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As a beryl, emerald is composed primarily of the
abundant elements silicon, aluminum and oxy
gen. The fourth primary component, beryllium,
is rare in the Earth's upper crust (1.5 ppm); thus,
beryl is not a common mineral. Beryllium, as a
rule, comes from rocks of the continental crust.
Its sources include pegmatites, aluminum and sil
icon-rich magmas, clayston~s and black shales
with their metamorphic equivalents, such as or
thogneisses and mica schists.

The elements that give emerald its color, chromi
um and vanadium, are less rare than beryllium in
the Earth's upper crust (185 and 230 ppm respec
tively). They are concentrated in dunites,
peridotites and basalts of the oceanic crust and
Earth's upper mantle. Concentrations of chromi
um and vanadium sufficient to form emerald can
also occur in sedimentary rocks, particularly
black shales.

With beryllium concentrated in the Earth's
continental crust and chromium and vanadium
concentrated below in the upper mantle, unusual
geologic and geochemical conditions are required
for chromium and/or vanadium to encounter
beryllium. Though there are a few deposits in
which the circulation processes inside one geo
logical unit are sufficient for emerald formation
(e.g., the black shales of Colombia), but in gener
al the source rocks must first be brought together
and then channels must be opened to permit the
circulation of fluids and the mobilization of
elements.

Formation of the Deposits
Disparate bodies can be brought together through
the actions of plate tectonics. The resulting folds
and faults mobilize fluids that move along the
newly created fractures. As they move, these flu
ids can then dissolve and transport the
elements necessary for emerald formation.

Once the necessary elements have been brought
together, emeralds can crystallize in diverse geo
logic environments: as a rock-forming mineral in
schists and gneisses or as isolated crystal pockets
in geologic structures such as veins along fracture
zones, faults, breccias, lenticular vugs, druses,
miarolitic cavities or quartz lenses.
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While aquamarine and other pegmatite minerals
develop in relatively calm environments which
allow for continuous crystal growth without
strong perturbations, emeralds are formed in
geologic environments characterized by abrupt
changes and mechanical stress.

Smaller crystals with considerable internal de
fects such as fissures, fractures or foreign solid
inclusions are consequences of forming in a per
turbed mineralogical-geologic environment, and
partially healed or unhealed fissures and fractures
are quite common. Understandably, the presence
of such defects lower a crystal's mechanical resis
tance. Unable to withstand the stress of river
transport, emerald is rarely found in secondary
deposits.

Ages of Emerald Mineralizations
Emerald deposits are known from five continents,
with South America having been by far the most
important emerald producer for many years.
Emeralds formed during almost every geologic
epoch. The most intense emerald formation
occurred during continental collisions, which
gave rise to large mountain complexes, extended
fault zones, regional metamorphic overprints and
eventually to further uplift and erosion. All of
these events favor the formation of emerald de
posits. Emerald can, therefore, take its place
among the oldest gemstones in the Earth's crust:

• 2.97 billion years: the Gravelotte emerald
deposits of Transvaal in the Archean of South
Africa formed.

• 2.6 billion years: the emerald deposits in
Poona, Australia and Sandawana, Zimbabwe
formed during the last rock forming processes.

• 2 billion years: the Brazilian emeralds of
Camafba and Socot6 in the state of Bahia
formed during the early Proterozoic.

• 500 million years: the Brazilian deposits in Mi
nas Gerais (Belmont Mine, Capoeirana, Piteiras)
and the enormous deposit of Santa Terezinha in
Goias both formed in the Paleozoic (510 and
520 million years ago respectively). In Africa,
the emerald occurrences of Mananjari and
Ianapera formed 490 million years ago.
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