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Gem Granitic Pegmatites

Granitic pegmatites have long attracted attention as impor-
tant sources of valuable minerals and gems (table 1), while
also representing somewhat of a conundrum for geoscien-
tists trying to understand their geological origin. Occurring
in various parts of the world, they are significant producers
of gem tourmaline, beryl, spodumene, topaz, and garnet (fig-
ure 1; Simmons et al., 2012) along with mineral specimens.
They are also valuable sources of bulk industrial products
such as quartz, feldspar, mica, and columbite-tantalite ores
(e.g., coltan). For more than a century, pegmatites have been
the focus of scientific studies to better understand the geo-
logical conditions of their formation and the reasons for
their diverse mineralogy, rock texture, and overall structure.

The renowned French mineralogist René-Just Haly
(1823, p. 536) defined the word pegmatite as “feldspath

laminaire avec cristaux de quarz enclaves” (laminar
feldspar with enclosed quartz crystals), using it as a rock
textural term and as a synonym to describe igneous rocks
that displayed a pronounced intergrowth of tabular or
skeletal quartz crystals in a feldspar host—rocks that up
until then were often referred to as “graphic granite.”

According to London (2008, p. 4), the name pegmatite
comes from the Homeric Greek word miyvou (pegnymi),
which means “to bind or to fasten together.” Again its use
was related to describing graphic granite, where the pattern
of darker glassy quartz crystals embedded in a lighter
perthitic feldspar host could vaguely resemble ancient
written characters.

Austrian mineralogist Wilhelm Karl von Haidinger
(1845, p. 585) first used the term pegmatite in its present

TABLE 1. Common and less common granitic pegmatite minerals, as well as those mined industrially as

bulk products.

Common Less common Industrial
Amblygonite-montebrasite Amazonite Jeremejevite Beryl
Apatite Bertrandite Kyanite Cassiterite
Beryl Beryllonite Lithiophilite-triphylite Clay
Chrysoberyl Brazilianite Monazite Columbite-tantalite
Feldspar Columbite-tantalite Petalite Feldspar
Garnet Danburite Pezzottaite Mica
Quartz Epidote Phenakite Monazite
Spodumene Euclase Pollucite Pollucite
Topaz Eudialyte Rhodizite Quartz
Tourmaline Fluorite Scapolite Spodumene
Zircon Hambergite Sodalite

Herderite Sphene

192 CoLORED STONES UNEARTHED

Gems & GEMOLOGY SUMMER 2025



Figure 1. A selection of pegmatite gem crystals, including beryl, chrysoberyl, garnet, spodumene, topaz, and tourma-
line. Photo by Mimi Travis; courtesy of the GIA Museum collection.

geological meaning for coarse-grained igneous rocks, but
he still related it to graphic granite. He defined pegmatite
as coarse-grained feldspar-rich granite; the individual
quartz crystals in the feldspar are mixed in crystalline sym-
metrical layers, so that slices (broken surfaces) look similar
to written script.

This term is now used generally to refer to most
coarse-grained igneous rocks. London (2008, p. 4) pro-
vided a more specific definition: “an essentially igneous
rock, commonly of granitic composition, that is distin-
guished from other igneous rocks by its extremely
coarse but variable grain size, or an abundance of crys-
tals with skeletal, graphic or other strongly directional
growth habits. [They| occur as sharply bounded homo-
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geneous to zoned bodies within [more voluminous]
igneous or metamorphic host rocks.” This definition
focuses on the textures of these rocks, which are their
most distinctive features. Books by London (2008), Sim-
mons et al. (2022), and Menzies and Scovil (2022)
provide information on their geology, formation, and
occurrence. Past geological reviews of these topics were
provided by Landes (1933), Cameron et al. (1949), Jahns
(1955), Cerny (1982), Simmons and Webber (2008), and
Dill (2015 and 2016).

This edition of Colored Stones Unearthed will describe
pegmatitic igneous rocks and their geology, mineralogy,
and current understanding of their conditions of formation,
as well as summarize their worldwide occurrences. The
column will focus on granitic-composition pegmatites,
which are the most common type and the major sources
of gem-quality crystals.

General Description

Granitic pegmatites are bodies of coarse- and sometimes
associated fine-grained (aplites), light-colored, intrusive
igneous rocks composed of interlocking crystals of several
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Figure 2. Exposed cross section of a zoned pegmatite dike
consisting of large tan K-feldspar crystals below a cen-
tral white quartz core; a mixture of Na-feldspar, quartz,
and tourmaline grains above the core; and banded fine-
grained minerals (known as “line rock”) along the base.
This photo was captured in 1979 at the San Diego mine
near Mesa Grande in San Diego County, California.
Courtesy of David London.

common minerals (mainly quartz, alkali feldspar, and  Figure 4. A large sapphire crystal in a syenitic pegmatite
mica; see figures 2 and 3) that are sometimes accompanied ~ host rock from Pegmatite 298 in the Ilmen Mountains
by rare element-bearing minerals. Their bulk chemical = mineralogical reserve, Ural Mountains, Russia. Photo
compositions correspond closely to those of familiar non- by Peter Lyckberg; courtesy of the IImen Mineralogical
pegmatitic plutonic igneous rocks. Within pegmatite  Museum.

bodies, the constituent minerals can span several orders of

magnitude in size from small grains to large individual =~ worthy for having produced some of the largest-known
crystals (a much greater range of grain size than would be ~ crystals—in particular microcline, quartz, mica, spo-
encountered in an ordinary granite). Pegmatites are note-  dumene, and beryl—that have reportedly reached up to

Figure 3. A granitic pegmatite vein measuring 70 cm wide in the cogenetic Bohus granite at Lysekil in Bohuslin
County, Sweden. The vein consists of quartz, feldspars, muscovite, and accessory garnet. Photos by Peter Lyckberg.
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10 meters or more in length (Rickwood, 1981). As implied
by the early definitions of nineteenth-century scientists,
one of the most unique textural features of granitic peg-
matites is the intergrowth of quartz and feldspar crystals
mentioned above as “graphic granite.”

Basic, intermediate, and alkaline igneous rocks can
sometimes also display similar pegmatitic textures. They
include pegmatitic gabbro, syenite, and nepheline syenite,
all of which are composed of minerals such as pyroxene,
plagioclase feldspar, mica, olivine, hornblende, and
nepheline. Figure 4 illustrates a large corundum (sapphire)
crystal embedded in a syenitic pegmatite from the Ilmen
Mountains in Russia.

Structure. Pegmatites exhibit a diverse variety of shapes,
sizes, and internal structures. They can occur as narrow
dikes (figure 5), sills, veins, or more oval-shaped bodies
found within larger parental intrusive igneous host rocks.
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Figure 5. The light-colored
rock is the outcrop exposure
of a cross section of the
westward-dipping Stewart
pegmatite dike, located
north of the small town of
Pala in northern San Diego
County, California. Photo
by James E. Shigley.

They can also extend outward as veins within other sur-
rounding metamorphic or igneous host rocks. Often minor
in size compared to the enclosing rocks, they are centime-
ters to meters or more across and less than a meter up to a
kilometer or more in length (figure 6). The pegmatite edges
are often marked by distinct boundaries. Multiple peg-
matite dikes may occur within the same host rock.

In terms of internal structure, they fall into two cate-
gories. The majority are referred to as simple pegmatites,
which are more homogeneous in mineralogy—they lack
any internal mineral zoning and are composed of the same
common minerals found in other silica-rich igneous rocks
like granites. Their main difference from the host rocks is
their coarser grain size.

Complex pegmatites are composed of these same min-
erals, often along with rare and unusual minerals (such as
beryl, tourmaline, and many others). They display an inho-
mogeneous texture with several layered, vertical, or

Figure 6. Underground
exposure of the Dada peg-
matite at the Pederneira
mine near Governador
Valadares, Minas Gerais,
Brazil, showing black
crystals of schorl tourma-
line along with other
minerals. Photo by
Andrea Dini; courtesy of
Federico Pezzotta.
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concentric internal zones of different minerals and mineral
grain sizes, and central zones that may contain open crys-
tal-filled cavities (figure 7). Grain size generally increases
inward from the margins toward the center of the pegmatite
body. Concentric zoning is typical in an oval-shaped body,
while internal zoning in a horizontal dike can be more
asymmetric (figure 8). Distinct zonation is typically better
developed and more evident in larger pegmatites because of
the opportunity for greater differentiation of the residual
magma and fluids during magma crystallization. Again,
internal zones form from the outer edge inward, with the
core being the final zone to solidify from the magmatic fluid.

Figure 7. Open pockets
along the core zone of the
Havey pegmatite near
Poland, Androscoggin
County, Maine, in June
2017. Courtesy of William
(Skip) Simmons.

In a complex pegmatite, internal zones can often be rec-
ognized by increasing mineral grain size, but they can vary
in thickness and mineral composition. From the outside
inward, the zones follow this sequence:

e A thin border zone where the pegmatite magma
came into contact with the preexisting host rock
o A thicker wall zone consisting of feldspar and quartz

e An intermediate zone that is richer in feldspar and
contains occasional crystal-lined cavities

e A core zone consisting of massive quartz and occa-
sional crystal-lined cavities

Granite

- Aplite zone

Fine graphic
zone

Figure 8. Simplified dia-
gram of an internally
zoned pegmatite dike.

K-feldspar
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Pegmatite Formation

The occurrence, mineralogy, texture, and structure of peg-
matites have long attracted the attention of geoscientists,
who have shared various theories of origin (Jahns, 1955).
While scientific discussions of pegmatites date from the
late 1800s, modern studies originated from several past
interrelated trends:

e The laboratory studies of fractional crystallization
in igneous magmas pioneered by Bowen at the Geo-
physical Laboratory of the Carnegie Institution of
Science in Washington, DC, from 1912 to 1937. His
1928 book entitled The Evolution of the Igneous
Rocks provided the geochemical and geophysical
foundation for the petrological study of igneous
rocks and minerals and their conditions of forma-
tion. London (1992 and 2008) summarized past ideas
and more recent experimental work on granitic peg-
matite formation by his group and other researchers.

e The wealth of valuable minerals found in pegmatites
in Madagascar that were described in detail by
Lacroix based on his visit to the island in 1911
(Lacroix, 1922a,b, 1923).

e The description of the extensive occurrences of
nepheline syenite pegmatites in southern Norway
by Brogger (1890; also Miiller et al., 2017).

o The field studies of pegmatite occurrences in Brazil,
the United States, and elsewhere undertaken in the
1940s and 1950s to document the occurrence of rare
elements such as tantalum in demand for industrial
use during and after World War II (Johnston, 1945;
Hanley et al., 1950; Page et al., 1953; Cameron et al.,
1954; Jahns, 1955.

Most granitic pegmatites form relatively close to the
earth’s surface, and they occur either within or near the
upper portions of a genetically related larger body of igneous
parent rock called a pluton. The magmas that might even-
tually produce pegmatite bodies were generated by the
melting of crustal rocks and pluton formation in two differ-
ent geological settings. The first—referred to as orogenic
magmas—formed during the compressive collision of
crustal plates, which created mountain chains along the col-
lision boundaries. The magmas formed along the collision
zone produced granitic rocks that comprise a large propor-
tion of the currently exposed crustal surface. The
second—called anorogenic magmas—formed during the
stretching and thinning of crustal plates that are being pulled
apart. The shallow underlying presence of a volume of
heated mantle causes melting and magma formation within
the extended overlying portion of the plate. The variety of
igneous rocks produced by these anorogenic magmas are
more restricted in occurrence as sources of gem-bearing peg-
matites. Some so-called anatectic pegmatites appear to have
formed by the melting of metamorphic parent rocks since
they have no obvious connection to an igneous pluton.
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Based on field observations and experimental studies,
granitic pegmatites are believed to have crystallized in the
continental crust from relatively small volumes of a sepa-
rate residual hydrous- and volatile-rich magmatic fluid
fraction that remained during the solidification of a larger
granitic magma body. During the final stages of pegmatite
formation, this magmatic fluid is thought to have coexisted
in small volumes with the residual pegmatitic magma. Peg-
matite evolution and final crystallization involves a series
of processes including fractional crystallization of minerals,
immiscibility within the residual melt, the increasing influ-
ence on mineral formation of alkali and halogen contents
and enrichment of so-called incompatible elements (i.e.,
rare earth elements (REE), tantalum, niobium, lithium, and
beryllium), and the exsolution of a hydrothermal aqueous
fluid phase (Pauly et al., 2021).

The bulk compositions of pegmatites are similar to the
compositions of the magmas from which they form.
Whether or not a particular granitic magma will generate
pegmatites depends in large part on the needed presence of
chemical components such as boron, phosphorus, and fluo-
rine as well as excess amounts of water in the magma (Cerny
et al.,, 2012). The model of granitic pegmatite formation
described by Jahns and Burnham (1969) envisioned the tran-
sition from granite to pegmatite formation being marked by
the exsolution of an aqueous fluid from the silicate melt and
the partitioning of chemical components between these two
phases. Subsequent experimental work on pegmatite min-
eral systems and studies of the compositions of fluid
inclusions in late-stage pegmatite minerals have brought
some concepts of this genesis model into question.

When this residual hydrous magmatic fluid forms
within the cooling granitic pluton itself or is injected into
fractures in the surrounding country rock, minerals begin
to crystallize within the pegmatite body as temperatures
decrease from the outside inward in a relatively static geo-
logical environment. The rapid cooling combined with the
low residual heat content results in limited chemical inter-
actions between the magmatic fluid and the surrounding
host rocks (Cerny et al., 2012).

Within the host granite, simple internally homoge-
neous pegmatites form from a trapped volume of the
residual magma with a similar mineralogy, but they can
display large variations in texture and mineral grain size.
These rock bodies are often composed of approximately
65% alkali feldspar, 25% quartz, 5-10% mica, and about
5% other accessory minerals (Glover et al., 2012). They
often lack rare ore minerals, but they are significant
sources of common minerals such as feldspar. They are
thought to represent a transition stage of magma crystal-
lization between granites and rare-element pegmatites.

In contrast, complex pegmatites crystallize with the
same bulk minerals but a more complicated internal struc-
ture and a more varied chemical and mineral composition.
They crystallize from the outside contacts inward in the
form of concentric or layered zones that often have different
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mineral assemblages and/or textures, sometimes ending
with an almost monomineralic central quartz core (Nor-
ton, 1983). As crystallization proceeds, the chemical
composition of this fluid fraction progressively evolves as
solidifying minerals remove certain elements from, and
other elements are concentrated in, the decreasing remain-
ing fluid, which then allows new minerals to form.

These evolving residual magmatic fluids become
enriched in volatile components and trace elements (water
as hydroxyl (OH7)) and rare elements (such as lithium,
beryllium, boron, fluorine, phosphorus, rubidium, zirco-
nium, niobium, cesium, and tantalum) that are not
incorporated for the most part in common minerals such
as feldspar and quartz in earlier-forming igneous rocks.
This rare-element fractionation and chemical enrichment
result in the formation of a host of uncommon minerals in
these complex pegmatites which are rarely, if ever, found
in such abundance in other geological settings (thought to
be more than 500 mineral species; Menzies and Scovil,
2022). The diversity has long attracted the attention of both
geoscientists and mineral collectors.

In comparison to the initial silica-rich granitic magma,
the residual mineralized aqueous fluid within the pegmatite
body has a lower viscosity and melting point due to the
increased presence of fluxing agents. At the lower temper-
atures of this stage of pegmatite formation, geologists
believe that the rate of nucleation of tiny new crystals is
slower than the rate of crystal growth, which tends to favor
the growth of fewer but larger crystals. When trapped
within the central core zone of a crystallizing pegmatite,
isolated volumes of this increasingly water-rich fluid allow
for the formation of one or more generations of well-
formed, larger-size gem-quality crystals within open

crystal-lined spaces or cavities as the final stage of crystal-
lization. Recent work suggests that during this stage, crystal
growth rates could have accelerated dramatically from mil-
limeters to a meter or more per day (Phelps et al., 2020).
Subsequent alteration and weathering of pegmatite
feldspars and micas resulted in the formation of secondary
clays, which often completely fill any remaining open space
in the cavities and coat any crystals. These so-called
miarolitic pegmatites occur within or near magmatic plu-
tons that intruded to shallow depths in the crust;
occasionally, they can also be found in migmatite terrain
in anatectic pegmatites (Webber et al., 2019).

This diversity of size, occurrence, internal structure,
rock texture, and mineralogy found in pegmatites presents
challenges for geoscientists trying to unravel the story of
these fascinating igneous rocks. The variety of pegmatite
occurrences suggests that other geological processes may on
occasion be involved in their formation beyond the volatile-
rich magma crystallization model summarized above.

Pegmatite Classification

The diversity of the more complex granitic pegmatites
observed in the field has led geologists to propose various
schemes to classify them based on features such as min-
eralogy, geochemistry, texture, shape, size, and/or
relationship to host rocks. The trace element signatures
of most rare-element pegmatites (containing elements
such as lithium, beryllium, boron, niobium, yttrium, flu-
orine, and others) allow them to be grouped into two
distinctive families, with occurrences of so-called lithium-
cesium-tantalum (LCT) granitic pegmatites greatly
outnumbering those of the niobium-yttrium-fluorine

TABLE 2. Examples of pegmatites mined for bulk industrial minerals.

Mine Location Ore minerals References
Harding eI, Lepidolite, microlite, spodumene, tantalite-columbite Jahns and Ewing (1977)

United States

South Dakota,

Black Hills area United States

Tanco Manitoba,
Canada
Kola Peninsula,
Kolmozero A
Russia
Greenbushes Western /—\u_stralla,
Australia
Koktokay area Xinjiang,
Y China

Beryl, feldspar, mica, spodumene

Pollucite, spodumene, tantalite-columbite

Rare earth minerals, spodumene

Cassiterite, spodumene, tantalite-columbite

Beryl, lepidolite, pollucite, spodumene, tantalite-columbite

Page et al. (1953)

Crouse and Cerny (1972)

Propachkin et al. (2022)

Partington et al. (1995)

Zhou et al. (2015)
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(NYF) family. For further discussion, see Cerny and Ercit,
2005, and Cerny et al., 2012. This classification scheme
reflects the increasing complexity of internal zones and
the chemical evolution of the pegmatite-forming magmas
with distance from their source (London, 2008).

Economic Importance

Industrial Minerals. Although of lesser volumetric impor-
tance than other crustal igneous rocks, pegmatite bodies
and dikes are major sources of both common and rare min-
erals. Hence, they are the focus of mineral collecting, as
well as mining activities on both small and large scales, in
various parts of the world.

Most pegmatites have a simple granitic composition
and mineralogy, and their mining focuses on recovering
feldspar, quartz, mica, beryl, and spodumene as well as cer-
tain high-value ore minerals (Glover et al., 2012). The
overall chemical purity of these minerals and the very high
percentage of mineable rock at a deposit make granitic peg-
matites important mining targets. Several examples of
localities mined for industrial minerals and for gem crys-
tals are listed in tables 2 and 3, respectively.

Industrial minerals such as feldspar and quartz are
mined in very large quantities. Once excavated and trans-
ported, the crushed ore is washed and then separated into
specific minerals by various physical, electrical, magnetic,
or flotation techniques. These mineral concentrates can
then be further processed into particular chemical com-
pounds depending on the final applications for the material,
such as Li,O from bulk spodumene or petalite (Pripachkin
et al., 2022; Kundu et al., 2023; Roy et al., 2023) and Ta,0,
from tantalite (Melcher et al., 2017a,b). These bulk materi-
als have important industrial uses, such as in the glass and
ceramic industries in the case of feldspar (figure 9).
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Figure 9. Large microcline
crystal with smoky quartz,
albite feldspar, and tourma-
line from the Oceanview
mine near Pala in San Diego
County, California. The
specimen measures 46 x 30
x 80 cm and the microcline
crystal 25 x 25 x 13 cm.
Photo by Mimi Travis.

Gems and Mineral Specimens. The conditions of granitic
pegmatite formation result in several chemical elements
occurring at much higher concentrations than in most
other igneous rocks. In some situations, these concentra-
tions are sufficient to allow these rare elements to occur
as major constituents in distinct minerals (e.g., pollucite,
a cesium aluminosilicate zeolite).

Some of the finest gem crystals and specimens from the
mineral kingdom originate mainly and sometimes solely
from complex, internally zoned pegmatites (Simmons et
al., 2012). These gem minerals occur most often in open

Figure 10. Underground exposure of a subhorizontal peg-
matite dike at the San Diego mine near Mesa Grande in
San Diego County, California, in 1986. Several open
pockets, from which the contents have been removed,
extend along the central portion of the dike, which is
about 2 meters across from top to bottom. Courtesy of
David London.
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TABLE 3. Pegmatite areas mined for gem minerals.

Country

Area (province, state, or region)

Gem minerals

Afghanistan

Brazil

Brazil
China
China

Democratic Republic
of the Congo

Finland
India
Italy

Kenya
Madagascar

Mozambique
Myanmar (Burma)
Namibia
Nigeria
Pakistan
Russia

Russia
Tanzania
Ukraine
Vietnam
United States
United States
United States
Zambia

Zimbabwe

Kunar, Nuristan

Minas Gerais

Paraiba, Rio Grande do Norte

Xinjiang Uygur

Yunnan
Katanga, North Kivu

South Karelia
Tamil Nadu
Elba

Coast

Antananarivo, Fianarantsoa, Toamasina

Nampula, Tete, Zambezia
Mogok, Momeik
Erongo

Edo, Kaduna, Kwara, Nasarawa,
Oyo, Plateau

Gilgit-Baltistan
Ural Mountains
Transbaikalia
Arusha, Morogoro, Tanga
Zhytomyr
Yen Bai
California

Colorado

Connecticut, Maine, New Hampshire

Central, Eastern

Mashonaland West

Beryl, garnet, spodumene, topaz, tourmaline

Amblygonite, beryl, brazilianite, chrysoberyl, euclase,
quartz, spodumene, topaz, tourmaline

Beryl, euclase, garnet, quartz, tourmaline
Beryl, tourmaline

Beryl, garnet, tourmaline
Tourmaline

Beryl, tourmaline
Beryl
Pollucite, tourmaline
Tourmaline

Beryl, danburite, feldspar, garnet, phenakite,
spodumene, tourmaline

Beryl, garnet, quartz, spodumene, topaz, tourmaline
Petalite, phenakite, pollucite, tourmaline
Beryl, topaz, tourmaline

Beryl, chrysoberyl, garnet, phenakite, spodumene,
topaz, tourmaline

Beryl, garnet, spodumene, topaz, tourmaline
Beryl, chrysoberyl, topaz
Beryl, danburite, garnet, pollucite, topaz, tourmaline
Garnet, tourmaline
Beryl, topaz
Feldspar, tourmaline
Beryl, garnet, spodumene, topaz, tourmaline
Beryl, feldspar, quartz, phenakite
Beryl, pollucite, tourmaline
Beryl, garnet, tourmaline

Beryl, topaz, tourmaline

References: Agheem et al. (2014), Bowersox and Chamberlin (1995), Cassedanne and Philipoo (2015), Clifford et al. (2011), Cornejo and Bartorelli (2010),
de Brito-Barreto and Bretas-Bittar (2010), Falster et al. (2002), Groat et al. (2007), London (2008), Menzies (1995), Menzies and Scovil (2022), Pezzotta

(2001), Shigley et al. (2010)
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Figure 11. Colored tourmaline crystals embedded in sec-
ondary clay minerals in a pocket at the Havey pegmatite
near Poland, Androscoggin County, Maine, in July 2018.
Courtesy of William (Skip) Simmons.

(or clay-filled) pockets in the core and central zones of the
pegmatite body (figure 10). With diameters typically from
centimeters to a meter or more, these pockets are more
easily located in a thinner pegmatite dike but can be diffi-
cult to find in a thicker one.

Although pockets are normally encountered in the
central zones of a pegmatite, their occurrence within
that zone is often random and highly variable. Blasting,
drilling, or breaking up the pegmatite body risks dam-
aging valuable gem crystals, which influences the
mining techniques used. Miners often look for minerals
or rock textures as indicators of a nearby gem pocket.
For example, one good indicator is the presence of lepi-
dolite mica (many others are discussed by Menzies and

Figure 12. Daron Fisler in 2010 with a spodumene
(kunzite) crystal he extracted from the Big Kahuna
pocket at the Oceanview mine, Pala District, San
Diego County, California. Photo by Mark Mauthner.

Scovil, 2022). Miners have noted that pockets tend to
occur where pegmatite dikes increase in thickness,
change direction, or intersect. Such locations may have
facilitated the formation of residual aqueous fluids.
Nearby pockets can contain similar or very different
gem minerals. Several stages of mineral formation may
also be evident, and the distribution of mineral contents
within pockets can be nonuniform. Some gem crystals
show evidence of corrosion, partial dissolution, and
mineral replacement.

These pockets are often filled partially or completely
with secondary clays (figure 11), so miners use a pointed
hand tool such as a screwdriver to gently probe the clay to
detect if crystals are present (figures 12 and 13). Once a

Figure 13. A 1.437 kg (7,185 ct) gem beryl crystal in situ in albite inside a giant heliodor pocket of Pegmatite 521. The
crystal was found at a depth of 96 m in one of the Volyn chamber pegmatites in the Korosten Pluton near Volodarsk
(now Khoroshiv), Zhytomyr Oblast, Ukraine. Photos by Peter Lyckberg.
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pocket is located, the contents are carefully removed by
hand, and the clay-coated crystals are washed—only then
does the miner know what exactly has been found. Crys-
tals may still be attached to the pocket walls or lie as
broken pieces on the pocket floor. Besides recovering indi-
vidual gem crystals, efforts are made to extract attractive
rock matrix specimens with the crystals still attached.
Careful trimming and cleaning of matrix pocket specimens
are often required.

Field-tested remote sensing techniques, such as ground-
penetrating radar, can sometimes reveal the presence of an
open cavity in a pegmatite body (Patterson and Cook, 2002;
Cardoso-Fernandes et al., 2019). The article by Steiner (2019)
discusses useful techniques for locating gem pegmatites.
Pegmatite mining techniques vary in scale and sophistica-

tion depending on the type of occurrence, with work in
many countries carried out by artisanal mining operations.

Summary

Despite their typical small volumetric size, granitic peg-
matites represent one of the most important producers of
gem crystals along with both common and rare minerals
(figure 14). Their varied mineralogy, external shape and
internal texture, and widespread occurrence continue to
attract the attention of geoscientists seeking to understand
the geologic conditions of their formation. They continue
to be found and mined wherever granite bodies are exposed
at the earth’s surface, and they remain a major source of a
number of valuable gem minerals.

Figure 14. The “King of Kashmir” aquamarine crystal group, measuring 45 cm tall and 80 cm wide, was collected in
2019 from a miarolitic pegmatite dike in the remote Nyet Bruk region of the Skardu District in northern Pakistan
(Trinchillo, 2020). It is considered by many to be one of the most significant gem mineral specimens found in the
modern era. Photo by James Elliott/Fine Minerals International; courtesy of Daniel Trinchillo.

202 CoOLORED STONES UNEARTHED

GEms & GEMOLOGY SUMMER 2025



ACKNOWLEDGMENTS

The authors thank David London, Peter Lyckberg, Mark Mauthner, Federico Pezzotta, William (Skip) Simmons, Daniel Trinchillo, and

Michael Wise for providing photographs for possible use in this article.

REFERENCES

Agheem M.H., Shah M.T., Khan T., Murata M., Arif M., Dars H.
(2014) Shigar Valley gemstones, their chemical composition
and origin, Skardu, Gilgit-Baltistan, Pakistan. Arabian Journal
of Geosciences, Vol. 7, No. 9, pp. 3801-3814,
http://dx.doi.org/10.1007/s12517-013-1045-8

Bowen N.L. (1928) The Evolution of the Igneous Rocks. Princeton
University Press, Princeton, New Jersey, 334 pp.

Bowersox G.W., Chamberlin B.E. (1995) Gemstones of Afghanistan.
Geoscience Press, Totnes, United Kingdom, 220 pp.

Brogger W.C. (1890) Die Mineralien der Syenitpegmatitginge der
stidnorwegischen Augit-und Nephelinsyenite. Zeitschrift fiir
Kristallographie und Mineralogie, Vol. 16, pp. 1-658.
Cameron E.N., Jahns R.H., McNair A.H., Page L.R. (1949) Internal
Structure of Granitic Pegmatites. Economic Geology Mono-
graph Series, No. 2, Society of Economic Geologists, Urbana,
Tllinois, 115 pp., http://dx.doi.org/10.5382/Mono.02

Cameron E.N., Larrabee D.M., McNair A.H., Page J.J., Stewart
G.W.,, Shainin V.E. (1954) Pegmatite Investigations 1942-45
New England. United States Geological Survey Professional
Paper No. 255, 352 pp., http://dx.doi.org/10.3133/pp255
Cardoso-Fernandes J., Teodoro A.C., Lima A. (2019) Remote sens-
ing data in lithium (Li) exploration: A new approach for the
detection of Li-bearing pegmatites. International Journal of
Applied Earth Observation and Geoinformation, Vol. 76, pp.
10-25, https://doi.org/10.1016/j.jag.2018.11.001

Cassedanne J., Philipoo S. (2015) Mineral and Gem Deposits of the
Eastern Brazilian Pegmatites, Musée National d’Histoire
Naturelle, Luxembourg, 671 pp.

Cerny P. (1982) Short Course in Granitic Pegmatites in Science and
Industry. Mineralogical Association of Canada, No. 8, 555 pp.
Cerny P, Ercit T.S. (2005) The classification of granitic pegmatites
revisited. Canadian Mineralogist, Vol. 43, No. 6, pp. 2005-
2026, http://dx.doi.org/10.2113/gscanmin.43.6.2005

Cerny P., London D., Novak M. (2012) Granitic pegmatites as
reflections of their sources. Elements, Vol. 8, No. 4, pp. 289—
294, http://dx.doi.org/10.2113/gselements.8.4.289

Clifford J., Falster A.U., Hanson S., Liebetrau S., Neumeier G.,
Staebler G., Eds. (2011) Topaz: Perfect Cleavage. extraLapis
English No. 14, Lithographie LLC, Denver, Colorado, 104 pp.
Cornejo C., Bartorelli A. (2010) Minerals and Precious Stones of
Brazil. Solaris Cultural Publications, Sdo Paulo, Brazil, 704 pp.
Crouse R.A., Cerny P. (1972) The Tanco pegmatite at Bernic Lake,
Manitoba; I. Geology and paragenesis. Canadian Mineralogist,
Vol. 11, No. 3, pp. 591-608.

de Brito Barreto S., Bretas Bittar S.M. (2010) The gemstone deposits
of Brazil: Occurrences, production, and economic impact.
Boletin de la Sociedad Geolégica Mexicana, Vol. 62, No. 1, pp.
123-140.

Dill H.G. (2015) Pegmatites and aplites: Their genetic and applied
ore geology. Ore Geology Reviews, Vol. 69, pp. 417-561,
http://dx.doi.org/10.1016/j.oregeorev.2015.02.022

(2016) The CMS classification scheme (chemical compo-
sition — mineral assemblage — structural geology) - linking
geology to mineralogy of pegmatitic and aplitic rocks. Neues
Jahrbuch fiir Mineralogie Abhandlungen, Vol. 193, No. 3, pp.
231-263, http://dx.doi.org/10.1127 /njma/2016/0304

Falster A.U., Jarnot M.D., Neumeier G.A., Simmons W., Staebler
G.A., Eds. (2002) Tourmaline: The Gemstone Spectrum.
extraLapis English No. 3, Lapis International, Denver, Col-
orado, 106 pp.

COLORED STONES UNEARTHED

Glover A.S., Rogers W.Z., Barton J.E. (2012) Granitic pegmatites:
Storehouses of industrial minerals. Elements, Vol. 8, No. 4, pp.
269-273, http://dx.doi.org/10.2113/gselements.8.4.269

Groat L.A., Ed. (2007) Geology of Gem Deposits. Mineralogical
Association of Canada, Short Course Volume 37, 288 pp.

Hanley J.B., Heinrich E.W.M., Page L.R. (1950) Pegmatite investi-
gations in Colorado, Wyoming and Utah, 1942-1944. United
States Geological Survey Professional Paper, No. 227, 134 pp.

Hatiy R-J. (1823) Traite de Minéralogie, 2nd Edition, Vol. 4, Librairie
Bachelier, Quai des Grands-Augustins, Paris, France, 604 pp.

Jahns R.H. (1955) The study of pegmatites deposits. Economic
Geology, Fiftieth Anniversary Volume, pp. 1026-1130,
http://dx.doi.org/10.5382/AV50.25

Jahns R.H., Burnham C.W. (1969) Experimental studies of peg-
matite genesis; I, A model for the derivation and crystallization
of granitic pegmatites. Economic Geology, Vol. 64, No. 8, pp.
843-864, http://dx.doi.org/10.2113/gsecongeo.64.8.843

Jahns R.H., Ewing R.C. (1977) The Harding mine, Taos County,
New Mexico. Mineralogical Record, Vol. 8, No. 2, pp. 115-126.

Johnston W.D. (1945) Beryl-tantalite pegmatites of northeastern
Brazil. Geological Society of America Bulletin, Vol. 56, No. 11,
pp.- 1015-1070, http://dx.doi.org/10.1130/0016-7606(1945)56
[1015:BPONBJ2.0.CO;2

Kundu T., Rath S.S., Das S.K., Parhi PX., Angadi S.I. (2023) Recov-
ery of lithium from spodumene-bearing pegmatites: A
comprehensive review on geological reserves, beneficiation,
and extraction. Powder Technology, Vol. 415, article no.
118142, http://dx.doi.org/10.1016/j.powtec.2022.118142

Lacroix A. (1922a) Minéralogie de Madagascar, Vol. 1. A. Chal-
lamel, Paris, 624 pp.

(1922b) Minéralogie de Madagascar, Vol. 2. A. Challamel,

Paris, 694 pp.

(1923) Minéralogie de Madagascar, Vol. 3. A. Challamel,
Paris, 450 pp.

Landes K.K. (1933) Origin and classification of pegmatites. Amer-
ican Mineralogist, Vol. 18, No. 2-3, pp. 33-56 and 95-103.

London D. (1992) The application of experimental petrology to the
genesis and crystallization of granitic pegmatites. Canadian
Mineralogist, Vol. 30, No. 3, pp. 499-540.

(2008) Pegmatites. Canadian Mineralogist, Special Publi-
cation No. 10, Mineralogical Association of Canada, Quebec,
347 pp.

Melcher F., Graupner T., Oberthiir T., Schiitte P. (2017a) Tanta-
lum-(niobium-tin) mineralisation in pegmatites and rare-metal
granites of Africa. South African Journal of Geology, Vol. 120,
No. 1, pp. 77-100, http://dx.doi.org/10.25131/gssajg.120.1.77

Melcher F.,, Graupner T., Gibler H-E., Sitnikova M., Oberthiir T.,
Gerdes A., Badanina E., Chudy T. (2017b) Mineralogical and
chemical evolution of tantalum—({niobium-tin) mineralisation
in pegmatites and granites. Part 2: Worldwide examples
(excluding Africa) and an overview of global metallogenetic pat-
terns. Ore Geology Reviews, Vol. 89, pp. 946-987,
http://dx.doi.org/10.1016/j.oregeorev.2016.03.014

Menzies MLA. (1995) The mineralogy, geology, and occurrence of
topaz. Mineralogical Record, Vol. 26, No. 1, pp. 5-53.

Menzies M., Scovil J. (2022) Pegmatites and Their Gem Minerals,
Canadian Mineralogist, Special Publication No. 15, Mineralog-
ical Association of Canada, Quebec, 616 pp.

Miiller A., Romer R.L., Pedersen R-B. (2017) The Sveconorwegian
pegmatite province — Thousands of pegmatites without

GEMs & GEMOLOGY SumMMER 2025 203


http://dx.doi.org/10.1130/0016-7606(1945)56

parental granites. Canadian Mineralogist, Vol. 55, No. 2, pp.
283-315, http://dx.doi.org/10.3749/canmin.1600075

Norton J.J. (1983) Sequence of mineral assemblages in differenti-
ated granitic pegmatites. Economic Geology, Vol. 78, No. 5, pp.
854-874, http://dx.doi.org/10.2113/gsecongeo.78.5.854

Page L.R. et al. (1953) Pegmatite Investigations 1942-1945 Black
Hills, South Dakota. United States Geological Survey Profes-
sional Paper, No. 247, 237 pp.

Partington G.A., McNaughton N.J., Williams L.S. (1995) A review
of the geology, mineralogy and geochronology of the Green-
bushes pegmatite, Western Australia. Economic Geology, Vol.
90, No. 3, pp. 616-635 http://dx.doi.org/10.2113/
gsecongeo.90.3.616

Patterson J.E., Cook F.A. (2002) Successful application of ground-
penetrating radar in the exploration of gem tourmaline
pegmatites of Southern California. Geophysical Prospecting,
Vol. 50, No. 2, pp. 107-117, http://dx.doi.org/10.1046/.1365-
2478.2002.00312.x

Pauly C., Gysi A.P, Pfaff K., Merkel I. (2021) Beryl as an indicator
of metasomatic processes in the California Blue Mine topaz-
beryl pegmatite and associated miarolitic pockets. Lithos,
Vol. 404-405, article no. 106485, http://dx.doi.org/10.1016/
j.lith0s.2021.106485

Pezzotta F. (2001) Madagascar: A Mineral and Gemstone Paradise.
extraLapis English No. 1, Lithographie LLC, Denver, Colorado,
98 pp.

Phelps P.R., Lee C-T.A., Morton D.M. (2020) Episodes of fast crys-
tal growth in pegmatites. Nature Communications, Vol. 11,
article no. 4986.

Pripachkin P.V., Kudryashov N.M., Rundkvist T.V., Morozova L.N.
(2022) Lithium in pegmatites of the Fennoscandian Shield and
operation prospects for the Kolmozero deposit on the Kola
Peninsula (Russia). Applied Earth Science, Vol. 131, No. 4, pp.
179-192, http://dx.doi.org/10.1080/25726838.2022.2089966

Rickwood P.C. (1981) The largest crystals. American Mineralogist,
Vol. 66, No. 9-10, pp. 885-907.

Roy T., Plante B., Benzaazoua M., Demers L. (2023) Geochemistry
and mineralogy of a spodumene-pegmatite lithium ore at var-
ious mineral beneficiation stages. Minerals Engineering,
Vol. 202, article no. 108312, http://dx.doi.org/10.1016/
j.mineng.2023.108312

Shigley J.E., Laurs B.M., Janse A.J.A., Elen S., Dirlam D. (2010)
Gem Localities of the 2000s. GeDG, Vol. 46, No. 3, pp. 188-216,
http://dx.doi.org/10.5741/GEMS.46.3.188

Simmons W.B., Pezzotta F,, Shigley J.E., Beurlen H. (2012) Granitic
pegmatites as sources of colored gemstones. Elements,
Vol. 8, No. 4, pp. 281-287, http://dx.doi.org/10.2113/
gselements.8.4.281

Simmons W.B., Webber K.L. (2008) Pegmatite genesis: State of the
art. European Journal of Mineralogy, Vol. 20, No. 4, pp. 421-
438, http://dx.doi.org/10.1127/0935-1221/2008/0020-1833

Simmons W.B., Webber K.L., Falster A.U., Roda-Robles E., Dallaire
D.A. (2022) Pegmatology: Pegmatite Mineralogy, Petrology and
Petrogenesis, Second Edition. Rubellite Press, Cana, Virginia,
287 pp.

Steiner B.M. (2019) Tools and workflows for grassroots Li-Cs-Ta
(LCT) pegmatite exploration. Minerals, Vol. 9, No. 8, article no.
499, http://dx.doi.org/10.3390/min9080499

Trinchillo D. (2020) Collecting the King of Kashmir aquamarine.
Mineralogical Record, Vol. 51, No. 6, pp. 755-779.

von Haidinger WK. (1845) Handbuch der Bestimmenden Miner-
alogie. Braumiiller & Seidel Publishers, Vienna, Austria, 630 pp.

Webber K.L., Simmons W.B., Falster A.U., Hanson S.L. (2019) Ana-
tectic pegmatites of the Oxford County pegmatite field, Maine,
USA. Canadian Mineralogist, Vol. 57, No. 5, pp. 811-815,
http://dx.doi.org/10.3749/canmin.ABO0028

Zhou Q.E, Qin K.H., Tang D.M., Wang C.L., Tian Y., Sakyi P.A.
(2015) Mineralogy of the Koktokay No. 3 pegmatite, Altai, NW
China: Implications for evolution and melt—fluid processes of
rare-metal pegmatites. European Journal of Mineralogy, Vol.
27, No. 3, pp. 433-457, http://dx.doi.org/10.1127/ejm/
2015/0027-2443

For online access to all issues of GEMs & GEMoLOGY from 1934 to the present, visit:

204 CoLORED STONES UNEARTHED

Gems & GEMOLOGY SUMMER 2025


http://dx.doi.org/10.2113/
http://dx.doi.org/10.1016/
http://dx.doi.org/10.1016/
http://dx.doi.org/10.2113/
http://dx.doi.org/10.1127/ejm/



