning of vascular plant material.
tary organic carbord{3C,;) and results obtained from maceral analy- ~ The 8"C,, signature of Hole 959C samples reveals persistently
sis reveal striking differences concerning the quantitative amounts deavy values ranging frorl8%. to—21%o. (Figs. 8, 10). In sediments
marine and terrigenous organic carbon (Figs. 8, 10). The discrepanggunger than 0.95 Ma, high-amplitude fluctuations with minimum
between both records, however, seems not to be entirely explained agd maximum values below20.5%. and close te-18%., respec-
analytical limitations of either method requiring an alternative explatively, are recorded. Given the low time resolution of &€,
nation. record, relatively short-term variations in the composition of the sed-
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imentary organic carbon areindicated, assuming that theisotopic sig- DISCUSSION
nal is not biased by other effects (see Tyson, 1995, for review). Am-
plitudes of isotopic variations, however, narrow with increasing core Interpretation of carbonate and organic carbon records at Hole
depth and finally level off at arelatively constant niveau prior to 0.9 959C with regard to African paleoclimate or paleoceanographic
Ma. Throughout the lower section of Hole 959C isotopic val ues scat- changes off the Ivory Coast/Ghana is limited by the maximum time
ter around —18%. and-19%., suggesting continuous preservation of resolution obtainable from condensed Pliocene—Pleistocene sections.
marine organic carbon. Because of persistently low mean sedimentation rates ranging from

Comparison of the calculated relative proportions of marine or0.1 to 2.3 cm/k.y. and bulk sediment records at 10-cm spacings, the
ganic carbon based on tbEC, signal, using-18%. as marine and best time resolution achievable does not exceed 4.3 k.y. and on aver-
—27%o as terrigenous end-member, with results obtained from maage is about 10 k.y. It is well established for the eastern equatorial At-
eral analysis illustrate the offset between the two records (Fig. 10)antic that late Quaternary marine sedimentation was mainly forced
The total difference of marine organic carbon between both profileby changes in the trade and monsoon wind zonality following the 23-
ranges from 17% to 61%. In addition, a frequent anti-correlation disk.y. precessional and 100-k.y. eccentricity cycles in the Earth’s orbit
played by opposite trends in both curves is obvious at certain leve{Pokras and Mix, 1985; Prell and Kutzbach, 1987; deMenocal et al.
of the record (i.e., at ~2.0 Ma, 1.72 Ma, 0.81 Ma, and 0.4 Ma). Th&993; Verardo and Mclintyre, 1994; Schneider et al., 1996). Consid-
highest amplitudes in deviation occur in sections younger than 0€ring time resolution accessible at Hole 959C, both glacial/intergla-
Ma, whereas in older sections differences level off. The importanceial cyclicities should roughly be documented by variations in car-
of the observed discrepancy between the two quantitative estimatbenate and organic carbon records, whereas climatic variations oc-
of marine organic carbon with regard to the paleoceanographic intecurring along shorter time scales are probably not resolved. Sand and
pretation is apparent when individual accumulation rates are digarbonate records of Hole 959C show repetitive minima/maxima re-
cussed (Fig. 10). Absolute flux rates are frequently offset by a factdated to orbital glacial/interglacial cycles, although frequently oppo-
of two or even more, especially in sections where general trends as#ée to the pattern that has been reported from pelagic areas of the
opposite. Consequently, both records would result in a distinctly difeastern equatorial Atlantic (Bickert and Wefer, 1996).
ferent reconstruction of changes in absolute paleoproductivity off the Persistently low mean sedimentation rates at Hole 959C were not
Ivory Coast/Ghana. expected considering the shallow water depth of 2100 m and the vi-
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cinity to the west African continent (Fig. 1). Based on LSR reported 1 9;
from cores taken at water depths between 3500 and 4000 m in the -

Guinea Basin (Bickert and Wefer, 1996) and the central equatorial 2.0
Atlantic (deMenocal et al., 1993; Verardo and Mclintyre, 1994) rates
between 3 and 4 cm/k.y. or even higher were anticipated for Plio-
cene—Pleistocene deposits of Hole 959C (Mascle, Lohmann, Clift,
al., 1996). Condensed sections drilled at Hole 959C imply that tl
general biogenous and terrigenous deposition was strongly affec
by processes causing intensive sediment redistribution throughc
the Pliocene—Pleistocene. Slumping or other evidence for effecti
sediment mobilization caused by downslope mass movements are
recognizable from the lithologic core descriptions (Mascle, Loh
mann, Clift, et al., 1996; Giresse et al., Chap. 43, this volume). Alter-

natively, persistent winnowing because of enforced bottom currents992; Howard and Prell, 1994; Verardo and Mclintyre, 1994; Bickert
seems a reasonable mechanism to explain low LSR encounteredaatd Wefer, 1996, Mix and Morey, 1996). There is, however, a dis-
Hole 959C. Sedimentological and clay mineralogical evidence preinct difference in the carbonate dissolution pattern of Atlantic and
sented by Giresse et al. (Chap. 43, this volume) clearly support thi#acific sediments that is attributed to changes in the basin-to-basin
assumption. Considering even more condensed and partly erodedchange caused by variations in the formation of North Atlantic
core sections at Site 960 (Mascle, Lohmann, Clift, et al., 1996Deep Water (NADW,; Berger, 1973; Crowley, 1985; Farrell and
drilled right on the top of the transform margin a few kilometersPrell, 1989; Le and Shackleton, 1992). Whereas in the Atlanticcar-
southeast of Hole 959 (Fig. 1A, see insert map), upward deflectiodmonate dissolution was enhanced during glacial periods in response
and subsequent focussing of the westward flowing Equatorial Undéo the temporal shutdown of NADW formation in the Nordic Seas
Current (EUC) along the very steep transform margin has probabnd the corresponding northward propagation of corrosive bottom
caused the establishment of elevated bottom-water velocities at theters from southern ocean areas, carbonate dissolution in the Pacif-
top of the ridge. Bottom-water velocities gradually decreased northie mainly occurred during the transition from interglacials to glacials
westward with increasing distance from the crest (i.e. toward the pakiven for the most part by the rate of change in climate. Glacial/in-
sition of Hole 959C). At the position of Site 960, enforced bottonterglacial changes in carbonate dissolution are extensively studied in
waters temporarily exceeded critical velocities causing erosional prdhe equatorial and southern Atlantic (Reid, 1989; Verardo and Mcin-
cesses, but were already considerably reduced at Hole 959C, agdyige, 1994; Bickert and Wefer, 1996). Carbonate dissolution may also
suggested by highly condensed but still complete oxygen isotopbge controlled by changes in the rate of organic matter decay at the sea
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Figure 10. Comparison of calculated relative proportions of marine organic
carbon based on 61300,g (solid triangles; using —18%. as marine ane27%o as
terrestrial end-members) and organic petrological (marine macerals; solid
circles) data, respectively, and corresponding accumulation rates of marine
organic carbon vs. time at Hole 959C. Positions of interglacial stages (light
gray bars) are shown for illustration.

sand fraction, and carbonate records. floor (Emerson and Bender, 1981; Jahnke et al., 1994) suggesting
that changes in paleoproductivity potentially result in glacial/inter-
Pliocene—Pleistocene Sand and Carbonate Cycles: glacial dissolution cycles (Verardo and Mcintyre, 1994; Bickert and

A Mixed “Pacific/Atlantic-Type” Pattern Wefer, 1996). In addition, sand and carbonate cycles may be simulat-

off the Ivory Coast/Ghana ed by changes in the intensity of winnowing in response to variations

in bottom-current velocities (Wu and Berger, 1991; Berger and Stax,

Cyclic variations in bulk carbonate and sand contents of deep sea 1994; Bickert and Wefer, 1996). According to this mechanism, high-
sediments are closely related to Pliocene—Pleistocene glacial/integr sand contents, corresponding to higher amounts in bulk carbonate,
glacial changes (Berger, 1973; Crowley, 1985; Le and Shackletomdicate stronger bottom-water velocities, whereas lower sand con-
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tents, corresponding to lower amounts of bulk carbonate, reveal weak
bottom currents.

Modern deep-water circulation in the South Atlantic is dominated
by theinterfingering of the southward flowing NADW and the north-
ward flowing Circumpolar Deep Water (CDW). Related to their den-
sity properties, NADW occupiesthe depth interval between 2000 and
4000 m, whereas CDW covers the deep basins below 4000 m (Reid,
1989; Bickert and Wefer, 1996). Exchange of CDW to the eastern ba-
sins is restricted by the Mid-Atlantic and Walvis Ridges (van Ben-
nekom and Berger, 1984; Shannon and Chapman, 1991). In the east-
ern South Atlantic the lysocline did not rise above ~3800 m water
depth throughout the late Pleistocene (Curry and Lohmann, 1983;
Verardo and Mclintyre, 1994; Bickert and Wefer, 1996), henceinflow
of CDW to the Guinea Basin during past glacial/interglacial cycles
does not seem of importance. Instead productivity-driven carbonate
dissolution, is proposed for the eastern equatorial Atlantic below the
center of the Equatorial Divergence Zone (Verardo and Mclintyre,
1994; Bickert and Wefer, 1996). This process may have caused mod-
ifications of the sand and carbonate records observed at Hole 959C.

in the sedimentary record (Tissot and Welte, 1984). Changes in the
accumulation of terrigenous organic matter in marine deposits there-
fore mainly document variations in terrigenous supply rather than
changes in preservation (Stein et al., 1989). In contrast, changes in
the accumulation of autochthonous organic matter under oxic water
conditions, in most cases, document the combination of both process-
es (i.e., changes in paleoproductivity [supply] and diagenetic over-
print [preservation)).

Modern coastal upwelling occurs off the Ivory Coast/Ghana
during the boreal winter in response to the lateral displacement of the
Intertropical Convergence Zone (ITCZ) and the corresponding trade
and monsoon wind systems (Voiturez and Herbland, 1982; Ver-
straete, 1992). The lateral extension of the upwelling area off the Ivo-
ry Coast/Ghana marginally covers the position of Hole 959C (Fig.
1A). Modern annual primary production in the eastern equatorial At-
lantic is ~75 to 90 g C/#fyr (Schemainda et al., 1975; Berger, 1989).
Following Miiller and Suess (1979), about 1.4 to 1.8 g2@hn
equivalent to about 2% of the annual primary production, is expected
to reach the sediment floor at the position of Hole 959C. Surface sed-

“Atlantic-type” sand and carbonate patterns, revealing inverséments from almost the same position reveal he&#¥@,, values
correlation of TOC and bulk carbonate or sand contents, are observatbund-19%., which suggests a dominance of marine organic carbon
in the lower section of Hole 959C although not strictly bound to glaexceeding 90% of the bulk TOC based on a two-component mixing
cial/interglacial cycles. Hence, productivity-driven formation of car-equation (Westerhausen et al., 1993). Isotopic values measured in
bonate and sand cycles is proposed at Hole 959C prior to 0.9 Maear-surface samples of Hole 959C are consistent with these data. In-
This pattern periodically changed during the last 0.9 Ma revealinterestingly, results from organic petrology suggest an almost 40%
positively correlated TOC, carbonate and sand records in glaciéwer proportion of marine organic carbon than is estimated from
Stages 2224, 16, 12, 8, and 4. Glacially enhanced sand and carbo®=C,, values. Corresponding hydrogen indices below 150 mg HC/g
ate records, however, are typically observed in the Pacific OceahOC support microscopic estimates, assuming that an almost entirely
(“Pacific-type” pattern) suggesting that processes controlling marinenarine organic composition of sedimentary organic carbon should
sedimentation off the Ivory Coast/Ghana changed significantly frommesult in distinctly higher hydrogen indices (Stein, 1991). The evident
about 0.9 Ma on. “Pacific-type” patterns have not yet been describatiscrepancy between the isotopic signal and other organic geochem-
from the eastern equatorial Atlantic but are reported from late Quaeal data suggests an additional depositional factor, which probably is
ternary deposits of the Walvis Ridge area (Bickert and Wefer, 1996attributed to the eolian fraction of terrigenous organic material (see
As a result of the very low productivity along the Walvis Ridge, thediscussion below).
authors conclude that the sand percent record is influenced by the Persistent low LSR at Hole 959C suggest oxic bottom- and pore-
varying intensity of bottom-water currents rather than by carbonatevater conditions during times of deposition, causing increased resi-
dissolution. With regard to the comparable pattern observed off thgence times of organic matter at the sediment-water interface (Emer-
Ivory Coast/Ghana and the very steep topography along the transen et al., 1985; Emerson and Hedges, 1988; Jumars et al., 1989;
form margin, a similar driving mechanism is favored to explain theReimers, 1989; Rowe et al., 1990). These conditions did not favor the
formation of “Pacific-type” sand records. Taking the persistently lowpreservation of paleoproductivity changes off the Ivory Coast/Ghana.
LSR throughout the Pliocene—Pleistocene into account, it is concludNevertheless, short-term variations in paleoproductivity are still pre-
ed that bottom-water intensities were generally elevated at Holserved, given the rather low time resolution at Hole 959C. Changes
959C, but fluctuated since about 0.9 Ma as a result of glacial/interglan the total content and accumulation rate of marine organic carbon,
cial climatic contrasts. “Pacific-type” carbonate and sand patterns oldeduced frond**C,,, or organic petrographic records of Hole 959C,
served during glacial Stages22, 16, 12, 8, and 4 document the pe- evidence short-term increased deposition of marine organic carbon
riods of highest bottom-water intensities along the northern Gulf oprior to 1.7 Ma during isotopic Stages 25-19, 14-12, 9, and the Ho-
Guinea. locene (Fig. 10). Elevated hydrogen indices corroborate this interpre-
tation. Paleoproductivity in the pelagic Gulf of Guinea was enhanced
during specific glacials, e.g. Stages 6 or 2 (Verardo and Mclntyre,
1994; Schneider et al., 1996). By contrast, off the Ivory Coast/Ghana,
intensified coastal upwelling is also suggested during interglacial
Stages 21, 19, 13, 9, and 1, probably caused by local oceanographic

Accumulation of marine and terrigenous organic carbon in marin@nd climatic conditions along the continental margin.
environments is mainly a function of the rate of supply and the rate ] ) )
of preservation (Miller and Suess, 1979; Demaison and Moore,  Accumulation of Terrigenous Organic Carbon
1980; Arthur et al., 1984; Tissot and Welte, 1984; Emerson and off thelvory Coast/Ghana: Evidence for Changes
Hedges, 1988; Stein, 1991; Calvert and Pedersen, 1992). Evidenéa Eolian Supply of C4 Plant Debrisfrom Central Africa
from biomarker analysis performed on aerosol collected above the
Atlantic (Simoneit, 1977; Chesselet et al., 1981) and the Pacific Accumulation of terrigenous material in the equatorial Atlantic is
Ocean (Chesselet et al., 1981; Gagosian and Peltzer, 1985; Zafiriolosely related to the glacial/interglacial history of atmospheric dust
et al., 1985; Gagosian et al., 1987) implies that proportions of terrigsupply from central and western Africa (Ruddiman and Janecek,
enous organic matter that potentially reach the seafloor are mud®989; Sarnthein et al., 1982; see deMenocal et al., 1993, for review).
higher than commonly assumed (Prahl and Muehlhausen, 1989; C&lelian material reaches the modern eastern equatorial Atlantic off the
vert and Pedersen, 1992). This consideration is based on the fact thairy Coast/Ghana during the boreal winter because of the southern-
vascular plant matter reveals a higher resistivity to oxic decomposinost position of the dust plume (Ruddiman and Janecek, 1989; Bon-
tion than marine organic matter and therefore, after surviving longfay and Giresse, 1992; Fredoux, 1994; Fig. 1B). Studies discussing
distance transport to the marine environment, is selectively preservélte supply of terrigenous organic matter to the equatorial Atlantic are

Accumulation of Marine Organic Carbon: Implications
for the Occurrence and Preservation Potential
of Paleoproductivity Changes off the Ivory Coast/Ghana
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based on biomarker evidence (Simoneit, 1977; Chesselet et al., 1981; Eolian dust released to the Gulf of Guinea originates from typical
Poynter et al. 1989, ten Haven et al ., 1989), abundances of freshwater habitats of C4 plant vegetation (Fig. 1), so air-blown particulate or-
diatoms (Pokras and Mix, 1985; Pokras and Ruddiman, 1989; de- ganic matter in sediments of the Gulf of Guinea is expected to contain
Menocal et al., 1993), and palynomorphs (Maley, 1982; Turon, 1984; some admixture of C4 plant debris. C4 plant material, however, will
Lézine and Hooghiemstra, 1990; Lézine, 1991; Dupont and Agwthave a strong effect on the bulk sedimen®#¢,, signal, causing a
1991; Frédoux, 1994), or other terrigenous markers, such as detritlift to more positive values, which, in turn, suggests higher propor-
charcoal identified in sediments below the center of the Equatoridlons of marine organic matter. Based on this consideration, profiles
Divergence Zone (Verardo and Ruddimann, 1996). Sources for mogt Hole 959C were re-evaluated, and C4 plant concentrations re-
of these highly resistant fragments of terrestrial plants are the shrauired to compensate for the observed offset between the isotopic and
and grass savannah-covered regions of the Sahel and Sahara zamgsnic petrologic records were calculated. Accordingly C4 plant
(Prospero, 1981; Ruddiman and Janecek, 1989; Bonifay and Girese®ncentrations and accumulation rates range from 10% to 37% and
1992; Pokras and Mix, 1985; Fig. 1). The repetitive lateral displacealmost zero to 0.006 g/éfR.y., respectively (Fig. 11). The highest
ment of African vegetation zones related to glacial/interglacial cli-C4 plant concentrations are clearly correlated to glacial stages com-
matic changes are well preserved in sediments of the deep Guingaarable to other paleodust proxies. Total ranges of C4 plant estimates
Basin (Fredoux, 1994). According to this study, glacial periods arare supported by similar relative abundances of Gramineae and
considered dry stages, showing an increase of the Graminae, Sahdlyperaceae pollen reported from late Quaternary sediments of the
Saharan, and Sudanian pollen groups, whereas interglacial perioadjacent deep Guinean Basin (Frédoux, 1994). Additional evidence
are considered humid, with an increase of the Mangrove and Guineéor the presence of grass-type debris in sediments of Hole 959C is de-
Rain Forest pollen groups. African hyperarid conditions developed asved from organic petrologic results. Commonly observed tube-
a result of increased wind speeds, which probably caused and fuelshiaped, elongated particles revealing different levels of oxidation
extensive natural bush or savannah fires (Pokras and Mix, 1985). Alikely represent partly burned fragments of a former grass-type veg-
cording to this scenario huge amounts of burned (or coked) plant matation that possibly originated from central African savannah vege-
terial were injected into the atmosphere and subsequently transportedion. However, it still remains an open target to prove the C4 plant
to the equatorial Atlantic. Witness of these extensive fires are phyrigin of these terrestrial macerals. Considering total flux rates of C4
tholiths (grass cuticles) or charcoal fragments identified in glaciaplant material to the northern Gulf of Guinea, eolian supply was
sections in the central equatorial Atlantic (Pokras and Mix, 1985; destrongly intensified prior to 1.68 Ma, and during glacial Stages 22
Menocal et al., 1993; Verardo and Ruddimann, 1996). 24, 20, 14, and 12 (Fig. 11). These results in general are supported by

Terrigenous organic carbon accumulation at Hole 959C domifirst biomarker evidence from lignite oxidation products measured in
nates the bulk organic composition throughout the Pliocene—Pleifliocene—Pleistocene sediments from Hole 959C (Giresse et al.,
tocene if quantitative estimates based on organic petrologic ar@hap. 43, this volume). Giresse and coauthors report elevated cin-
Rock-Eval records are considered. Dominance of the allochthonoumamyl/vanillyl ratios (C/V), which are indicative for C4 grass-type
organic fraction is likely to be the result of intense selective reminevegetation (Hedges and Mann, 1979; Hedges and Ertel, 1982), at cer-
alization of the labile (marine) organic fraction. However, if changegain levels of Hole 959C (i.e., during isotopic Stage 4 at 1.7 Ma and
in the accumulation of terrigenous organic matter in general refleat 1.8 Ma). Comparison with estimated C4 plant contents and accu-
variations in supply (Stein et al., 1989) 959C records suggest that emulation rates presented here (Fig. 11) reveals a fairly good temporal
lian input continuously influenced sedimentation off the Ivory Coasttoincidence, especially if the low sample resolution of both analyti-
Ghana throughout the past 2.2 m.y. Missing glacial/interglacial varieal approaches is taken into account. Results of this study have
ations in the accumulation of terrigenous organic carbon might partlghown, that application of quantitative organic petrology in combina-
be explained by low LSR and intensive sediment redistribution, causion with other established organic geochemical approaches (i.e., of
ing a persistent mixing of surface and subsurface sediments. At téC,), provide new information on the composition of sedimentary
present stage however, it remains, enigmatic why sand and carbonatganic matter that have to be considered when the depositional his-
records of Hole 959C were not affected in the same way regarding tiery of marine and terrestrial organic matter is reconstructed.
clearly preserved glacial/interglacial cycles.

Thed"C, records of modern and Quaternary marine deposits are SUMMARY
commonly applied to evaluate the relative proportions of marine and
terrigenous organic carbon using a two-component mixing equation
(Muller et al., 1983; Jasper and Gagosian, 1990; Stein, 1991; Wester- The Pliocene—Pleistocene history of carbonate and organic carbon
hausen et al., 1993; Muller et al., 1994; Schneider et al., 1996). Vaaccumulation was reconstructed for the eastern equatorial Atlantic
ious other factors, however, such as changes in surface water C@if the Ivory Coast/Ghana (Hole 959C) using bulk carbonate, sand
concentrations or C4 plant supply, may considerably bias the isotopfraction, organic carbon, and other organic geochemical records
signal of marine deposits (Muller et al., 1994; see Tyson, 1995, fq®**C,,, marine organic matter percentages derived from organic pe-
review). Based on th&3C,, record of Hole 959C, marine propor- trology, hydrogen index, C/N). In general, biogenous and terrigenous
tions were estimated to range from 67% to 100%. These high numrsedimentation is strongly affected by low mean sedimentation rates
bers are not in accordance with organic petrologic results, revealirthat are attributed to persistently enhanced bottom-water velocities
an offset between 17% and >60% (Fig. 10). With regard to the pecausing winnowing and sediment redistribution close to the top of the
sistently low LSR at Hole 959C estimates derived f&i@,, appear  transform margin.
to overrate marine organic proportions. Marine organic carbon in- Given the low time resolution at Hole 959C, sand and carbonate
ferred fromd'C,,, commonly uses marine and terrigenous isotopiccarbon records reveal glacial/interglacial cycles likely responding to
endmember values of aboutl9%. and —27%., respectively orbital forcing. Carbonate contents and accumulation rates in general
(Schneider et al., 1996). The terrigenous endmember is indicative fare reduced compared to records obtained from pelagic areas of the
land plant material following the C3 photosynthetic pathway (Geareastern equatorial Atlantic because of sediment redistribution super-
ing, 1988). There is, however, a second group of terrigenous planisaposed by terrigenous dilution. Cyclic sand and carbonate maxima,
which is specially adapted to dry climatic habitats, that uses the Adversely correlated to low TOC contents, dominate during glacials
photosynthesis pathway (Smith and Epstein, 1971; Gearing, 1988)rior to about 0.9 Ma. This pattern, typically known in the Atlantic
C4 plants exhibit extremely hea®?C,, signatures around12%. Ocean, indicates mainly productivity-driven carbonate dissolution
and comprise most of the Gramineae, which are dominant in savarelated to changes in paleoproductivity along the continental margin
nah-covered areas of African tropical lowlands (Giresse et al., 1994)ff the Ivory Coast/Ghana. During glacial Stages22, 20, 16, 12,
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Eolian C4 plant debris AR C4 plant debris grass-type plant debris is further supported by organic petrologic
(%) (gfem?/k.y.) studies revealing well-preserved cell tissues of vascular plants and
0.000 0.002 0.004 0.006 tube-shaped, elongated terrestrial macerals showing different levels

;:. . : of oxidation.
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