
PHOSPHORITES
Because of their biological affinities, biogenic sedi-
mentary rocks contain important evidence of former
life on Earth, a record of organic evolution (changes
in organisms through geologic time), and clues to the
past environments in which the rocks were formed.
Limestones may serve as reservoir rocks for oil and
gas, which form from the chemical breakdown of mi-
croscopic organisms that accumulate with the sedi-
ment at the bottom of the ocean and in some lakes.
Phosphates, which are contained in phosphorites, are
one of the chief constituents of fertilizers and are
widely used in the chemical industry. Important evi-
dence of past swamp communities, including both
plants and animals, has been preserved in coal beds.

Phosphorus is one of the essential elements of life,
and when chemically linked with other elements to form
phosphate minerals (especially apatite) it becomes one
of the major constituents of all vertebrate skeletons and

some invertebrate hard parts. Phosphate is a primary
nutrient in marine waters and, therefore, controls or-
ganic productivity. Phosphorites often occur as nodules,
which are highly variable in size and shape; they may be
several inches (or centimeters) in diameter and up to a
few feet (or meters) in length. These nodules are usually
rich in vertebrate skeletal debris, especially that of fish,
and fecal material. Bedded phosphorites are commonly
interbedded with limestones. Thin beds of phosphorite
are rich in bones, fish scales, and fecal material. Modern
phosphorites are forming in areas where cold, nutri-
ent-rich waters rise from the ocean depths toward the
surface, such as off the west coasts of Africa and North
and South America.

CHERTS
Cherts, which are occasionally referred to as flint or
novaculite, are not nearly as abundant as limestones;
however, chert has two properties that have made it
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one of the most important rocks to humans. Chert has
the same chemical composition as quartz but is
cryptocrystalline; that is, its crystals are submicro-
scopic in size. Like quartz, chert is very hard and it
tends to break along smooth, curved surfaces. With a
little practice, one can produce a sharp edge by chip-
ping a piece of chert with another hard object. Al-
though early humans used numerous rock types for
tools and weapons, chert was the most important for
the production of arrowheads, knives, and scrapers.
Consequently, chert might be considered to have con-
tributed as much to the rise of civilization as did the
development of the steam engine. In addition to
chert’s utility, Precambrian cherts (1.8 to 3.4 billion
years old) are interbedded with important iron depos-
its known as banded iron formations. These cherts
contain evidence of some of the earliest life to evolve
on Earth.

Chert, which may be any color depending on the
presence of impurities, occurs principally as spherical
to oblong nodules 0.8 to 9.8 inches (2 to 25 centime-
ters) in diameter in limestones and dolostones, or as
thin beds 0.8 to 9.8 in (2 to 25 cm) deep. Nodular
cherts are commonly parallel to bedding or stratifica-
tion. Bedded cherts may extend laterally for great dis-
tances and are commonly interbedded with
limestones and dolostones. Most geologists believe
that nodular chert forms from the replacement of
limestone and that bedded chert forms either by the
complete replacement of carbonate-rich beds or by
the diagenetic alteration of siliceous ooze.

The source of the silica may be the chemical precip-
itation of silicon dioxide, volcanic ash, or skeletal ma-
terial. Biogenic silica is opaline, which means that it
may contain up to 10 percent water. Only skeletal sil-
ica will be considered in this article. The principal
biogenic sources of silica for chert are sponges, dia-
toms, and radiolarians. Skeletal materials from these
organisms are common constituents of oceanic sedi-
ments. As this siliceous skeletal material accumulates,
the opaline silica is diagenetically converted to crys-
talline opal and reprecipitated as bladed crystals.
Continued diagenesis results in the formation of
quartz chert, a mosaic of microscopic quartz crystals.
The final diagenetic change often obliterates the
shape or structure of the original skeletal material.

Sponges, which are abundant in most marine envi-
ronments, contain as part of their supportive struc-

ture microscopic rods of opaline silica called
“spicules.” When the sponge dies, these spicules accu-
mulate and become part of the sediment. During
burial, the opaline silica undergoes diagenesis and
precipitation of crystalline opal occurs within pores in
the sediment. As crystalline opal is converted into
quartz chert, chemical replacement of the surround-
ing sediment (usually calcite) occurs, resulting in the
formation of chert nodules.

Radiolarians and diatoms are microscopic organ-
isms with disk-shaped, elongate, or spherical tests
(shells) with spines and surface ornamentation com-
posed of opaline silica. Radiolarians occur as part of
the marine zooplankton, and diatoms are part of the
marine and nonmarine phytoplankton. Radiolarian
and diatom oozes accumulate on the deep ocean floor.
In time, these beds of silica-rich ooze are diagenetically
converted into thin, bedded cherts. Diatoms, in con-
trast, may occur in great numbers in lakes and accumu-
late to form diatomaceous earths, or diatomites.
Diatomaceous earths have a wide variety of uses, such
as in filtering agents, absorbents, and abrasives.

LIMESTONES
Limestones are the most abundant of the chemical
sedimentary rocks. A minor amount of limestone
forms from the inorganic precipitation of calcite from
seawater or the deposition of calcite in caves and
around hot springs. The majority of limestones form
as the result of biological and biochemical processes
that produce aragonite or calcite. Later, this material
becomes part of the carbonate sediment. Once depos-
ited, the carbonate sediment is often modified by the
chemical and physical processes of diagenesis.

Numerous animal phyla, such as mollusks, brachio-
pods, echinoderms, bryozoans, coelenterates, and
certain protozoans, produce aragonite or calcite as
part of their skeletal structure. The skeletal remains
of these organisms are important constituents of car-
bonate sediments and, eventually, of most limestones.
Some marine, bottom-dwelling algae secrete aragon-
ite or calcite. These calcareous algae represent a sig-
nificant contribution to carbonate sediment.
Calcareous algae called “coccoliths” and calcareous
foraminifera are found in great numbers in the plank-
ton of the open ocean. Accumulation of this calcare-
ous material at the bottom of the ocean contributes
greatly to the formation of chalk, a type of biogenic
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limestone. Modern marine organisms principally se-
crete aragonite; consequently, modern calcareous
sediments are initially composed predominantly of
aragonite. Aragonite, however, is unstable at low
pressures and quickly undergoes diagenesis to calcite.

It is not uncommon to find that ancient limestones
have been partially or completely transformed into
dolostones; this process is known as dolomitization.
Dolomitization occurs when calcium carbonate min-
erals are diagenetically converted into dolomite.
Diagenesis may take place soon after the calcite or ar-
agonite has been deposited or a long time after the
deposition. The diagenesis is the result of the magne-
sium-bearing waters (seawater or percolating mete-
oric water) moving through the carbonate sediment
or limestone. One important aspect of dolomitization
is that it often leads to the formation of pores, cavities,
and fissures, which enable the rock to serve as a reser-

voir for oil, gas, and water. Recent research suggests
that much dolomitization is caused by the circulation
of deep, warm fluids long after burial.

Under certain conditions, limestones are relatively
easy to dissolve. In areas such as Florida or Kentucky,
where limestones are abundant and there is adequate
rainfall, cave systems develop, and failure of the roof
of a cave system results in the formation of a sinkhole.
Regions with extensive cave systems and related fea-
tures are referred to as karst, and in places, particu-
larly in China, have produced breathtaking
formations and landscapes.

STUDY OF ROCK SAMPLES
Initially, the study of biogenic sedimentary rocks in-
volves field investigations. Where outcrops of these
rocks occur, geologists plot and map their distribu-
tion and thicknesses; note changes in the rocks’ char-
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acter, both vertically and horizontally; observe their
association with other types of rocks; and collect sam-
ples of both the rock and any fossils that may be pres-
ent. When drilling for oil, gas, or water, engineers and
geologists study the same phenomena.

Samples, which are brought back to the laboratory,
are analyzed with a vast array of techniques, including
X-ray analysis, electron microprobe analysis, scan-
ning electron microscopy, cathodoluminescence, and
thin-section examination with a polarized micro-
scope. Samples containing large fossils are observed
with a magnifying glass or dissecting microscope.
Some samples, particularly limestones, are dissolved
in acid to recover both megafossils and microfossils.
When samples have been ground thin enough to al-
low light to pass through the rock, microfossils can be
observed with the help of microscopes. Scanning elec-
tron microscopy is particularly useful for observing
extremely small fossils, especially radiolarians,
diatoms, and coccoliths.

AREAS OF RESEARCH
In general, the chemistry of biogenic sedimentary
rocks is simple; however, diagenesis can alter the
structure, texture, and mineralogy of a sediment dur-
ing its deposition, lithification, and burial. The analy-
sis of diagenetic changes, particularly in limestones, is
one of the most important avenues of investigation.
Limestones are greatly influenced by diagenetic mod-
ifications and undergo changes in sediment size, po-
rosity (the spaces between sediment grains), and
mineralogy. Early diagenetic changes include the
conversion of unstable aragonite—which is produced
by most calcium-carbonate-producing organisms—
into calcite and changes in the calcite’s magnesium
content. (Since the atoms of calcium and magnesium
have similar properties, they can often substitute for
each other in the crystal structure.)

Dolomitization may also occur. The replacement of
carbonate minerals by silica, so that chert is formed, is
another important aspect of diagenesis. Stages of
diagenesis can best be observed by using cathodolum-
inescence, which bombards a thin slice of rock with an
electron beam. This process causes minerals within
the rock to luminesce (emit light energy for a short in-
terval after the energy source has been removed). The
luminescences indicate various stages of diagenesis
and are particularly important in studying the details

of cements and crystal growth. X-ray analysis and
electron microprobe techniques allow scientists to de-
tect subtle differences in chemistries and the
presences of trace elements or rare-earth elements.

Another major area of research is the classification
of biogenic sedimentary rocks. The classification of
limestones is of primary importance. Limestones have
been classified using several criteria, but in general,
classifications have focused on chemical and mineral-
ogical composition; fabric features, such as fossils and
cements; and special physical parameters, such as po-
rosity. When examining chert, the geoscientist must
ask: What was the source of the silica (volcanic ash,
skeletal grains, chemical precipitate)? What was the
time and rate of conversion of siliceous ooze to chert?
What was the environment of deposition?

ECONOMIC AND EVOLUTIONARY
SIGNIFICANCE
Biogenic sedimentary rocks are among the most im-
portant of all sedimentary rocks. Because of their bio-
logical affinities, they have preserved an important
record of past life on Earth. In addition, some of these
rocks were used for toolmaking by early humans; oth-
ers are important resources for construction materi-
als, fertilizers, and chemicals. Oil and natural gas,
which also have biological affinities, are inseparably
linked to biogenic sedimentary rocks.

Although not widespread, biogenic phosphorites
are economically important, particularly to the fertil-
izer and chemical industries. Biogenic chert was of
major importance in the past. Early humans used
chert, or flint, to make tools and weapons. Biogenic
limestone is the most common and widespread
biogenic sedimentary rock. Economically, limestones
are very important. Hydrocarbons (oil and gas) are
commonly recovered from porous limestones and
dolostones, and in some areas, limestones are reser-
voirs for groundwater supplies. Limestones often
serve as host rocks for important mineral deposits,
such as lead. Limestones are quarried as building
stone; crushed to form construction materials, such as
gravel; or processed into lime and cement. Biogenic
limestones are the most important sedimentary rock
containing fossils and, therefore, are the most
important record of the evolution of life.

—Larry E. Davis
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Black Sea

Fields of Study: oceanography; geology; marine
ecology

ABSTRACT
The Black Sea is a nearly landlocked body of water that was
formerly linked to its eastern neighbor, the Caspian Sea.
Geological changes separated it from the Caspian and cre-
ated two narrow waterways, the Bosphorus Straits and the
Dardanelles Straits, connecting it with the Mediterranean.
Some of its most interesting physical features make it unique
among the world’s small- to medium-sized seas.

KEY CONCEPTS
cold zone: a thermally isolated band of water at a

depth below the surface that is considerably colder
than the water above and below it

hydrogen sulfide: having the molecular formula
H2S; as a gas, familiar as the compound responsible
for the odor of rotten eggs; dissolved in water, acts
as a weak acid, but can also react with dissolved oxy-
gen to form the much stronger sulfuric acid mole-

cule H2SO4; this reaction acts to deplete the
amount of dissolved oxygen in the water

salinity count: the concentration of dissolved salt
stated relative to the amount of water, as for exam-
ple 17 parts per thousand, corresponding to a salt
solution of 0.017 percent

GENERAL FEATURES
The Black Sea, with a surface area of more than
160.000 square miles (or 400,000 square kilometers)
of brackish water, is located on the southern margin
of the Eurasian landmass. Its shores include territo-
ries in several countries. From the southern and
southwestern coast in Turkey, the shoreline proceeds
in a clockwise direction through Bulgaria, Romania,
Ukraine, Russia, and Georgia.

The name “Black Sea” is a literal translation of the
Turkish Karadeniz. This name, suggesting a somewhat
ominous image (particularly in comparison to the
Turkish name White Sea, or Akdeniz, referring to the
Mediterranean), dates from the Turkish occupation
of the southern shores of the Black Sea between the
thirteenth and the fifteenth centuries. The sense of
blackness refers not to any impression of the color of
its waters, but rather to a presumed inhospitable envi-
ronment. When the Turks captured the Greek-named
Pontus Euxinus (meaning “hospitable sea”) from the
Byzantine Greeks, they adopted a much earlier Greek
denomination for the same body of water, namely
Pontus Axeinus (or “inhospitable sea”).

The major ports of the Black Sea littoral states are
Trabzon, Samsun, Sinop, and Zonguldak (Turkey);
Burgas and Varna (Bulgaria); Odessa (Ukraine);
Sevastopol (Crimea); and Batumi (Georgia).

GEOLOGICAL ORIGINS
Geologically, the Black Sea appears to be a basin left
behind by the retreating ancient Tethys Sea, a process
that took place over about 200 million years. This
long geological evolution reached a significant stage
about 50 million years ago as the upward thrust of the
Anatolian landmass (Turkey) and Western Iran split
the Caspian Sea basin off from the Black Sea. Further
mountain-forming activity, including the upheavals
that created the Pontic, Caucasus, Carpathian, and
Crimean landmasses, also affected the basin that
eventually held the waters of the Black Sea. Finally,
the geology associated with the Turkish Straits, which
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connect the Black Sea to the Mediterra-
nean via the straits of the Bosphorus and
the Dardanelles, with the Sea of Marmara
in between, appears to have been the most
recent stage contributing to the current
configuration of the Black Sea, occurring
less than 10,000 years ago.

The total area of the Black Sea is about
162,935 sq mi (422,000 sq km), although
some sources put it at over 168,340 sq mi
(436,000 sq km). At its widest, the sea ex-
tends more than 730 mi (1,175 km) from
west to east. Its narrowest north-to-south
point, running from the tip of the Cri-
mean Peninsula to the Turkish coast at
the Kerempe Burmi Cape, is about 162 mi
(260 km).

The sea is fed by a number of important
freshwater rivers. The most famous of
these, the Danube, enters the sea along
the coast of Romania. The Dniester,
which flows parallel to the northern
fringes of the Carpathian Mountain
range, ends at the delta that feeds the far-
thest northwest area of the Black Sea. The
Dniester Delta forms part of the major
port complex of Odessa in Ukraine. To
the east of the Dniester is the Dnieper, the last major
river to enter the north coast of the Black Sea proper
before its coastline is broken by the Crimean land-
mass and the waters and rivers associated with the Sea
of Azov.

The depth of the sea varies; the deepest area, in the
southern part of the basin about midway from east to
west, measures more than 1.3 mi (2,120 m) deep.

The fact that the deeper zones of the Black Sea re-
ceive very low levels of ventilation (circulation of oxy-
gen) means that these areas do not support any
significant plant growth or fish populations. In the
deep waters, a high concentration of hydrogen sulfide
causes whatever oxygen that exists to ionize. These
conditions mean that only certain species of bacteria
can survive at lower depths. The beginnings of low ox-
ygen levels, with consequential decreases in marine
life, occur at depths of around 495 ft (150 m). Where
waters are sufficiently ventilated, there are substantial
numbers of fish, although only a few species are
sought by commercial fisheries.

The most outstanding irregularity at surface level
along the coast is the Crimean Peninsula, which juts
southward into the Black Sea from the mainland just
east of the Dnieper River Delta. The Crimean Penin-
sula is the site not only of the traditional seaside vaca-
tion town of Yalta (where the Western allies met with
the Soviet Union’s Joseph Stalin (1879–1953) near
the end of World War II) but also of the strategic port
of Sevastopol, founded by Russian czars as a strategic
maritime outpost for Russian access to the Mediterra-
nean. Part of Russia since the eighteenth century, the
Crimea, as the peninsula is also known, was made part
of Ukraine in the 1950s but annexed again by Russia
in 2014, resulting in armed conflict that is ongoing.

There are no major islands in the Black Sea. Most
geographical accounts overlook the few smaller is-
lands, mentioning only Zmiyini, located east of the
Danube River delta, and Berezan, near the mouth of
the Dniester.

The Kerch Strait, located to the east of the Crimean
Peninsula where a city by that name stands, connects
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Glossary

abyssal plain: the ocean floor between the edges of the
continental shelves

active sensors: devices that emit a signal or stimulus to
a target in order to determine specific characteristics of
that target

actuator: a device that when activated causes a specific
movement to occur

aerobic: requiring or in the presence of oxygen

aerobic digestion: breaking down of organic materials
by bacteria that require the presence of oxygen to
function

albedo: the percentage of incoming light that is re-
flected from Earth’s atmosphere and surface

alewife: a non-native species of fish found in the Great
Lakes

algorithm: a computing routine designed to identify
and coordinate data points according to user-defined
criteria

aliphatics: hydrocarbon compounds in which the mo-
lecular structures consist solely of single carbon-carbon
and carbon-hydrogen bonds

alkylation: the addition of an alkyl group (a hydrocar-
bon segment) to an existing molecule

alluvial: describes a river or watercourse that carries
and deposits its silt load in its associated floodplain

anadromous fish: fish species that split their life cycle
between freshwater and salt water, typically spawning
in freshwater then developing to maturity in salt water
before returning to freshwater to spawn

anaerobic: requiring or in the absence of oxygen

anaerobic digestion: breaking down of organic mate-
rials by bacteria that do not function if oxygen is pres-
ent or that do not require oxygen to function

angular momentum: the principle of physics by which
a mass rotating about an axis tends to maintain its rota-
tion in the same angular direction (cf: Newton’s law of
inertia, which states that an object in motion tends to
stay in motion unless acted upon by an external force)

anoxic: containing no dissolved oxygen

anthropogenic: having been caused directly by or oc-
curring as a result of human activities

aphotic zone: the lower part of the ocean water below
the maximum depth to which any sunlight can reach

aquaculture: farming of plants and animals that in-
habit marine environments, as opposed to agriculture,
the farming of plants and animals that inhabit terres-
trial environments

aquifer: a mass of water contained within an under-
ground soil or rock structure, maintained from a re-
charge point and flowing toward a discharge point

archaea: the class of bacteria that includes the meth-
ane producers, the thermohalophytes, and other
extremophilic bacteria

archipelago: a series of relatively small islands that are
related to each other geologically

aromatics: hydrocarbon compounds in which the mo-
lecular structures are cyclic and contain a series of al-
ternating single and double carbon-carbon bonds,
which imparts greater stability and chemical reactivity
to them relative to their aliphatic and non-aromatic
counterparts

asthenosphere: the layer of mobile liquid rock in the
mantle directly beneath the lithosphere

atmosphere: the gaseous layer that envelopes the
planet

atoll: a generally circular coral structure typically sur-
rounding the submerged top of a tropical oceanic
seamount
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atoll reef: a circular coral reef structure that typically
builds around the edges of a sunken volcanic crater, al-
though some atoll reefs form naturally without the
presence of a volcanic substrate on which to grow

autochthonous: a synonym for ‘native’

average salinity: the mathematical average of salini-
ties found in different parts of the sea

bank: an extensive plateau-like region of seafloor that
may be an extension of a continental shelf or a segment
of continental rock that lies at some depth below the
surface

barnacles: types of molluscs that attach themselves to
submerged surfaces such as pier foundations, rocks,
and the hulls of ships

barrage: a structure constructed across an river mouth
or estuary with openings to house generators to be
driven by the influx and eflux of water as the rising tide
drives water to flow into the estuary and the falling tide
allows the water to flow out again

basalt: the rock type that is formed when molten
magma breaks through the ocean floor and solidifies to
form new ocean floor

base flow: the minimum amount of water that nor-
mally flows in a watercourse or aquifer

basement rock: the most fundamental rock layer of
Earth’s crust, typically ocean floor basalt

basin: an area of deep sea bottom defined by rough
boundaries presented by continental shelves and is-
land structures

bathysphere: a spherical steel chamber devised by Wil-
liam Beebe and Otis Barton, capable of descending to
a depth of 900 meters

bathythermograph: a ship-board device that measures
and records water temperatures at depths, and does
not require the ships to remain stationary

benthic: referring to the lowest depths of the ocean,
the sea floor

benthic organisms: organisms that live on or very near
to the sea bottom

benthos: the lowest depths of the oceans, the seafloor

bioaccumulation: increasing amounts of toxic materi-
als stored in body fats and organs progressing upwards
in a food chain

biodegradation: the breaking down of out-of-place
materials by living organisms and metabolic processes

biodiversity: the variety of plant and animal organ-
isms found within an ecosystem

bioerosion: erosion or structural breakdown caused by
the activity of living organisms

biofouling: fouling of marine devices by the build-up
of algae, barnacles and other biological entities, lead-
ing to disruption of the optimum functioning of the
particular device

biogenic: produced by or as the result of activity by liv-
ing organisms

biological oxidation: a method of treating organic
wastes by reliance upon living aerobic bacteria and mi-
croorganisms to consume the material

biome: the flora, fauna and mineral structures existing
within a particular defined environment

bioremediation: the use of specific bacteria and other
organisms with specific abilities to ‘clean up’ polluted
areas by consumption of environmental contaminants

biosphere: a term encompassing all life of Earth,
whether plant or animal in nature

biostratigraphy: the assignment of geological period
and age to geologic strata through identification of
their fossil content

biota: the flora and fauna of a particular ecological
niche or environment

biotic zones: areas within a particular environment
where life is supported
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