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CHAPTER 1 @ INTRODUCTION

‘He had long ago decided, since he was a serious scholar, that the
caves of ocean bear no gems, but only soggy glub and great gobs of
mucky gump.’

James Thurber

Most substances that enter the oceans ultimately end up in the sediments.
On the way, they participate in a variety of complex biological and
chemical cycles and interactions which involve some substances more than
others. Interactions continue after deposition: sediments do not lie
passively on the sea-bed until they are buried. Deep-sea animals disturb
the sediments as they forage for food, and some sediment may experience
crosion and resuspension by bottom currents before being redeposited
and finally buried. Chemical reactions may occur between the mineral
grains and the overlying seawater, and these reactions can continue after
burial, when seawater becomes trapped among the grains.

Nowadays, deep-sea scdiments are a focus of much research effort,
because of the growing need to quantify the various fluxes contributing to
the global carbon cycle. A principal aim is to find out just what happens
to the anthropogenic carbon dioxide and other gases contributing to the
greenhouse effect, which may already have begun to lcad to global
atmospheric warming. If the present trend continues, major climatic
changes and rising sea-levels will result. To predict the extent of such
changes successfully, it is essential to know more about rates of increase
of greenhouse gases in the atmosphere. This in turn requires improved
knowledge of, for example, seasonal, inter-annual and regional
fluctuations in ocean surface productivity, the removal of organic matter
to the sea-bed, exchanges across the air-sea interface, and vertical and
horizontal water movements. International and national programmes
initiated to investigate these and related problems include the Joint
Global Ocean Flux Study (JGOFS), the Biogeochemical Ocean Flux Study
(BOFS), and the somewhat broader World Ocean Circulation Experiment
(WOCE).

Nor should the scawater itself be forgotten. The dissolved constituents of
scawater include metals such as copper, lead, zinc, tin, manganese,
cadmium, mercury, nickel and silver. Geochemical cycies of these and
other heavy metals are being grossly perturbed by human activity. Inputs
have increased substantially since the Industrial Revolution, although
only in the case of lead has the average concentration in open ocean
waters actually increased, as a result of atmospheric fall-out. In addition,
there are many new substances in the marine environment that were not
there even a century ago. These include pesticides and other organic
chemicals, as well as transuranic and other ‘man-made’ nuclides from
nuclear weapons testing and low-level waste discharges. Global flux
studies will contribute greatly to our understanding of how the many
constituents of seawater—both dissolved and particulate, both natural and
artificial—move through the various marine chemical cycles. But we begin
by looking at the sediments.













At this point, we must emphasize that there is no such thing as a ‘pure’
terrigenous or biogenic sediment. For example, terrigenous dust is widely
dispersed by winds and currents; biogenic sediments always contain
material of non-biological origin; and most calcareous sediments contain
some siliceous material, and vice versa. Conversely, terrigenous
sediments are seldom without a biogenic component, however small: and
it is worth mentioning that the predominance of red clays on abyssal
plains is due to an absence of material which elsewhere dilutes the
terrigenous component, rather than to a large flux of clay particles to the
sea-bed from overlying waters.

There is a convenient ‘rule of thumb’ for broadly classifying deep-sea
sediments, known as the ‘30% rule’. If the sediment contains more than
30% biogenic components, it is called a calcareous or siliceous ooze
(depending on which biogenic component is dominant); if it contains less
than 30%, it is a red clay.

Sediments deposited in the open ocean and beyond the influence of
processes along continental margins are called pelagic sediments. This
term encompasses both terrigenous and biogenic material that
accurnulates slowly from dispersed suspension in the oceanic water
column. It thus excludes, for example, sediments that reach the abyssal
plains from turbidity currents (see Chapter 4), or the sediments round
oceanic islands. Two other sources of sediment to the oceans should be
mentioned here, although they generally make up rather a small
proportion of the whole. Volcanic eruptions eject ash and dust into the
atmosphere, and this material may be carried great distances by the wind
and washed out directly into the oceans by rain. The volcanogenic
component of deep-sea sediments can be significant in the vicinity of
active volcanoes and after major eruptions such as that of Krakatoa in
1886. There is also a small proportion of material of extra-terrestrial
origin (Figure 1.6), the remains of meteorites destroyed in their passage
through the Earth’s atmosphere. The rate of accumulation of this
meteoritic or cosmic dust in the deep sea is estimated to be in the range
0.1 to 1mm per million years.

Figures 1.4 and 1.5 are mere snapshots in terms of geological time. The
ocean basins change their shape and size at rates of centimetres per year
because of sea-floor spreading and plate tectonics; and global climatic
regimes fluctuate on time-scales of 10* to 107 years. The oldest ocean floor
was formed about 160Ma (million years)} ago, but even that seerningly
vast time-span represents only about one-thirtieth of the age of the Earth
as a whole. Nonetheless, during that same time-span, the Earth has seen
the break up of supercontinents and a transition from an essentially ice-
free planet to one with polar ice-caps. The familiar current systems of
the modern ocean did not exist 160Ma ago, and the distributions of
temperature and salinity—not to mention the nature and variety of most
maring life forms—were quite different from what they are now.

Does that summary imply anything about what you might find if you were
to drill down through the sediments in those parts of Figure 1.4 that lie
well away from the ocean ridges. i.e. where the sediments are thickest?

You would still be able to recognize the broad subdivisions of sediment
type, that is, terrigenous versus biogenic, and calcareous versus siliceous.
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4 Wind-blown dusts comprise quartz and clay minerals and volcanogenic
components. Coarse debris accurs in pelagic sediments only in high
latitudes, deposited by ice-rafting. Pelagic clays comprise clay minerals
derived from a number of different sources. They predominate in the
deepest parts of the ocean basins where they are not diluted by biogenic
material. Four main types of clay minerals are recognized, each
characteristic of particular weathering regimes: kaolinite, chlorite, illite,
and montmorillonite. Aeolian inputs are a major contribution to pelagic
clays in many regions.

Now try the following questions to consolidate your understanding of this
Chapter.

QUESTION 1.5 Suggest two reasons why sediments should be thicker near
te continental margins than near mid-oceanic ridges.

QUESTION 1.6 It hus been established by careful analysis that the ratio of
the concentration of calcium to the totat salinity of scawater is greater in
deep than in surface water. Would you cxpect the ratio of dissolved silica
(Si0):) to total salinity (o vary in the same way?

QUESTION 1.7 Explain whether you would expect to find chlorite or
kaolinite in sediments: (a) of the cquatorial Atlantic. (b) round
Antarctica. (¢} Why should illite be more common in sediments of the
Northern than the Southern Hemisphere?



