DISCLAIMER: The teacher has prepared the entire content by using the book
Invitation to Oceanography by Paul R. Pinet and some material using internet. He
claims no authorship, copyright and authority over the originality of the text and
diagrams.

Sources of Sediment to the Deep Sea
- Sediment that settles to the bottom of the deep sea is derived from either external or internal

sources.

Sedimentation in Deep Sea

- External sources are the terrigenous rocks of the land. These sediments are clastic.

- Weathering, the chemical and mechanical disintegration of rock at or near the Earth’s
surface, breaks down the bedrock of the land into small particles—mainly sand and mud—
that are transported to the oceans by rivers and winds.

- The major sources of terrigenous sediment in the oceans are rivers that drain large mountain
belts, such as the Himalayas of Asia.
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River Inputbof Silt to the Oceans

- The steep, swift, and powerful rivers disgorge large quantities of sand and mud to the ocean.
- Internal sources of sediment furnish material that is produced largely by organisms and, to a
lesser degree, by geochemical and biochemical precipitation of solids, such as
ferromanganese nodules (hard pebbles enriched in metals). These sediments are non-clastic.
-The proportion of deep-sea sediment derived from external sources (the terrigenous
material) relative to that derived from internal sources (the biogenic material) decreases as
one moves towards the open ocean from land. In other words, the farther from the river
supply, the greater tends to be the fraction of biogenic material in deep-sea deposits.

Sedimentation Processes in the Deep Sea

- Simple classification of deep-sea deposits uses three broad categories based on the mode of
sedimentation:

(i) Bulk emplacement-the means by which large quantities of sediment are transported to the
deep-sea floor as a mass rather than as individual grains. The processes of bulk emplacement
are induced by gravity: material resting high up on a slope moves downward and comes to
rest on the sea floor of the deep sea. All types of sedimentary debris—terrigenous and
biogenic, both fine- and coarse-grained—can be swept seaward and dispersed across the
deep-ocean floor by bulk emplacement.

(i) Pelagic sediment: fine grained fallout of terrigenous and biogenic material that settles
through the water column, particle by particle.

(iii) Hydrogenous sediment: consists largely of biochemical precipitates which originate at
the site of deposition by geochemical and biochemical reactions.

Bulk Emplacement:

- Terrigenous debris supplied by rivers enters the ocean along its edges

- Most of it is deposited at the shoreline and the inner continental shelf.

- during low stands of sea level, rivers extend their channels seaward and drop sediment on
the outer continental shelf and upper continental slope.



- Build-up of such sediment can cause local instability and slope failure, which, under the
influence of gravity, leads to downslope transport of sedimentary material as coherent slump
masses, loose debris flows, or fluid mudflows.

Slumps:
v Sediment piles that slide downslope intact, with little internal deformation of the
moving mass.
v Debris flows and mudflows are slurries, a mixture of water and sediment that can
sweep even large boulders downslope.
v" Debris flows are mixtures of rock, sand, and mud; mudflows, of silt and clay.
v Unlike slumps, slurries destroy any previous bedding that may have existed in the

deposits before they were disturbed.

Turbidity currents

v
v

Important agents of transport to the deep sea.
Powerful bottom currents, sediment-laden slurries that, under the influence of gravity, move
rapidly downslope as turbulent underflows that push aside less dense water.

Turbidity current

The slurry is created when sediment from the sea bottom is suspended and mixed with water.
The motion of the slump causes mud and sand to go into water suspension, and this slurry
begins to move downslope because of its high density.

Once underway, a turbidity current becomes self-accelerating as it scours the sea bottom,
placing more sediment into suspension and increasing its own density relative to the
surrounding water even more, which causes its speed to increase.

Where the sea bottom flattens out and the turbidity currents slow down, they deposit sediment
rapidly and intermittently on the deep-sea bottom.

Large, deep submarine canyons, many with steep shoulders, are cut into the outer continental
shelf and slope, which have been excavated by a combination of sediment slumping and
turbidity currents that have deepened a gully, or depression, on the sea bottom.

Submarine canyons serve as chutes for funnelling large quantities of terrigenous mud and
sand from the shelf and slope into the deep sea by turbidity current transport.
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MAP VIEW

- Most turbidites through canyons
mp Most slides from slopes

Apparently, submarine canyons are quite active when sea level is low, as this allows rivers to
form deltas at the heads of canyons.

Much of this deltaic sediment is unstable and slumps, and this leads to the formation of
turbidity currents, which then flow down the canyon axis.

At the base of the continental slope, where the mouth of the submarine canyon opens onto the
continental rise and the abyssal floor, the turbidity current is no longer channelled and it
decelerates because the bottom slope flattens out and spreads the flow.

As the current slows down, grains are dropped out of suspension according to size—the
largest first, the finest last—producing graded bedding.
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v The beds of sediment laid down by turbidity currents are called turbidites. These graded beds
accumulate one on top of another, each representing a distinct turbidity-current flow.

v Turbidites abound at the mouth of submarine canyons, where they form thick sequences of
cone-shaped deposits known as deep-sea fans.

v As the fan deposits grow in size, they may unite with other fans near them, creating the
continental rise, and extend seaward, grading into the flat abyssal plain deposits.

v The polar latitudes have their own style of bulk emplacement of terrigenous sediment to the
deep sea. It is by the process of ice rafting.

Ice sheet Ice shelf Iceberg zone

v' lcebergs, which are large fragments of ice broken off from glaciers and ice sheets, may
contain considerable amounts of sediment scraped off the land.

v" Ocean currents transport these sediment-laden icebergs (rafts) away from land where, melting
gradually, they drop their load of sediment into the deep sea.

v"Ice rafting produces glacial-marine sediments that are characterized by poor sorting and a
heterogeneous composition of rock and mineral fragments.
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Pelagic Sediment:

- Most coarse terrigenous sediment—gravel and sand—supplied by rivers is deposited along
the shoreline or the inner continental shelf.

- The thick deposits of the continental rise consist of hemipelagic sediment, terrigenous
mud, and silt.

- Most of the deep-sea bottom is blanketed by fine-grained mud composed of clay-sized and
silt-sized particles that have settled slowly out of suspension in quiet, deep water far from the
influence of land. - These pelagic muds may be either inorganic (red clays) or biogenic
(oozes) in origin; sometimes both types are mixed together.

- The inorganic type of pelagic deposit is red clay, extremely fine-grained particles that
typically have a brownish rather than reddish color, despite their name.

- These deposits are composed of various clay minerals, such as kaolinite and chlorite, and
silt-sized and clay-sized grains of quartz and feldspar.

- Their colour is the result of iron-bearing minerals that have been oxidized by the
oxygenated deep water.

The precise origin of pelagic clay is uncertain. It appears to be derived from several sources,
including the weathering of granitic and volcanic rocks, wind transport of dust from land, the
fallout from space of extra-terrestrial dust, and perhaps even the chemical precipitation of
clays from seawater itself.

- To a large degree, climate in the source area controls the kind of clay minerals that form by
weathering. For example, the warm, moist, acidic soils of the tropics favor the formation of
kaolinite and the destruction of chlorite, two common species of clay.

- The pelagic deposits of the low latitudes—the tropics and subtropics—are rich in kaolinite

and poor in chlorite.

Kaolinite/Chlorite Ratio:

A ratio of 1 indicates that the amount of the two clay minerals is identical, because if you divide any number by
itself you get a value of 1. A kaolinite/chlorite ratio greater than 1 signifies that there is more kaolinite than
chlorite. The highest kaolinite/chlorite ratios occur in the low latitudes, the lowest ratios in the high latitudes.
This indicates that kaolinite predominates in the tropics and subtropics and chlorite in the temperate and
subpolar latitudes.
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Biogenic Sediments
- A biogenous ooze consists of 30 percent or more of the skeletal debris of microscopic organisms,
most of which live in water far above the deep-sea floor, within a few hundred meters (a few hundred
yards) of the ocean surface.
- The remaining 70 percent or less of the non-skeletal particles in 0ozes consists typically of inorganic
mud particles.
- Biogenous deposits are divided into two major types according to their chemical composition:
calcareous (CaCQO3) oozes and siliceous (SiO) oozes.
- All of these organisms are widely distributed in the surface water of the world’s oceans. After the
organisms die, their tiny hard parts dissolve or are incorporated into fecal pellets (the waste products
of invertebrates) that settle slowly through the water column and eventually accumulate on the deep
sea floor. These shells may be dissolved, however, because cold bottom water tends to be slightly
acidic, and acid readily dissolves calcium carbonate.
- Carbonate compensation depth (CCD) is defined as the ocean level below which the preservation
of CaCOsshells in surface sediments is negligible. CCD is also referred to as lysocline.
The CCD depends on:

v’ the rate of supply of carbonate,

v’ the acidity,

v’ temperature, and

v’ pressure of the water.
- Since the supply and dissolution rates of carbonate differ from place to place in the ocean, the exact
depth of the CCD varies quite a bit; it tends to lie between 4 and 5 kilometers below the sea surface.
Rarely does carbonate ooze accumulate on ocean floor that is deeper than 5 kilometers (~3 miles).
The CCD is an important chemical zone in the ocean that strongly controls the distribution of
calcareous 00zes.
- Siliceous oozes consist of the remains of diatoms (floating, single-celled plants) and radiolarian
(floating, single-celled animals).
- These organisms, which secrete hard parts made of silica (SiO,), grow rapidly and are most
abundant in water rich in nutrients.
- Silica is dissolved at very slow rates in seawater everywhere in the water column and tends to
accumulate on the deep-sea bottom in areas where there is high biological productivity in the surface
water.
- Two such regions of high biological production are sections of the polar and equatorial oceans; each
produces a blanket of siliceous ooze on the underlying sea bottom.



- Silica oozes accumulate in the deep water below the CCD.

- Carbonate oozes are between three and nine times more abundant than are siliceous oozes in the
world’s ocean basins.

- This means that much of the ocean floor of the deep sea in each ocean basin lies well above the
CCD.

- Globally 85 percent sediment is constituted by pelagic clay (38 percent) and foraminiferal ooze (47
percent).

Type Composition Atlantic % | Pacific % | Indian % | Global %
Foraminiferal ooze | Carbonate 65 36 54 47
Pteropod ooze Carbonate 2 0.1 — 0.5
Diatom ooze Silica 7 10 20 12
Radiolarian ooze | Silica — 5 0.5 3

Pelagic clay Aluminium silicate | 26 49 25 38

Hydrogenous Deposits:

- Authigenic deposits are chemical precipitates that form in place within an ocean basin.

- Ferromanganese nodules are one of the best-known examples of such material. These nodules
(irregular to sphere-shaped masses) consist of concentric layers of various metal oxides that have
precipitated around nuclei such as grains of sand, gravel, and even sharks’ teeth.

- In addition to oxides of iron and manganese, which average about 20 to 30 percent by weight,
ferromanganese nodules contain a variety of other metals, including nickel, copper, zinc, cobalt, and
lead, making them a potentially valuable economic resource.

- Iron and manganese are derived from several sources, notably the chemical weathering of basalt,
river-supplied compounds that are dissolved in water, and hydrothermal seepage from vents on the
crest of spreading ocean ridges.

- Some of the metals seem to have been concentrated in nodule layers by the activity of bacteria and
foraminifera, which extract trace elements from the faeces of microorganisms and transform them
biochemically to a solid deposit on the nodule.

- The theory of chemical precipitation directly from seawater or from hydrothermal submarine
solutions is the most favoured one.

- Nodules clearly grow at the water-sediment interface (the contact zone between the water and the
sediment). They are rolled around, as indicated by their spherical shape. Because currents are usually
weak in these areas, organisms burrowing in the sediment are believed to be the cause of nodules
slowly shifting about over the sea bottom.

- Nodules grow very slowly, usually at rates of between 1 to 4 millimeters (~0.039 to 0.15 inches) per
million years. Many reach the size of gravel and even baseballs.

- Although they can be found just about anywhere in the deep sea, they are particularly abundant in
parts of the North and South Pacific and in the South Atlantic.
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Distribution of Ferromanganese nodule

- Phosphorite is composed of up to 30% P»Os by weight.

- Phosphorite nodules generally are restricted to the continental shelf and upper continental slope,
where cold water rich in nutrients typically upwells to the surface. This upwelling water creates
considerable biological productivity, and large quantities of matter rich in organic phosphate settle to
the ocean floor. Once buried in sediment, the unoxidized organic detritus is eventually transformed
into phosphorite, which can grow as nodules at a rate of 1 to 10 millimeters (~0.04 to 0.39 inches) per
thousand years.

- Other important chemical precipitates in the deep sea are the metal sulphide deposits discovered
around hydrothermal vents of actively spreading ocean-ridge crests. The hot water that escapes from
these volcanic vents is loaded with dissolved metals that are precipitated on the adjacent ocean floor
as cooling and chemical adjustment take place.

Global Distribution of Deep-Sea Sediments

Once sediment is buried, the grains are compacted, cemented, and slowly transformed into
sedimentary rock. Sand becomes sandstone; mud becomes either shale, if composed of clay minerals,
or limestone, if composed of carbonate ooze.

Surface Deposits

- The clear distribution patterns reflect the source of various materials.

- The continents are the principal suppliers of terrigenous debris. The bulk of this material that is
supplied to the ocean by rivers is deposited on the continental margins. A small fraction of the
terrigenous sediment bypasses the margins and is dispersed into the deep sea by downslope slumping,
debris and mud flows, and turbidity currents.

- These processes have provided terrigenous sediment to the abyssal plains of the North Atlantic
Ocean and of the Indian Ocean on either side of India.

- Few such deposits are evident in the Pacific Ocean because this basin is surrounded by deep-sea
trenches, which trap any terrigenous sediment, such as turbidites, that manages to bypass the
continental shelf.

- In the polar seas, ice rafting introduces terrigenous sediment to the deep sea. These glacial-marine
deposits derived from melting icebergs are evident north of Iceland and in a broad band that circles
the Antarctic continent.



- Towards the center of all the ocean basins, far away from continental inputs of terrigenous debris,
the sea floor is blanketed by pelagic deposits.

- Areas that have high biological productivity support large populations of planktonic organisms that
contribute large quantities of siliceous and calcareous shells to the deep-sea bottom.

- The fertile polar seas favour the formation of diatom oozes. The high biological productivity of the
equator produces a band of radiolarian ooze.
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- Calcareous oozes accumulate in water depths above the CCD and cover bathymetric highs, such as
the crest and flanks of the spreading ocean ridges, the tops of seamounts, and the shallow, broad
plateaus of the south-western Pacific Ocean.

- Pelagic clay, which accumulates very slowly in the deep sea, forms in quiet environments far from
other sources of sediment, such as terrigenous debris and biogenic oozes, and in deep water where
calcareous particles are dissolved. Therefore, clay deposits are usually found in the deepest parts of
the ocean basins, below the CCD and away from continents and areas of high surface productivity.

- Actually, clay particles are deposited in most areas of the deepest sea, but at such slow rates that
they are diluted by the abundance of other sedimentary components.

- Clay deposits are most extensive in the Pacific Ocean. This is an ocean basin that is geologically old
and deep (below the CCD) and has extensive areas of low biological productivity. Hence, siliceous
and carbonate 0ozes are uncommon and do not dilute the red or brown pelagic clays that accumulate
in much of the Pacific.

- Rates of sedimentation in the ocean basins vary with the composition of the sedimentary material.
-The highest sedimentation rates in the deep sea exceed 5 cm/1000 years and are associated with the
thick terrigenous deposits of the continental margins.

- Biogenic oozes accumulate in the deep sea at rates of 1 to 5 ¢cm/1000 years.

- The slowest depositional rates, which are less than 1 cm/1000 years are associated with the pelagic
clays that lie in the remotest parts of the ocean basins at depths well below the CCD.






