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ABSTRACT

Optical (palynofacies) and geochemical (C, N, amino acids) study of surface sediments
from the equatorial North Pacific Ocean, which are deposited in an oxic environment and
characterized by ferromanganese nodule occurrence, revealed figured remains of pelagic,
benthic and terrestrial organic matter. These organic remains consist of a residual organic
fraction, related to alteration phenomena. The scarcity of amorphous organic matter contrasts
markedly with anoxic sediments. Amino acid comparison between hand-picked figured or-
ganic elements and bulk sediments indicates that coarse components have distinct composi-
tions, some being biologically active sites; the preserved amino acid content of bulk
sediments being mostly related to fine fractions as clays.

Oceanologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean
Charcot, 2-3 mars 1989, Paris. 281-291.

RESUME

Etude optique et géochimique de la matiere organique figurée de sédiments
oxiques actuels (Pacifique Nord-équatorial : zone Nixo).

L'étude optique (palynofacies) 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 nodules polymétalliques, a révélé la présence de restes figurés de matiéres
organiques pélagiques, benthiques et terrestres. Il s’agit d'une matiére organique résistante
aux phénomeénes d’altération. Leur pauvreté en matiére organique amorphe oppose ces sé-
diments aux dépots anoxiques. L'analyse des acides aminés du sédiment et des constituants
organiques figurés triés a la pince montre que ces restes ont une composition spécifique,
certains pouvant étre considérés comme des sites biologiquement actifs. La composition
moyenne du sédiment en acides aminés est représentée essentiellement par les fractions
argileuses.

Oceanologica Acta, 1990. Volume spécial 10, Actes du Colloque Tour du Monde Jean
Charcot, 2-3 mars 1989, Paris. 281-291,
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INTRODUCTION

The organic content of surface sediments in the Pacific
manganese nodule belt (Miiller and Mangini, 1980; Piper,
1988). and more generally in abyssal areas, is known to
be especially low aerobic decomposition (Bender and
Heggie, 1984) and extremely low sedimentation rates
being responsible for the poor conservation of organic
matter. The apparent efficiency of oxic sedimentary en-
vironments in the degradation of organic matter would
seem to depend mostly on benthic activity (bioturbation,
macrobenthos feeding) rather than on intrinsically differ-
ent kinetics of organic matter decay between oxic and
anoxic sediments (Miiller and Mangini, 1980; Reimers and
Suess, 1983; Pelet, 1984; Westrich and Berner, 1984; Mid-
dlenburg, 1989). However, the actual roles of micro and
macrobenthos in organic matter decomposition are not
clearly established (Jannasch and Wirsen, 1973; Cahet and
Sibuet, 1986; Khripounoff and Rowe, 1985), and the rela-
tive importance of the processes occurring at the sediment-
water interface and in the superficial sediments is still
questioned (Emerson er al., 1985; Reimers and Smith,
1986; Martin and Bender, 1988).

Conversely, organic matter accumulation is reserved to
continental shelves and oceanic areas of high productivity
(bermer, 1982), generally in anoxic sediments (Demaison
and Moore, 1980), despite the fact that no difference be-
tween organic matter burial efficiency in present oxic and
anoxic environments (other than relative to sedimentation
rates) has been suggested (Henrisch and Reeburgh, 1987).

The purpose of the present study was to seek figured or-
ganic debris (palynofacies) preserved in oxic pelagic sedi-
ments (Equatorial North Pacific, Nixo area) for a
comparison with more organic pelagic sediments having
rhytmically fluctuating organic carbon contents (Oman
Sea, Ocean Drilling program, Leg 117). Additionally, the
organic content (C, N, amino acids) of selected coarse
components and bulk sediments from the Nixo area were
examined in an attempt to localize specific organic re-
mains or sites of biological activity in the sediment.

MATERIAL AND METHODS

Sampling

Sediments were cored during the NIXO 47 cruise of R/V
Jean Charcor. Two geographical areas, the "Gouttiére"
area and the "Seamount” area, were considered. They are
respectively centred at 14°04'N, 130°54°'W and 14°35'N,
130°40°W (Le Suavé er al., 1987).

Sampling was made with box-corers (AET-TAAF). Eight
cores from the "Gouttiére” area and three from the "Sea-
mount” arca were studied (Tab. 1), Surface layers of the
cores were collected on shipboard and then frozen. Cores
(T 47004, T 47012 and T 47024) were stored at 2°C until
further sumpling of the top 50 cm was made.

Marine anoxic sediments were recovered on Leg 117 of
the Ocean Drilling Program in quatemary series drilled
at the Oman Margin (Tab. 1). Petrographical and geo-
chemical investigations are detailed elsewhere (Bertrand
et al., in press).

Microscopy

The description of organic matter is based on the study
of chemically-isolated organic matter (palynofacies) and
organic figured components (isolated by handpicking) by
means of light microscopy and SEM. Palynofacies study
involves description of the aspects of organic components
of a rock, using transmitted light microscopy and the eval-
uation of their relative proportions (Combaz, 1964). In
order to eliminate mineral fractions and hydrolyzable or-
ganic matter (humic substances), several chemical attacks
are conducted on the bulk sample leading to the kerogen.
For oxic sediments which do not contain more than 0.5 %
TOC, quantities ranging from 300 to 500 mg are required.
The chemical treatment is adapted from that described by
Durand and Nicaise (1980). Characterization of kerogen
is made on the basis of Combaz (1980). The kerogen pre-
parations serve also for SEM observations.

The coarse fractions were obtained by wet-sieving the
sediments (125 and 250um) in bi-distilled water. After de-
scription in light microscopy, organic components, radi-
olarian skeletons and Mn micronodules were handpicked
for amino-acids analyses. In contrast with the palynofacies
preparation, mechanical separation preseves hydrolyzable
figured organic components. Unstable aggregates (Du-
chaufour er al., 1984) were not considered.

Chemical analysis

ORGANIC CARBON AND TOTAL NITROGEN

Total organic carbon (TOC) was evaluated by the com-
bustion method with Carmhograph 8 (Wosthoff) equip-
ment. Samples were decarbonated with 2N HC1 and dried
prior to calcination. Total carbon and nitrogen were ana-
lyzed using a CHN Carlo Erba analyzer.

AMINO ACIDS

Hydrolyzable amino acid compositions of bulk sediments
were analyzed following previous procedure (Hare, 1973).
Samples were placed in screwcap vials flushed with nitro-
gen and hydrolyzed with 5.6 N HC1 at 110°C for 20 hours.
Metals (mostly iron) were eliminated as the hydroxides
(NaOH) by centrifugation. After supernatent liquid was
neutralized by HCI and rotary-evaporated, NaCl was dis-
carded by insolubilization in concentrated HC1. The re-
covery of internal standard (norleucine) was mostly
gretaer than 90 %. Mn micronodules were treated with a
protein hydrolyzing specific technique, using oxalic acid
(Iachan er al_, 1961) recently used for studying Mn oxides
(Lallier-Verges and Albéric, 1989). The recovery of amino
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Table 1

Location of NIXO 47 studied sediments, water content (wet weight %), coarse fraction (dry weight %) and total organic carbon content (TOC % 0.05)
Situation géographique et profondeur d'eau des sites de prélevement de sédiments de NIXO 47, teneur en eau (par rapport au poids humide), pourcentage
des fractions grossi%res (par rapport au poids sec) et carbone organique total (TOC £ 0,05 %).

CORE °LAT N oLONG W | WATERDEFTH | % WIENT | %>250um | %> 125um % TOC
"Gouttiere” Area
T47004 14°06.59 130°53.95 4990 66.86 0.20 0.44 0.39
T 47007 14°06.89 130°53.75 4995 71.35 0.09 0.52 0.35
T 47011 14°07.35 130°53.62 4995 7292 0.18 0.49 0.64
T 47012 14°03.55 130°56.62 4990 69.25 0.14 0.74 0.57
T 47014 14°02.99 130°56.94 5010 75.09 0.13 0.62 0.36
T 47016 14°04.10 130°56.26 5000 75.57 0.10 1.54 0.66
T 47018 14°02.90 130°57.10 5050 73.66 0.00 0.71 0.33
T47021 14°04.72 130°55.89 5010 76.21 0.26 0.74
"Seamount” Arca
T 47024 14:;46.[7 130°47.67 4910 71.92 0.13 0.49 0.47
T 47029 14 39.04 130°41.90 5055 65.80 0.56 0.56 0.43
T 47031 14°40.28 130°40.83 5055
T 47032 14°35.49 130°41.87 5120 69.04 0.26 0.61 0.58
Table 2
Leg 117 studied sediments (depth below the seafloor in metres, TOC in %).
Sédiments étudiés au cours du leg 117 (profondeur en métres, carbone organique total en %).

Hole, Core, Sect., Interval (cm) Depth m TOC Lithology
T23A-36X-4, 45-47 331.25 4.69 Calcareous clayey silt
724A-1H-2, 122-124 2.72 0.64 Calcareous clayey silt
724-4H, 71-73 27.61 221 Calcareous clayey silt
724A-4H-3, 71-73 29.11 0.44 Calcareous clayey silt
726A-4H-5, 20-22 31.60 0.34 Foram. bearing nannofossil ooze
726A-5H-1, 86-88 35.76 2.90 Calcareous clayey silt
728A-16X-2, 30-32 145.30 2.77 Marly nannofossil ooze
T28A-27X-4, 67-69 254.97 0.83 Marly nannofossil ooze
T29A-4R-5, 0-2 28.30 0.91 Nanno, bearing marif_ limestone
729A-4R-5, 85-87 29.15 0.04 Nannofossil bearing limestone
730A-26X-2, 40-42 241.50 0.31 Marly nannofossil chalk
730A-26X-5, 40-42 246.00 0.94 Calcareous clayey silt
730A-5H-4, 109-111 42.39 3.09 Diatomaceous silty clay
730A-5H-6, 109-111 45.39 1.32 Diatomaceous marly nanno. ooze
730A-7X-2, 130-132 58.60 4.58 Diatomaceous silty clay

acids is better with the procedure, because HC1 hydrolysis
destroys amino acids in the presence of Mn-oxides.
Demineralization steps were omitted for other coarse com-
ponents. Amino acid analysis was carried out on a Beck-
man 118 BL autoanalyzer.

BULK SEDIMENT OUTLINES

Chemical characterization

General sediment lithofacies are brown radiolaria-bearing
to radiolaria-rich argillaceous muds (for more details con-
cermning sedimentary features of Nixo sediments, see
Ricou, 1990). Organic carbon in top sediments of the Nixo
area ranges from 0.3 to 0.7 % (Tab. 1) and decreases to
0.2 % at 40 cm depth (Tab. 2). These results are typical
for recent deep-sea deposits of similar environment
(Whelan, 1977; Miiller, 1977; Miiller and Mangini, 1980;
Khripounoff and Row, 1985; Piper, 1988). The C/N ratio

is low (about 6 at the water-sediment interface) and
decreases with depth (Fig. 1). This particularity of distant
offshore deep-sea sediments (Miiller, 1977) distinguishes
them from other marine sediments (Jocteur-Monrozier and
Jeanson, 1979) where C/N ratios generally increase with
depth in cores in response to a greater lability of organic
nitrogen compounds. C/N decrease in superficial deep-sea
sediments is probably dependent on associations of am-
monia and some organic nitrogen with clays (Miiller,
1977) and may extend during further diagenesis (Waples
and Sloan, 1980). There are indications that the phenom-
enon does no depend on a strict conservation of amino
acids (Whelan, 1977) or aliphatic amines (Lee and Olson,
1984). Sediment tops (T 47004, T 47012 and T 47024)
have total amino acid contents from 9 to 14 micromoles
(Tab. 3). These values are also characteristic of deep-sea
deposits (Degens et al., 1964; Degens, 1970, Schroeder
and Bada, 1976; Albéric and Khripounoff, 1984, Steinberg
et al., 1987). Superficial sediments with lower values
(0.2 micromoles/g) have been reported by Whelan (1977).
In the three top samples studied, amino acid-C comprises
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CIN profiles in T 47004, T 47012 and T 47024 cores.
Profils du rapport C/N le long des carottes T 47004, T 47012 et T 47024.

Table 3
Total organic carbon (TOC) and total nitrogen (TN) contents in T 47004, T 47012 and T 47024 cores. Depths in cm.
Teneurs en carbone organique total et azote total le long des carottes T 47004, T 47012 et T 47024. Profondeurs en cm.

SAMPLE SAMPLE SAMPLE
% TOC % TN % TOC % N % TOC % TN

T 47004 T 47012 T 47024
5-7 0.45 0.08 5-7 0.36 0.08 5-7 0.35 0.07
10-12 0.35 0.07 10-12 0.34 0.08 10-12 0.33 0.06
15-17 0.35 0.06 15-17 0.31 0.07 15-17 0.29 0.06
20-22 0.31 0.06 20-22 0.28 0,07 20-22 0.26 0.06
25-27 0.27 0.06 25-27 0.25 0.07 25-27 0.25 0.06
30-32 0.24 0.06 30-32 0.25 0.07 30-32 0.23 0.06
35-37 0.25 0.06 35-37 0.22 0.07 35-37 0.23 0.06
40-42 0.25 0.06 40-42 0.23 0.07 40-42 0.21 0.06
45-47 0.24 0.06 45-47 0.20 0.06 45-47 0.24 0.06
50-52 0.21 0,06 50-52 0.20 0.06 50-52 0.21 0.06
55-57 0.21 0,06 55-57 0.20 0.06 55-57 0.20 0.06
60-62 0.20 0,06 60-62 0.19 0.06 60-62 0.20 0.06
65-67 0.20 0.06 65-67 0.20 0.06

70-72 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 HCI 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 no preferential loss
of amino acids versus whole organic matter (TOC). On
the contrary, amino-N percentage diminution with depth
(12 % at 40 centimetres) indicates the occurrence of some
more resistant organic nitrogen fractions (neither am-
moniac, nor amino acids), responsible for the decrease of
C/N ratios.

The studied sediments contain appreciable proportions of
non-proteic amino acids (B-alanine and y-aminobutyric
acid) (Fig. 2a). These compounds (in very small quantities
in planktonic organic matter and settling marine particles)
are relatively abundant in superficial deep-sea sediments,
where they appear to be with clays (Degens, 1965;
Schreeder, 1975; Whelan, 1977). Present in deep-sea sedi-
ments as NaOH non-extractible compounds (Albéric and
Khripounoff, 1984), these amino acids may be considered
as residual with reference to their relative increase during
the transit of organic matter in the digestive tract of
deposit-feeding invertebrates. During burial, following the
diminution of total amino acid contents, these two com-
pounds may become the major amino acids of sediments
(Schraeder and Bada, 1976; Whelan, 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
to the preserved total nitrogen is very low.

As observed for these sediments and in previous studies,
the sedimentation of deep-sea clays in an oxic environ-
ment is characterized by an early relative enrichment in
B-alanine and Yy-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 burial (> 100 m)
in anaerobic conditions seems to lead to an equal relative
increase of non-proteic amino acids in the sediments
(Hare, 1973; Scheeder and Bada, 1976).

Palynofacies composition

OPTICAL AND ELECTRON MICROSCOPY OBSERVATION

The very weak amount of extracted organic matter in the
water-sediment interface samples has three major types
of component : planktonic organisms and algae; benthic
organisms; and material of terrestrial origin (lignaceous
debris, spores and pollens).

Organic debris exhibiting membrane shapes (Pl. 1C) have
been classified with algae. Their morphology recalls the
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Figure 2

Composition of hydrolyzable amino acids in surface sediments (A) and with depth in T 47012 core (B).

Aspaspartic acid; Thr — threonine; Ser —

serine; Glu — glutamic acid; Gly — glycine; Ala — alanine; Val - valine; lle — isoleucine; Leu — leucine; His — histidine; Lys — lysine; Arg — Arginine;
Pala — P-alanine; y-abu — y-aminobutyric acid; GlcN — glucosamine; GalN — galactosamine.
Composition en acides aminés des sédiments superficiels (A) et le long de la carotte 47012 (B).

285



E. LALLIER-VERGES, P. ALBERIC

286



STUDY OF ORGANIC MATTER IN PRESENT OXIC SEDIMENTS

‘ Plate 1

Transmitted light microscopy (A, B, C, D, E, G, H, I); stereo-macroscope (J, K, L)

Microscopie en lumigre transmise (A, B, C, D, E, G, H, I); loupe binoculaire (J, K, L).

A = Alveolate plankton, T 47004 sample (scale bar = 100 um).

Plancion alvéolé, échantillon T 47004 (échelle = 100pum).

B — marine figured undetermined organism, T 47021 sample (scale bar = 25 um).

Organisme marin figuré indéterminé, échantillon T 47021 (échelle = 25 pum).

C — Membranous fragment (possibly algal), T 47012 sample (scale bar = 100 um)

Fragment membranaire sans doute algaire, échantillon T 47012 -échelle = 100 pm).

D — Arthropod appendix fragment, T 47018 sample (scale bar = 100 um).

fragment d’appendice d’arthropode, échantillon T 47018 (échelle = 100 pum).

E — Brown shapeless "amorphous” organic aggregates from T 47011 (scale bar = 100 pm).

Flocons de matiére organique "amorphe”, échantillon T 47011 (échelle = 100 pm).

F — Same aggregates under UV excitation : fluorescence emission.

Mémes flocons vus sous excitation UV : teinte de fluorescence.

G - Arthropod epiderm, T 47024 sample (scale bar = 100 pm).

Epiderme d’arthropode, échantillon T 47024 (échelle = 100 pum).

H — Arthropod appendix coated with Mn oxides, T 47018 sample (scale bar = 100 um).

Appendice d'arthropode encroiité d'oxydes de Mn, échantillon T 47108 (échelle) 100 pm).

I - Arthropod appendix associated with "amorphous” organic matter (Oman Margin), (scale bare = 100 um).

Appendice d’arthropode associé & de la matiére organique "amorphe” (Marge de 1'Oman), (scale bar = 100 wm).

J — Benthic foraminifera (For) and "manchons” (M), handpicked in surface sediments (scale bar = I mm).

Foraminifeéres benthiques avec loges (For) et "manchons” (M), prélevés dans les sédiments de surface (échelle = 1 mm).
K — Arthropod debris, radiolaria (R) and concretional Mn micronodules (Mn), T 47024 samples (scale bar = 500 um).
Débris d’arthropode, radiolaire (R) et micronodules de Mn concrétionnaires (Mn), échantillon T 47024 (échelle = 500 pm).
L ~ Translucent laminated debris (d.t1.), benthic foraminifers (For, M), concretional Mn micronodules (Mn) and radiolaria (R), T 47018 sample (scale
bar = | mm).

Débris organique laminé translucide (d.1.), foraminiféres benthiques (For, M), micronodules de Mn concrétionnaires (Mn) et radiolaires (R), échantillon
T 47018 (échelle ) 1 mm).

Plate 2

SEM observations

Observations au MEB.

A - Epiderm arthropod fragment
Fragment d'épiderme d'arthropode.
B — Carbonaceous spherule
Sphérule carboné.

C — Lignaceous debris

Débris ligneux.

D - Spore.
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organic structures obtained by Janin and Bignot (1983)
after Mn nodule dissolution. Alveolate plankton without
any mineralized skeleton (Pl. 1A) often occurs. Undeter-
mined organoclasts (Pl. 1B) with a bottle-shaped mor-
phology have often been found. In some samples,
orange-brown shapeless organic matter aggregates asso-
ciated with mineral groudmass have been observed
(PL. 1E).

Epiderm and appendix fragments of arthropods (Combaz,
1980) are the best preserved fragments (Pl 1D, 1G, 2A).
They are often covered with Mn oxides (Pl. 1H).

Carbonaceous spherules have been observed by SEM
(PL. 2B). They could be soot or forms of industrial pol-
lution (Jedwab, 1971). Lignaceous debris (P1. 2C), spores
and pollens (Pl. 2D), representing the organo-detrital frac-
tion, are present in all the sediments. Lignaceous debris
are altered but still translucent in light microscopy. These
terrestrial components are air-oxidized debris (Huc, 1978).

Due to the small number of "Seamount” area samples, it
is difficult to establish reliable comparisons between areas.
However, figured organic matter seems more abundant in
the "Gouttieére area” than in the "Seamount” area. The
upper part of T 47031 core, located on the seamount,
which is enriched in volcanic components, is devoid of
kerogen.

Organic debris in T 47004, T 47012 and T 47024 cores
shown a strong diminution with depth and disappear at
about 30 cm. Thus, figured organic matter, although re-
fractory to superficial alteration processes, appears still
metabolizable beneath the water-sediment interface, if we
consider the organic matter input to be constant.

UV EXCITATION OBSERVATION

Excitation by an incident UV beam (365 nm) permits the
characterization of organic matter by its own fluorescence
emission, and the evaluation of its evolution state during
diagenesis. The previously described shapeless aggregates
exhibit a fluorescence emission (Pl. 1F) similar to that of
some immature algal particles. This fluorescence emission
undergoes a negative alteration after a few minutes of con-
tinuous UV excitation. This phenomenon could be related
to the presence of hydrocarbons inside these aggregates
(Martinez er al., 1987); in that case, their occurrence
would remain to be explained. The other observed marine
organic debris do not present any fluorescence emission.

Comparison with Oman margin anoxic sediments

In Oman margin anoxic sediments, the main component
is optically amorphous organic matter (up to 95 % of kero-
gen) (PL1I), consisting of orange-brown coloured aggre-
gates (Bertrand er al., in press). Surface sediments from
the Oman Margin (Caratini er al., 1981) also present the
same charateristics (97 % of amorphous organic matter).
When studied by TEM, amorphous organic matter often

exhibits a membrane-shaped structure (Raynaud er al.,
1988) and would mainly result from the degradation of
phytoplankton. The aspect of the amorphous organic mat-
ter from Oman Margin sediments, using transmitted light
microscopy, is similar to that of aggregates described in
NIXO oxic sediments.

Figured organic debris from Oman Margin sediments are
mainly of marine origin. They constitute the main part of
organic matter when the TOC contents is low (0.5 —
0.2 %). Their components are similar to those from NIXO
sediments : refractory pans from pelagic and benthic or-
ganisms (PL. 1I). These results suggest that this residual
figured organic matter is weakly affected by oxidation
processes.

Discussion

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

Caratini er al. (1983) have shown along a transect running
offshore from the Mauritanian coast that the quantity of
"amorphous” organic matter decreases in relation to
figured organic matter when descending the continental
slope. This result may reflect the limited influence of
coastal upwelling and consequently the boundaries of high
phytoplanktonic development, but it may also reveal the
increasing alteration degree of the deposited organic mat-
ter due to oxygenated bottom waters.

In oxic deposits (equatorial North Pacific), the isolated
organic matter presents sparse "amorphous” organic matter
showing that through the trophic chain (pellets), a little
part of phytoplanktonic matter may attain deep-sea sedi-
ments.

Oceanic upwelling domains (equatorial Pacific) do not
yield such a massive phytoplanktonic production as
coastal upwelling regimes (Degens et al., 1976). The lack
of detrital sedimentation promotes a very low sedimenta-
tion rate and a long period of contact with cold O2-en-
riched bottom waters; degradation processes due to
biological and microbial activity may occur, and reactive
organic matter is consumed.

COARSE FRACTION BIOGENIC

COMPONENTS

The proportions of the coarse fractions are given in
Table 1. Data were recalculated for sediment dry weight.
When clay aggregates are eliminated, the coarse fractions
generally represent less than 1 % of total sediment weight,
Coarse fractions are more abundant in sediments with a
high volcanic contribution (T 47031) because they are
principally composed of volcaniclastic debris.
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Description of the different components

All the coarse fractions of surface sediment samples
frozen on shipboard contain organic debris. In the
> 250 pm fractions, there are mainly benthic animal frag-
ments (Pl. 1K) and vegetal debris. In the > 125 um frac-
tions, they correspond to pelagic remains and brown
translucent organic debris with a slightly laminated struc-
ture (PL. 1L) which were not observed in chemically iso-
lated organic matter (see above).

The presence of benthic foraminifera (up to 30 % of the
coarse fraction in the T 47011 > 250 um sample) is a con-
stant parameter of these sediments (Pl. 1J). One type has
a test composed of orange coarse-grained silicate minerals
with a cellular shape. Other types (called "manchons")
with a tubular structure have tests made of a pale-grey
fine-grained siliceous cement.

The proportions of Radiolaria are high, mainly in the
> 125 pm fractions (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 fractions, are mainly concretional micro-
nodules with a botryoidal morphology (Pl. 1L). They re-
sult from the accretion of Mn oxides within the sediment;
an appreciable amount of clays being trapped during their
growth (Lallier-Verges, 1986). However, about 20 % of
Mn micronodules are radiolarian tests replaced by Mn
oxides.

The coarse fractions of surface sediments from T 47029
and 47032 cores differ from the others in that then contain
very few figured organic remains. Coarse fractions of
T 47029 are typical of low sedimentation rate sediments
as "red clays": numerous ferromanganese nodule frag-
ments, indurated sediment debris, palagonite, fish-teeth,
concretional Mn micronodules, altered and preserved radi-
olaria, and benthic foraminifers. The T 47032 core mainly
presents Mn oxide dendrites growing inside indurated
sediment.

Table 4

Amino acids in coarse fraction components

Coarse fractions account for less than 1 % of total sedi-
ment weight, so their contribution to the whole amino acid
composition of the sediment would be significant only for
nearly pure proteinic substances. Radiolarian shells, Mn
micronodules and lignaceous debris bear less amino acids
than the bulk sediment. On the other hand, benthic
foraminifera (PL 1J) and laminated translucent fragments
(Pl. 1L) are greatly enriched in amino acids (Tab. 4).

The amino acid abundance of benthic foraminifera prob-
ably results 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 these samples clearly shows that they do not
consist of altered shells but of recent remains of living
organisms.

The translucent fragments are particularly rich in amino
acids (480 micromoles/g). Their nature is probably totally
organic. Amino acids and amino sugars account for not
more than 6 % weight of the sample. About 8 % of total
amino acids are represented by an undetermined com-
ponent (n.d., Fig. 3) which has already been observed, in
low quantities, in sediment-trap particles (previous stu-
dies). This latter has never been described in sediments.
Its elution position (between phenylalanine and B-alanine)
could correspond to that of certain hexosamines, such as
glucosaminitol (Cheng and Boat, 1978). However, the hy-
drolysis conditions are not likely to produce such com-
pounds. Apart from glucosamine (11 %) and the
undetermined component, glycine (45 %) and histidine
(8 %) are the most characteristic amino compound of these
particles (Fig. 3).

Radiolaria skeletons are approximately four times lower
in amino acids than the sediment (Tab. 4). Measured value
(about 3 micromoles/g) is higher than mean value reported
for recent species (about 1.5 micromoles/g; King, 1974),
although individual amino acid compositions are similar.

Total amino acid and NHs + contents (micromoles/g) of sediment and coarse fraction components. Amino-N/TN, NHs + NITN and amino-CITOC %

in sediments.
Com,
+/TN and C-aminé/TOC dans les sédiments.

ition en acides aminés totaux et NHy + (micromoles/g) des sédiments et constituants des fractions grossiéres. Rapports (%) N-aminé/TN, N-NH4

TOTAL NH4+ AMINO n NH4+ -N AMINO C
SAMPLE AMINO ACIDS

pmol/g pmol/g % %
BULK SEDIMENT
T 47004 to 10 9 22 13 11
T 47024 to 9 9 19 15 10
T 47012 to 14 8 25 12 15
T 47012 10 cm 8 7 17 12 12
T 47012 40 cm 5 5 12 10 11
COARSE FRACTIONS
radiolaria 2.7
Mn micronodules 1.9
lignous debris Ir.
translucent fragments 485
benthic foraminifers with cells 28
benthic foraminifers : "manchons” 14

289



E. LALLIER-VERGES, P. ALBERIC

1.0
- 0"{ B wmicronodulas
— [J Radiclaria
2 os4
o 4
E
2 o4
2
E
0.2
o 3 =
a - - @ = ¢ 3 W o O 8 3z z
ﬂ.ﬁh——-—ﬂ_.‘-—’.hnnu_
.(._mU(qu--_lz_lﬁu‘Ga
]
M Benthic Foram.
o O “Manchons”
"
)
°
E
o
=2
E
a =~ - 3 > @ — ¢ 3 " » @ 8 3 z 3
L o = = = @ = - T
En-mﬂﬁda»—:):_’?qaﬁg:
300
1
200
2
-]
E
o
2
E 1004
9 2 > ]
a - L 3 > @ - & 3 % o O = 3 z 4
£ ® - & = =
.'i'»—mﬂqu-——ﬂrfa‘iqﬁgﬁ
Figure 3

Composition of hydrolyzable amino acids in coarse fraction components.
Tau - taurine; n.d. — non determined amino compound.
Composition en acides aminés des constituants des fractions grossiéres.

This difference may be due to the fact that samples were
not subjected to chemical treatment in order to release
adsorbed humic substances. Their individual amino acid
composition underlines the lack of non-proteic amino-
acids.

The Mn micronodules have a proteic amino acid com-
position very similar to that of radiolaria and sediments
(Fig. 3), although their contents is much lower (about the
half relatively to radiolaria). The occurrence of B-alanine
and y-aminobutyric acid, in the same proportions as in
the sediment, reveals the incorporation of clays in the mi-
cronodules during their accretion. No biochemical activity
(present or ancient) has been detected in Mn micro-

nodules, through amino acids analysis. This observation
is similar to those made for Mn-oxide mineralized bio-
logical rests (Lallier-Vergeés and Albéric, 1989) or for or-
ganic pigments in Mn nodules (Glasby and Hodgson,
1971).

The study of the amino acid composition of coarse organic
fractions revealed new components and showed that the
figured fragments only constitute a minor part of the total
amino acid content of the sediment, the major part being
associated with finer fractions.

CONCLUSION

Low TOC, C/N decrease with depth in the core, enrich-
ment in B-alanine and y-aminobutyric acid in Nixo deep-
Pacific sediments indicate typical oxic sedimentation. The
optical study of chemically isolated organic matter from
these surface sediments revealed the dominance of the
figured organic matter which is composed of very resistant
components, such as vegetal debris, external parts of
planktonic and benthic organisms and sparse aggregates
of "amorphous" organic matter. Conversely, the chemi-
cally extracted organic matter of TOC-rich anoxic deposits
(Oman Margin) is mainly composed of "amorphous" or-
ganic matter and rare benthic fragments. This "amor-
phous” organic matter, considered to result from the
decomposition of phytoplankton, is indicative of both high
phytoplanctonic productivity and good conditions of pre-
servation of reactive organic matter.

Figured organic matter (benthic and resistant pelagic re-
mains and altered vegetal debris) associated with the oc-
currence of radiolarian tests and zooplankton pellets
would correspond to less productivity and low phyto/zoo-
plankton ratio. These organic input characteristics asso-
ciated to a very low detrital sedimentation rate appear to
be responsible for oxic sedimentation.
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