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Opcical (palynofacies) and geochemical (C, N, amino acids) study of surface sedimenls 
from the equalOrial North Pacific Ocean, which are deposited in an oxic environment and 
charncterized by ferromanganese nodule occurrence, revealed figured remains of pelagic, 
benthic and terrestrial organic maller. These organic remai ns consist of a residual organic 
fraction, related to a1teration phcnomena. The scarcity of amorphous organic malter contrasts 
markedly wilh anoxic sediments. Amino acid comparison between hand-picked figured or­
ganic elements and bulk sediments indicates that coarse components have distinct composi­
tions, sorne being biologically active sites; the preserved amino acid content of bulk 
sediments being mostly rclatcd 10 finc fractions as days. 

Oceallologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean 
Charcot, 2-3 mars 1989, Paris. 281-29 1. 

Étude opt ique ct géochimique de la matière organique figurée de sédiments 
oxiques actuels (Pacifique Nord-équatorial: zone Nixo). 

L'élude optique (palynofaciès) et géochimique (C, N, acides aminés) des sédiments super­
ficiels du Pacifique nord-équatorial, déposés dans un environnement oxique et caractérisés 
par la présence de nodu les polymétalliques, a révélé la présence de resles figurés de matières 
organiques pélagiques, benthiques et terrestres. Il s'agit d ' une matière organique résistante 
aux phénomènes d'altération. Leur pauvreté en matière organique amorphe oppose ces sé­
diments aux dépôts anoxiques. L'analyse des acides aminés du sédiment et des constituants 
organiques figurés lriés à la pince montre que ces restes ont une composition spécifique, 
ccnains pouvant être considérés comme des sites biologiquement actifs. La composition 
moyenne du sédiment en acides am inés est représentée essentiellement par les fractions 
argileuses. 

OccmlO!OR;ca Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean 
Charcot, 2-3 mars 1989, Paris. 281-291. 
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INTRODUcrIO 

The organic contem of surface sediments in the Pacific 
manganese nodule belt (Müller and Mangini. 1980: Piper. 
1988). and more genernl1y in abyssal areas. is known 10 
bc especially low acrobie decompositÎon (Bender and 
Heggie. 1984) and extremely low sedimentation mIes 
bcing responsible for Ihe poor conservation of organic 
malter. The apparent efficiency of ox ic sedimentary en­
vironments in the degradation of organic maller would 
scem 10 depend mostly on benthic activity (bioturbat ion. 
Illacrobenthos feeding) r.Hher than on in[rinsically d iffer­
ent kinetics of organic matter decay between oxie and 
anoxic sediments (Müller and Mangini. 1980; Reimers and 
Suess. 1983: Pelet, 1984: Wcs[rich and Berner. 1984: Mid­
dlenburg, 1989). However, [he actual roles of micro and 
macrobcnlhos in organic malter decomposit ion are not 
clearly established (Jannasch and Wirren, 1973: Cahct and 
Sibuel. 1986: Khripounoff and Rowe. 1985), and the rela­
live imponance of Ihe processes occuning at the sediment­
waler interface and in the superficial sedimenlS is still 
questioned (Emerson et al .. 1985: Reimers and Smith. 
1986: Manin and Bender, 1988). 

Conversely, organ ic malter acculllulation is reserved 10 

cominental shelves and oceanic areas of high productivity 
(berner, 1982). genemlly in anoxie sediments (Demaison 
and Moore, 1980). despite Ihe fac l Ihat no differcnce bc­
tween organic matter burial efficicncy in present oxic and 
anoxie environments (ollter Ihan relative to sedimenHlIion 
rates) has been suggesled (Henrisch and Reeburgh, 1987). 

The purpose of the present study was to seek figured or­
ganic debris (palynofacies) preservcd in oxic pelagie sedi­
ments (Equatorial Nonh Pac ifi c. Nixo area) for a 
eomparison wilh more organic pelagie sediments having 
rhytmically fluclUating organic earbon contents (Oman 
Sea, Ocean Drilling program, Leg 11 7). Additionally, the 
organic conleni (C, N. amino acids) of selected coarse 
componenlS and bulk sediments from the Nixo arca were 
examined in an allempl 10 localize specific organic re­
mains or sites of bio logieal acti vity in the sediment. 

MATERIAL AND METI-IODS 

Sampling 

Sedimenls were cored during Ihe NIXO 47 crui se of R/V 
Jeall Charcot. Two geogmph ical areas, the "Goullière" 
lIrea and the ··Seamounl" arca. were considered. They are 
respectively centrcd al 14"04'N, J30"54'\V and 14<>J5'N, 
J30"40' W (Le Suavé et of.. 1987). 

Sampling was made with box-corers (AET-TAAF). Eighl 
cores from the "Gounière" lIrca and Ihrcc from the "Sea­
mount" area were stud ied (Tab. 1). Surface layers of the 
cores were collected on shi pboard and Ihen frozcn. Cores 
CT 47004. T 470 12 and T 47024) wcre stored al 2°C unt il 
funher sumpling of Ihe top 50 cm was made. 
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Mari ne anoxic sediments wcre recovered on Leg 1 J7 of 
the Ocean Drilling Program in qualemary series driUed 
al the Oman Margin (Tab. 1). Petrogmphical and geo­
çhemical investigations are delai led elsewhere (Benrand 
et al., in press). 

Microscopy 

The description of organic matter is based on the study 
of ehemically-isolaled organic matter (palynofacies) and 
o rganic figured componems (isolated by handpieking) by 
mcans of light mieroscopy and SEM. Palynofacies study 
involves description of Ihe aspects of organic components 
of a rock, using transmittcd lighl rnieroscopy and the eval· 
ual ion of their relative proponions (Combaz, 1964). ln 
order 10 eliminate minerai fractions and hydrolyzable or­
ganie malter (humic substances). several chemical auacks 
are conducted on thc bulk sample leading 10 Ihe kerogen. 
For oxic sediments whieh do nol contain more than 0.5 % 
TOC. quantities ranging from 300 10 500 mg are required. 
The chemieal treatment is adapted from that described by 
Durand and Nicaise (1980). Chamclerization of kerogen 
is made on Ihe basis of Combaz (1980). The kerogen pre­
parations serve also for SEM observat ions. 

The coarse fractions were obtained by wet-sieving the 
sediments (125 and 250J.lm) in bi-distîlled water. After de­
scription in lighl microscopy. organie componenls. racH· 
o larian skelelons and Mn micronodules were handpicked 
for amino-acids analyses. In conlnlst wilh the palynofacies 
preparation, meçhanical separation preseves hydrolyzable 
ligured organic components. Unstable aggregates (Du­
chaufour el al., 1984) were not considered. 

Chernical ana lysis 

ORGAN/C CARBON AND TOTAL NfTROGEN 

Total organic carbon (TOC) was evaluated by the com­
bustion melhod whh Camlhograph 8 (Wosthoff) equip­
ment. Samples were decarbonatcd with 2N HCI and dried 
prior [0 calcinalion. Total carbon and nitrogen were ana­
Iyzed using a CHN Carlo Erba analyzer. 

AM/NO AC/DS 

Hydrolyzable amino acid compositions of bulk sediments 
were analyzed following previous procedure (Harc, 1973). 
Samples were plaeed in screwçap vials nushed wi lh nitro­
gcn and hydrolyzed with 5.6 N HCI at Il000C for 20 houTS. 
Metals (mostly iron) were eliminated as the hydroxides 
(NaOH) by cenlrifugalion. Arter supematent liquid was 
neulralized by HCl and rotary-evapomted, NaCI was dis­
cardcd by insolubi\ization in concentrated HC 1. The re­
covery of internai standard (norleucine) was mostly 
gretacr Ihan 90 %. Mn mic ronodulcs wcre treated with a 
protein hydrolyzing specifie technique. using oxalic ac id 
(Iachan N al., 1961 ) recently uscd for sludying Mn oxides 
(Lallier-Vergès and Al béric. 1989). The recovery of ami no 
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Table 1 
Location of NIXO 47 sludi/'d udiments, ll'al'" conu:nt (11'1'1 ll'eight 'lb), coar:;e fraction (dry IIItight 'lb) and to/al organic carbon content (rOC ± 0.05) 
Silualion géograplûque el profondeur d 'eau des sites de prélèvement de stdimcnts de NIXO 47, teneur en eau (par rappon au poids humide ). pourcenlllge 
des f ct"ons grO$s"êres (par rappon au poids sec) el carbone organique IOIllI (TOC ± 0 05 %) ~, , 

CORE °LAT N oLONG W WATER-DEPTH % WATER % > 250)lm %> 125 IJm % TOC ,ml CONTENT 

"Gouttièrc" Arca 

T47004 14°06.59 13cf'53.95 4990 66.86 0.20 0.44 0.39 
T 47007 14°06.89 13cf'53.75 4995 71.35 0.09 0.52 0.35 
T 47011 14°07.35 13cf'53.62 4995 72.92 0.18 0.49 0.64 
T 47012 14°03.55 13cf'56.62 4990 69.25 0.14 0.74 0.57 
T 47014 14°02.99 13cf'56.94 5010 75.09 0. 13 0.62 0.36 
T 47016 14°04.10 13cf'56.26 5000 75.57 0.10 1.54 0.66 
T 47018 14u02.90 13cf'57.10 5050 73.66 0.00 0.71 0.33 
T47021 14°04.72 13(f55.89 5010 76.21 0.26 0.74 

"Seamounl" Arca 

T 47024 14°46. 17 13cf'47.67 4910 71.92 0.13 0.49 0.47 
T 47029 14°39.04 1 3cf'4 1.90 5055 65.80 0.56 0.56 0.43 
T 47031 14°40.28 130"40.83 5055 
T 47032 14°35.49 13cf'41.87 5120 69.04 0.26 0.61 0.58 

Table 2 
UR 1f7 studied sediments (depth beloK' the seo{loof in metrr:s. TOC in %). 
Sédiments étudiés au cours du leg 117 (profondeur en mètres. carbone organique total en %) 

Hole. Core. Sec\.. Interval (cm) Dcpth m 

723A-36X-4, 45-47 331.25 
724A-I H-2, 122-124 2.72 
724-4H.71-73 27.61 
724A-4H-3,71-73 29.11 
726A-4H-5, 20-22 j~:~ 726A-5H-I.86-88 
728A-16X-2,30·32 145.30 
728A-27X-4, 67-69 254.97 
729A-4R-5, 0-2 28.30 
729A-4R-5, 85-87 29. 15 
730A_26X_2, 40-42 2>1 1.50 
730A-26X-5, 40-42 246.00 
730A-S H-4, 109-111 42.39 
730A-5H-6. 109-111 45.39 
730A-7X-2. 130-132 58.60 

acids is better wilh the procedure, because HCI hydrolysis 
deslroys amino acids in Ihe presence of Mn-oxidcs. 
Demineralization sleps were omiued for other coarse com­
p<>nents. Amino acid analysis was carried out on a Beck­
man 118 BL aUloanalyzcr. 

BULK SEDIMENT OUlUNES 

Chcmical characlerization 

General sediment lilhofacies are brown radiolaria-bcaring 
to radiolaria-rich argillaceous muds (for more delails con­
ccming scdimentary fcalures of Nixo sediments, sec 
Ricou, 1990). Organic carbon in top sediments of the Nixo 
area ranges from 0.3 100.7 % (Tab. 1) and dccreascs to 
0.2 % al 40 cm depth (Tab. 2). These results are typical 
for recem deep-sea deposils of similar environment 
(Whclan, 1977; Müller, 1977; Müller and Mangini, 1980; 
Khripounoff iUld Row, 1985; Pi~r, 1988). The C/N ratio 
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TOC LÎlhology 

4.69 Calcareous c1ayey silt 
0.64 Calcareous c1ayey sil! 
2.21 Calcareous c\ayey sill 
0.44 Calcareous clayey sill 
0.34 Foram. bearing nannofossil OOle 
2.90 Calcareous claye}" silt 
2.77 Marly nannofOSSl1 OOle 
0.83 Marly nannofossil OOle 
0.91 Nanno, bearing marlt limcstonc 
0.04 Nannofossil bearing imeslone 
0.31 Marly nannofossil chalk 
0.94 CaJcareous claycft' sil t 
3.09 Diatomaceous si ty clay 
1.32 Diatomaceous marly nanno. ooze 
4.58 Diatomaceous sil lY clay 

is low (about 6 al Ihe water-sediment interface) and 
decrca.'\Cs with depth (Fig. 1). This particularity of distant 
offshore deep-sea sediments (Mülle r, 1977) distinguishes 
them from othcr marine sedimems (Jocteur-Monrozier and 
Jeanson, 1979) where C/N ratios generally Încreasc with 
depth in cores in response to a greater labil ity of organic 
nitrogen compounds. C/N decrease in superficial deep-sea 
sediments is probably dependem on associations of am­
morna and sorne organic nitrogen with days (Müller, 
1977) and may extcnd during further diagenesis (Waplcs 
and Sioan. 1980). There arc indications that the phenom­
enon does no depend on a slrict conservation of amino 
acids (Whelan, 1977) or aliphalic amines (Lee and Oison, 
1984). Sediment lops (T 47004, T 47012 and T 47024) 
have total am ino acid contents from 9 10 14 micromoles 
(Tab.3). Thcse val ucs arc also charactcristic of deep-sca 
deposits (Degens et al. , 1964: Degens. 1970, Schroeder 
and Bada, 1976; Albéric and Khripounoff, 1984, Stcinberg 
et al., 1987). Supcrficial sedÎments wÎth lowcr values 
(0.2 micromoles/g) have been reponed by Whelan (1977). 
ln the three top samptcs studied, amîno acid-C comprises 
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Table 3 

Depth ln cm 
o 

." 

." 
·30 

." 
·50 
·60 

, 
, , , , 

, , , , , 
, , 

T 47004 

· 70 +-----~----~----~ 
2 , 

CIN 6 8 

Deplh ln cm 

0 , , , 
." , 

8 , 
." , , T 47012 , , 
·60 , , , 
·80 

2 , CIN 6 8 

Deplh incm 
0 , 

• 
." , , 

, , , 
." , , T 47024 , , 
·60 , , 
·80 

2 , CIN 6 8 

Figure 1 

CfN profiles in T47004. T47012 and T47024 carl!5. 
Profils du rappon C/N le long des carOlleS T 47004. T 47012 el T 47024. 

Talai OrgaNC carbon (TOC) and 10((11 nilro8en (TN) COn/eTUS in T47004. T47012 and T47024 ,·ores. Deplhs in cm. 
Teneurs en carbone organique 100ai et aw!e total Ic long dcs carOlleS T 47001 T 47012 el T 47024 Prorondeurs en cm - . 

SAMPLE SAMPLE SAMPLE 
"" TOC " TN "" TOC " N 

T 47004 T 470 12 T 47024 ,., 0.45 0.08 ,-, 0.36 0.08 ,-, 
10-12 0.35 0.07 JO· 12 0.34 0.08 10·12 
15-17 0.35 0.06 15-17 0.31 0.07 15·17 
20-22 0.31 0.06 20-22 0.28 0;07 20·22 
25-27 0.27 0.06 25-27 0.25 am 25-27 
30-32 0.24 0.06 30-32 0.25 0.07 30·32 
35-37 0.25 0.06 35-37 0.22 0.07 35·37 
40-42 0.25 0.06 40-42 0.23 0.07 40-42 
45-47 0.24 0.06 45-47 0.20 0.06 45-47 
50-52 0.21 0,06 50-52 0.20 0.06 50-52 
55-57 0.21 0,06 55·57 0.20 0,06 55-57 
60·62 0.20 0,06 60·62 0.19 0.06 60-62 

65·67 0.20 0.06 65-67 
70·72 0.20 0.06 
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" TOC " TN 

0.35 0.07 
0 .33 0.06 
0.29 0.06 
0.26 0.06 
0.25 0.06 
0.23 0.06 
0.23 0.06 
0.21 0.06 
0.24 0.06 
0.21 0.06 
0.20 0,06 
0.20 0.06 
0.20 0.06 
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about 12-15 % of total organic carbon and amino acid-N, 
19-25 % of total nitrogen. Ammonium-N (contained in 5,6 
N He l hydrolysates) corresponds to about 12-15 % of 
total nitrogen. Although amino acid contents decrease with 
depth (5 micromoles/g at 40 cm), the proportion of amino­
C remains mostly constant, indicating 00 preferentialloss 
of amino acids versus wholc organic matter (fOC). On 
the contrary, amino-N percentage diminution with depth 
(12 % at 40 centimetres) indicates the occurrence of sorne 
more resistant organic nitrogen fractions (neither am­
moniac, nor amioo acids), responsible for the decrease of 
C/N ratios. 

The studied sediments con tain appreciable proportions of 
oon-proteic amino acids (~-alanine and "f-amioobutyric 
acid) (Fig. 2a). These compounds (in very small quantilies 
in planktonic organic malter and seUling marine particles) 
arc relatively abundant in superficial deep-sea sediments, 
where they appear to be with clays (Degens, 1965; 
Schrœder, 1975; Whelan, 1977). Present in deep-sea sedi­
ments as NaOH non-extractible compounds (Albéric and 
Khripounoff, 1984), these amine acids may be considered 
as residual with reference to their relative iocrease during 
the transit of organic matter in the digestive tract of 
deposil-feeding invertebrates. During burial, following the 
diminution of total amine acid contents. these two com­
pounds may become the major amino acids of sediments 
(Schrœder and Bada, 1976; Whclan. 1977). At a depth of 

40 cm in the T 47012 core. they account for about 40 % 
of total amino acids (Fig. 2b). However, their contribution 
10 the preserved IOtal nitrogen is very low. 

As observed for Ihcse sediments and in previous studies. 
the sedimentation of deep-sea cJays in an oxic environ­
ment is characterized by an early relative enrichment in 
~alanine and y-aminobutyric acid, which is not observed 
in shallower sediments (Terashima, 1979; Rosenfeld. 
1979) or in deep-sea sediments richer in organic carbon 
(Henrichs et al. , 1984). However, deep buriaI (> 100 m) 
in anacrobic conditions seems 10 lead 10 an equal relative 
increase of non-proteic amino acids in the sediments 
(Hare, 1973; Schœder and Bada. 1976). 

Palynofacies composition 

OPTlCAL AND ELECTRON MlCROSCOPr OBSERVATION 

The very weak amount of eXlracted organic matter in the 
walcr-sediment interface samples has three major types 
of component : planklonic organisms and algae; benthic 
organisms; and materiaI of terrestrial origin (Iignaceous 
debris. spores and pollens). 

Organic debris exhibiting membrane shapes (Pl. 1 C) have 
been c1assified with algae. Their morphology recal1s the 
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CO"'{KJJition of h)'drQ/yzabic amirlO acid$ in surfau udimcr!U (A) and wilh dcplh in T470f2 core (8). MfXJS{XUlic ocid; TM. - tMeoninc: ~c.r ­
U riM; Glu -lI lu1(lII1ic add: Cly _ glyâM; Akl - a/omM; Vol - valiM; Ile - isoleuciM; Leu - ft ueine: llis _ his,;diM; Lys - Iysme; Arg - Argmme; 
jkJla - ~.al<IJline; "(·ahu - y·amirlOhuryric acid: GlcN - glucasomine; GaiN - galaclOwmine. 
Composition en acides aminés des sédiments superficiels (A) et le long de la carotte 470 12 (II). 

285 



E. LALLIER-VERGÈS, P. ALBÉRIC 

286 



sruOY OF ORGANIC MAlTER IN PRESENT OXIC SEDlMFNTS 

.... l'lille 1 

Tro/Umifted figltl microscopy (A. B, C, D, E. G, /f. I ); Sl(Tto-m«roUOfN (J. K. L) 
Mlcl'O$COpÎC cn lumiàc transmisc (A, B, C, D, E, G, H, 1); loupe binoculai~ (J. K, L). 
10- Alvw/alt ploMion, T47004 uvnple (scalt bar = IOOJ1l"). 
PI/IIlCIOfl alvéolt, tchantiUon T 41004 (éc/'-=IJe: :: l(qun). 
B _ marint figurtd IUlihlermiN:d orgonüm. T 47021 SiJmple (scale bor z 25 J1I"). 
OIganisme marin figure indétermin.!, échanti llon T 4102 1 (échell e: = 2S ].lm). 
C - MembrallOw fragment (possibly o/gal). l' 47012 SiJmple (scale bor ,. 100 J1I") 
Frngmenl mcmbninaile sans doute algaire , tchant illon T 41012 -échelle: .. 100 ].lm). 
D - Arlhropod oppend~ fr4gmelll . T 470llJ sample (sc4le bar - /00 J1I"). 
rragment d appendice d 'arthropodc:. tchantillon T 41018 (échelle = 100 11JII). 
E - Brown shtJpdess "tlnIOrplwus- organic aggregules from T 47011 (scole bor • 100 J.U7I). 
F1oc:oos de matitTe organique -atnOI'phC". tchantillon T 41011 (échelle", 100 11JII). 
F - Sonle agtretalts under UV acitalioN : f1uoresctnce emission. 
Mêmes noeons vus sous CXCi18tion UV: tcince de: nuoresoeoa:. 
Ci - Arthropod epitkrm. T 47024 sample (scale bar '" /00 IU'I). 
Epiderme d'arthropodc. échantillon T 41024 (échelle = 100 11JII). 
1/ - Arlhropod apfHnd~ coaud with Mn oxides, T 47018 uvnple (scale bar • 100 }UII). 
Appcndiœ d'arthropodc: cllCfOCitt d'o:lydc:$ de Mn., échantillon T 41 1011 (échelle) 100 j.lm). 
1 - Iorlhropod appendix osJocia/ed wi/It -cunorp/touJ- organic moller (Oman Murfin ). (scale bart '" /00 IU'I). 
Appendice d'arthropodc: assoc~ 11. de la malière organique "amorphe" (Matgc de 'Oman). (scale bar '" IOOj.lm). 
J _ Ben/hic foruminifera (For) and "mancMm" (M). /wndpicked in surface udifMlllS (scale bar '" 1 mm). 
ForaminiRres benttuques avec loges (For) c t ~manchollSH (M), pre lcvés dans les M!diments de surface: (échelle .. 1 mm). 
K _ Arthropod dcbris, radio/aria (R) und toncretiono/ Mn micronodules (Mn), T 47024 samples (scale bar '" 5()() )1m). 
Dtbris d'III1/vopodc:, radiolaire (R) et miCTOnOdulcs de Mn concretionnaires (Mn), khantiUon T 41024 (khc: lle • SOO ].lm). 
L _ TranslllCtnJ klminoltUJ tkbris (d.t.), ben/hic foronU.nifus (For. M ). concntilJllQ/ Mn micronodules (Mn) and radioiruiD (R). T 47018 sample (scole 
/Iar . 1 mm). 
Débris organique lamin.! InIRSlllcidc (d.L), foramÎniRres benthiques (Rlr, M). micronodll\es de Mn cooattionnaites (Mn) ct radiolaires (R), échantillon 
T 41018 (échelle) 1 mm). 

Plate 2 

SEM observo/iOllS 
Obsc:rvalioos au MES. 
A _ Epidum arlhropod fruS",,-nJ 
Fragment d 'épiderme: d'anhropodc. 
B - Carbanoceow spherule 
Sphérulc carbon!!. 
C - LignaceolU tkbr;s 
Dl!l:ris ligneux. 
D - Spore. 

2&7 
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organic structures obtained by Janin and Bi gnot (1983) 
aftl!r Mn nodule dissolution. Alveolate plankton without 
any mineralized skeleton (Pl. lA) often OCCUI"S. Undeter­
mined organoclasts (PI. 1 B) with a bottJe-shaped mor­
phology have often been found. In some samplcs. 
orange-brown shapeless organic maucr aggregates asse­
c iatcd with minerai groudmass have becn obscrved 
(PI. 1 E). 

Epidenn and appendix fragments of arthropods (Combaz, 
1980) are the best preserved fragments (Pl. ID. IG, 2A). 
They are often covered with Mn oxidcs (pI. IH). 

Carbonaceous spherules have been observcd by SEM 
(Pl. 2B). They could he soot or fonns of ind ustrial pol­
IUlion (Jcdwab, 1971 ). Lignaceous debris (Pl. 2C), spores 
and pollens (Pl. 2D). representing the organo-dctrital frac­
tion. are presenl in ail the sediments. Lignaceous debris 
are altered but still translucent in light microscopy. These 
terrestrial components are air-ox idized debris (Huc, 1978). 

Due to the small numbcr of "Seamount" area santples, it 
is difficult to cstabl ish reliable comparisons bctween arcas. 
However. figured organic matler seems more abundant in 
Ihe "Gouttière arca" than in Ihe "Seamount" arca. The 
upper part of T 4703 1 core, locatcd on the seamount. 
which is enriched in volcanic components, is devQid of 
kerogen. 

Organic debris in T 47004, T 47012 and T 47024 cores 
shown a strong diminution wilh depth and disappear at 
about 30 cm. Thus, figured organie matter, although re· 
fractory to superfic ial ahcratÎon processes. appears still 
metaboliz.able bcneath Ihe waler-sedimenl inlerface , if we 
consider the organic matter input 10 be constant. 

UV EXCITATION OBSERVATION 

Excitation by an incident UV beam (365 nm) pennils lhe 
characlerization of organic matter by its own fluorescence 
emission, and the evaluation of its evolution state during 
diagenesis. The prcviously describcd shapeless aggregates 
exhibit a fl uorescence emission (Pl. IF) similar to that of 
some immature algal particles. This fluorescence emission 
undergocs a negalive alleralion after a few minutes of con­
tinuous UV excitation. This phenomenon could be relateJ 
to Ihe presence of hydrocarbons inside thesc aggn;gales 
(Martinet: el al., 1987): in thal case. their occurrence 
wou ld remain 10 he explained. The other observcd marine 
organic debris do nOI present any fluorescence emission. 

Com pa rison with O man marg;n anoxie sed iments 

ln Oman margin anoxie sediments. the main componem 
is optical ly amorphous organic matter (up 10 95 % of kero­
gen) (PI.II), consisting of orange-brown coloured aggre­
gales (Bertrand el al .. in press). Surface sediments from 
Ihe Oman Margin (Caratini et al., 1981 ) aise present the 
same ch3r31eriSlics (97 % of amorphous o rganic matter). 
When studied by TEM. amorphous organic maller often 
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exhibits a membrane-shaped Slructure (Raynaud et al .. 
1988) and would mainly result from the degradation of 
phyloplankton. The aspect of the amorphous organic mat­
ter from Oman Margin sediments, using Iransmitted light 
microscopy. is similar to Ihal of aggregates described in 
NIXO oxic sediments. 

Figured organic debris from Oman Margin sediments are 
mainly of marine origin. They constitule the main part of 
organic matter when Ihe TOC contents is low (0.5 -
0.2 %). Their components are similar to those from NIXO 
sediments: refraclory pans from pelagie and benthie or­
ganisms (pI. II). Thesc rcsults suggesi that this residual 
figurcd organic maner is weakly affected by oxidalion 
processes. 

Discussion 

The main differcnce in respect of kerogen composition 
between anoxic and oxic siudied sediments, relates to the 
proportion of the "amorphous" organic matter. 

Caratini et al. (1983) have shown along a transeCl running 
offshore from the Mauritanian coasl Ihat Ihe quanlity of 
"amorphous" organic matter decreases in relalion 10 

figurcd organic matter when descending Ihe continental 
slope. This result may renect the limited influence of 
coastal upwelling and consequently the boundaries of high 
phyloplanktonic dcvclopment, bUI it may also reveal the 
incrcasi ng alteration degrce of the deposited organie mat­
ter due to oxygenaled boltom waters. 

ln oxic deposits (equatorial North Pacifie), the isolaled 
organic matter presents sparse "amorphous" organ ic malter 
showing Ihal through the trophic chain (pellets). a linlc 
part of phyloplanktonic matter may allain deep-sea sedi­
ments. 

Oceanie upwelling domains (equatorial Pacifie) do not 
yield such a massive phytoplanklonic production as 
coastal upwclling rcgimes (Degens et al., 1976). The lack 
of delrilal sedimentation promotes a very low sedimenta­
tion mte and a long period of contact with cold 02-en­
riched bonom waters: degradation processes due 10 

biologicaJ and microbial activity may occur, and rcactive 
organic malter is consumed. 

COARSE FRACTION BIOGENIC 
COMPONENTS 

The proponions of Ihe coarse fraclions are given in 
Table 1. Daia werc recalculated for sediment dry weÎghl. 
When clay aggregates arc eliminated, the coarse fractions 
gcnerally represent less than 1 % of total sediment weighl. 
Coarse fraclions arc more abundant in sediments with a 
high volcanie contribution (T 4703 1) bccause they are 
principally composcd of volcaniclastie debris. 
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Description of the different components 

Ali the coarse fractions of surface sediment samples 
frozen on shipboard conlain organic debris. In the 
> 250 /lm fraclions, them are mainJy benlhîc animal frag­
ments (pl. JK) and vegetal debris. In the > 125 /lm frac­
tions, they correspond 10 pelagic remains and brown 
translucent organic debris with a slightJy Jaminated struc­
ture (Pl. 1 L) whîch were not observed in chernicaUy iso­
lated organic maner (sec above). 

The presence of benthic foraminifera (up to 30 % of the 
coarse fraction in the T 47011 > 250 /lm sample) is a con­
stant par.uncter of thcsc sediments (PI. IJ). One type has 
a test composed of orange coarse-grained silicale minerais 
with a cellular shape. Other types (called "manchons") 
with a tubular structure have tests made of a pale-grey 
fine-grained siliceous cement. 

The proponi ons of Radiolaria are high, mainJy in the 
> 125 J.1l11 fraclions (70-95 %). Their shells are well-pre­
served. except in the T 47029 core. 
Mn micronodules, quantities of which range from 5 to 
30 % of coarse fraclions, are mainly concretional micro­
nodules wilh a botryoidal morphology (Pl. IL). They re­
suit from the accretion of Mn oxidcs wi thin the sediment; 
an apprcciable amount of clays heing trapped during their 
growlh (Lallier-Vergès, 1986). Howcvcr, about 20% of 
Mn micronodules are radiolarian lests replaced by Mn 
oxidcs. 

The co,use fraClions of surface sediments from T 47029 
and 47032 cores differ from the others in thalthen contain 
very (ew figured organic remains. Coarse fractions of 
T 47029 are typical of low sedimentation rate sediments 
as "red days": numerous ferromanganese nodule frag­
ments, indurated sediment dcbris, palagonite, fi sh-Ieelh, 
concretional Mn micronoclules, altered and prescrved radi­
olaria, and benthic fomminifers. The T 47032 core mainly 
presents Mn oxide dendri tes growing inside indumted 
sediment. 

Table 4 

Arnino acids in coarse fraction components 

Coarse fractions accounl for Jess Ihan 1 % of t01a1 sedi­
ment weight, 50 their contribution 10 the whole amino acid 
composition of the sediment would be significant only for 
ncarly pure proteinic substances. Radiolarian shclls, Mn 
micronodules and lignaceous debris bear Jess amine acids 
than the bulk sediment. On the other hand, bcnlhic 
foraminifcra (PI. 11) and laminatcd translucent fragments 
(pl. IL) are greatly enriched in amino acids (rab. 4). 

The amino acid abundance of benthic fomminifera prob­
ably resuIts from their recent existence in the sediment 
and one may consider that they still belong to the bio­
logical fraction of the sediment. The occurrence of taurine 
(Fig. 3) in the.'IC samples clearly shows that they do nol 
consist of altered sheUs but of receOl remains of living 
organisms. 

The lranslucent fragments are partic ularly rich in amino 
3Cids (480 micromoles/g). Thcir nature is probably totaUy 
organic. Amino acids and amine sugars account for not 
more lhan 6 % weight of the sample. About 8 % of tOtal 
amino acids are represenlcd by an undetermined com­
jXlnent (n.d., Fig. 3) which has already been observed, in 
low quantities, in sediment-trap panicles (previous slu­
dics). Thi s latter has never been dcscribed in sediments. 
Ils e lution position (between phenylalanine and ~-a1anine) 
could correspond to that of cenain hexosamines. such as 
glucosaminito l (Cheng and Boat, 1978). However, the hy­
drolysis conditions are not likely to produce such com­
pounds. Apan from glucosamine ( 11 %) and the 
Wldetermincd comfXment, glycine (45 %) and histidine 
(8 %) are the moS! characteristic amino compound of these 
panides (Fig. 3). 

Radiolaria skeletons are approximately four times lower 
in amine acids than the sediment (Tab. 4). Mcasurcd value 
(aboul 3 micromoleS/g) is higher Ihan mean value reponed 
for recent species (aboul 1.5 micromolcs/g; King, 1974), 
a1though individual amino acid compositions are similar. 

1001 QmiNJ acid and NH4 + COrt /e fllS (",jcromo/es/s) of sedimem und rourse Irac/iOtl CQIfI{JOflefllS. Il,,,itlo-Nn"N. Nil. + NrrN rmd amirlOCrrOC ... 
in sedimLfIlS. 
Composition en acides amin.:s 100aux el Nil. + (mi<:romoJeslg) des stdimcBls el ~"OnsliluanlS des rraclions grossières. Rappons ( ... ) N-amiflé/TN. N·NlI. 
+rrN and C ami~rrOC dans lai lIédilllCn\$ -

TOTAL NH4+ AMINO Il NH4+ - N AMINQ C 
SAMPLE AMINQ ACIDS 

j.llnoVg l'mol/II % % % 

BULK SEDIMENT 
T 47()()4 top 10 9 22 13 Il 
T 47024 top 9 9 19 15 10 
T 47012 t0cf 14 8 25 12 15 
T 47012 1 cm 8 7 17 12 12 
T 47012 40cm 5 5 12 10 Il 
COARSE fRACllONS 
radiolaria 2.7 
Mn micronodulcs 1.9 
1 ignous dcbris "-lransluœnt fr.1$mcnts 485 
bcnthîc foramm îfcrs with cells 28 
bcnlhic foruminifcrs : "manchons" 14 
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Figure 3 

Compruilion of hydroly:able amine acid~ in course frac/ion componrnlJ. 
TOil _ raurine: /I.d. - /Ion deurmined amino , ·ompuund. 
Composition en acides aminés des constituanl5 des fractions gross ières. 

This difference may be due 10 Ihe faci Ihal samples were 
not subjecled 10 chemical Ircalmenl in order 10 release 
adsorbed humic substances. Thcir individual amino acid 
composilion underlines the lad: of non-proleic amino­
acids. 

The Mn micronodules have a proteic amino acid corn· 
position very sim ilar 10 Ihal of mdiolaria and sediments 
(Fig. 3), although their contents is much lower (about the 
half relalively 10 radiolaria). The occurrence of p-aJanine 
and y-aminobulyric acid. in Ihe same proponions as in 
Ihe sediment. reveals the incorporation of clays in the mi­
crooodules during their accretion. No biochemical aClivily 
(presenl or ancient) has been dctecled in Mn micro-
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nodules. Ihrough amino acids analysis. This observalion 
is similar 10 those made for Mn-ox ide mineralized bio­
logieal rests (Lallier-Vergès and Albéric. 1989) or for or­
ganie pigments in Mn nodules (Glasby and Hodgson. 
1971). 

The Study of the amino acid composition of coarse organic 
fmelions revealed ncw components and showed Ihat Ihe 
figured fragments only conSlitute a minor pan of the total 
amino acid content of the sedimenl, the major pan being 
associaled wilh fine r fraclions. 

CONCLUSION 

Law TOC, C/N decrease wilh deplh in lhe core, enrieh­
menl in I}-alanine and y-aminobUlyrie acid in Nixo deep­
Pac ifie sediments indicate typieal oxic sedimentation. The 
opticaJ study of chemica1ly isolated organic matler from 
these surface sedimenls revealed the dominance of the 
figurcd organîc maner which is eomposed of very resistant 
components. such as vegetal debris, extemal pans of 
planklonic and benlhic organisms and sparse aggregates 
of "amorphous" organic maller. Conversely, the chemi· 
call y extraeted organic matter of TOC-rieh anoxie deposits 
(Oman Margin) is mainly eomposed of "amorphous" or­
ganie malter and rare bemhic fragments. This "amor­
phous" organic malter, oonsidered to result from the 
decomposition of phyloplanklon. is indicalive of both high 
phytoplanctonie produelivity and good condi tions of pre­
servation of reaclive organic maller. 

Figured organic malter (benthic and resistant pelagie te­

mains and altered vegelal debris) associaled wilh the oc­
currence of radiolarian tests and zooplanklon pellets 
would correspond 10 Jess productÎvi ty and low phYlo/zoo­
planklon ratio. These organic input characteristies asso­
ciate<! 10 a very low detrilal sedimentalion rate appear 10 
bc responsible for oxie sedimentation. 
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