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Oceanic Crust and Upper Mantle Structure 
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Distribution of marine sediments

Neritic and pelagic marine sediments
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Distribution of marine sediments

Why in these places?

calcareous oozes
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Distribution of marine sediments

calcareous oozes

The shallow oceans are supersaturated with respect to calcite, the deep ocean 
is undersaturated. Hence Calcareous sediment only accumulates (either by 
reef building or rain of planktonic shells) in water shallower than the CCD, 
and these locations are restricted to young seafloor, continental margins, and 
oceanic plateaux
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Distribution of biogenous sediments

Most common as pelagic deposits

Factors controlling distribution

Productivity

Destruction (dissolution)
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Calcareous ooze and the CCD

Warm, shallow ocean saturated with calcium 
carbonate

Cool, deep ocean undersaturated with calcium 
carbonate

Lysocline--depth at which CaCO3 begins to 
dissolve rapidly

Calcite compensation depth CCD--depth where 
CaCO3 readily dissolves
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Calcareous ooze and the CCD

Scarce calcareous ooze below 5000 m in modern 
ocean

Ancient calcareous oozes at greater depths if moved 
by sea floor spreading



M
o
d

u
le

 B
P
 1

1
 -

 0
9

R
. 

B
o
u

sq
u

et
 2

0
0

9
-2

0
1

0
Silica in biogenic sediments

Diatoms (algae)

Photosynthetic

Diatomaceous earth
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Silica in biogenic sediments

endoplasm contains the nucleus (or nuclei), the Golgi body, mitochondria,
vacuoles, lipid droplets and the axoplast. The axoplast produces the axopods, stiff
tubular filaments which play a role in the construction of the skeleton
(Figure 11.23). Tiny holes in the central capsule allow exchanges between the
endoplasm and ectoplasm, and serve as exits for the axopods. The extracapsular
ectoplasm principally contains a number of ellipsoidal alveoli saturated with carbon
dioxide (the calymma) which probably are hydrostatic regulators, and emits thin
pseudopods (filopods). The ectoplasm of symbiont-bearing species also contains
symbiotic algae, principally zooxanthellae.

The skeleton of polycystine radiolarians consists of one or several latticed walls,
i.e. networks of bars isolating closely spaced pores, and spines. The skeleton is
entirely enclosed within the ectoplasm, including the spines which serve as axones
for the pseudopods. Therefore, there is no direct contact between seawater and
the siliceous skeleton of living organisms, which is preserved from dissolution in
undersaturated surface waters. The skeleton develops step by step, during specific
intervals of the radiolarians life cycle and under given temperature conditions
(Figure 11.24). The initial spines grow and produce a series of connecting bars
during these intervals of silica deposition. Simple cell division is a common
reproductive process of radiolarians, but multiple cell divisions sometimes occur.
In both cases however, one daughter cell keeps the initial skeleton, whereas
the other cells must fabricate a new skeleton. Reproduction also occurs via
isosporogenesis, i.e. division of the nucleus and formation of tiny cells with flagella
which are released when the central capsule breaks.

Figure 11.22 Examples of nasselarian (top) and spumellarian (bottom) polycystine radiolar-
ians. Modi¢ed from Haq, B.U., Boersma, A. (Editors), 1978. Introduction to marine micropa-
leontology. Elsevier, Amsterdam.

Global Sedimentology of the Ocean392

Examples of nasselarian (top) and spumellarian 
(bottom) polycystine radiolarians
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Siliceous ooze

Seawater undersaturated with silica

Siliceous ooze commonly associated with high biologic 
productivity in surface ocean

Fig. 4.12
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Calcium carbonate in biogenous sediments

Coccolithophores 
(algae)

Photo-synthetic

Coccoliths 
(nanno-plankton)
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Scanning electron micrographs of coccolithophores

A: mature Emiliana huxleyi Type 
A (warm);
B: young E. huxleyi Type A 
(warm), and individual coccoliths; 
C: young E. hux- leyi Type B 
(cold);
D: Florisphaera profunda
E: Reticulofenestra sessilis. 
Modified from Hagino, K., Okada, H., 

Matsuoka, H., 2005. 

Coccolithophore assemblages and 
morphotypes of Emiliana huxleyi 
in the boundary zone between 
the cold Oyashio and warm 
Kuroshio currents of the coast of 
Japan.

between 10 and 30. There are two forms of coccoliths: holococcoliths result from
the arrangement of similar, tiny euhedral crystals of calcite, whereas hetero-
coccoliths consist of complex, radial arrangements of larger crystals of calcite. The
life cycle of coccolithophores includes a haploid phase (motile phase) characterized
either by naked cells or the formation of holococcoliths, and a diploid phase (non-
motile phase) characterized by the production of heterococcoliths. Therefore, single
coccolithophore species may produce coccoliths of different morphologies during
their life span of a few weeks. The fusion of two motile cells is involved in the

10 µm

3 µm

A

B

E

1!m

Figure 11.9 Scanning electron micrographs of coccolithophores. A: mature Emiliana huxleyi
Type A (warm); B: young E. huxleyiType A (warm), and individual coccoliths; C: young E. hux-
leyiType B (cold); D: Florisphaera profunda and E: Reticulofenestra sessilis. Modi¢ed from Hagino,
K., Okada, H., Matsuoka, H., 2005. Coccolithophore assemblages and morphotypes of Emiliana
huxleyi in the boundary zone between the cold Oyashio and warm Kuroshio currents o¡ the
coast of Japan. Marine Micropaleontology, 55: 19^47.; and Andruleit, H., Staº ger, S., Rogalla, U.,
Cepek, P., 2003. Living coccolithophores in the northern Arabian Sea: ecological tolerances and
environmental control. Marine Micropaleontology, 49,157^181.
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Calcium carbonate in biogenous sediments

Foraminifera 
(protozoans)

Use external food

Calcareous ooze
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Calcium carbonate in biogenous sediments

vulnerability of the tests to dissolution (see Section 11.1.3). Planktonic foraminifer
assemblages on the seafloor consist in a number of species living at different depths
of the surface layer, controlled by a variety of parameters where seawater
temperature and trophic conditions dominate.

11.1.1.2. Benthic foraminifers
Benthic foraminifers are found at almost all water depths of the ocean, from
nearshore to deep basin areas. They represent a few percent of all foraminifers on
average, but are especially concentrated in shallow environments where the seafloor
is located within the photic zone. Most benthic foraminifers live in proximity to the
sediment–water interface, where food is the most abundant (Figure 11.6). Many
species are infaunal, and able to move in the sediment. About 75% of those infaunal

Figure 11.6 Examples of benthic foraminifers. A:Textularia, B: Cibicidoides, C: Uvigerina, D:
Stilostomella and E: Bulimina. Modi¢ed from Kennett, J.P., von der Borch, C.C. et al., 1986. Initial
Reports of the Deep Sea Drilling Project, volume 90, U.S. Gov. Print. O⁄ce,Washington D.C.

Biogenic Sediments 371

Examples of benthic 
foraminifera.
A: Textularia,
B: Cibicidoides,
C: Uvigerina, 
D: Stilostomella 
E: Bulimina.
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Living Foraminifera

Calcium carbonate in biogenous sediments
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Hydrogenous marine sediments

Minerals precipitate directly from seawater

Manganese nodules

Phosphates

Carbonates

Metal sulfides

Small proportion of marine sediments

Distributed in diverse environments
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Iron-Manganese nodules

Fist-sized lumps of manganese, iron, 
and other metals

Very slow accumulation rates

Fig. 4.15a
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Hydrogenous marine sediments
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Manganese nodules
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The Atlantic basin contains a “two-layer-cake” 
stratigraphy–a thick basal layer of carbonate ooze 
overlain by a layer of mud.

4-2

Sedimentation in the Ocean

Stratigraphy of the Atlantic Basin
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The Pacific basin 
contains a “four-
layer-cake” 
stratigraphy, because 
unlike the Atlantic its 
sea floor as it spreads 
crosses the equator 
where the CCD is 
lowered to the ocean 
bottom.
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Sedimentation in the Ocean
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Picture of ophiolites (S-Italy)

Pillows

Pillows
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Picture of ophiolites (S-Italy)
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Picture of ophiolites (S-Italy)
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Picture of ophiolites (S-Italy)
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Picture of ophiolites (S-Italy)

Radiolarites

Pillows

Radiolarites

Radiolarites

pelites

pelites


